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How does this

7 FOOT
MONSTER

help solve your
sound problems™

The giant microphone shown here is the

> biggest microphone in captivity! The Model

643 is also the most directional microphone sold

today. It helped E-V win the first Academy Award
for microphone design in 22 years.

But beyond this, the 643 has been one of our most
effective field research tools, offering a far-reaching
insight into the nature of directional microphones,
and their applications.

An obvious result of 643 research is our unique
Model 644. Same E-V Cardiline™ principle*,
but only 16 inches long. It reaches up to twice as
far as any other general purpose unidirectional
microphone to give you better long distance pickups
than were dreamed possible a few years ago.

And this same basic research stimulated the
development of our new Model 676 cardioid micro-
phone. It uses the Continuously Variable-D® car-
dioid principle (a creative development from our
exclusive Variable-D patent*) to provide smoother
cardioid action—in a smaller unit—than any other
comparable model.

$100.00

But let’s not ignore the most popular cardioid
microphone of all, the Model 664. Here’s where
the Variable-D principle got its start. And since the
introduction of our seven foot laboratory, the 664
has been further refined to offer better value and
performance than ever before,

From such startling microphones as the 643,
come continuing basic improvements — and the
tools you need to solve your most difficult sound
problems. Only E-V provides this kind of design
leadership. Install an E-V microphone and you
have a big head start toward better sound. After
all, we’re at least seven feet ahead of everybody!

Model 643, $1,560.00. Normal trade discounts apply on list prices shown.
*Cardiline Patent No, 3095084, Variabie-D® Patent No. 3115207

ELECTRO-VOICE, INC.
Dept. 362N, Buchanan, Michigan 49107

EleclhioYores

SETTING NEW STANDARDS IN SOUND
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MALLORY

Tips for Technicians

Mallory Distributor Products Company
a division of P. R. Mallory & Co. Inc.
P.O. Box 1558, Indianapolis, ind. 46206

How to reduce
ripple in solid state circuits

Many of the new solid state circuits you’ll be working
with are line operated. This means that the power supply
has to produce just about as pure DC as possible, at

A anywhere from 3 to 25 volts. How do you get ripple
down to the rock bottom minimum, so there’s no trace
of 60 cycle hum in the output?

+

o i
o First tip: start out with a full wave rectifier. This
Rectifiers: o l inherently gives you far less filtering to do than a half-
wave rectifier. If you need up to 1.5 amperes DC, the
| simplest way to do the job is to use a Mallory Type FW
full wave bridge ecircuit package. All four rectifiers are
factory-connected in this compact, encapsulated unit.
All you need to do is connect the four leadwires—
AC input and DC output—in your circuit, and you're
ready to go. You’ll save yourself some money, because
the package costs appreciably less than four separate
rectifiers. Or you can use a full wave center tap ... we
i ”f?'#m have packaged circuits with either p9§itive or neg?.tive
Sntalgl ; &%g center, also rated 1.5 amperes. And if you need higher
3);‘;1 o currents, take a look at our stud-mount and press-fit

& Type VS Type V types which go up to 25 amperes.

-

Full wave bridge rectifier j

Capacitors: Next tip: use a lot of capacitance. Brute force filtering
is the sure way to kill ripple. And when it comes to
packaging maximum capacity into a filter, the Mallory
line gives you a broad choice. The ‘mostest microfarads”
comes in the CG computer grade series, where you can
get up to 115,000 mfd. at 3 volts in standard, off-the-shelf
parts . . . dollar for dollar, the most filter for your money.
But you don’t always need this much capacitance, or
perhaps you have limitations on physical size. Then
take a look at what you can get in Mallory TC capacitors
(the horizontal mounting type): up to 1000 mfd.,
at 50 volts.

LGy

Or maybe you’d prefer a vertical twist-mount type.
That’s our famous FP series. Up to 10,000 mfd. at
6 volts, or 7,500 mid. at 25 volts in single units, and
slightly less in multiple-section types.

lb = e - Your Mullory distributor carries a wide selection ready
2 I3 \ for immediate delivery. See him soon. He’s your best
source for everything that’s best in electronic components.

L " MTC J‘

March, 1965 CIRCLE NO. 129 ON READER SERVICE PAGE 1
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Deloco

Puwlac

Delco H
a Deloo

If the part you need isn’t here,

we’ve probably got it

How can we be so sure we’ve got the aute
radio parts you need? There are two reasons.
One, nearly half the cars on the road have
Delco radios. And we make Delco radic
parts. Two, you can service most other
kinds of radios with Delco parts.

We think this makes things easier on you.
Because you can get just about all your
parts from one reliable source, your United
Delco supplier.

And what you get are good parts. You don’t
have to say a prayer every time you use
them. They’re well-built, well-tested parts

Atlanta............0 Cedar 7-1501 Detroit....... N 00
Boston.. < ... Wells 3-3100 o e e
Buffalogaw: &smaaidtalie- TF 2-5362 e
Charlotte. . ........ Edison 4-8671 Indianapolis. . ..
Chica®o i ihasaaisc.a® . 437-5300 Jacksonville. . ...
Cincinnati......... Cherry 1-2310 Kansas City.....
Cleveland................ 671-6460 Los Angeles. . .

Dallas. ...
Denver..

.Fleetwood 2-8471 Memphis. ..
..Keystone 4-0273 Minneapolis

on the next shelf.

that won’t let you or your reputationdown.

Your United Delco supplier will gladly send
you our big detailed catalog. (To find the
supplier nearest you, phone your area
number below and ask for the Zone Service
Manager.)

7\

United

: Delco

Eomsmrrre 0
DELCO RADIO e Division of General Motors

R

........ 584-1025 New Orleans.............523-4281
Keystone 3-1651 New York...... .Judsomn 2-3824
.Jackson 6-4338 Omaha...caesen 18 5. -ules 558-0225
..Melrose 6-43i1 Philadelphia.. ....Garfield 3-8200
. Exbrook 8-575 Pittsburgh.......... Court 1-6551
..Fairfax 1-3990 San Francisco..Landscape 6-8221
.Dunkirk 5-6487 Seattle...couadbia Parkway 2-4477

..Jackson 5-6471 St. Louis. .......Jefferson 3-4230

.331-4811 Washington, D.C..Juniper 8-7494

www americanradiohistorv com
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OUR COVER shows three
standard-sized reels of mag-
netic recording tape. The
upper reel is 2-in.-wide video
tape used to record TV pro-
grams. The center reel is
1%-in.-wide tape for com-
puters. The lower reel is
Ys-in.-wide audio tape such
as would be used on a home
recorder. Small portions of
these tapes have been spe-
cially treated to make their
recordings visible, The ver-
tical-sync pulses (light ver-
tical lines) and horizontal
sync pulses (light regularly
spaced dots) are clearly vis-
ible on the video tape. On
the computer tape, 8 tracks
of digital information can be
seen, and on the audio tape,
2 tracks are visible. (Tape:
Reeves Soundcraft. Photo-
graph. . ... .. Jay Seymour,
Burns Brothers, New York.)
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OLOR CODED
NUTORIVER SET

no fumbling... /

the right one
every time!

BENCH STAND

o 7 Most-used sizes — 3" thru 33"

® High carbon steel, polished and plated
o Precision fit case-hardened sockets

o Shockproof plastic handles (UL)

e Large, readable size indexes

No. 127
SPACE-SAVING
WALL RACK {lockable}

DTHER SETS, TOO: hollow-shaft or mixed

PLUS A FULL RANGE OF SEPARATE NUTDRIVERS:
3/32” thru 3/4” — Regular, Stubby, Extra-long,
Midget (Pocket clip)

available through leading electronic distributors

XCELITE, INC.
12 Bank St. Orchard Park, N.Y.

Canada: Charles W. Polnton, Ltd., Toronto, Ont.

HAND TOOLS

Quality screwdrivers, nutdrivers, pllers,
wrenches, service kits, and special purpose tools.
CIRCLE NO. 240 ON READER SERVICE PAGE
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COMING

NEXT MONTH

SPECIAL INSUE

Review of the Electronics Industry—A complete report on
how the industry grew in the past, its status today, and its
future potential. Products, people, and prospects are cov-
ered with emphasis on the employment situation for scien-
[ tists, engineers, and technicians on the East Coast. A
comparison of industry activity on the East Coast, Midwest,
and West Coast is included as a service to our readers.

Fixed Resistors—Technical facts and figures on the many

different types of fixed resistors being used today are in-

cluded in this special section. The various articles include
information of vital importance to those responsible for
specifying and purchasing resistors at all industry levels.

NEW LINE-CORD OPERATED TRANSISTORS

| The development of a new family of
high-voltage power transistors by RCA
and Delco makes possible line-cord “in-
| stant play” all-transistor a.c.-d.c. receiv-
ers, without step-down transformers or
dropping resistors. These components
can also be used in TV deflection circuits
and high-voltage regulators.

MARINE RADIOTELEPHONE ANTENNA

Details on a simple, grounded shunt-fed
antenna for runabouls that is both elec-
trically safe and highly efficient for the

2- to 3-mec. band. The antenna is not af-
fected by rain or salt-spray and is so de-
signed that it can be touched while the
transmitter is in operation.

NEW INDUSTRIAL RADIO BAND

In an effort to relieve the overcrowded
CB bands which are widely used for re-
mote-control applications, the FCC has
assigned a block of 30 channels in the 72-
76 mc. band under the Manufacturers
Radio Service. These low-power lrans-
mitters can be used for remote-control of
a wide variety of equipment.

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

in the APRIL issue of ELECTRONICS WORLD . .

. on sale March 181h.
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Chairmun of the Board (1946-1953)
| william ziff

President

W. Bradford Briggs
Exccutive Vice President

Hershel B. Sarbin

Vice President and General Manager
| Philip Sine

Treasurer

Walter §. Mills, Jr.
Circulation Director

Stanley R. Greenfield
Vice President
Phillip T. Heffernan
Vice President

ZIFF-DAVIS PUBLISHING COMPANY
Editorial and Executive Offices

One Park Avenue, New York, N.Y. 1C016
212 ORegon 9-7200

MIDWESTERN OFFICE
434 South Wabash Avenue, Chicago, Ill
312 WAbosh 2-4911
Midwestern Advertising Manager, Royce Richard

60605

WESTERN OFFICE

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

Western Advertising Mauage), Bud Deon

"1Il -
> \ Member
-/ ° i
o< ) Audit Bureou of
e /: Circulations
Coatt

Radio & TV News o Radlo News ¢ Radio-Electronic Engineering Trademarks Reg. U.S. Pat. Off.
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Jation Dept.. Portland Place, Boulder, Colorado 80301. Please allow at least six weeks for change of address.
Include your old address as well as new—enclosing if possible an address label from a recent issue.

EDITORIAL CONTRIBUTIONS must be accompanied by return postage and will be handled with reasonable
care; however publisher assumes no responsibility {o‘r treturn or safety of art work. photographs. or
manuscripts

| ELECYRONICS WORLD (March, 1965. Vol. 73, No. 3) is published monthlf( by Ziff-Davis Publishing
Company at 434 South Wabash Avenue. Chicago, il}. 60605. (Ziff-Davis also publishes Popular Photography.
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franes (27): West German marks (25

Bride, Amazing.
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Created by the hand of expesience
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RCA OSCILLOGRAPH-TYPE CRT’S

Long life and consistently superior performance

When replacing your oscilloscope CRT, specify...and
insist on...an RCA type. These superior-quality oscillo-
graph-type CRT’s feature a high degree of reliability,
long life, exceptional tube-to-tube uniformity, and
sturdy, precision construction. RCA manufactures and
assembles the electron gun parts to assure high resolu-
tion. Improved screen phosphors—blended from phos-
phors also produced by RCA under strict quality control
—provide excellent screen-color uniformity and high
contrast for signal brightness and readability.

You have a choice of electrostatic-deflection and -focus

RCA ELECTRONIC COMPONENTS AND CEVICES,HARRISON,N.J.

The Most Trusted Name in Electronics
®

types, post-deflection accelerator types, magnetic-deflec-
tion and magnetic-focus types. RCA gives you a choice,
too, of medium, medium-short, and long persistence
screen types...and minimum screen diameters ranging
from 1 to 6 inches.

The new RCA Cathode-Ray and
Storage Tubes Catalog (STC-900)
gives you complete and up-to-date
data on the RCA oscillograph-type
CRT’s. Call your RCA Distributor
today for a copy.

AVAILABLE THROUGH YOUR LOCAL RCA INDUSTRIAL TUBE DISTRIBUTOR

FOR NAME AND ADDRESS OF YOUR LOCAL DISTRIBUTOR WRITE OR CALL YOUR
NEAREST RCA DISTRIBUTOR PRODUCTS SALES OFFICE—NEW YORK, NEW YORK:
36 W. 49th S1., {212] MU 9-720D; NEED-AM HEIGHTS 94, MASSACHUSETTS. 80 "'A" St.,
{617) HI 4-3480; WASHINGTON 64, D. .. 1725 "K' $1., N.W., (202) FE 7-8500;
ATLANTA, GA.: 134 Peachtree St., N.W., {404) JA 4-7703; CLEVELAND, OHIO: 162}
Euclid Ave., {216} Ck 1-3450; CHICAG®, ILL.: Merchandise Mart, (312} 467-5900;
DALLAS 7, TEXAS: 7901 Carpenter Freeway, {214) ME 1-3050; KANSAS CiTY 14, MO..
7711 State Line, {816) EM 1-6462; HOLLYWOOD, CALIFORNIA: 6363 Sunset Boulevard,
{213) 461-9171; SAN FRANCISCO 2, CALIFORNIA: 420 Taylor St., {415) PR 5-5135-6-7.

STORAGH
TUBES

ang
CATHODE R aY
TUBES
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Studto quality
Lipes on the...

Sludin 98

dludio 96

A “natural’’ for serious re-
cordists, broadcasters and
sound studios.

Two speed tape transport
with automatic sequence
braking, choice of hyper-
bolic head configurations,
hysteresis capstan drive
and heavy duty reel drive
motors, remote control
jacks and 1015” reel ca-
pacity. Superbly smooth
tape handling — inter-
locked "‘fool-proof’’ switch-
ing — fit for a pro.

Rack Mount ready from
$552.00

Also matching electronics
and portable cases.

MADE BY SKILLED
AMERICAN CRAFTSMEN
AT

/’][j\

'rking OF MINNEAPOLIS, INC
L T1” \

9600 Aldrich Ave. So. Minneapolis, Minn. 55420

o o

CIRCLE NO. 252 ON READER SERVICE PAGE
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LETTERS
FROM OUR
READERS

. B8 /S——.

B

CATV EDITORIAL
To the Editors:

Your recent editorial on CATV was an
excellent condensation of a verv com-
plex situation. However, T wounld like to
take issue with the following statement:

“Since a new u.h.f. station would find
it hard to compete with a CATV system,
the public would thereafter be deprived
of free TV through u.h.t.”

This statement sounds so logical that
people seldom question it. But it just
isn’t so. I'd like to cite some facts to prove
my point:

1. CATV has not hurt existing u.h.f.
stations. In 1959 a Senate committee
heard testimony from 12 small-market
TV stations on how CATV aHected their
operations. Only one of these stations,
KINIA-TV in Yakima, Washington, was
whol KIMA-TV did testifv that the local
CATV svstemn posed a serious threat to
their existence. That was almost six years
ago. Since then, KIMA-TV has not only
survived, but has raised its rates by
16%%.

2. Ot the 107 n.h.f. stations that have
gone off the air, onlv ten were in CATV
communitics. Of these ten, one cited
CATV as a factor in its demise, while
two others wrote letters conmmending
CATV for helping them stay on the air
as long as they did.

An excellent examiple of a u.h.f. chan-
nel that has thrived in a CATV area is
WBOC-TV, channel 16 in Salisbury,
Marviand. Chamnel 16 cooperates whole-
heartedly with the local cable svstem.
Since 1960, when cuble operations be-
gan, WBOC-TV has almost doubled its
rates.

3. U.lt. channels have already gone
on the air in 14 conmmunities where
CATYV service had begun prior opera-
tions and built set satination.

4. A CATV system actuallv helps a
new wl.f. chamel to compete with the
existing v.h.l. stations. The big problem
anv new nhf channel has to face is that
very few TV sets are equipped to receive
wh.f. The recently passed all-channel
law will help this situation, but not for
vears to come. The prospective viewer
must invest in a converter or a new TV
set before he can watch u.h.f.

3. A number of CATV operators have
applied for u.h.f. TV stations themselves,
pand more will indonbtedly follow. Be-

www americanradiohistorv com

cause the CATV svstem operator already
has a tower, Jand. a building, office space,
and an engineering stalf, he can operate
a u.h.f station more economically in his
area than most other applicants.
MiiLtox J. Snare
Chairman of the Board
The Jerrold Corp.
Philadelphia, Penna,
* o o
AUDIO SWEEP GENERATOR
To the Editors:

Regarding the article bv Robert 11
Donglas in the Aungust issue of Bric-
TroNICs Wonren on an andio sweep gen-
erator (p. 71), 1 am in doubt about vour
marker circnit, 1 do not believe this will
ever work and have tried it and found
it inaccurate.

Mixing of the two signals as shown
produces a lot of garbage all over the
scope rather than a pip. I am very in-
terested in knowing il vou have success-
fully used this circuit.

Playving around with andio sweep gen-
erators, | have tried manv wavs to pro-
dice a marker pip simply. Unfortunately,
this cannot be done.

Enwann Jaconsox
Morton Grove, Tinois

Following is a copy of Author Doug-
las’ reply to the above, as well as his
comments on some additional notes by
Frank J. Manus in our November issue
(p. 112) concerning this sweep gen-
erator.—Lditors.

To the Editors:

After using an r.[. sweep generator,
one becomes used to small distinct
marker pips, With the cirenit deseribed
in myv article, the display gencrated
might be said to contain a disturbance
rather than a pip.

The marker generator operates bv
heterodvning the outputs of the audio
sweep generator with a fixed-frequency
oscillator. The mixed signal, consisting
of the two original frequencies plus their
sum and difference, is passed through a
low-pass filter. When the frequency ot
the sweep generator is very near that of
the fixed-frequency oscillator, the differ-
ence signal will be low enongh to pass
the filter and will appear on the scope.
This canses a pip or disturbance on the
scope at the point on the trace where
the generator is sweeping throngh the

ELECTRONICS WORLD

w
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Some plain talk from Kodak about tape:

ensitivity and

frequency response

Controlling every electrical factor in-
volved in the making and using of
sound tape is a bit like trying to watch
a three-ring circus . . . it can be done,
but you need fast eyeballs. Let’s discuss
two critically mmportant parameters:
sensitivity and frequency response.

Sensitivity means the degree of out-
put for a given input.

We put i a 400-cycle signal and
measure the output. The result: low-
frequency sensitivity. We choose 400
cycles for a number of good reasons. A
400-cvcle note recorded at 15 inches-
per-second gives us a wave length that
the tape “sees” of roughly .0375 inches,
and by a happy coincidence this wave
length penetrates the entire depth of
the oxide coating, but not the support
material. Everything else being equal,
low-frequency response 1s a function
of the thickness of the coating. The
thicker the coating, the better the bass
response. We test at a frequency that
penetrates the entire coating. We
choose 400 cycles instead of, let’s say,
20 cycles because the 400-cycle note
tells us just as much—and has an added
advantage. An engmeer can hear 400
cycles, so we have audio monitoring as
well as instrumented observation on a
scope face.

Just as the low-frequency sensitivity
test gives us an idea about oxide thick-
ness, the high-frequency test gives us a
fairly accurate picture as to just how
smooth the surface of the tape is. Good
high-{requency response 1s unpossible
on a tape having a rough surflace.
Here’s why: The low points will repre-
sent gaps in the oxide and cause a loss
of H.I. response. We test our high-
frequency sensitivity at 15,000 cycles.
(Inches-per-second (hvuled by cycles-
per-second gives us recorded wave
length.) So at 15 ips the arithmetic
looks like this:

Kodak

TRADEMARK

_1 mil wave

inches

second _ inches , second _inches which is wave

cycles second cycles cycles length (A)

second

THUS:

15 inches

second _15 inches second _  linch _

15000 cycles second 15,000 cycles 1000 cycles
. second

length

At this high frequency (short wave
length) we are recording only on the
surface of the tape. If any roughness 1s
present, big troubles result. If vou
have a surface condition where the
aniplitude of the roughness is just .0001
inches and your recorded signal Ins a
T-mil wave length, you will lose 5.5 db
i high-frequency response! Let s re-
phrase the catastrophe. It takes a sur-
face variation of just one tenth the
wave length to knock down response by
about 6 db. And this can happen at
any frequency!

We are working toward making a
point: Konak 90un(l Recording I‘ape
has a surface that 1s unsurpasse(l m
smoothness, a surface that varies no
more than 25-50 millionths of an mch
from a theoretically perfect plane.

Frequency responsc is merely the
arithmetic subtraction of high-fre-
quency sensitivity from low-frequency
sensitivity. Ideally the response 1s zero.
It’s qune an casy matter to juggle the
characteristics of an oxide around so
that frequency response is mce and {lat.
For mstance, 1f vour oxide has poor
high-frequency sensitivity, you can re-
duce the thickness of the oxide layer.
This will degrade L.T. SUISI[IVI[), and
thus cffect a flat response. But 1s the
resulting L.F. loss worth 11? We don’t
think so. That’s why we designed our

coating to give us superior low- and
high-trequency sensitivities, as well as
a nice tlat response.

Next time we’ll chat about a few
other basic considerations.

SOUND RECORDING TAPE

o

Choose Kopax Sound Recording Tape,
Type 314, for all general-purpose and
low-print applications. Or Type 34A
whenever you need high-outputor low-
noise characteristics. For extended
playing times try our extra- or double-
play tapes . . . or trv the new triple-
play tape—so thin you get 3600 eet on
a 7-inch reel. Kobak Sound Recording
Tapes are available at electronic supply
stores, camera shops, specialty shops,
departiment stores . . . everywhere,

© Eastman Kodak Company, MCMLXI

=
B
X5

EASTMAN KODAK COMPANY, Rochester, N. Y.

March, 1965
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There are
P
four new %@Wéﬂ

Automatic Turntables. One of

them, the Lab 80...is the first
Automatic Transcription
Turntable.

f§I Garrard, Dept. GC-45, Port Washing=cr, M Y. 1*?3 i
| IMPORTANT b
g{ READING: Fleas2 send Garrard Zomparator Guide c: o '*_
: Gar-ard’s 32 page L
.% *: Co mparator Guide— L 1 A e (S | ‘84
=5 just published. Fo-a Adifcss ud
| conpl mentaryeopy | T T e [ IEE IE - .
?M{ malbthisompen. || o, State. .. .. ZipCodz i
e : : WESTerT A
CiRCLE NO. 564 ON READER SERVICE PAGE B
— name
address
seoo ELECTRONICS WORLD &
state
Check one: ] 3 years for $12

[1 2 years for $9 [ 1 year for $5
In the U.S., and possessions.
[1 Payment enclosed [ Bill me
Foreign rates: Canada and Pan American
Union countries, add 50¢ per
year; all other foreign countries,
add $1.00 per vear.

[ ] New [ | Renewal
Mail to:

ELECTRONICS WORLD

Dept. 0077, 1255 Portland Place
Boulder, Coloraco 80301

frequency of the fixed oscillator. This
signal is of a very low level and the os-
cilloscope gain must be turned up to see
it. I am sure that this disturbance can
be observed in the “garbage,” however.

In an article by Frank J. Manus in the
November issue, Mr. Manus points out
that the 1N950 diode may be hard to
obtain. He suggests using a 1N536 series
(IN536 to 1N540)diode, which is a
readily obtainable, inexpensive power
rectifier. As he mentions, substituting
this diode in the original circuit reduces
the maximum sweep to about 10 kc.

If one cannot obtain the diode or any
substitute mentioned in the original
article (two of which are listed in mv
old Lafayette catalogue), the following
circuit will use almost anv diode and

c23

REMOVE S! R32
% CHANGES |~ +ov.

d 2NI07
SR29 Q8
E: *
R27
47K
*
R23

UPPER
> SWEEP LIM.

TO Q% B‘I *
EMIT, IN536 c20
OR EQuUIV.

70
o;c.‘%

gives sweeps up to about 30 ke. I should
point out that modifying the circuit in
this manner eliminates one of the fea-
tures of the device. In the original cir-
cuit, as the upper sweep-limit control
was adjusted, the zero point on the trace
tended to remain stationary. With the
modified circuit, since the diode’s po-
larity is reversed, the upper sweep limit
will tend to remain constant, and the
zero-beat control must be adjusted every
time the upper sweep limit is adjusted.
Mr. Manus suggests removing the up-
per sweep-limit control entirely. This all
depends on whether you will ever want
to sweep a range of less than 30 kc. or
not. 1 often use the sweep generator as
a fived-frequency oscillator by turning
down the upper sweep-limit control.
RoserT H. Douct.as
San Francisco, Calif.
-] - “
LOW-RIPPLE D.C. SUPPLY
To the Editors:

As several readers of my brief item
“Low-Ripple D.C. Supply” (p. 64, No-
vember issue) have pointed out, the
positions of resistors R1 and R2 in the
voltage divider should be reversed. Also,
the effective capacitance of the circuit
equals the base capacitance times the
hre of the transistor used. In this case,
using a value of 100 for hre, the effective
capacitance produced by the circuit
would be 5000 uf. and not 50,000 «f.

PauL H. FFuce

www americanradiohistorv com
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BUILD, EXPERIMENT, EXPLORE, DISGOVER
WITH NRI GUSTOM-DESIGNED TRAINING KITS

BUILD YOUR OWN
PHONE/CODE TRANSMITTER

Here is one of seven training kits you get in
the NR! Complete Communications Course.
With it, you get actual practice in building a
crystal-controlled phone/code transmitter
and putting it on the air, actual practice in
many aspects of commercial transmitter
operation (modulatian, *‘clamping'’ circuits,
key filters, etc.). This kit—as with all NRI
kits—features the most modern circuits and
parts. It complies with FCC regulations and
can be put on the 2ir simply by attaching to
an amtenna. Be a part of the *life line’” of
the Space Age. Enroll for NRi's Complete
Communications training.

10 NRI Home-Study Plans

BUILD ACTUAL ANALOG
GOMPUTER CIRCUITS

Industry, business offices, the government
and military all need trained Electronics
Technicians. In NR!'s Complete Industrial
Electronics Course you progress through 10
custom-designed training kits, topping off
your studies by building this analag com-
puter with which you solve simple mathe-
matical problems, experiment with feedback
control systems and digital logic elements.
This kind of practical experience as you
train prepares you to step into a good paying
position ready to do your knowledgeable
best. Prepare now the NRI way for Indus-
trial Electronics.

to Choose From—Mail Card |

Whatever your interest in Electronics . . .
. whatever your need . . . before you decide on

education . .

whatever your

BUILD A CUSTOM-ENGINEERED
TELEVISION REGEIVER

Want to make $3 to $5 an hourin your spare
time? Want your own full-time or part-time
business? NRI's complete course in Radio-
TV Servicing offers these money-making
opportunities. NR| starts you with the ABC’s
of Electronics. You learn how to install, main-
tain and service stereo hi-fi, radios, PA sys-
tems and TV sets (including color). Included
in your training are eight NRI-designed train-
ing kits; the final one is this complete,
custom-designed table model TV receiver
you build yourself. You learn servicing pro-
cedures you will use on the job—and earn
extra money as you train. Enroll now.

SEE OTHER SIDE )

M NS N S AN B GEDGE B e GEEEE IR R N NN NN R maa D GRS K

|

| FIRST CLASS

' PERMIT
NO. 20 R

Washington, D.C.

e e T

any schaol you'll want to investigate NRI's extensive list of
tremning plans and practical, thorough, absorbing training
metheds. NRI| training equipment and ‘‘bite-size’’ pro-

. grammed texts are the finest money can buy, the finest
highly skilled instructors and engineers can desigr and
perfect for you. Mail the postage-free card for your copy of
the NRI| catalog. NATIONAL RADIO INSTITUTE, Electronics
Div., Washington, D.C. 20016.

=\ \ Our 50th Year of Leadership
‘/‘ in Electronics Training

BUSINESS REPLY MAIL |

NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES ’

POSTAGE WILL BE PAID BY

NATIONAL RADIO INSTITUTE
3939 Wisconsin Avenuea
Washington, D.C. 20016

T
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Get a fast start in Electronics

Training with NRI’S NEW
AGHIEVEMENT KIT

The day you enroll with NRl we send you this remarkable, new
Achievement Kit, worth many times the small amount you
invest to start your training. And it's only the start, only the
first example of the unique ability of NRI .
to apply 50 years of leadership in home-
study Electronics training to the technical
challenges of today. What's in the Achieve-
ment Kit? You get your first group of
lesson texts in the NRI course of your
choice; a rich, vinyl desk folder to hold
your work; preprinted lesson ‘answer
sheets; your NR! Student Identification
Card; the industry’s most complete Radio-
TV Dictionary; valuable reference texts;
envelopes; imprinted pencils; pen; engi-
neer's ruler and even your first postage.
Start your training this exciting, absorb-
ing way. No other school has anything
like it. Pick the field of your choice from NRI's 10 training
plans and mail the postage-free card for your NRI catalog.
Do it now.

Join the thousands who gained success with NRI

"l want to thank NRI for making it all possible,’”” says Robert
L. L’Heureux of Needham, Mass., who sought our job consultant's
advice in making job applications and is now an Assistant Field
Engineer in the DATAmatic Div. of Minneapolis-Honeywell, working
on data processing systems.

ST S
His own full-time Radio-TV Servicing Shop has brought steadily
rising income to Harlin C. Robertson of Oroville, Calif. In addition
to employing a full-time technician, two NRI men work for him
part-time. He remarks about NR! training, | think it's tops."”

. Even before finishing his NRI training, Thomas F. Favaloro, Shel-

borne, N.Y., obtained a position with Technical Appliance Corp.
i Now he is foreman in charge of government and communications
division. He writes, "*As far as | am concerned, NRI training is

“'—%responsible for my whole future.’

"I can recommend the NRI course to anyone who has a desire to
et ahead,”” says Gerald L. Roberts, of Champaign, lil., whose
ommunications training helped him become an Electronic Tech-

nician atthe Coordinated Science Laboratory, U. of {llinois, working

on Naval research projects.

4 SEE OTHER SIDE

National Radio Institute, Electronics Div.
Washington, D.C. 20016 4E

Please send me your catalog. | have checked the field(s)
ot most interest to me. (No salesman will call.)

[J TV-Radio Servicing [C1 Basic Electronics

[1 industrial Electronics [1 Electronics for Automation
[1 Complete Communications [1 Aviation Communications
[ FCC License

Math for Electronics

Marine Communications

[] Mobile Communications

Name Age

Address_

State

City Zip Code

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL

Mk
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o

——— e e e e e e e e e e e e

=\

ok

Q@ ©® 0 ~N O & NN

NOW 10 WAYS

to train at home with NRI

TV-RADIO SERVICING Learn to fix TV sets (including
color), radios, stereo hi-fi, PA systems, etc. A profitable
field full or part-time.

INDUSTRIAL ELECTRONICS Learn principles, practices,
maintenance of Electronic equipment. Covers computers,
servos, telemetry, multiplexing, other subjects.

COMPLETE COMMUNICATIONS Comprehensive pro-
gram covering broadcasting, mobile, marine, aviation com-
munications. Learn to operate, maintain transmitting equip-
ment. Prepares for FCC License.

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

MATH FOR ELECTRONICS A short course of carefully
prepared texts for engineers, technicians, others needing
a quick review of math they must use in Electronics.

BASIC ELECTRONICS Practical, fundamental short
course of 26 lessons teaching terminology, components,
basic principles of Electronics. Ideal for salesmen, hobby-
ists, others.

ELECTRONICS FOR AUTOMATION Not for the beginner,
but for the man with some basic knowledge of Electronics.
Covers process control, ultrasonics, electromechanical
measurements, other Automation subjects.

AVIATION COMMUNICATIONS For the man who wants
toworkinand around planes. Learn about direction finders,
loran, shoran, radar, markers, landing systems. Prepares
for FCC License.

MARINE COMMUNICATIONS Much Electronic equip-
ment is used on commercial ships and pleasure craft.
Learn operation, maintenance of transmitters, direction
finders, depth indicators, radar, etc. Prepares for FCC
License.

MOBILE COMMUNICATIONS Learn to install, operate,
majintain mobite equipment and associated base stations
as used by police and fire depts., taxi companies, etc.
Prepares for FCC License.

NOTE: You must pass FCC exams on completion of any
NRI communications course or your tuition payments are
refunded in full.

CUT OUT AND MAIL
FOR FREE CATALOG
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careers for technicians at IBM

To technicians who seek important roles in today’s technology, IBM offers
careers in the world of computers. Modern computer systems and new solid state
technologies have created rewarding jobs for technicians in Research, Develop-
ment, Manufacturing, and Systems Test. IBM is an Equal Opportunity Employer.

Data Systems Division
Kingston, New York

Electronic Technicians: For work assignments with
the Kingston manufacturing test organization. Up-
on completion of initial training, qualified appli
cants will be given positions involving testing, trou-
ble-shooting, and repairing core storage units, tape
drives, display devices, drums, transmission con-
tro! equipment, and other peripheral devices asso-
ciated with some of the world’s largest and most
advanced electronic data processing equipment.
AAS degree preferred; technical school training
or equivalent experience will be considered.

These assignments are in Kingston, New York,
approximately 75 miles north of New York City

Please write, outlining your education and experi-
ence, to:

George Shaver, Dept. 650C

IBM Corporation

Neighborhood Road

Kingston, New York

IBM

Other Technician Assignments

IBM offers avariety of career assignments for tech-
nicians in Electronics, Chemistry, Physics, Mechan-
ical Technology, Electronic and Mechanical Design,
Systems Test, and Customer Engineering. A degree
from a two-year technical school, or the equivalent
in military or other experience is required.

In addition to the specific assignments listed here,
there are also openings for technicians at many
other IBM facilities, including Huntsville, Alabama;
San Jose, California; Rochester, Minnesota; Mo-
hansic and Yorktown Heights, New York.

To inquire about these opportunities,

write, outlining your education and experience, to:
C. J. Monetti, Dept. 650C

IBM Corporate Headquarters

Armonk, New York 10504

IBM

General Products Division
Endicott, New York

Computer Systems Test: To give final systems tests
to newly manufactured computers. AAS degree
in Electrical Technology, with experience and/or
courses in mechanical technology and devices.
Should understand solid state switching circuits
and computer technology.

Chemical Technicians: AAS degree in Chemical
Technology, with experience in any of the follow-
ing: electrochemistry, Jamination, adhesives, elec-
troplating, etching, oxide coatings, photo-resist.

Toolmakers: Must have completed formalized toof
and mode! maker apprentice program; 2 years’ ex-
perience working to close tolerances on dies, fix-
tures, gauges, and special machine tools.

The General Products Division’s manufacturing and
manufacturing research facilities are in Endicott,
New York, in the Triple-Cities community of the
Finger Lakes region.

Please write, outlining your education and experi-
ence, to:

M. C. Kennedy, Dept. 650C

IBM Corporation

1701 North Street

Endicott, New York

IBM

Components Division
Poughkeepsie & Fishkill, N. Y., & Burlington, Vt.

Electromechanical Technicians: Experienced in as-
sembly and maintenance of automated production
equipment. A complete understanding of mechan-
ical and electrical technologies is essential.

Designers: Electromechanical packaging mecha-
nism design of automated production equipment.

Electronic Technicians: Experienced in mainte-
nance, calibration and repair of complex electronic
test equipment, and development of high-speed
circuitry.

Semiconductor Technicians: Experienced in semi-
conductor process development and manufactur-
ing.

Qualifications: A high-school diploma and a certifi-

cate of completion from an accredited two-year
technical school or its equivalent.

The IBM Components Division is in Poughkeepsie
and Fishkill, New York, and Burlington. Vermont.
Please write, outlining your education and experi-
ence, to:

T. R. Edmonds. Dept. 650C

IBM Corporation

P.0O. Box 110

Poughkeepsie, New York

IBM

March,

1965
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MODEL $5724

NEW SOLID STATE
Crown RECORDER
- THAT’S PRICED
AT ONLY $895

COMPARE PERFORMANCE

Quarter-Track Record/Play Data

ips db cps s/n
Ve +2 50 — 25,000 54db
3% +2 50— 15000  45db

1% F3  30-10,000  45db

COMPARE VERSATILITY

Incorporates the Crown use-tested
solid state control center, featuring
plug-in circuitry modules for quick
adaptation to a variety of specific
uses in home, commercial and labo-
ratory recording. Audio circuitry, %
db from 10-100,000 cps. Third head
permits playback while recording.
Complete pushbutton control. And,
many other features.

THE HALLMARK

INVEST

OF CROWN —
IN CROWN SUPERLATIVE
CRAFTSMANSHIP
QuaLITY THROUGHOUT!

INDIVIDUAL PERFORMANCE
RECORD SUPPLIED
WITH EACH CROWN

WRITE DEPT.

@cu-“

EwW-03

INTERNATIONAL
1718 Mishawaka Rd. ¢ Elkhart, Ind.
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WM. A. STOCKLIN, EDITOR

1964: BANNER YEAR FOR INDUSTRY

HE electronics industry has just con-

cluded one of the most prosperous
vears in its history. Dr. Harper Q. North,
president of EIA, has just reported that
the industry total sales for 1964
amounted to $16.3 billion compared
with $15.2 billion in 1963, A 7.2% gain
is an impressive figure and estimates are
that our total sales will reach $17 billion
by the end of 1965.

Each one of the four major divisions
of owr industry showed improvement.
The consumer products area increased
10.8% to a total figure of $2.86 billion
for 1964. The industrial products area
increased 10.7% to $3.43 billion; govern-
ment products increased 4.8% to $9.37
billion; and the replacement component
area increased 5% to $.62 billion. Con-
sidering only the consumer, industrial,
and replacement areas, that is, exclud-
ing the government market—the elec-
tronics industry would have shown a
growth of 10.4%.

Although the Federal government re-
mains by far the largest consumer of
electronic products, there will probably
be little or no further growth in this
area in the near future. It has been in
this area that the industry has had its
greatest problems in the past, and ex-
pectations are that the coming vears will
show a leveling off. It is in this area
where diversification and change-over
from military to industrial and consiuner
products is prevalent and where un-
emplovment among engineers, scientists,
and technicians is greatest.

The Dbright spot in the industry has
been consumer product sales. To be spe-
cific, it has been the sale of color-TV
sets that has sparked the growth of the
industry. Sales of coior sets for 1964
should be about 1.4 million units with a
factory sales value of $500 million. Ross
13. Siragusa, Chairman of the Board of
the Admiral Corp., predicts that color-
TV sales will reach 2 million units in
1963, approximately a 43% increase.

Sales of electron tubes, which have
been on the decline for the past five
vears because of imports and the devel-
opment of the transistor, dropped off
again—{rom $274 million in 1963 to $260
million in 1964, Estimates are that 1965
sales will continue to drop to $210 mil-
lion. Similarly, sales of power and spe-
cial-purpose tubes will show a down-
ward trend in sale volume.

Despite serious import competition,

www americanradiohistorv com

1964 factory sales of electronic compon-
ents were about $100 million higher than
1963’s $3.7 billion.

The industrial electronics area is ex-
pected to show a continuing growth in
the years ahead. As in the past, the most
vigorous gain is expected in the sales of
computing and data-processing equip-
ment, Areas such as industrial control;
processing equipment; test and measur-
ing devices; communications; broad-
cast; commercial sound; navigational
aids; nuclear electronic equipment; med-
ical, scientific, educational, video tape
recorders; closed-circuit television; elec-
tronic machine tools; and many other
miscellaneous areas will add substan-
tially to the 1965 growth of the industrial
segment of our industry.

A noteworthy trend is the increasingly
heavy demand for silicon transistors. A
decade ago, silicon transistors were being
outsold by germanium types 65 to 1.
By 1963, the ratio was 5 to 1 and, al-
though 1964 figures are not available,
it is expected the gap has closed still
further. The total sales of transistors
reached a record of $303 million com-
pared with $296 million in 1963. The
sales of integrated circuits, including
microelectronic devices, continued to in-
crease in 1964, with sales climbing to
$225 million from $135 million in 1963.

Although many would consider the
CB market, including transceivers and
accessories, to be fairlv limited—it is
noteworthy that 1964 showed an impres-
sive rise of 18% to $39 million. This is
nearly double that of 1960 sules.

Will 1965 be as good? Certainly not
in terms ol growth rate it E1A’s estimate
of $17 hillion is correct, and there is no
reason to doubt it. This would represent
only a 4.3% gain compared with last
vear’s 7.2%. But whether or not to be
optimistic depends on the specific area
of interest. Government expenditures
will show little if any gain. It is obvious
that in this segment of the industrv there
will be continued unemployment prob-
lems for scientists, engineers, and tech-
nicians. The growth must then come in
the consumer, industrial, and replace-
ment parts areas. There is no reason to
doubt that this growth will be at least
equal to that of 1964. Since our own
interests and those of this publication are
predominantlv in these areas, we look
forward to another record-breaking
vear. A

fLICTRONICS WORLD
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FEI('() BRAND NEW FOR ’65

NEW EASY-TO-BUILD EICO KITS / OVER 100 LABORATORY PRECISION KITS

2 g_
[
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GENERATOR

TIME.

SERVICING.
KIT ONLY $129.95.
WIRED $169.95.

EICO 380 COLOR

PORTABLE, SOLID STATE
N.T.S.C. STANDARD COLOR
SIGNAL & DOT-BAR GENER-
ATOR (PAT. PEND.). GENER-
ATES 11 DIFFERENT
COLOR SIGMALS, ONE AT A
PROVIDES N.T.S.C.
COLOR SIGNALS EXACTLY AS
SPECIFIED. TAKESTHE GUESS-
WORK OUT OF COLOR TV

EICO 369 SWEEP AND
POST-INJECTION
MARKER GENERATOR

ULTRA COMPACT!

COLOR TV LAB

THREE COMPACT, PORTABLE INSTRUMENTS FOR SHOP OR HOME COLOR TV SERVICING.
ADD ONE MORE AND YOU'RE SET FOR FM-MPX STEREO.

+

¥
“ 900 -

EICO 435 3-INCH
OSCILLOSCOPE

TAKE IT

ALONG ON SERVICE CALLS.

FOR EASIEST, FASTEST
VISUAL ALIGNMENT OF
COLOR OR B & W TV AND
FM RF AND IF CIRCUITS.
FIVE SWEEP RANGES FROM
3-220 MC/S. FOUR MARKER
RANGES FROM 2-225 MC/S.
CRYSTAL MARKER OSCILLA-
TOR. POST INJECTION OF
MARKERS.

KIT ONLY 89.95.
WIRED $139.95.

THESE FAMOUS BEST SELLERS FROM EICO’S

BRIGHT. SHARP TRACE ON
FLAT-FACE 3-INCH CRT EX-
PANDABLE SEVERAL DIAM-
ETERS. FLAT DC TO 4.5 MC/S.
EDGE L!T CALIBRATION GRID.
ZENER CALIBRATOR. OUT-
PERFORMS S-INCH SCOPES
THREE TIMES AS BIG AND
TWICE AS HEAVY. TRUE LAB
QUALITY.

KIT ONLY $99.95.

WIRED $149.95.

SELECTION OF 230 KITS AND WIRED UNITS.

EICO 232 VTVM
PEAK-TO-PEAK

@agms USE 7 NON
5. @  SKIP RANGES

Q\‘& FUNCTIONS.
) : WITH
ST, UNI-PROBE®.

KIT $29.95.
WIRED $49.95.

EICO 667 TESTER

TUBES &
TRANSISTORS

TESTS RECEIVING. SPECIAL
PURPOSE, NUVISTOR AND
COMPACTRON TUBES FOR DY-
NAMIC CONDUCTANCE. TWO-
STEP TRANSISTOR TEST.

KIT $79.95. WIRED $129.95.

EICO 324 RF SIGNAL

GENERATOR

ol T
? -
25

‘v o

150 KC/S TO 435 MC/S RANGE.
FOR IF-RF ALIGNMENT ANE}
SIGNAL TRACING OF TV, FM,
AM, CB AND MOBILE. BUILT-IN
AND EXT. MODULATION.

KIT $28.95. WIRED $39.95.

EICO 342 FM-MPX
SIGNAL GENERATOR
FOR PROFITABLE

= MARKET. PRO-

VIDES BOTH A

0 COMPOSITE

AUDIO SIGNAL

- § FOR DIRECT IN-

® @ ] JECTION INTO

MPX SECTION

AND FM RF PLUS

@ § SYNC OuTPUT.
P
P

WIRED $149.95.

ING FM STEREO

—_—

IN

EICO 460 5-INCH
OSCILLOSCOPE

KIT $89.95

LAB USE. PUSH-
PULL DC VER-
TICAL AMP.
BAL.ORUNBAL.
INPUT. AUTO-
MATIC SYNC
LIMITER AND
AMP.

. WIRED $129.50.

EICO 1064 DC
POWER SUPPLY

KIT $45.95.

WIRED $54.95.

FOR BENCH
TESTING

INCLUDE DUAL CONVERSION,

SENTINEL 23 CB TRANSCEIVER

WIRED $169.95.

23 CHANNEL FREQUENCY SYNTHESIZER PRO-
VIDES CRYSTAL-CONTROLLED TRANSMIT AND
RECEIVE ON ALL 23 CHANNELS — NO ADDI-
TIONAL CRYSTALS TO BUY EVER!

FEATURES
ILLUMINATED
““S/RF"" METER. ADJUSTABLE SQUELCH AND
NOISE LIMITER, TVI FILTER, 117-VAC AND
12.vDC TRANSISTORIZED DUAL POWER SUP-
PLY. ALSO SERVES AS 3.5-WATT P.A. SYSTEM.

MOST COMPLETE LINE
OF KITS AND WIRED
TEST EQUIPMENT, CB
AND HI-FI COMPONENTS.

[

FOR

FREE

CATALOG

SEND ™™

L
L=

March, 1965

MATIC STEREO SWITCHING. »
ING. FRONT-END. IF AND MPX SECTIONS PRE-WIRED
AND PRE-ALIGNED. PLUG-IN TRANSISTORS.

KIT ONLY $229.95. WIRED WITH CAB. $349.95.

-
r EICO Electronic Instrument Co., Inc. I
} 131-01 39th Ave., Flushing, New York 11352 |
| SEND 1965 CATALOG LISTING 230 EICO PRODUCTS. |
! EW-3 |
| NAME - |
: ADDRESS - I
[ |
i ——————
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NEW EICO 3566 SOLID STATE FM-MPX
STEREO TUNER AMPLIFIER

8 OHMS. » 38-40 DB CHANNEL SEPARATION. » AUTO-

INTERSTATION MUT-
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HI-FI PRODUCT
REPORT

Schober TR-2 Amplifier
Sonotone RM-1 Speaker System

Schober TR-2 Amplifier

For copyj of nunufacturer’s hrochure, circle No. 60 on coupon (page 17).

on  Feheober

Taansiston @)

@, *  AMPLIFER TR-2

CxY
OFr BRRR

1 vac
»wirs
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MAX

A

HE requirements lor a good elec-

tronic organ amplifier are, in many
ways, more stringent than those for
ordinary high-fidelity applications. In
addition to the usual distortion, power,
and frequency-response specifications,
an organ amplifier must be able to de-
liver large amounts of continuous power,
even at the lowest frequencies. The so-
called “music-power” rating is certainly
not applicable to amplifiers intended for
organ service.

The Schober TR-2 is a fully transis-
torized basic power amplifier (single
channel), designed specifically for use
with electronic organs. It is equally well
suited to home high-fidelity installations,
public-address work, and other tvpes of
service. The TR-2 is rated at 40 watts
output under continuous duty, into an
8-ohm speaker load, over the full 20- to
20,000-cps range at 0.75% distortion. It
has a low source impedance, and will
drive speakers with impedances from 4
to 16 ohms. It is a compact unit, measur-
ing 114%” long, 54” wide, and 7%” high,
and weighing 13 pounds.

The amplifier is constructed on a
heavy aluminum chassis which serves as
a heat sink for the output transistors. A
fan, mounted inside the perforated
cover, forces a fHlow of air around and

> 4-8-16 Onm
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through the chassis. The cooling svstem
is so eflective that the amplifier can be
operated at the highest power levels
without becoming perceptibly warm. Al-
though it is capable of absorbing con-
siderable overload without damage to its
transistors, the TR-2 is protected by a
push-button resettable circuit breaker
which will trip if its output is shorted
under full-drive conditions,

The output stage uses four 2N2147
germanium ‘power transistors, in the
well-known RCA single-ended push-pull
configuration. The output is directly
coupled to the speaker. A transformer-
coupled driver stage is preceded bv
three low-level amplificr stages. A sensi-
tivity control and a volume control pro-
vide a range of input sensitivity from
approximately 0.05 to 0.8 volt to drive
the amplifier to full output. The input
impedance is 100,000 ohms.

The power supply uses four silicon
diodes in a bridge rectifier. Series tran-

sistor filtering is used for the low-level
stages. Six-thousand microlarads of fil-
ter capacitance assures good filtering
and regulation for the output stage.

The power rating of the unit proved
to be very conservative. We measured
over 50 watts output at 2% harmonic
distortion and almost 50 watts at 0.75%
distortion, over much of the audio range.
At 0.75% distortion, it delivered over 40
watts from 35 to 7000 cps, dropping to
28 watts at 20 ¢ps and 19 watts at
20,000 cps. At 2% distortion, it delivered
over 40 watts from 20 to 20,000 cps.
The frequeucy response at low levels
was within = 1 db from 20 to 20,000
cps. Like most transistor amplifiers, the
TR-2 had relatively high IM distortion
at very low power levels (about 2%),
falling to less than 1% between 15 and
40 watts and rising again to 2% at 54
watts.

The amplifier was completely stable
under capacitive loads. Its square-wave
rise time was about 10 microseconds and
was not affected by capacitances as
great as 0.22 uf. shunting the 8-ohm
load resistor. The measured sensitivity
was adjustable from 45 mv. to 0.72 volt
for 10 watts output, and hum was 66 db
below 10 watts or 72 db below 40 watts.
The maximum power output (at the

(Continued on page 86)
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Get in
on the
ground floor

of the
second-story
business

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

TECHNICAL INFORMATION

The RADAR SENTRY ALARM is
a complete U.H.F. Doppler Ra-
dar System which saturates the
entire protected area with invis-
ible r.f. microwaves. It provides
complete wall to wall—floor to
ceiling protection for an area of
up to 5,000 square feet. Without
human movement in the pro- 1
tected area, the microwave sig- |
nal remains stable. Any human
movement (operation is unaf-
fected by rodents and small ani-
mals)in the area causes the dop-
pler signal to change frequency
approximately 2 to 4 cps. An
ultra-stable low frequency de-
tector senses this small fre-
quency change, amplifies it and
triggers the police type siren—
which is heard up to a half mile
away.

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

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

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

* hold-up alarm

= central station or police station
transmitter and recejver (used
with a leased telephone line)

* relay unit for activating house
lights

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

March, 1965

RADAR SENTRY ALARM

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

And an even better business op-
portunity for you.

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

Iin fact, police and insurance
officials have proved that an alarm
systemreduces, and in many cases,
eliminates losses—even helps po-
lice apprehend the criminal.

Here's where you come in.

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

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

You can sell them!

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

A glance at the technical infor-
mation shows why.

Name

GosrerrreesReRRPRRe e RRRRDRE

City
CIRCLE NO. 144 ON READER SERVICE PAGE

www americanradiohistorv com

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

And here's the proof.

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

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

U.S. Government

U.S. Air Force

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

Everyone is a prospect.

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

Don’t wait!

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

Become a distributor.

Write now for free details.

8000008000 0000000000000900080000000000808000000

Mail to: RADAR DEVICES MANUFACTURING CO.
13132 Charlevoix Ave., Detroit, Michigan 48215

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

Address__

State & Code
15
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You know you’re a hi-fi expert
ee.nOW let your friends know it

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

HERE’S THE PROBLEM...

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

HERE’S WHAT YOU DO...

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

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

HERE’S WHAT SHURE DOES...

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

{and pocket guide) and
your troubles are over.

HERE’S YOUR “REWARD”...

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

THE SHURE ENGINEERED SYSTEM OF
LABORATORY MATCHED HIGH FIDELITY COMPONENTS

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

16 CIRCLE NO. 217 ON READER SERVICE PAGE

ELECTRONICS WORLD
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READER SERVICE PAGE

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

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

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

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

FOR PROFESSIONAL USE: In requesting information on products and services
listed in the coupon on page 88 it is necessary to fill out the coupon COM-
PLETELY, stating your company, address, and your function or title. If the cou-
pon is incomplete it cannot be processed.

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

See Page 88 for “PROFESSIONAL USE” Coupon

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

GENERAL USE ONLY Total Number D

of Requests

NAME (PRINT CLEARLY)

ADDRESS___

ary__.. - STATE ZONE

Please send me additional information on advertised products | have circled.
(Key numbers for advertised products also appear in Advertisers Index.)
123 128 129 130 131 133 138 140 143 144 145 146 147
157 162 163 167 172 174 177 178 179 180 181 183 185 187 189
191 192 193 194 198 199 200 201 203 206 212 215 216 217 225
229 231 235 237 240 241 242 243 245 252 255 261 263 264 265

NEW PRODUCTS & LITERATURE

7 8 11 12 14 15 16 17 18 19 20 21
2 23 24 2% 26 27 28 29 30 31 32 33 35 36
3 38 42 44 45 46 54 56 60 61 62 63 64 67

ELECTRONICS WORLD

P.C. BOX 7842, PHILADELPHIA 1, PA. (VOIDRAETERSARRIENS0NI968) 3
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Why Fred got a better job...

I laughed when Fred Williams, my old high school
buddy and fellow warker, told me he was taking a
Cleveland Institute Home Study ceurse in electronics.
But when our boss made him Senior Electronic Tech-
nician, it made me stop and think. Sure I’'m glad
Fred got the break. .. but why him ... and not me?
What’s he got that [ don’'t. There was only one
answer . . . his Cleveland Institute Diploma and his
First Class FCC License!

After congratulating Fred on his promotion, I
asked him what gives. “I’'m going to turn $15 into
$15,000,” he said. **My tuition at Cleveland Institute
was only $15 a month. But, my new job pays me
$15 a week more . . . that's $780 more a year! In

twenty years . . . even if I don’t get another penny
increase . . . I will have earned $15,600 more! It's
that simple. I have a plan . . . and it works!”

What a return on his investment! Fred should have
been elected most likely to succeed . . . he’s on the
right track. So am I now. I sent for my three free
books a couple of months ago, and I'm well on my
way to Fred’s level. How about you? Will you be
ready like Fred was when opportunity knocks? Take
my advice and carefully read the important infor-
mation on the opposite page. Then check your area
of most interest on the postage-free reply card and
drop it in the mail taday. Find out how you can
move up in electronics too.

www americanradiohistorv com
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How You Can Succeed In Electronics
. . . Select Your Future From Five Career Programs

The “right” course for your career

Cleveland Institute offers not one, but five different
and up-to-date Electronics Home Study Programs.
Look them over. Pick the one that is “right’ for you.
Then mark your selection on the reply card and send it
to us. In a few days you will have complete details . . .
without obligation.

1. Electronics g’% B -
Technology K. @ L
A comprehensive program & ;

covering Automation, Com-
munications, Computers, In-
dustrial Controls, Television,
Transistors, and preparation
for a 1st Class FCC License.

2. First Class
FCC License

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

13 03 ATION B3 W Wi a100n §
I

3. Broadcast

Engineering

Here’s an excellent studio
engineering program which
will get you a 1st Class FCC
License and teach you all
about Program Transmission
and Broadcast Transmittiers.

4., Electronic
Communications

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

5. Industrial Electronics

& Automation

This exciting program in-
cludes many important sub-
jects such as Computers,
Electronic Heating and
Welding, Industrial Conirols,
Servomechanisms, and Solid
State Devices.

Cleveland

March, 1965

An FCC License ... or your money back!

In addition to providing you with comprehensive train-
ing in the area indicated, programs 1, 2, 3, and 4 will
prepare you for a Commercial FCC License. In fact,
we're so certain of their effectiveness, we make this
exclusive offer:
The training programs described will prepare you
for the FCC License specified. Should you fail to
pass the FCC examination after completing the
course, we will refund «ll tuition payments. You
get an FCC License . . . or your money back!

cie's “AUTO-PROGRAMMED™ method helps you
learn faster and better

Cleveland Institute uses the new programmed learning
approach. This “Auto-Programmed” method presents
facts and concepts in small, easy-to-understand bits . . .
reinforces them with clear explanations and examples.
Students learn more thoroughly and faster through this
modern, simplified method. You too will absorb . . .
retain . . . advance at your own pace.

Free nationwide job placement service . .. for
life, for every CIE graduate

Once enrolled with CIE, you will get a bi-monthly
listing of the many high-paying interesting jobs avail-
able with top companies throughout the country. Many
Cleveland Institute students and graduates hold such
jobs with leading companies like these: American Air-
lines, American Telephone and Telegraph, General
Electric, General Telephone and Electronics, I1BM,
Motorola, North American Aviation, New York Cen-
tral Railroad, Raytheon, RCA and Westinghouse.

Electronics is a fast moving, dynamic industry

... Cleveland Institute keeps you current

The Electron Bulletin is CIE’s bi-monthly digest of new
developments in the world’s fastest growing industry.
As a CIE student, you will get a free copy throughout
your training to keep you up-to-date on Masers, Lasers,
Solid State Devices, and other new inventions.

B NHSC

Full accreditation . . . your assurance of
competence and integrity

Cleveland Institute of Electronics is accredited by the
Accrediting Commission of the National Home Study
Council. You can be assured of competent electronics
training by a stafl of skilled electronics instructors.

Your Future In Electronics Is
Up To You. Make It A Brighter One.
Mail Reply Card Today.

e

Institute of Electronics

Dept. EW-98, 1776 E. 17th St., Cleveland 14, Ohio
21
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PICTURE TUBE §

Now your Sylvania Distributor
can put you in The Yellow Pages

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

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

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

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

SYLVANLN

SUESIDIARY OF

GENERALTELEPHONE & ELECTRONICS

NEW CAPABILITIES IN: ELECTRONIC TUBES « SEMICONDUCTORS =«

Tl

MICROWAVE DEVICES » SPECIAL COMPONENTS » DISPLAY DEVICES

www americanradiohistorv com
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Video tape certification setup for tape that is to be used on
professional, broadcast, quadruplex {4 rotating heads) record-
ers. The three counters in foreground automatically count num-
ber of dropouts that occur. A count is registered every time
video signal from an accurately calibrated playback sys-
tem drops below a certain preset value. Such a value repre-
sents an interruption in the video that lasts over 2 usec. and
is visible as brightness change on a TV monitor showing test
pattern at a distance of 8 feet. Dropouts show up on a TV
picture tube as dots, streaks, or flashes of white, grey, or black.
No more than 20 dropouts per minute (@ 15 ips) are allowable.

MAGNETIC RECORDING TAPE

By EDWARD SCHMIDT
Vice-President, Research & Engineering
Reeves Soundcraft

Our most versatile and widely used memory medium, magnetic
tape is used for sound and picture recording and for computers
and instrumentation. The manufacturing techniques, testing,
characteristics of different tapes, and problems are covered.

tion where there is need for low-cost, accurate storage of memorizable
information. It has been referred to as mankind’s most versatile synthetic
memory device,

What is behind this medium? What makes it work? To many technical people,
tape is accepted as a useful component and, like a transistor or resistor, is expected
to perform properly. Precious little information as to its hows and whys exists, even
in technical literature.

Its basic construction concept is simple: magnetizable particles are spread thinly
and uniformly on a ribbon of plastic and wound into a suitable length on a reel.
The companies engaged in manufacturing tape spend millions of dollars annually
on research, learning how to improve the product and extend its versatility. The
complexities which develop in the manufacture and successful use of such a simple
and basic raw material are manifold. These complexities are vividly illustrated by
the requirements of the various recording svstems employed in any space shot.

MAGNETIC recording tape is employed in just about every possible applica-

March, 1965 23
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Fig. 1. Electron photomicrograph of typical gamma ferric
oxide particles used in making sound recording tape.

The television video tape recorders emploved use a two-
inch-wide tape which moves at 15 ips. On one edge of the
tape the voice of the announcer is recorded. The television
picture information is recorded by high-speed rotating heads
which scan across the width of the tape at a speed of 1400
ips. Thus, on this tvpe of tape, we have a 100-to-1 speed ol
recording variation and a requirement for transverse orienta-
tion needed to obtain optimum video performance.

Seismic recorders may move the tape at speeds as slow as
0.2 inch per second. Computers write and read their numbers
and letters nsing a binary code in which pulses are discrete
magnetized spots on the tape. (A single roll of tape can
store 155,000,000 discrete data points.) Telemetering record-
ers muke a record of analog data, recorded as a voltage
change on tape moving at 60 or 120 ips.

In the newer tvpes ol instrumentation recorders, wave-
lengths as short as 80 pin. mav be emploved, and these ma-
chines can record a total bandwidth of 1.5 mc. Geophysical
recorders can and do respond to d.c. information.

In the space capsule. there is an endless loop of tape in
a special magazine. Not only does this tape have to with-
stand difficult environmental temperatures and pressures,
but each lap of the pile of tape must slide freelv with very
low friction.

While tape was simple in its beginnings. today’s varied
uses require product variations of considerable complexity
and with many important but subtle differences.

Manufacturing Techniques
2 |

Fig. 1 is an electron photomicrograph of tyvpical gamma
{erric oxide particles used in modern tape. The particles are
considerably less than one micron (39 uin.) long, are cigar-
shaped. and have a length-to-breadth ratio of at least 10-to-1.
These oxide puarticles are manufactured by first dissolving
iron in an appropriate acid. Crystals in the a/plia monohvdrate
form wre then grown by a seeding process under carefully
conlrolled conditions of temperature, pH, concentration, and

Fig. 2. BH curves of sound recording tape, made from coated samples of disper-
sion taken at three stages of milling cycle. (A} is taken early in the milling;
(B) is about at the half-way point; (C) is taken when the dispersion is complete.

24

agitation. This has been the historical first step in the manu-
facture of vellow iron pigments used for many years in paints,
rouges, and fillers. These alpha particles are of the proper size
and have the elongated shape of the finished magnetic oxide
but are non-magnetic.

To render them magnetic, they are placed in sealed, rotary
kilns with control of pressure and temperature. The particles
are heated, the water ol crvstalization is driven off, and the
oxide reduced to the FFe;O, form, in a reducing atmosphere
of hvdrogen or natural gas. Then, under constant control of
temperature, the particles are re-oxidized to Fe.O; form
while still maintaining the Fe;O; crystallography. Thus, our
particles are an anomaly to the extent that they are chemicallv
Fe,0;, but physically Fe,0,.

The magnetic properties are influenced by each step of
the process, particle size, shape, particle size distribution,
rates of reduction, rates of oxidation, etc. Not only do the
bulk magnetic particle properties influence the electromag-
netic properties of the finished tape, but the actual particle
phvsical properties of surface, area, degree of sintering,
presence of chemical surface contaminants and the like,
modifv final tape performance by influencing the dispersion
process.

The next step is the dispersion of these particles, and,
ideallv, to coat each individual particle with a continuous
skin of organic binder in a suitable solvent system. This proc-
ess of dispersion is normallv done in hall mills and is the same
as had been used in the manulacture of paints and inks lor
many vears. But there are important differences.

Tvpical paints and inks are made from much larger particle
pigments with a maximum 40-30% pigment-to-binder loading
ratio, whereas some magnetic tapes will have pigment load-
ings of 85% total solids in the coating. Magnetic tapes usually
need not be weather-fast, but must exceed paint films in their
strength, durability, toughness, flexibility, low friction, wear-
ability, thermal softening, abrasiveness, laver-to-laver ad
hesion, electrical conductivity, fungicidal properties and
adhesion to thin, highly Hexible base supports.

The instrumentation used to control the process of dis-
persion or milling is usually « BH meter, Here, with a 60-cps
a.c. field, quick, accurate, and reproducible meusurements
of the bulk magnetic properties ol the dispersion arc made.
1t will be seen from the three BH curves (Fig. 2) made from
tape coated with the dispersion taken at three stages of the
milling cycle, that the coercive force, squareness, and rem-
anence all change us the process continues.

The filtering of a magnetic dispersion has become a highly
developed art. It is now common practice to filter these
dispersions down to and below a one-micron classification.
Filtering is required not only to remove trash and contam-
inants from the dispersion, but also to produce the proper
magnetic properties. After filtering, laboratory coating tests
are often run in order to obtain accurate electromagnetic
property values on individual mill batches.

All major tape manufacturers are instrumented for quality-
control measurements in accordance with Military Specifica-
tions WT-0070-1 through -5. The level and accuracy of this
testing method is dependent upon the
stability and calibration of a secondary
reference tape. While this tape has been
inspected and tested in a carefully con-
trolled and supervised government lab-
oratory, there are (uestions as to the
accuracy  of industry-wide standards,
based on secondarv reference tapes
These questions are especially valid in
the area of short wavelengths as vsed in
wide-band and video recording.

Nevertheless, the onlv practical stand-
ard today is the secondary relerence tape,
and all electromagnetic measurements

ELECTRONICS WORLD
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are based on this. Sensitivity, distortion, a.c. signal-to-noise,
d.c. noise, short and long wavelengths, print-through, drop-
outs, resolution, noise spectra distribution, inter- and cross-
modulation of adjacent signals are all measurable factors.
The electromagnetic properties of tape for each use have
become very specific, and no longer does a product designed
for sound recording suffice for use either in an instrumenta-
tion or in a computer tape recorder.

Tape Characteristics

Most sound recording tapes have coercive force values in
the area of 235-240 oersteds. The newer instrumentation
tapes have coercive force values of 250-260 oersteds. Com-
puter tapes have higher saturation output and magnetic
squareness, and the newest high-resolution, wide-band tapes
will demonstrate coercive force values of 280-290 oersteds
with squareness values of 85%.

Over the years, tape coating densities have risen rapidly.
Thus the coatings used in high-resolution systems have more
useful pigment per unit area in much thinner coatings.

A remanence value of 900 gauss is typical for sound tapes
with coating thickness of 0.45 mil. Equal or higher remanence
values are obtained in high-resolution coatings only 0.2 mil
thick. Hence, the net magnetic efficiency of the newer high-
resolution coatings used for video and special tapes is greater
than that of standard sound recording tapes.

As the eflective gap length of the heads has decreased,
it has been necessary to develop smoother and smoother sur-
faces for the oxide laver in order to obtain intimate contact
with these high-resolution heads. Simultaneously, head-to-
tape tensions have had to be increased in order to break
down the air film which develops at recording speeds of 60
and 120 ips and interferes with good mechanical contact.

Tape tensions in high-resolution recording systems have
values that are 4 to 8 times higher than tensions normally
employved on sound recorders. The combination of high speed
and high tension naturally produces higher friction at the
head. This high friction can produce rapid head wear, rapid
breakdown of the oxide surface, excessive dropout rates with
tape wear, and increased severity of oxide shedding.

Smooth-surfaced oxides are not low-friction coatings. Ex-
cessive stiction (or uneven jerky motion) develops at the
highly polished heads and guides, and the smooth oxide layer.
As a result, the tape moves in waves across the heads. This
motion irregularity, since it introduces an undesirable fre-
quency change, obviously limits FM signal-to-noise capabili-
ties, creates undesirable picture distortion in helical-scan
video systems, introduces audible high-frequency distortion
in slow-speed sound-recording applications and is, in general,
a highly undesirable factor.

Fortunately, it now appears that the motion irregularities
of smooth-surfuce tapes can be controlled and minimized
by specialized treatments. All of these efforts are highly
proprietary. The tape manufacturers have developed a list
of descriptive tradenames which describe the products but
do not disclose the methods used to develop smooth tapes
with minimized stiction behavior,

Base Materials

The industry first followed the German lead, coating the
oxide on calendered kraft paper. This was quickly supplanted
in this country by the use of cast cellulose acetate base. In
1953 Mylar or polyethylene terephthalate, was introduced by
diPont. This polyester tvpe of base is now used on all com-
puter, video, and instrumentation tapes and has almost sup-
planted the cellulose acetate base in the sound recording
tape field. The reason for this is that Mylar contains no plasti-
cizer; it is a complete chemical entily. Further, it has higher
tensile strength and vield properties and is almost completely
unaffected by temperature and humidity cveling within the
range of interest, Common thicknesses of the base muterial
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Computer tape test certifiers equipped for standard 7- or 9-track
formats. No dropouts are permitted for entire length of the tape.

used for magnetic tape are 1.5 mils, 1.0 mil, and 0.5 mil.

Most recently, a new type of higher strength Mylar has
been introduced for certain recording applications in the
field of video and instrumentation tape products. This new
type of base has much lower ultimate elongation and about
40% higher tensile strength than the older “A” Mylar film.
The new film is also characterized by a smoother surface
structure whiel vesults in higher signal resolution and re-
duced noise.

Several new films are on the horizon which will extend
the temperature capability of magnetic recording tape up-
ward from its present practical limit of approximately 125°F.

Sound Recording Tapes

Many significant improvements have occurred in the man-
ufacture of sound recording tape in recent years. These
improvements have, in a way, been torced on the tape manu-
facturers through the development of slow-speed, multi-track
stereophonic systems. With these, the record track has been
reduced from the original full-track standurd width to 40-mil
wide tracks.

Similarly, recording speeds have dropped from 15 ips down
to 7%, 3%, and even slower operating speeds. For voice re-
cording, speeds of 1% and '%¢ ips are not uncommon. The
narrow tracks, close to the edges of the tape, are sensitive to
dropouts which can be caused by improper tape slitting.
Since the slow speeds do not “sweep clean” the heads as well
as 15-ips operation, there is a greater tendency toward head
fouling and the presence of oxide “dirt” on the tape, causing
dropouts.

A most critical problem of sound recording is the hiss
associated with narrow-track, slow-speed machines. This can
also be a problem in the manufacture of the master or original
recording. New “low-noise” tapes are now available which
have been manufactured from very small, but still acicular
iron-oxide pigments. These pigment particles are approxi-
mately oune fifth that of the conventional gamma ferric oxides.
Noise measurements using such tapes do not reflect the
aural improvement that occurs, especially at slow speeds.

Computer Tapes

In the field of computer tape, the electromagnetic proper-
ties of the tape have to defer to mechanical and physical
properties which make or break the performance capabilities
of the product. Here a series of pulses written on multiple
channels along the length of the tape must all be read back.
without error, after thousands of passes. The computer data
Is written in block form, and between each block of data is
a blank space of % inch or so. This blank space is there to
permit the tape to start and stop on command. Thus the tape
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Quarter-inch recorder instrumented for secondary electromagnetic
measurements in accordance with Navy specification WT-0070.

must accelerate from zero to a speed of 120 ips or more very
quickly or it must decelerate from this high speed to zero
equally fast. High mechanical stresses occur and these stresses
rapidly deteriorate older high-friction binders used in tapes.
Virtually all computer tape users have now switched to the
new heavy-duty long-wear computer tapes, which will with-
stand more than 20,000 passes on a properly maintained
transport before any deterioration sets in to cause loss of
recorded information.

Before delivery, each roll of computer tape is certified
on high-speed testers. All “ones” are written at the proper
packing densities (556 bits per in., etc.) and then read back.
Some of the newer testers have the capability of testing 16
channels in order to accommodate the present 7-channel
standard and the new IBM-360 9-track format in one pass.
If a single bit drops below 50% of the normal output level,
the transport stops and exposes the tape on an operator’s table.
If the defect is a protrusion, small pieces of lint, or an oxide
lump, it can sometimes be removed. Then the tester is auto-
matically reversed: it writes and reads a new series of “ones”
over the repaired area and the testing continues. This pains-
taking certification process is done in a clean environment,
and the tape, after the testing and certification procedure, is
placed immediately in a dirt-free container.

Instrumentation Tape

Instrumentation tape is a product which is used to record
and store voluminous data, usually in an analog form. The
source can be many miles away, as in the case of a satellite
where data is to be telemetered to the ground, or the instru-
mentation recorder can be on site, such as in an experimental
airplane or on a rocket sled. The outputs of all types of
sensors, such as strain gages, thermometers, pressure-sensing
transducers, and accelerometers, are continuously recorded.
The data can then be analyzed and studied repeatedly, after
the event.

The tape used on these instrumentation recorders started
out as sound recording tape, slit wider and wound in longer
lengths on a reel. As recording speeds and densities increased,
requirements developed for special long-wearing oxide form-
ulations.

Most recently, the field of predetection recording has re-
sulted from the development of micro-gap heads. Here, on
one pass at 120 ips, telemetered data over a 1.5-mc. band-
width can be recorded directly on the tape. This method of
recording has improved the reliability of telemetered data
as well as extended bandwidths; it is now rapidly obsoleting
the older types of instrumentation systems that had been
used formerlv.

In order for the tape to perform well on wide-band pre-
detection equipment, we require very smooth, long-wearing
surfaces and low head wear types of coatings. Unspliced
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lengths of 1-mil base tape, 9600 feet long on a reel, are
common.

The instrumentation tape market is growing tremendously.
The bulk of these systems are used by the military or for
government research. Therefore, the industry has been seeing
a proliferation of specifications in this field since each appli-
cation demands a tape which differs in some important char-
acteristics. Thus, in the instrumentation tape field, there are
more different product types that are manufactured today
than there are in any of the other fields.

Video Tape

Video tape represents the highest engineering development
of the art. The problems of formulation, manufacture, quality
control, and testing are severe. Only two American manu-
facturers are in routine production of video tape for com-
mercial quadruplex applications.

The newer helical-scan or slant-scan video tape recorders
add new problems. Here the tape is pulled at slow speed
around a large diameter non-rotating drum. Thus, we com-
bine two difficult frictional problems, one resulting from high
speed (625 ips or more) and high pressure at the rotating
heads, and the other from the slow speed as the tape is
dragged under high tension over the drum.

Dropouts in video tape are perhaps the most difficult man-
ufacturing and operational problem to overcome. The very
narrow tracks (down to 5 mils on some equipment), the
complication of high frequency (4.5-mc. and higher), the
use of an SSB FM record-reproduce technique, and the fact
that the video tracks are transverse to the coating direction,
are only a few of the complications.

In spite of the complexity of magnetic video tape record-
ing, the economic and quality characteristics of commercial
program material on video tape favor its use. As color TV
becomes more widespread, the advantages of tape become
even greater.

Schools, factories, hospitals, airports, and government are
using portable video tape systems for recording and reproduc-
tion of important picture information because of its immedi-
acy, re-usability, and lower cost. New video-tape systems for
document storage and retrieval are competing with micro-
film processes. Several companies are working on low-cost
video cameras and tape recorders for home use to compete
with film cameras and projectors.

Industry Problems

Our industry and its versatile medium does have some
problems. Perhaps most serious and fundamental is the fact
that to date no satisfactory method has been developed to
measure the surface magnetic induction at typical useful
wavelengths on an absolute basis. As noted earlier, we have
to depend on secondary reference tapes whose accuracy and
stability may be questioned. Further, as we move to shorter
wavelengths, the measurement accuracy requirements eclipse
the capabilities of any known reference tape system.

The industry has recognized this and other limitations
of present standards. A joint industry and government com-
mittee is being organized under the auspices of the Electronic
Industries Association. The member manufacturers, who pro-
duce more than 95% of the volume of magnetic tape, have
pledged engineering time, talent, and support to a working
group committee on magnetic tape. This group is dedicated
to developing standard definitions, tests, methods, and toler-
ances for both electromagnetic and mechanical properties
of magnetic tape.

The committee will welcome any suggestions on methods
of developing absolute measurement of tape surface induc-
tion from any source. Should any reader have any such sug-
gestions, address them to this publication. They will be
forwarded to the Chairman, P-8.6 Engineering Work Group
on Magnetic Tape of the EIA. A
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By DAVID L. PIPPEN

Required antenna heights for various reception ranges
are readily determined by the use of a straightedge.

OW high must a TV antenna be placed in order to
H receive direct line-of-sight communication from the
TV transmitter located 60 miles away? This is a ques-

tion frequently asked by TV set owners who realize that upper
v.ht. and all whi. TV channels are, basically, line-of-sight.
The nomogram below will provide a quick answer. Assume
that the transmitting antenna is at an elevation of 1200 feet
above sea level. Your receiver is located in a building whose
roof is at an elevation of 50 feet, 60 miles from the trans-
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mitter. How high should vou place your receiving antenna?

Place one end of a straightedge on 1200 on the Transmit-
ting Antenna column and intersect 60 miles on the Line-of-
Sight Distance column. The intersection of the straightedge
at the Receiving Antenna Height column gives the answer
of approximately 10 feet above 50 feet (total elev., 60 feet).

Thus, if there are no mountains or other interfering struc
tures between vour receiver and the transmitter, a 10-foot
mast would be enough for line-of-sight communications. A
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RECENT
DEVELOPMENTS
in ELECTRONICGS

Transcontinental Microwave System. (Right) This microwave
antenna, on top of Western Union’s 24-story headquarters
building in New York City, is one of 267 stations on the
telegraph company’s new 7500-mile transcontinental micro-
wave system recently placed in service. The new system
Is capable of handling voice, facsimile, and video infor-
mation as well as signals from punched tape, punched
cards, and magnetic tape. The system was inaugurated for
the press by a live coast-to-coast transmission of the
heartbeats of a mother and her unborn child from a Los
Angeles hospital to New York, where signals were viewed
on a large display oscilloscope. The $80 million system is
routed to avoid possible target areas and provides the na-
tion with a second, separate transcontinental network of
broadband facilities suitable for emergency defense use.

Full-Command Inertial Guidance. (Below) The complete
guidance system for our Centaur rocket is displayed here.
Centaur will be used to carry spacecraft to the moon for
lunar studies before men land there. This guidance system
makes the rocket the first U.S. space vehicle capable of
complex stop and start maneuvers in space. The inertial
platform of the Honeywell-designed system is at top right.
The waffle-patterned container (center) contains acceler-
ometer rebalance electronics and power supplies and is
called the coupler. The digital computer is front left
and the two cylinders in the foreground are the platform
electronics (left) and the signal conditioner (at right).

Light Amplifier. (Above) Mounted on the gun being used by the sol-
dier is an assembly containing a light amplifying image intensifier
tube. Such tubes make it pessible for soldiers to see in the dark with-
out revealing their presence. Objects hidden in light levels far be-
low the threshold of norma! humen vision show up as bright images.
This provides the solcier with fire power and mobility at night com-
parable to daylight activities. The tubes are being produced by
Machlett Laboratories under a $5 million Army contract. Although
operating details on see-in-the-dark sighting systems are secret, it is
known that some imags intensifier tubes employ several stages of
light amplification in which fiber-optic elements and photocathodes
are used. The fiber-optic elements are in the form of faceplates that
are made up of a large number of extremely fine glass fibers fused
together. Such elements arz far more efficient in transmitting light
than a lens system. The photocathodes amplify the light focused
on them as a result ot their large amount of secondary emission.

28 ELECTRONICS WORLD
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Replaceable Computer Storage Disk. (Below) A single mag-
netic disk encased in a plastic cartridge forms a part of
the random-access storage system used with the IBM data
acquisition and control computer. The disk can hold
512,000 words, 16 data bits in length. Up to three drives,
each making use of such a cartridge, can be employed with
a single unit. The cartridge is inserted info the random-
access assembly (shown uncovered in the photo), where it
makes contact with the mechanism that willrotate the disk.
The cartridge is then opened so that the read-wrile heads
can be placed over and under the disk. The storags disk can
be removed and replaced by another containing a different
set of facts. The associated computer can mcnitor an as-
sembly line, centrot a sleel-making process, cor analyze
the precise status of a missile while it is test fired.

Radio-Controlled Steering Boat. (Below) A radio-controlled
bow steering boat for long, hard-to-maneuver barge tows has
gone into service on the Mississippi River. The rudder-
less craft is completely controlled by a push-button radio
system operated from the pilot house of the towboat at the
rear of the string of barges. The steering boat, devel-
oped by Cargo Carriers, cuts round-trip travel time be-
tween Cairo, |1l. and New Orleans by a full day or more.

Railrsad Telzvision. ‘Abcve) For the firs® time, railroad gassen-
gers will be azle to watch t2levis on or the way to their d2stina-
tions Twenty-three-inch black anc white Zlympic TV sete will be
placed ir a | coaches, ounge, znd recreation cars aboard the
Atlartic Coast Line's “F orida Sgecial.” The train runs between
New York and Florida. Tre sets ere mounted on overheac chzlves
at ceiling ~eight in the cars. Tiey are connected to thz rail-
roed’s TV anzerna system. eception has been good over tae route.

Anti-Missile Missile Faca-. (Below) An advanced experimer tzl radar
system whica Jetects, tracks, and identifies missile warh2ads and
assigns targets to nearky anti-missile sites is being tested at White
Sancs, N. IV.. Called a mult.funciicn array radar, the system was
designed by Sylvania as part of the Nike-X program, our only anti-
missile missile system in advanced development. Because it employs
neither a mechanical drive mechanism nor rotating antenna, the
equipment is housed in low-silhouette nuclear-blastproof structures.
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INCE its appearance in 1948, the transistor has had a
remarkable impact on the electronics industry. To cite
a familiar example, the development of digital com-
puter technology was quickly accelerated by the use of tran-
sistors. In the past decade, the computer was transformed
from a huge structure containing innmumerable vacumn tubes
with its attendant heat to a small, cool, solid-state package.
Anulog systems were similarly affected. And now the general
public has access to transistorized receivers, tape recorders,
and numerous other devices.

What about the transistor itselt?> Has it undergone any
changes? To mect the new requirements which arose in the
transistorization of vacuum-tube circuits. different structures
and types ol devices evolved. In this article, various transistor
tvpes will be examined. These include a host of junction units
and the field-effect transistor. Their relative advantages and
limitations will also be considered.

Some Fundamentals

The transistor is generally made of semiconductor german-
ium (Ge) or silicon (Si) to which certain impurities have
been added. Germanium and silicon each has four valence
electrons. When an impurity atom which has three valence
electrons, called an acceptor, is added to Ge or Si, holes are
produced and the material is said to be p-type. Electrons are
made available if an element having five valence electrons,
called a donor, is the added impurity. The resultant material
is then called n-type. Examples of acceptor impurities are
boron and imdium; antimony and arsenic are typical donor
impurities.

Two commonly used methods for introducing the impuri-
ties (called “doping”) into Ge or Si are segregation and diffu-
sion. The segregation method takes advantage of the fact that
impurities are more soluble in the molten semiconductor than
in the solid form. In the diffusion process, the impurity may
be either in a gaseous state or coated on the surface of a
semiconductor. The combination is heated to a temperature
of 800°C to 1300°C and after a predetermined time, the im-
purity diffuses into the material. Most transistors today are
made by the diffusion process.

When a single crystal ol Ge or Si is doped so that an n-type
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region is “sandwiched” between two p-regions, a p-n-p tran-
sistor is obtained (Fig. 1A). If the sandwiched material is
p-type, the structure is an n-p-n transistor (Fig. 1B). In each
case, two p-n junctions are formed: the emitter-base and
collector-base junctions. For most applications, the emitter-
base junction is forward biased and the collector-buse junction
reversed biased.

Because Si has a greater energy gup than Ge, silicon de-
vices operate at higher temperatures (125-150°C) than their
germanium cousins (85-100°C). The energy gap refers to
the minimum energy, such as thermal energv, needed to
produce an electron-hole pair. The generation of electron-hole
pairs is a continuous process which increases rapidly with
temperature. If a transistor is used above its maximum rated
operating temperature, the number of electrons and holes gen-
erated may become compurable to the numnber of electrons
and holes introduced by impurity atoms. The device will now
have characteristics similar to that of a conductor.

Fig. 1. (A) “P-n-p’’" transistor. (B) ‘““N-p-n"' transistor.
{C) The depletion region of a *‘p-n"' junction is shown.
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Upon the formation of a p-n junction, a number of impur-
ity ions on each side of the junction become uncovered, i.e.,
there are no free electrons or holes in their immediate vicinity.
The region is referred to as the “depletion” region (Fig. 1C).
If the collector-base reverse voltage bias is increased, the de-
pletion region becomes wider and spreads farther into the
base region. A point may be reached where the depletion
region actually touches the emitter junction. This is called
“punch-through” and the transistor breaks down.

Why New Transistors?

The first transistor available was the point-contact tran-
sistor which was soon superseded by a number of junction
devices and the field-effect transistor. Two important reasons
may be mentioned for the development of difterent transistor
structures. One is economic and the other technical.

In the early days of transistor manufucture, the yield of
usable transistors was quite low. For example, out of a batch
of 100 units of a particular transistor type, perhaps only
5 met specifications. The remaining 95 units were worthless
and consequently the cost of transistors was high. This
spurred the semiconductor industry to develop new manu-
facturing techniques and transistor structures to realize a
greater yield of devices at lower cost.

The frequency response of the first transistors was poor.
The upper —3 db cut-off frequency f; (for the grounded-
emitter circuit) was on the order of 20 ke. This restricted
their use to low-frequency applications. The frequency re-
sponse can be increased by making the width of the base, tw.
smaller. In fact, the relationship between the upper cut-oft
frequency f; and the base width w, is given by the simple
expression fp =k/w? where k is a proportionality factor.

For a given material, it then appears all one has to do
to increase the upper cut-off frequency is to make the base
width smaller. There are, however, some practical difficulties
to overcome. For one thing, as the base width is decreased,
punch-through will occur at a lower value of collector-base
voltage. The maximum collector operating voltage is there-
fore reduced and the power rating of the transistor limited.
Another factor is the smoothness of the junction boundary.
If the boundaries are ragged, as shown in Fig. 2A, the
maximum collector voltage can be limited by the minimum
distance between the ragged peaks.

Transistors designed to handle appreciable amounts of
current and power require large junction areas. Because
capacitance is directly related to area, power transistors ex-
hibit a greater collector-base capacitance than do small-signal
devices. This tends to limit their cut-oft [requency.

From the above discussion, there appears to be an inherent
conflict between good frequency response and adequate
power rating of a transistor. In attempting to solve this
particular problem, device manufacturers have developed a
fairly large number of different transistor types.

Point-Contact Transistor

As mentioned earlier, the first commerciallv available
transistor was the point-contact device. A cross-sectional
view of the transistor is illustrated in Fig. 2B. Two fine
wires, the emitter and collector leads called the “cat’s
whiskers,” make point contacts on one side of the n-tvpe
Ge wafer. The wire diameter can be as small as 0.001 inch
and the separation between wires 0.002 inch or less. The
bottom side of the wafer is attached to a non-rectifying or
ohmic contact and becomes the base connection.

\When the two leads are in place, they are pulsed by a high
current for a short period of time. A weld is formed between
cach of the wires and the n-type material. Actuallv the theory
of the point-contact transistor is not completely understood.
One possible explanation assumes that during the welding
process, certain impurities diffuse from the wires into the
germanium wafer and a p-n-p type device is reulized.
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EMITTER BASE COLLECTOR

E\ °
N-TYPE WAFER

I

(A) (8)
Fig. 2. (A} Possible ragged junction boundaries in tran-
sistor, {B) Cross-sectional view of point-contact transistor.

There are some significant differences between point-con-
tact and junction transistors. The collector characteristics
for the gronnded-base configuration of these devices are
shown in Fig. 3. Note that the collector curves for the point-
contact unit are nonlinear compared to the junction tran-
sistor. Another significant difference is that the short-circuit
grounded-base current gain «, is greater than unity for the
point-contact transistor; it is less than one for a junction
device. Because of this, the point-contact transistor is in-
herently unstable as an amplifving device.

Assume that the load resistor is less than the collector
resistance of the transistor. The input resistance R;,, for
a grounded-base amplifier may therefore be expressed by
the simple equation: R;,,=r, (1 —a)+r,, where r, is the base
resistance, 1, is the emitter resistance, and « is the gain. For a
junction transistor, « is at all times less than one and R,
is always positive. However, in a point-contact transistor,
« is greater than unity and there is a possibility of the input
resistance becoming negative, For example, if r,=r.=100
ohms and «=2.5, then R,= —50 ohms. Negative input
resistance denotes an unstable amplifier.

Point-contact transistors are no longer used in amplifier
circuits. In the past thev have found some limited use in
switching networks, but the new junction devices have vir-
tnally supplanted them in all applications.

Junction Transistors

We will now consider some of the more important junction
transistors. For purposes of classification, one can break
down the different junction devices into four broad cate-
gories: grown, alloyed, electrochemical, and diffused.

Grown Transistor: In one of the first used processes, the
double-doped process, a small piece of high-purity single-
crvstal Si or Ge called a seed, is introduced into the melt of
the same tvpe semiconductor. As the crystal is slowlv with-
drawn (Iig. 4), impurities are introduced into the melt to
vield either n- or p-type material.

FFor example, assume the melt was originally doped to make
it n-type. At a specific time sufficient p-type impurity is
added to neutralize the n-tvpe impurity and make the melt
p-type. After further withdrawal, sufficient n-tvpe impurity
is added to counteract the p-tvpe impurity in the melt. \WWhen
the withdrawal is completed, a grown n-p-n transistor is ob-
tained. If one starts with a p-melt, a p-n-p transistor is pro-

Fig. 3. The collector characteristics for {A) point-contact
and (B} junction transistors in grounded-base configuration.
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Fig. 4. Steps in making a grown-junction transistor.
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Fig. 5. {Al Formation of an alloy-junction transistor.
(B) The formation of electrochemical type transistor.

Fig. 6. {A) Cross-sectional diagram illustrating a base-diffused mesa unit. (B}
(C) Simplified view of an epitaxial type.

A pianar transistor cross-section.
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duced. The n-p-n (or p-n-p) structure formed is then sliced
and diced into individual transistors and packaged.

A variation of the grown-junction technique is the rate-
grown process. In this method, the melt contains two impur-
ities. For example, assume that gallium, a p-type impurity,
and a larger amount of antimony, an n-type impurity, are in
the melt. At normal temperature of seed withdrawal or
pulling, n-type material results. However, if the temperature
is suddenly raised, the gallium takes over and the melt ap-
pears as p-type. When the temperature is reduced to its
normal value, the melt becomes n-type again.

The grown-junction process was one of the first successful
methods used for making silicon transistors. However, the
vield was low and the cost high. Because of device geometry,
the frequency response was limited and, in most cases, the
maximum collector-emitter voltage was on the order of thirty
volts.

Alloy Transistor: The alloy process is well suited for mak-
ing audio-type Ge transistors with good power ratings. Pel-
lets of a p-type impurity, e.g., indium, are fixed above and
below an n-type wafer of Ge (Fig. 5A). The combination is
heated and the indium alloys with the germanium. On cool-
ing, the Ge in contact with the indium recrystallizes out as
p-type germanium and a p-n-p transistor is obtained. The
collector-base junction area is greater than the emitter-hase
junction area to permit high collector current ratings. The
alloy process yields economical devices with limited fre-
quency response.

Electrochemical Transistor: As indicated early in this arti-
cle, to obtain a transistor with a high-frequency response,
a thin base is necessary. In 1953 Plhilco developed the elec-
trochemical techm‘que for realizing high-frequency devices.
A diagram of the process used for making surface-barrier
transistors (SBT) is shown in Fig. 5B. An n-tvpe Ge wafer
is etched on opposite sides by a salt solution, such as indium
chloride. In solution, indium chloride appears as positive
indium jons and negative chlorine jons. When the wafer
is held positive with respect to the jets, the germanium is
converted into germanium chloride where the solution im-
pinges on the wafer. Some germanium is etched away and an
extremely thin and smooth base (e.g., 0.1 mil thick) is
formed. The polarity of the source is then reversed and the
wafer is made negative with respect to the jets. Indium is
deposited in the formed craters and a p-n-p transistor results,
the action being similar to the alloy process. This technique
can also be used to fabricate n-p-n as well as silicon devices.

The formed junctions are smooth and not rough as those
produced by the grown and alloy techniques. This permits
very high frequency transistors with voltage rating which
make the electrochemical device particularly suited for high-
speed switching circuits found in digital computers. How-
ever, the cost of silicon electrochemical transistors was high
and the vield relatively low.

One variation of the SBT is realized by combining electro-
chemjcal and diffusion technicques. The resulting structure
is called the micro-ulloy diffused transistor (MADT). These
units have a higher cut-off frequency
than the SBT.

Diffused Transistor: The diffusion
method provides mass-produced transis-
tors at relative low cost with high-fre-
quency, low capacitance, good power
characteristics. Consider the p-n-p dif-
fused-base mesa transistor of Fig. GA.

N-TYPE
EPITAXIAL SUBSTRATE
(HIGH RESISTIVITY)

\\
1PL K i

An n-type impurity is diffused into one

side of the p-type wafer. This diffused
region becomes the buse of the transistor.
By vacuum evaporation, aluminum, a

P 7
= 7
4 g N-TYPE /
P (LOW RESISTIVITY)
Tc C €
(A) (B8)
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p-tvpe impurity, is deposited in the
form of a stripe on the base layer to
(c) form the emitter by an allov-tvpe proc-
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ess. A gold-antimony stripe is used for the base contact. To
reduce collector capacitance and to minimize leakage current,
the undesired diffused areas are etched awayv and the mesa
(Hat-topped peak) structure obtained. In the double-dif-
fused process, both the emitter-base and collector-base junc-
tions are formed by diftusion.

Fairchild, in 1960, developed the planar process which is
intended to improve the reliability of the mesa transistor.
In this method, penetration of the impurity in other than
the desired region is prevented by coating the surface ol the
waler with an oxide compound, such as silicon oxide. This
process is referred to as surface passivation.

Assume an n-p-n silicon planar transistor is to be made.
First an n-type silicon wafer is coated with silicon oxide.
An opening or “window” is etched in the oxide and the base
is formed by diffusion of a p-type impurity. The oxide is
reformed and a second opening is etched in the oxide. This
is for the emitter which is formed by diffusion of an n-type
impurity. The oxide is reformed again and a planar n-p-n
transistor is produced (Iig. 6B).

Transistors used in switching circuits for computers very
often require an extremely low voltage drop across the col-
lector-emitter junction (V) when the device is in the con-
ducting or “on” state. It is like having a manual switch with
clean contacts instead of dirtv ones. To obtain a small V.
the collector region has to be heavily doped. However, in-
creasing the doping of the collector region reduces the max-
imum collector voltage at which the transistor can operate.

The epitaxial process permits the growing of a very thin,
high-purity layer of semiconductor material on a heavily
doped region of the same type. This allows the use of a highly
doped collector region to obtain the V., and the maximum
collector voltage is high. A simplified cross-sectional view of
an epitaxial transistor is shown in Fig. 6C. Epitaxial-mesa
(without the planar feature) transistors are also made.

A variation of the epitaxial-planar device is the epitaxial
star planar transistor of Fig. TA. The star geometery provides
a maximum perimeter-to-area ratio. This structure yields a
good power rated and high-frequency response device, For
example, maximum collector dissipation of 3 watts (at room
temperature) and a cut-off frequency of
a few hundred megacycles are realizable
with this type transistor.

(A)

(o]
(B)
Y
]
s | 2Y| ) G
04—1- P 4——0
i
de s

(C)
Fig. 7. {A) Top view of an epitaxial star planar transistor.
{B) An “n”’-channel FET, symbol. () "*P'’'-channel FET, symbol.

of the transistor or a vacuum-tube grid. A p-chunnel FET
is shown in Fig.7C.

The gate-source circuit is reverse biased {or normal oper-
ation of the FET as an amplifier. For an n-channel FET
the gate is made negative with respect to the source; for the
p-channel device, the gate is held positive with respect to
the source. When the gate-source circuit is reversed biased,
a depletion region is formed as in the junction transistor
(Fig. 8A). A depletion region is void of current carriers,
i.e., electrons or holes. As the (Continued on page 82)

Table 1. Brief summary of important characteristics of typical transistors.

| [ |
MAX. COLL.- | MAX. COLL. I MAX. COLL. TYPICAL FREQUENCY

|
1 i Tr i { D TYPE EMTR. VOLT. CURRENT D1SS. {CASE RESPONSE
Field-Effect Transistor (FET) ‘ ok I s (25 £
The field-effect transistor (FET), also — . - -
referred to as the unipolar transistor, is  Grown Junction |
a solid-state device with operating char- 2N333 (n-p-n Si) ‘ 40 25 150 mw. ‘ f — 300 kc.
acteristics very similar to those of a pen- o — i
tode vacuum tube. Where the junction Alloy
transistor is operated with the input cir- 2N1274 (p-n-p Ge) . 25 150 150 mw. | f =40 ke.
cuit (emitter-base junction) forward | |
biased, the FET is operated with its in- - _ . o ]
put 'ci'rcuit reversqbiaged. Th'e FET thus Elefﬁrgsgi?_'ﬁfg Si) 10 50 150 mw. | f. 20 mc.
exhibits a very high input impedance; | T
the junction device, a low impedance. [ —— ‘ .
A cross-sectional view of an n-channel  Diffused:
FET is shown in Fig. 7B. The bar is
made of n-type Ge or Si. Wires con- Mesa
nected to the ends of the bar serve as the 2N656 (n-p-n Si) 60 200 | Awatts f -15mc

source (S) and drain (D) leads. The
source is analogous to the emitter of a
junction transistor or the cathode of a
tube; the drain plays a role similar to the
collector in a transistor or the plate of a
vacuum tube.

In one possible structure, two p-
regions are located in the center of the __ _
bar. These regions are connected to- gy
gether to form the gate (G). The gate 2N2499 (p-channel Si)
has a function similar to that of a base ___

Expitaxial-Planar
2N706A (n-p-n Si) 20

Epitaxial-Planar Star
2N2217 (n-p-n Si) 30
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turn-on time: 40 nsec.
turn-off time: 75 nsec.

50 300 mw.

500 \ 3 watts | turn-on time: 26 nsec.

| turn-off time: 68 nsec.
f =400 mc.

Max. drain current: 10 ma.; Max. drain volt.: 20 v,
Max. drain dissipation (case temp. 25°C): 500 mw.
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Beginning where a slide rule leaves off, these
computers solve equations, predict performance,
and help in the original design of equipment.

SCIENTIFIC
COMPUTERS

tal computer is a labor-saving device that begins where

the slide rule leaves off. Indeed, some of the calculations
now being assigned to the computer have never before been
attempted because, with slide-rule and adding-machine meth-
ods, the complete solution would involve many successive
generations of mathematicians.

By programming the computer in accordance with the
equations of interest and then inserting numerical values for
the variables of the equation, the scientist can get answers
that predict the performance of devices still on the drawing
board. He can also obtain part values, dimensions, and other
design parameters for the equipment or system he intends
to build.

Although a few of the newer computers are so fast and
powerful that they can be used for either business data proc-
essing or scientific calculation, computers heretofore have
been designed for either one area or the other. In general,
business data processors are characterized by a large com-
plement ol punched-card machines, magnetic-tape units, and
other peripheral equipment. This profusion of input/ontput
equipment is necessary because the computer mav be re-
quired, for example, to read time cards and produce pay-
checks for 20,000 emplovees, or to print electric utility bills
for all households in a large city. In such applications, each
individual account involves relatively little calculation. In
the payroll application as a typical example, the calculation
for each employee is primarily a matter of multiplying the
hours worked Dy the rate per hour and then subtracting the
deductions.

By contrast, a scientific computer performs lengthy calcu-
lations on relatively little input data. The computer may run
for hours with only an occasional printout of data. Further-
more, it must be able to handle conveniently the very large
and verv small numbers that so often enter into scientific
calculation. The scientific computer is therefore character-
ized by a fast and powerful arithmetic section, while exten-
sive peripheral equipment typifies the business data machine.

I YOR the scientist, engineer, and mathematician, the digi-

Tterative Calculations

The scientific computer must be a general-purpose ma-
chine. It may handle such varied problems as the design
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«alculations for a nuclear reactor, solutions to problems in
aerodynamics, calculation of projectile trajectories for var-
Ious sets of conditions, determination of satellite orbits, etc.
Scientific calculation often takes the form of an equation that
is to be evaluated for many different sets of given values.
Such problems, because of their repetitive or iterative nature,
are easy fare for the computer. A simple example of this
class of problem is the solution of the following equation:
M =YZ+X?, where M is to be calculated for all values of X
from 1 to 500, in steps of 1.

A value of 1 is initially assigned to X, and this value along
with the given values for Y and Z are stored in the memory
of the computer. The calculation then proceeds through the
steps indicated in the flow chart of Fig. 1. The computer
multiplies ¥ by Z and stores this product for later use. It then
calculates X, after which the product YZ is taken from stor-
age and added to it. This yields the value of M which is now
stored for later printout.

At this point the computer makes a decision. It examines
the value of X to see if it is equal to 500. If not, it adds 1
to the value of X and then returns to the “calculate X=” step
ol the procedure. In this manner, the computer enters a loop
which causes it to calculate M over and over, increasing X
by 1 for each successive calculation. After the computer has
gone through this loop 500 times, X, when tested, is found
to have a value of 500. This permits the computer to escape
from the loop. It now prints the 500 calculated values of Af
and then halts.

The flow chart of Fig. 1 indicates the major steps of the
computation. Before the computer can perform these steps,
the operations represented by each block must he expressed
as a series of coded instructions understandable by the com-
puter. This is the responsibility of the programmer, although
the computer itself may assist him in converting the English-
language instructions that are required for a particular pro-
gram into corresponding machine-language instructions.

Method of Successive Approximations

Because the computer performs only the basic arithmetic
operations (addition, subtraction, multiplication, and divi-
sion), the more complex operations and equations must be
reduced to a series of additions, subtractions, etc. Fortunately,
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most scientific computations can be reduced in this manner.

If it can perform only the basic arithmetic operations, how
does the computer perform such an operation as finding a
square root? One method involves a technique which prac-
tically evervone has used at one time or another.

Suppose someone asks you for a quick estimate of the
square root of 30. Your first thought might be that 5 is too
small because 5% is onlv 25. Your next thought might be that
6 is too large. The square root of 30 must therefore be a num-
ber between 5 and 6. You might take 5.5 as an approxima-
tion, but if you square 5.5 either mentally or on paper you
find that the answer is slightly too large (30.25). You might
then take a somewhat smaller number, say 5.48, as a next
approximation and then square it to see how close it comes
to 30. From here, depending upon vour patience and facility
in handling numbers, you might go on to a still further ap-
proximation.

This method of successive approximations can be pro-
grammed into a computer so that each approximation is closer
than the one before it. The process can be continued until the
desired degree of accuracy has been reached. A procedure
(Newton’s method) for finding the square root of a number
N by successive approximations is as follows:

1. Make a guess to obtain a first approximation of the
square root of N.

2. Divide N by your approximation to obtain a quotient.

3. Calculate the average of this quotient and your approx-
imation. This average is a closer approximation of the square
root of N.

4. Using this new approximation, return to step 2.

Since vou camnot tell the computer to “make a guess,” the
instructions for the first step must be made more specific. A
method must therelore be specified for the computer to ob-
tain its first approximation. One method is to divide N by 2.
Also, the computer must be told when to stop or it will con-
tinue forever (until breakdown) in continual attempts to
find better and better approximations. One method of ter-
minating the process is to have the computer square each
approximation and compare this to the value of N. If the dif-
ference is too large, the computer makes another approxima-
tion; if it is close enough, the computer halts. Of course, the
programmer must tell the computer how close is “close
enough.”

The process is illustrated by the flow chart of Fig. 2. After
each approximation is obtained, it is squared and N is sub-
tracted from it. If the difference is less than a value speci-
fied by the programmer (.001 in Fig. 2), the answer is
regarded as sulficiently accurate and the last approximation
is printed out. If the difference is greater than the specified
value, the computer returns to an earlier step and the latest
approximation is used to obtain a still closer answer.

The machine instructions corresponding to the flow chart
of Fig. 2 are stored in the memory of the computer. This se-
ries of instructions is known as a subroutine and can be re-
ferred to by the computer whenever a square-root operation
is required in the course of a calculation. The availability of
this subroutine saves the programmer’s time and also con-
serves memory space by making it unnecessary to repeat the
same series of instructions every time a square root is re-
quired. Other subroutines, for calculating trigonometric func-
tions for example, are also available in the memory.

Compilers

Writing a program of instructions in the language of the
computer is a lengthy and tedious procedure. The program-
mer writing these instructions must have a thorough under-
standing of the problem to be solved as well as extensive
knowledge of the internal organization of the computer. He
must express every step of the operation as a coded instruc-
tion in the language of the machine.

Although experienced programmers may become proficient
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CALCULATE AND STORE YZ

!

CALCULATE x2 - -

-

ADD Y2 TO x2

!

STORE M

NO
ADD 1 TO X }—'

HALT

Fig. 1. Flow chart for calculation of equation M = YZ | X4

in writing machine-language instructions, they rarely do so
in practice. Instead, they use a source language which is faster
and easier. In effect, the computer becomes an assistant pro-
grammer; it converts the source language used by the human
programmer into machine language. Since each source-lan-
guage instruction may represent a whole series of machine-
language instructions, the work of the programmer is greatly
reduced. Source-language programming is of particular in-
terest to scientists and engineers who may be too busy or
may not be sufficiently acquainted with the computer to write
a meauningful machine-language program.

The use of source language (Continued on page 59)

Fig. 2. Flow chart employed to find square root of a number.

DIVIDE N - BY 2 TO OBTAIN FIRST
APPROXIMATION

!

DIVIDE N BY APPROXIMATION TO
OBTAIN QUOTIENT

|

AVERAGE THE QUOTIENT AND
THE APPROXIMATION TO OBTAIN
A BETTER APPROXIMATION

!

SQUARE THE NEW APPROXIMA -
TION AND SUBTRACT N

SUBSTITUTE NEW APPROXIMA—
TION FOR PREVIOUS ONE

PRINT APPROXIMATION

!

HALT
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NOI

By JIM KYLE

m/\ KLIMINATING
\ﬂ IMPULSE

AN
I

New design trends in circuits for effective noise quieting

that are now being widely used in communications receivers.

LMOST nobody likes noise; this is especiallv true of
users of commercial communications equipment. Be-
cause of this, receiver design engineers have, for many

vears, carried on a running battle with radio noise in an effort
to eliminate it from the received signal.

While the battle is not yet won, during the past several
years a number of major advances have been made. It is now
possible to operate communicalions receivers in noise environ-
ments which would have been considered virtually impos-
sible as recently as 1954, Most of these advances, although
incorporated only in recent models, are adaptable to older
equipment as well.

Before the new techniques of noise elimination can be econ-
sidered, however, an understanding of just what tvpe of
“noise” is under attack is needed. “Noise,” unfortunatelv, is a
word with many meanings in the radio communications field.
T'or instance, one engincer mayv be referring to the hiss of
thermal noise when he uses the term, while another mav be
talking of the sputter of auto ignition impulses. Although
neither is using the term incorrectly, neither will he convev
his true meaning to the otler.

As used in this article, “nois¢” means impulse noise, of
the type associated most commonly with auto ignition svs-
tems. It is also generated by aircraft and marine engines, by
certain types of weather conditions, and, in fact, at anv time
that an electric current is interrupted. Its major characteris-
tics are an unpredictable occurrence rute, an extremely short
(1 to 10 microsecond) duration, and an exceedingly high
amplitude.

Because of its rapid rise time, narrow duration, and high
amplitude, this tvpe of noise can be eliminated in a receiver
by circuits which distinguish between noise and signal. Static
bursts and other longer noise sources, on the other hand, still
defv the equipment designers.

The Classic Approach

In the past, the classic approach to noise-pulse detection
and elimination has been to relv upon the difference in ampli-
tude between noise pulses and desired signals to operate a
diode switch. The first such noise limiters used shunt diodes,
as shown in Fig. 1A, In operation, the bias level was set to
a point at which the signal just failed to switch the diode
into conduction on peaks. Anv noise pulse stronger than the
peak value of the signal would switch the diode “on,” short-
ing out the pulse as fong as it remained stronger than the
signal peak.

A variant on this limiter employed the diode as a serics
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gate, as shown in Fig. 1B. With this limiter, bias was set so
that signal peuks just failed to switch the diode off. Noise
pulses stronger than the signal then switched the diode out
of conduction, breaking the audio path for the duration of the
pulse.

A major disadvantage of either of these limiters, of course,
was the necessity for adjusting bias level to the correct point
for each incoming signal. With a fading signal being received,
if the limiting level were set during a fade, the signal itself
would be limited and, in some cases, garbled bevond recog-
nition as signal strength increased.

By taking the bias voltage from the receiver’s a.v.c. line,
however, the bias setting was made to vary automatically
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Fig. 1. (A} (B} Original, basic noise-limiter circuits.
{C} Automatic series-gate noise limiter presently used.

with the strength of the received signal. A typical circuit is
shown in Fig. 1C. This automatic series-gate limiter (known
by a multitude ol names but most commonly termed simply
“an.l.”) is virtually the standard of the industry today, but its
performance leaves much to be desired under many circum-
stances. For one thing, it is a noise limiter rather than a noise
eliminator. It limits the strength of the noise pulse to the peak
value of the audio signal, but the pulse is still there to be
heard. For another, strong noise pulses applied to extremely
selective circuits cause ringing of the circuits, which distorts
the reccived signals. The a.n.l, placed after most of the se-
lective circuits. does nothing about this.

The new techniques of noise elimination all have the com-
mon objective of overcoming these major limitations of the
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an.l Not all approach it in the same manner, however. Two
basic approaches are employed: one operates like the a.n.l.
and ignores the ringing problem, concentrating instead on
complete elimination of noise pulses. The other operates on
completely different principles and aims to overcome the
ringing problem, at the expense of possibly having detectable
pulses remain in the receiver output.

Rate-of-Change Limiter

The first of the new limiters to gain acceptance by U.S.
engineers is known as the “rate-of-change” circuit, since it
senses the presence of a noise pulse by virtue of the steep rise
of the pulse rather than by its high amplitude.

Developed in England for TV audio-channel use (British
TV uses AM for andio rather than FM as we do), the rate-of-
change limiter can reduce ignition noise pulses as much as
90 db, nearly 300 times the reduction available {rom the
conventional an.l.

The way in which it does this is shown in Fig, 2. Where
the conventional a.n.l. merely limits the pulse to a value equal
to the peak audio signal level, the rate-of-change limiter
switches the audio output line to a series-resistor-capacitor
circuit in which the capacitor is initially discharged. As the
capacitor charges, the voltage across it rises exponentially,
and this exponential voltage rise is applied to the limiter out-
put as a substitute audio signal for the duration of the pulse.
Thus there are no “stumps” of clipped noise in the output.

Since its popularization in the amateur-radio press in mid-
1961, this circuit has been incorporated in several commer-
cial receivers. Most notable of these applications has been
in the “Outercom” line of commercial two-way equipment
made by Hammarlund Manufacturing Company.

Amplitude Sumpling

While the rate-of-change limiter accomplishes its goal by
sensing the rise time of the noise pulse, equally efficient noise
removal is possible with amplitude-sampling techniques.
Proof of this is the circuit known as the Makino limiter, shown
in Fig. 3A.

This circuit differs from the conventional a.n.l. in two im-
portant respects; one is that the d.c. and a.c. ground points
are at the opposite ends of the detector load resistor, and the
other is that the over-all impedance level is only a tenth of
the normally used values.

Separation of the d.c. and a.c. ground points introduces
a virtual phase reversal of the received noise pulse, and allows
the gating diode to switch more positively. This is how it
works:

Fig. 2. {A) Simplified basic circuit. {(B) Waveform of audio
output showing action. {C} Practical schematic with parts
values, Bias voltage is obtained from carrier rectification.
Ratio of two resistors at V2 plate determines switching level
and amount of audio. With values shown, up to 90-db sup-
pression of narrow noise pulses is possible without distort-
ing audio. Load resistance should not be less than 1 meg and
is often @ 1-meg volume control in communications receivers.
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With a noise-free signal being received, the i.f. current
flow is through V1A, R3, and R2. Since V1A rectifies this cur-
rent, a direct voltage is developed across R2 and R3 in series.
Resistor R1 provides a high-impedance path to ground for
this voltage, and since R1 is much larger than either R2 or
R3, the d.c. voltage level around the detector loop will re-
main virtually constant, proportional to the strength of the
received signal, when measured with reference to ground.

Since C2 is connected from the detector loop to ground,
it charges to this voltage. This charging action establishes
the voltage from the detector loop to ground at a relatively
stable positive value.

This positive voltage, appearing at the junction of R2 and
R3, forward-biases gating diode V1B, allowing uudio to pass
through to the output. C2 bypasses all audio to ground at
its end of the R2-R3 string, but the high impedance of R1
and r.f. bypass C1 permit the audio to be developed across
the two load resistors. Thus the audio voltage at the junction
of R2 and R3 represcnts half the available audio voltage,
while the d.c. voltage at this point represents the average
rectified signal level.

With this relationship, the limiter cannot distort the re-
ceived signal since the incoming signal can never be large
enough to turn the gating diode “off.”

However, when a noise pulse arrives it tends to drive the
instantaneous voltage at the junction of R1 and R2 highly
negative, This time constant ol R3 and C2 prevents the total
voltage level from following this instantaneous excursion and,
as a result, the noise pulse drives the plate of V1B negative,
switching the diode off. It will remain in this condition as
long as the noise pulse is stronger than the level to which C2
is charged.

During the “off” condition, audio output drops to zero
instead of rising to the clipping level as it does with the con-
ventional a.n.]. The resulting “holes” in the signal are not
detectable by the listener, although the spikes left by the con-
ventional limiter are highly noticeable.

The Makino limiter was originally developed for an AM
transceiver designed in Japan for helicopter use, and its
originators reported ability to copy signals of less than 1 mi-
crovolt level, while the receiver was immersed in a 25,000-
microvolt noise field.

In this country, it was initially popularized in the Citizens
Radio Service and is currently offered as original equipment
in several class D CB transceivers.

It is worth noting that both the Makino and the rate-of-
change limiters use much lower resistance values than do the
older circuits, and this has its side effects. Available d.c. out-
put from the detector, which is often used for a.v.c., is greatly
reduced when a conventional detector/a.n.l. is replaced by
either circuit. This makes the Makino incompatible with some
receivers, but proves to be no handicap with others. If no
d.c. output {rom the detector is used, as is the case with a
number of communications receivers featuring separate i.f.
channels for a.v.c. development, either can be substituted
for older designs.

After experimental installation of a Makino limiter in the
lab prototyvpe of one make of CB transceiver, which had
used a conventional a.n.l., a series of experiments were initi-
ated to find out the reason for the improved performance.
The first step was to reduce the impedance level of the origi-
nal a.n.l. by replacing all resistors of Yoth the original value
and multiplying all capacitor values by 10 to maintain the
saime time constants.

The engineers reported that after this modification, the
conventional a.n.l. showed performance equal to the Makino.
The tests were not continued, however, since the particular
transceiver in hand was designed to be used with a pulse-
tvpe selective calling attachment—and the more-efficient lim-
iter removed the selective-call pulses as well as ignition noise.
Further experimentation in this area might prove to be well
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worth following up in greater depth for those interested.
I.F. Noise Limiter

Before moving to the noise blanker, which attempts to re-
move noise at the input of the receiver’s i.{. strip rather than
at the output and thus remove the problem of ringing as
well, the “i.f. noise limiter” must be mentioned.

This circuit is not particularly new but has reappeared
after manv veurs of disfavor. It is shown in Fig. 3B. Its oper-
ation is, basicallv, similar to the shunt-diode limiter of Fig.
1A, except that it operuates in the i.f. strip rather than at the
audio level.

The secret of the circuit lies in the RC time constant ol the
resistor from anode to cathode and the total capacitance in
puarallel with this resistor. When the time constant is long
compared to the period of the noise pulse, vet short com-
pared to the period of the desired signal also applied, the
diodes initially perform as a full-wave voltage doubler and
charge the capacitors to the peak-to-peak value of the applied
signal. Since the time constant is short compared to the period
of this signal, the voltage across the capacitors follows the
signal envelope, and the diodes then operate in the zero-bias
region where thev show nearly infinite resistance in either
direction. This effectively cuts the limiter out of the circuit.

However, a noise pulse will drive one of the two diodes
into forward conduction, which places a virtual short across
the primary of the i.f. transformer and reduces stage gain to
zero for the duration ol the pulse. This prevents the pulse
from being passed on to the next stage.

If the RC time constant is too long, audio distortion will
result because the bias voltage can no longer follow the sig-
nal envelope. If too short, limiting will suffer. The correct
value is fuirly critical; values shown in Fig. 3B provide a start-
ing point but may need modification.

It has been suggested recently that such limiters might
be profitably employed in every it. stage of u receiver, al-
though present usage normally limits it to one stage.

Commercial receivers using this type of limiter include
the Hallicrafters SX-115 and SX-117; it has also been applied
to many other communications receivers.

The i.f. limiter, if placed in the plate circuit of the first
i.f. stage, will rednce the ringing problem. However. it is
more usually placed in the last stage, where it has no effect
on the ringing of previous stages. Normal procedure when
ringing is considered to be a problem is to employ the “noise-
blanker” technique, discussed below.

Noise Blunker

In its simplest form, a noise hlanker consists of a system to
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Fig. 3. (A} Makino noise limiter. By reversing both diodes,
a.v.c. voltage can be obtained at ungrounded end of C2.
Maximum voltage will be about — 8 v. with typical receivers.
(B} I.f. noise limiter. Normally used in plate rircuit of finol i f
tube, but can be used in plate circuits of every i.f. and
r.f. tube. Can also be employed in transistorized receivers.
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detect noise pulses and to turn off the receiver signal circnits
for the duration of the pulses, before the pulses reach the
circuits.

One of the first commercial upplications of the blanker ap-
proach was by Collins Radio Company. Its “noise blanker”
consisted of a completelv separate fixed-tuned v.h.f. receiver
which picked up ignition and similur impulse noise pulses,
amplified them, rectified them, and produced a gating pulse.

This pulse was then applied to a gate circuit in the com-
munications receiver itself, to prevent the noise pulse from
ever reaching the selective if. circuits and causing ringing.
Major problem of the approach was to be sure the blanking
pulse reached the gate before the received noise pulse could
arrive through normal receiver circuits; phase and timing
adjustments were critical.

A more recent version of this upproach has been intro-
duced by Squires-Sanders, Inc. in its model SS-1R communi-
cations receiver. The Squires circuit does away with the
separate v.h.f. receiver, and develops a gating pulse directly
from the receiver’s mixer output. Qutput of the mixer is ap-
plied to a two-stage, high-gain amplifier with a .3-mc¢ band-
pass, then to an envelope detector, and the detector output
is used to trigger a pulse-forming circuit.

The resulting gating pulse is applied to an i.f. gate between
mixer and if. strip, which employs a bidirectional n-p-n
switching transistor to produce some 80-db rejection of sig-
nal when noise pulses are present, yet appear virtually a short
circuit in the absence of noise.

The wide-band techniques apparentlv overcome the prob-
lem of pulse delay, as the circuit’s total attack time is on the
order of a microsecond; it has been proven to completely re-
move noise pulses while passing signal unalfected. Fig. 4 is
a block diagram of this system.

FM Svstems

No discussion of new noise-limiting technigues should be
considered complete without mention of noise limiting as
applied to FAM communications svstems.

This may appear surprising, since one of the major advan-
tages of M over AM is supposedly its freedom from noise.
In broadcasting, this is true. However, FM communications
systems use much lower modulation indices, and consequently
are more subject to noise interference.

It has been shown mathematically that a noise pulse, al-
though predominantly amplitude modulated, will cause a mo-
mentary modulation ol an FM signal which will, when de-
tected, sound the same as the pulse does on an AM signal.
However, if the incoming FM signal is strong, the “capture ef-
fect” will prevent the pulse (Continued on page 76)

Fig. 4. Noise blanker used in Squires-Sanders 55-1R receiver.
Gate provides closed circuit from mixer to i.f. strip in ab-
sence of pulse. When pulse arrives from 6AH6, gate opens

and signal transfer from mixer to i.f. is attenuated 80 db or
more. Wide-band amplifier circuit is flat from 5 to 5.5 mc.
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Electronie
Tilllel's for automatic control

By SIDNEY L. SILVER

Ever wonder how a complex automated assembly line is kept in

step? Here is a breakdown of how their electronic timers work.

necessary to introduce a series of precise time intervals

into the operation of the many functions which comprise
a complex control system. The operation involved may be
a purelv mechanical one such as the opening and closing
of valves and switches, or the starting and stopping ot elec-
tric motors; or it may be a combination of mechanical oper-
ations interlocked with automatic control instruments. To
provide an accurate means of measurement, timing devices
are emploved to control the sequencing of a number of
process variables such as temperature, pressure, and liquid
level, in accordance with a predetermined time schedule.
By this means, information fed to one part of the machine
or process can be delayed by a controlled period of time
before it initiates another operation or function.

A common method of obtaining the proper sequence of
response signals as a function of time, is the use of electronic
timers in a programmed time system. These devices employ
electrical delay networks in conjunction with tubes or tran-
sistors (which in turn operate relay actuators) to control
the preselected time period. With electronic timing units,
accurate time delays over the range from .01 sec. to 300
sec. are available. In some applications where accuracy is
not too critical, the timing range may bhe extended to as long
as 10 min. These instruments are virtually unaffected by
voltage fluctuations, temperature changes, and varying load
conditions, and since there are no mechanical timing parts,
their useful life is relatively unlimited. Among the numerous
applications of electronic timers are process control in
chemical laboratories, induction heating, timing exposure in
photocopy machines, conveyor movement, plastic molding
processes, and computer logic circuitry.

IN many automatic control processes, it is {requently

Theory of Operation

The heart of an electronic timing system is the classic
RC network which utilizes the time required to produce
transient voltage and current changes
in the circuit. As shown in Fig. 1A, a
d.c. voltage source is connected to the
RC timing circuit when switch S is
thrown to position 1, thus building up
a charge of electrons on capacitor C. As
the charge accumulates, a potential dif- S
ference, increasing exponentially with
time, is built up across the plates of the
capacitor until the voltage across C is
equal to the source voltage. The resistor
R serves to limit the current flow so
that an appreciable length of time is
required for C to become fully charged.
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Fig. 1B shows a universal graph which indicates how the
voltage rises or falls across the timing capacitor as it charges
or discharges through the series resistor. The horizontal axis
is the time scale which is set off in terms of the RC product,
so that the curves apply for any value of R and C. The ver-
tical axis indicates the percentage of maximum voltage with
100% representing the total voltage to which a capacitor
can charge.

The RC product, or time constant, is a useful parameter
in comparing the behavior of one network with that of an-
other. It is expressed as a relative unit of time (in sec.) and
defines the amount of time required for a capacitor to charge
through a resistor to 63% of the source voltage; or the time
required for a fully charged capacitor to discharge through
a resistor to 37% of its initial value. The capacitor is, for all
practical purposes, completely charged to the applied volt-
age after a time equal to 5RC seconds. Similarly, upon dis-
charge, the capacitor is practically down to zero volts after
5SRC seconds. Whereas the time constant specifies only the
rate of charge or discharge, the period of time during which
the capacitor can charge or discharge is determined by
the source voltage.

The time (t) required to reach a specified voltage (e)
can be calculated by t=RC In (E./E,-e) where In denotes
the symbol of natural logarithms, { is the time interval in
seconds, R is the resistance in ohms; C is the capacitance in
farads, E, is the source voltage in volts, and e is the capaci-
tance voltage (usually expressed as % full voltage).

Operating Characteristics

According to application, there are numerous combinations
of arranging the major components of a timer, depending on
the design and adjustment of the instrument. Basically how-
ever, timing devices are composed of five primary elements
which are common to all units.

Fig. 2 shows a functional block diagram of a control timer

Fig. 1. (A) With the switch in upper position, C charges through R. With switch
in lower position, C discharges through R. (B) These are the resuiting curves.
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If switch S is then thrown to position 2,
a discharge current will flow and start
to discharge the capacitor at an expo-
nential rate in a direction opposite to (a)
the charge current.
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Fig. 2. Functional block diagram of a control fimer unit.

in which the timing cycle may be started or triggered by
nanual or automatic means. To initiate the timing action,
a starting impulse may be applied by means of a spring-
return push-button switch if momentary contact is required,
or by means of a maintained-action toggle switch for sustained
contact. In some methods, an external signal is used to en-
ergize a solenoid so that the movement of the core mechan-
ically triggers the timing device. In other cases, the normal
electrical signal is a voltage impulse and the triggering action
takes place by removing the voltage.

The driver is the component which determines the limits
ot the range and accuracy of the instrument and consists of
the simple RC timing circuit previously described. Timing
adjustment is obtained by switching to different values of
fixed resistors, or by means of a suitable potentiometer. If the
timer is located in an inaccessible or hazardous area, the pot
may be mounted at a convenient remote point. In most cases,
the RC network does not supply the energyv directly to the
output of the timing device, but uses the charge or discharge
timing characteristic to feed a tube or transistor amplifier.

If the timing period is critical and requires occasional
adjustment, the timing device must provide some form of
visual representation of elapsed time. The most common in-
dicator consists of a circular scale or dial (fixed or movable)
which is accurately calibrated in units of time. If movable,
the dial usually rotates as time progresses; and timing in-
crements are determined by the position of preset trippers
which are locked at the periphery of the timing disc. A fixed
dial may be employed in which a pointer is manually set
to the desired time period while another concentric pointer
rotates during the timing interval to indicate the elapsed
time. If it is desired to plot a time curve, a chart recorder
may be connected to the timing device to provide a per-
manent record.

The final element of a timing instrument is the load-con-
tact arrangement which serves as the link between the timer
and the process or machine that it controls. The load con-
tacts provide the means of controlling external circuits by
turning electrical loads on or off in proper sequence. Such
timing systems may range from the simple start-stop opera-
tion of a single circuit to the complex interlocking of many cir-
cuits in a timed program. In most control timers, the output
response is produced by a multi-contact relay arrangement,
although some units employ solid-state switching devices.

Timing devices may be used to perform a variety of func-
tions depending on the initiating means, range of time in-
tervals, driving arrangement, and load-contact operation. For

Fig. 3. (A} Basic circuit of timer using capacitive discharge
for timing purpose. (B) The exponential rise of bias voltage.

IRC 2RC TIME

w |
gt - #"— ~RELAY PICKUP VALUE
3 -~ TUBE CUT-OFF VALUE
e |
J w |
3 g §
SLoan| €
3 = |
9 E-¢
@
o
v
-]
&
& 6
LINE E -E

(e}

example, an interval timer controls the time that a load is
energized by holding a circuit closed for a preselected in-
terval, and then returns the circuit to its original state. This
tyvpe of timer may also be used as a delay timer by arranging
the load contacts so that they provide a time lag before
actuating a load. Another type is the repeat-cycle timer
which runs through a single eycle upon closure of the start-
ing contact; and repeats this cycle until power is interrupted,
either by failure or by command. A reset timer, however
automatically returns to zero upon completion of its timing
cycle or if power is removed during the cycle.

Electron-Tube Timers

In industrial control systems, timing devices frequently take
the form of electron-tube time-delay relays. Fig. 3A shows
the basic circuit of a d.c.-operated relay in which the delay
action is determined by the discharge of a timing capacitor
in an RC network. When switch S1 is closed, plate current
starts to flow and since the bias is zero, the tube conducts
heavily thereby energizing the relay in the plate circuit. If
push-button S2 is now depressed, the timing capacitor C
charges very rapidly to the full bias voltage E and cuts off
the tube almost instantly. At this point, the relay resets, or
drops out and the load is de-energized. Upon releasing S2,
the capuacitor starts to discharge through resistance R and
maintains the grid negative with respect to the cathode. As
C continues to discharge, the grid-to-cathode voltage rises
exponentially until it is above the cut-off value of the tube.
Tube conduction then increases until the plate current is
sufficiently high to trip the relay and energize the load. The
total delay interval from reset to pickup of the relay is de-
termined by the RC time constant and by the value of the
bias voltage.

To obtain maximum timing accuracy, it is desirable to
utilize the portion of the discharge time interval which ener-
gizes the relay during the first two time constants. During this
time period, as shown in the discharge curve of Fig. 3B, a
small change in voltage is produced in a comparatively short
time interval. Bevond 2RC, a small voltage change occurs in
a much longer time period. Thus, a small voltage change in
the relay circuit will introduce a large timing error if the
relay is tripped in the region beyond 2RC time constants.

Fig. 4 shows a typical commercial electronic timer which
operates from an a.c. source and requires no d.c. power sup-
ply. When initiating switch S1 is open, the external circuit
between plate and cathode is incomplete and since the tube
is cut off, load 1 is energized through the normally closed
(n.c.) relay contacts. An a.c. voltage, however, can be applied
to the cathode-to-grid circuit of the tube. The amplitude of
this voltage is determined by the setting of potentiometer R1.
During those half-cycles when point “A” is positive with re-
spect to “B,” grid cwrrent flows and charges capacitor C1
with the polarity shown. The charging period continues dur-
ing successive alternate half-cycles until the peak voltage is
reachied. During those alternations, however, when grid cur-
rent does not flow, the charge on capacitor C1 is prevented
from leaking off due to the large time constant of R2, R3,
and C1.

\When switch S1 is closed, the timing interval starts as
C1 discharges through R2 and R3. After a definite period
of time determined by the setting of R2, the grid voltage
rises above the cut-off value of the tube, and plate current
starts to flow. The tube conducts only during those half-cycles
when the plate voltage is positive with respect to the cathode,
and the relay pickup point occurs during a positive alternation
of the applied voltage. Since the relay coil current is pulsat-
ing, a suitable capacitor (C2) across the coil provides suffi-
cient filtering to prevent contact chatter. To reset the timer,
it is necessary to open the initiating switch S1. The timing
interval is adjusted by R2 which determines the minimum-to-
maximum time-delay range, and a calibrated dial is provided
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Fig. 4. A typical commercial a.c.-operated timing device.

Fig. 5. (A) Tronsistor-operated timer. (B) Automatic recycler.

to indicate time-interval settings. R1 determines the percent-
age of increase or decrease of the culibrated time delay.

Owing to their inherently low deterioration with extreme
conditions of environment and their low power requirements,
transistors are ideal elements for timing circuits. Fig. 5A
illustrates a transistorized timer which utilizes the discharge
time of a capacitor through a series-parallel resistive network.
When switch S1 is closed, load 1 is energized, but since
the base-to-emitter voltage is zero, the collector current is
cut off. To energize the relay, forward bias must be provided
for the base-to-emitter circuit so that the emitter is main-
tained at a positive potential with respect to the base. This
may be accomplished by throwing S2 (an instantaneous-
release type switch) to the upper position, which instantly
charges capacitor C1 to the source voltage. Upon releasing
$2, the timing capacitor discharges through R2 and R3 and
the shunt path comprising R1, Ri., and R4, where Ry, is the
base-to-emitter resistance. The circuit parameters are prop-
erly calculated so that the initial discharge current provides
sufficient bias to energize the relay in the collector circuit.
As capacitor C1 discharges, the discharge current decays ex-
ponentially until the collector current is reduced to a point
helow the dropout value of the relay, which then resets to its
original condition.

Fig. 5B indicates an automatic recvcling timer which re-
quires no manual reset switch to dis-
charge the timing capacitor. In this con-
figuration, the resistive element ol the
timing network is switched by §2 to a
value which provides the desired charge-
time interval. When switch S1 is closed,
capacitance C1 charges to the supply
voltage E through R1, R., R2, and Ry,
The circuit constants are chosen to sup-
ply sufficient base-to-emitter bias so that
the resultant surge of collector current
actuates the relay. Normally open con-
tacts “A” close and the load is momentar-
ilv energized. When normally open cou-
tacts “B” close, timing capacitor C1
starts to discharge through the short and
the relay drops out. The operating cvcle
is thus completed and another run starts.

TIMER 2

Practical Considerations
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capacitor may be used with a positive-temperature-coefficient
resistor in a timing network, so that the net drift of the circuit
is reduced to a negligible value.

An important consideration in timing circuit design is the
internal leakage resistance of the timing capacitor due to
current flow between the plates. This undesirable effect repre-
sents an equivalent parallel resistance, and provides an
unintentional discharge path which affects the timing char-
acteristic of the RC network. Since leakage current is pro-
portional to the voltage applied to the timing capacitor, it
can be minimized by maintaining a low rate of final charge
voltage to source voltage. For relatively large delays and
wide temperature ranges, the use of solid tantalum capacitors
is preferred since they permit large values of capacitance in
a small physical space, vet maintain an extremely low leak-
age current,

Another phenomenon associated with timing capacitors is
the residual loss of electrical energy caused by dielectric
absorption. Although a timing capacitor should be fully
charged at 5RC time constants, in many components the
charge or discharge interval is lengthened by an amount
proportional to the dielectric absorption. During this interval,
a part of the charge is “absorhed” by the dielectric which
introdnces an unwanted time lag in the charging or discharg-
ing rate of the capacitor. For (Continued on page 72)

Fig. 6. Timer-controlled automatic punch press is an example of modern automation.
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ASTROVISION

AN IN-FLIGHT
ENTERTAINMENT
SYSTEM

By L.C. KEENE
Chief Instruments & Electronics Engineer
and
T.E. Pierson
Engineering Specialist, American Airlines, Inc.
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Stewardness instructs a passenger in yse of Astrovision. At
passenger's right elbow is earphone jack and volume control.

Closed-circuit TV, video tape recording, plus stereo
audio tape recording are used in American Airlines’ jets.

HEN American Ailines decided to provide an in-
‘/ \/ flight entertainment system for its jet passengers,

there were a number of basic premises set up that
determined the final design. One of the first was that the
passenger should have some degree of privacy. It was de-
sirable that the passenger be given a choice ol at least two
forms of entertainment (one a full-length movie), but should
also be free to follow his traditional habits of reading or
working without serious intrusion by the entertainment selec-
tion of his fellow pussengers. This precluded consideration of
a big screen and movie projector set-up. It also ruled out
any type of speaker system for transmission of audio.

Since the screen/projector approach had been ruled out,
an alternative means of presenting visual entertainment to the
individual passenger seemed to be possible through the use
of the miniature TV sets that were alreadv commerciallv avail-
able. The use of these small sets fitted very well with the
primary requirements for the cabin installation. but created

Fig. 1. Block diagram of the video portion of the system.
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some “behind-the-scenes” problems. The most immediate
problem, of course, was a source of video signals for these
cubin sets. Studio-quality programming was a requirement,
but the equipment to produce that quality had to fit in a
plane.

An airplane is, of necessity, a highly efficient machine and
has very little unused space within the hull. Weight is always
a prime consideration of any equipment that goes into an
aircraft. Unless a suitable video tape plaver could be ob-
tained, a completely different concept would have to be used.
The Sony Corporation had a unit designated as “Videocorder”
Model PV-100 that had the basic characteristics required. The
decision was made to work with Sony to provide a complete
video system for the aircraft. The final design also included
provisions for a TV camera input and for receiving broadcast
television signals. (See Fig. 1.)

A stereophonic music system was selected as the alternate
entertainment choice. We already had an existing tape-re-
corded music system that played through the cabin public-
address system. It was not difficult to obtain the same basic
tupe machine equipped to play stereo tapes. The audio ampli-
fiers in this system were separately mounted and used in pairs.
Two complete channels of stereo were provided to give the
passenger a choice of music. (See Fig. 2.)

The Video System

The heart of the visual system is the tape recorder. The
unit was originally built not only to record but also to ply
back as well. Only the playback feature was used, of course.
A two-inch-wide magnetic tape, recorded in a “slant-scan”
system, plays at a speed of 5% inches per second. At this speed,
approximately 120 minutes of entertainment are provided on
a single reel of tape. The tapes are provided especially for
American Airlines from a Sony recording center in New York.

The video recorder is a completely transistorized unit of
modular construction approximately 25 inches high, 17 inches
wide, 17 inches deep, and weighs 145 pounds. This unit
is shock-mounted on the bulkhead at the rear of the flight
deck. This location not only provides the required space but
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Airlines technician is shown changing tapes on the plane’s
video tape recorder. About 120 minutes of entertainment
are provided on a single reel of specially prepared tape.

also gives easy access for servicing, changing tapes, and clean-
ing pick-up heads.

The video distribution amplifier is mounted directly be-
neath the recorder. This amplifier is used to provide sufficient
signal strength for all 26 monitors from any video input
selected.

The stewardess may select video inputs from the tape,
from the camera, or from local television broadcasts. The
selection is made at a switching panel that also contains the
master “On-OIf” switches for the stereo system and the video
system power supply. Adjacent to the switching panel is a
5-inch TV set identified as the master monitor. This is the
only set in the system that is a complete unit and capable of
receiving broadcast signals. When local TV mode is desired,
the channel to be viewed is first selected on the master mon-
itor, then is switched into the distribution amplifier and the
coaxial cables to the cabin monitors.

The antenna used with the master monitor is a blade-tvpe
antenna similar to the existing v.h.f. antenna and is mounted
on top of the fuselage over the cockpit. Reception has been
excellent on the ramp and at the terminal in most localities.
In-flight reception has not been as consistently good as al
the ramp and is subject to intermittent interference patterns,
possibly from vadar or v.h.f. transmissions. It is feasible, how-
ever, (o present special events, such as a baseball or football
game, to the passenger in flight with a reasonable expectation
of adequately following the action. This does necessitate re-
tuning one or more times, as 10 to 15 minutes is about as
long as any given station can be retained when the receiver
is moving at 600 miles per hour.

One of the most interesting features of the svstem is the
TV camera. The camera is a small, lightweight, transistorized
unit mounted forward of the nose gear in a pressurized area.
The camera “sees” by means of a window and mirror arrange-
ment. The mirror is solenoid-operated to provide two view-
ing angles. One is straight ahead parallel ta the longitudinal
axis of the fuselage; the other is down at a 45° angle. When
the aircralt is on the ground and the mirror is in the straight-
ahead position, the camera’s view is from abant six feet above

March, 1965

TV camera is located near the nase and beneath the fuselage.
Camera, behind small rectangular opening, takes pictures of
take-offs, landings, and terrain during the plane’s flight.

the ground. This position is used during taxi-out and take-oft
and also during the final approach and landing. The 45° posi-
tion is used for terrain observation after some altitude has
been gained. The camera was originally equipped with a
zoom lens for the purpose of bringing the view closer when
the aircraft was cruising at 35,000 feet or above. It was noted
that even at 39,000 feet the camera produced excellent de-
tail without the zoom feature. Therefore, this item was de-
leted.

As protection for the vidicon against being damaged by
the sun or other sources of intense light, a shutter is installed
and is triggered when a photocell sensor detects 500 foot-
candles. When the light level drops, the shutter automatically
reopens. An iris adjustment is being explored for lengthening
the viewing time.

Since the video recorder, video distribution amplifier, and
the camera are conunercial (Continued on page 69)

Fig. 2. Diagram of the two-program stereo-program system.
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200-Watt
Solid-State
Stereo
Amplifier

By MADAN SHARMA

Chief Engineer, and

ROBERT BERKOVITZ

Product Dev. Mgr., Mattes Electronics, Inc.

Top and bottom views of the Mattes SSP-200 basic power amp-
lifier. The unit can be used with variety of stereo preamps.
The preamp should be able to deliver 1 v. r.m.s. in order
to obtain maximum rated output from the amplifier. The in-
put impedance of the basic amplifier unit is 100,000 ohms.

New circuit advance provides rated power continuously
at less than 0.1 percent intermodulation distortion.

HEN transistor high-fidelity equipment first ap-

peared a few years ago, high hopes were raised for

the future of solid-state components, Transistor
amplifiers would be small, powerful, deliver superb perform-
ance, and be inexpensive. Regular readers of ELECTrONICS
WorLn need not be reminded that up to this time these hopes
have not as yet been completely realized.

To some extent. the difficulties in designing high-quality
power amplifiers with transistors have been due to inade-
quacies of the transistors available to the engineer; to some
extent, the circuits nsed have imposed severe limitations. In
this article, the authors will review the performance limits
imposed by the problems inherent in designing power am-
plifiers with transistors, and introduce a new circuit design
which largely overcomes these problems, while extending the
state of the urt of power-amplifier design.

Transistor Limitations
Although the design of a circuit usually begins with the
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establishment of performance requirements, it will be in-
structive to take as an example a good transistor and calcu-
late the maximum performance which would be available
front a pair of these used in a conventional circuit. The circuit
chosen, for purposes of calculation, is a driver-transformer-
coupled “totem-pole” class-B output stage using two tran-
sistors (Fig. 1A). The calculations are those to be found in
any textbook on designing power-amplifiers using semicon-
ductors.

For our transistor type let us take 2N3233 or 2N3055 sili-
con power transistors, which are readilv available at low cost,
and which because they mav be operated at a higher junc.
tion temperature than germuniuim tvpes, may allow us to
draw more power from the circuit. Our answer works out to
be approximately 50 watts per channel, using one 2-degree/
watt heat sink for each transistor—about the practical limit
in convection-cooled heat sinks of reasonable size.

It is important to point out that to uchieve the 50-watt
rating requires that the transistors be operated, under some
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conditions, at a junction temperature of exactly 200°C (392°
F), and also that the maximum ambient temperature is 40°C
(104°F), for the purposes of the example, although this
maximum ambient rating is barely adequate tor general con-
sumer use.

Perhaps some engineers will be able to find ways to in-
crease the continuous power rating beyond 30 watts, while
others will wonder at our temerity. Let us say that the figure
represents, in our opinion, a fair approximation of the maxi-
mum which can be expected when conventional circuits are
used. Generally speaking, circuits without driver transform-
ers will produce less power reliably. The use of non-linear
biasing techniques might permit more than 50 watts, but at
some cost in linearity, The major factor limiting the perform-
ance of a power amplifier using transistors is the change in
characteristics which takes place with an increase in tempera-
ture, particularly the shifting of bias characteristics. These
factors must be taken into account when the transistor dissi-
pation calculations are made.

Principle of the New Circuit

If the need to bias the output transistors were eliminated,
the calculations just performed would be somewhat simpli-
fied and would lead to a different result—about 125 watts con-
tinuous power per channel instead of 50. This is exactly the
power output taken from a pair of 2N3055’s in the circuit to
be described which, in fact, eliminates the need to bias the
output transistors. To accomplish this end, the circuit (upon
which multiple U.S. and foreign patients are pending) em-
ploys two concepts which are new to high-fidelity solid-state
power amplifier design. These are: (1) a power stage which
is designed to operate with many of the characteristics of an
Esaki (tunnel) diode, and (2) a svstem of latching diodes
which serve a control function to be described below.

Due to its negative-input-impedance characteristics, a tun-
nel diode may be used as an amplifier with unity voltage gain
but considerable power gain. Consider the combination of a
low-power voltage amplifier, with very low distortion,
coupled to a tunnel diode (Fig. 1B). With adequate feed-
back applied around the svstem, the result would be a linear
power amplificr.

Manv devices may be made to exhibit the negative-imped-
ance characteristic shown by the tunnel diode. Such a device
may also be simulated bv a combination of more conventional
components, an example of which is an oscillator that is just
below its threshold of oscillation. Such a circuit, with its nega-
tive-impedance characteristics, has been used to make prac-
tical negative-impedance svstems in which only current gain
is desired, as in telephone repeater amplifiers and other spe-
cialized line amplifiers.

Assuming that the correct combination of components
were employed for the purpose, the combination suggested
above—the low-distortion voltage amplifier and the unity-
grain negative-impedance stage—could be made to have high
power and low distortion. Power would come to the load
from the power supply through the negative-impedance de-
vice, while the signal voltage variation would be under the
control of the highly linear voltage amplifier, which would
also function as a driver amplifier.

The basic circuit of the new amplifier consists, then, of
a low-distortion driver amplifier coupled both to the load
and to a power oscillator, which is constantly on the brink of
oscillation as its output is common to its input (Fig. 1C). The
power oscillator is prevented from oscillating by making the
driver amplifier of very low impedance so as to short-circuit
the oscillator. The fact that the short-circuit is virtual, rather
than real, is of no importance; the eftect is the same.

Analysis of Operation

Analysis of circnits such as the one shown is rather lengthy,
when rigor is required, but their operation is not really diffi-
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Fig. 1. (A} Typical transformer-driven output stage used in
calculations. Emitter resistor value of 0.5 ohm is compromise
between marginal stability and reduced efficiency. (B) Sim-
plest form of tunnel-diode amplifier referred to in text.
(C) Basic circuit of amplifier employing negative-impedance
power-output stage. Negative-feedback loop is an integral
part of driver amplifier; since output stage has one termi-
nal for both input and output, feedback serves entire system.

cult to understand. While it leaves a great deal to be desired
as a practical high-fidelitv amplifier, let it be said at the out-
set that the schematic shown actually works. It is essentially
the circuit used in the finul commercial product, the Mattes
SSP-200, although the SSP-200 also incorporates the latch-
ing-diode svstem to be described shortly. The eusiest way to
understand the operation of the circuit is to enumerate and
consider the three different stages of operation during each
cycle of signal.

1. At verv low levels, the voltage across the secondaries
of the driver transformer is insufficient to cause transistor ac-
tion in the power transistors. Hence, the primary of the trans-
former and the power transistors are simply high impedances
and do not affect signal low. The driver amplifier drives the
load entirely.

2. As the signal level increases, the power transistors begin
to turn on and supply some current to the load. The driver
continues to drive the load directly as well although current
is now drawn throngh the driver-transformer primary. The
negative feedback loop adjusts the amount of drive to allow
for current gain of the power transistors.

3. In the third stage of operation, the signal level has in-

Fig. 2. Latching-diode control circuit incorporated in basic
amplifier. Separate power supplies may now be used for the
driver and output sections thus obviating the need for costly
low -level driver transistors. The feedback loop shown is
no longer self-contained within the amplifier driver circuit.
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Fig. 3. Complete schematic of practical 100-watt-per-channel power amplifier. Note that only one of two identical stereo
channels is shown and that the power-supply circuit has not been illustrated. Incidentally, the resale price of the out-
put transistors shown is around $23 each, while the 2N3055 or 2N3233 mentioned in the text cost about $5 each. Because
of the use of special, custom-built driver transformers and special wiring techniques, home construction is not recommended.

creased further, the power transistors are operating fully, and
are supplving all the current to the load. Furtherinore, cur-
rent from the output stage is actually helping supply its own
mput, while the driver supplies no power to speak of, only a
voltage control signal. As current comes backward toward the
driver from the power stage, the apparent impedance of the
load rises enormously, As a result, the driver, which would
have been limited to the delivery of a volt or two across the
low-impedance load, is now able to swing the full extent of
the power supply, as it is not called upon to supply power to
the load.

Although not practical, for reasons soon to be explained,
the circuit just discussed does have several intriguing proper-
ties. One is that a short-circuit of the output terminals is ac-
tually a short-circuit of the driver, which immediately gives
all of its power to the short-circuit, leaving the power transis-
tors intuct. Since the driver is power-limited, it is unharmed.

At low levels, the circuit is d.c.-coupled, permitting the
application of d.c. feedback, thus stablizing the d.c. level at
the output terminals. On the other hand, high-level signals
are transformer-coupled, affording the design engineer a
chance to cat his cake and have it too. The circuit is d.c.-
stabilized by feedback, yet can be made to roll off at any de-
sired low-frequency point by proper design of the driver
transformer. Since there is no bias circuit to adjust, fluctua-
tions in the power supply to the output transistors will have
no eltect upon distortion, but only upon maximum power out-

Fig. 4. Intermodulation distortion with 8-ohm loads. At
power levels from about 10 watts to beyond 100 watts per
channel, the intermodulation distortion is below 0.1%
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put. Moreover, the output transistors may be switched from
p-n-p- to n-p-n or one of each, at will, provided onlv that they
are connected with proper polarity; there are no bias circuit
adjustments to be made, since there is no bias.

There is one serious drawback, however, The maximum
voltage swing across the load is determined by the driver
transistor voltage ratings, not the ratings of the power tran-
sistors. This is because the gain of the power stage is unity,
making the voltage swing across the driver and output ter-
minals the same. Therefore, the driver transistors must have
the same voltage rating as the power-stage transistors. Con-
sequently, either costly low-level transistors must be em-
ploved to achieve high power output, or one must be con-
tent with the low power levels resnlting from the use of reas-
onably priced driver transistors. To eliminate this difficulty,
we operate the power stage from its own high-voltage supply,
which requires « means of isolating the two halves of the
amplifier—but only for part of the time.

Latching-Diode Control Cireuit

The controlled isolation of the power stage of the ampli-
fier from the driver is accomplished by the addition to the
circuit of two diodes and two resistors, in the configuration
shown in Fig. 2.

The operation described earlier takes place as stated. The
new circuit comes into play when the voltage gain of the pow-
er transistors causes the voltage across the load to swing out-

Fig. 5. Total harmonic distortion as measured at 100
watts output, 8-ohm loads. Over much of the range, the
total harmonic distortion is below the 0.1 percent level.
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(B)

Fig. 6. (A) Output waveform of driver-amplifier during operation. (B) Output of power stage with
latching diodes removed shows crossover-distortion notches. {C) With diodes inserted there is no
discontinuity in the output waveform, which now measures less than 0.1 % total harmonic distortion.

side the domain of the driver power supply, which in this
version is considerably less than that of the power stage. Un-
der these conditions, the diodes appear as a high impedance,
since they are reverse biased, This accomplishes the purpose
of isolating the driver amplifier from the power transistors
when this isolation is needed, while permitting the system to
operate as the basic circuit, the rest of the time.

Complete Schematic

The complete schematic (Fig. 3) incorporates a few addi-
tional features which are worth explaining. One is the low-
pass filter at the output. This has been used to remove very
high frequency components from the signal which cannot be
eliminated Dy feedback, due to the transit-time effects pres-
ent in any power transistor. It has no audible or meusurable
effect upon performance.

The winding ratio chosen for the driver transformer is
couventional—three to one. However, to take full advantage
of the circuit’s possibilities, the coupling must be extremely
tight and the secondary windings must have as low a d.c. re-
sistance as possible in order to achieve good transformer
efficiency.

The circuit of the driver amplifier is relatively conventional
and can be further simplified if higher distortion is tolerable.
Its essential properties are very low output impedance,
adequate power capability to drive the load through the
crossover region when the power transistors are not yet con-
ducting, as well as to drive the output transistors through the
transformer, and d.c. coupling to allow feedback to minimize
d.c. drift from input to output terminals.

Advantages of the Circuit

The most obvious advantage of the circuit is its ability to
provide exceptionally high power at very low distortion across
the entire band from 20 to 20,000 c¢ps. See Figs. 4 through 6.
The actual continuous power of 100 watts per channel is more
than that of anv other hi-fi amplifier of which we know.

The cost of such a circuit is not high, and makes possible
the manufacture of high-quality power amplifiers at lower
cost than has been possible until now. Accidental short-cir-
cuit of the output terminals during operation has no other
eftect than to turn off the signal to the loudspeakers until the
short-circuit is removed. This is done without use of thermis-
tors, light bulbs, relays, or special circuitry.

The efficiency of the power stage actually exceeds, by a
small amount, the theoretical maximum of 78% usuallv cited
by class-B circuits, since some of the power to the load (less
than a watt) comes directly from the driver. No matched
components are used at all-und no resistors are closer in
tolerance than 10%. Except for the transformers and circuit
boards, which are usually custom-made for any amplifier, all
parts can be bought from electronic parts distributors’ shelves
without selection.
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The power transistors chosen for the output stage must,
however, be rated at 15 amperes collector current or highen,
if the short-circuit-proof feature of the design is to be re-
tained (Fig. 7). Otherwise, type 2N3233 transistors (Silicon
Transistor Corporation) or type 2N3055 transistors (RCA)
may be used.

At very low levels, distortion remains low, unlike many
other solid-state amplifier circuits, because the load is driven
by the driver-amplifier, which has enough gain to permit neg-
ative feedback to correct distortion. Usually, the low gain of
power transistors at low currents renders the feedback less
effective at these levels. All adjustments have been elimi-
nated, as mayv be seen from the schematic. Having dispensed
with adjustments, it is possible to dispense with the meters
provided to monitor these adjustments.

Final Note

Engineers interested in power stages operating without bias
will probably find it interesting to read about an entirely dif-
ferent means to this end in a puaper available as u reprint trom
General Radio Company, West Concord, Mass. The title of
the paper, which originally appeared in Solid State Journal,
Decenber, 1961, is “High Impedance Drive for the Elimina-
tion of Crossover Distortion” by James J. Farun, Jr. and R. G.
T ulks.

Readers are again reminded of the proprietary nature of
the circuit discussed in this article, and its coverage in patent
applications. A

Fig. 7. Scope record of amplifier behavior when output is
short-circuited. The portion of the waveform at the left
shows the 1-kc.,, 100-watt output of the amplifier. Then
the output is shorted and output drops to zero. After
about 10 sec., short is removed. Note that full output
is restored brief starting transient.

immediately after
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NEW
CITIZENS BAND
CIRCUITS

By LEN BUCKWALTER

Description of a:
Solid-state vibrator replacement,
Tapered squelch circuit, and
‘“Raysistor’” speech compressor.

discussed this month—not the revolutionary type, but

small circuit refinements to improve equipment life and
performance. The “Transdapter” by Sonar, for example, re-
places the mechanical vibrator in a mobile power supply with
a solid-state device whose switching is electronic. It has no
moving parts and can plug into an existing vibrator socket.
Next is the Biggs “LaSalle” rig with “tapered” squelch. It is
designed to give the CB operator a wider choice of squelch
thresholds; mostly to permit the copving of signals down in
the noise while still preserving squelch action between calls,
Finally, there’s a circuit by USL which appears to be a “first”
in CB. It is the use of a Raytheon “Ravsistor”—a photocell
and light-bulb  arrangement—which performs in a novel
speecli-compression circuit.

ES IGNS of progress are evident in the three CB circuits

Sonar “Transdapter”

Since the power transtormer it a mobile CB transceiver
canuot operate directly from d.c. supplied by the car bat-
tery, a vibrator is frequently used to “chop” the supply volt-
age. The resulting pulsations may then be applied to the
transformer for step-up to high “B-" voltages, tvpically
around 250 volts. The mechanical nature of the vibrator, how-
ever, introduces several problems: limited life due to wear,
arcing between contacts, and a tendency to generate vibrator
“hash” in the receiver. Each of these difficulties is eliminated
by solid-state switching, as done in the Sonar “Transdapter”
(see photo A). This is a vibrator substitute designed to plug
directly into a vibrator socket and perform the required
chopping function, but with no moving parts. The plug sup-
plied with the device is a four-prong type which is inter-
changeable with the 1601 vibrator that is emploved in many
CB sets.

The complete “Transdapter” schematic is shown in Fig. 1.
An over-all view of the circuit reveals a push-pull two-tran-
sistor oscillator. The transistors are alternately switched on
and off by feedhack paths established by transformer T1.
Circuit action begins when 12-volt d.c. from the car battery
is picked up through pin 1 on the vibrator socket. It is ap-

a8

plied to the emitters of both transistors (Q1 and Q2). Con-
sider next how the collectors are connected. Toward the right
side of the schematic they are wired across the center-tapped
primary of the vibrator transformer located in the CB trans-
ceiver, through pins 2 and 3. This winding forms the col-
lector load. (The switch seen in the collector circuit disables
the “Transdapter” whenever the set is powered by 117-volt
a.c.)

VWith battery voltage applied to the emitters, current con-
duction begins. A small inequality in the circuit, however,
causes one transistor to conduct more heavily than the other.
The resulting current flow causes a magnetic field to build
up in the primary of feedback transformer T L. The field cuts
across the secondarv and induces current in the transistor
base circuits. The direction of current flow creates push-pull
action in the base circuits; collector current of one transistor
rises, while the other one falls. This effect increases rapidly
as the transistor that is conducting heavily feeds back ciurent
to its base.

There will be a point, quickly attained. that satnrales the
feedback transformer. After current flow levels out, the mag-
netic field collapses and thus reverses direction. This switches
polarity at the secondary winding and the other transistor
begins conducting. The push-pull effect repeats and the re-
sulting oscillation occurs at a frequency ol approximately 200
to 300 cps.

As we have noted, collector currents flow through both
feedback and vibrator transformers. Most of the How, how-
ever. occurs in the vibrator-transformer primary. The feed-
back transformer requires relatively little power to energize
the base circuits and R1 is used to limit feedback to a safe
value. Viewed on a scope, the waveform in the vibrator pri-
marv would appear as a 24-volt peak-to-peak a.c. signal. This
provides the required 12-volt pulsations on each side of the
vibrator transformer’s center-tapped primary.

Also in the “Transdapter” circuit are R2 and R3 for estab-
lishing operating base bias at the transistors. Resistor R4 and
capacitor C1 help stabilize the frequency of oscillation of the
inverter circuit.
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\Vith the removal of mechanical components, the lite of
the device may be considered indefinite. Heut developed bv
the transistors is dissipated by air convection currents set up
through the case. It is usually mounted on the rear ol the CB
cabinet and utilizes short phenolic spacers to keep the cir-
cuit properly ventilated and independent of temperatures de-
veloped by tubes in the CB set.

For copy of manufacturer’s brochure, circle
No. 62 on coupon (page 17).

“LaSalle” Tapered Squelch

In setting the squelch on a transceiver, the operator usu-
allv adjusts the control, with no signal being received, to a
point just below where noise is heard. This mutes the receiver
until an incoming signal triggers the squelch circuit. Audio
stages unlock and the signal is heard. One popular system
uses a diode for the control function. The diode generally
blocks the audio signal until forward bias is supplied by the
incoming signal. It’s an efficient system but susceptible to
some limitation when the operator wishes to copy extremely
weak signals down in the noise. Since the diode circuit tends
to be either on or off, it is not easily adjusted to the very
critical point needed for weak-signul reception.

A “tapered” response in squelch action is achieved by the
triode circuit used in the Biggs “LaSalle” transceiver (see
photo B). It enables the operator to select a wider range of
squelch thresholds. If he wants conventional squelch action,
he sets the control at one point; only signals well above the
noise open the receiver. If the operator is willing to tolerate
a small amount of background bias, this level, too, may be
selected. Here, signals do not “pop” in but increase the audio
gain from a subdued level.

The partial schematic in Fig. 2 illustrates the related cir-
cuitry. A squelch triode appears at V1A followed by audio
amplifier V1B. As the operator varies squelch control R2, he
is changing the potential applied to the squelch-tube cathode.
It is seen that the control forms a voltage divider across a
“B-+" source. In this arrangement, it is possible to select the
operating point of the tube. Two other inputs are applied
to the tube grid. One is the audio signal arriving from sec-
ond detector and noise-limiter circuits. The other is a tap
into the screen circuit of the if. amplifier tubes (through
R1). Grid bias, therefore, will be a combination of squelch-
control setting and the positive potential supplied by the i.f.
screens.

Assuming that no signal is being received, the if. screen
voltage is relatively low; the tubes are conducting much cur-
rent in the absence of negative u.g.c. Lowered voltage is
sensed by the squelch grid and audio amplification is re-
duced. This represents the muted condition of the receiver.
An incoming signal, however, increases a.g.c. and raises the
i.f. screens to a higher positive value. The squelch tube is
now biased for increased amplification.

The point at which this unlocking action occurs depends
on the squelch setting chosen by the operator. He may bal-
ance out positive grid voltage by an equal cathode bias. Since
he has a range of cathode-bias settings and an extended range
of operation provided by the triode over a diode, the squelch
threshold is relatively non-critical, even for weak signals.

For copy of manufacturer’s brochure, circle
No. 63 on coupon (page 17).

USL Speech Compressor

Increasingly, CB units are being fitted with internal speech
compressors to keep average modulation as close as possible
to 100%. Many of these circuits create an a.g.c. action; part
of the audio signal is rectified, filtered, and then fed back
to control the gain of an amplifier. In this manner, low speak-
ing levels produce high gain, whercas high speaking levels
reverse the action. A novel approach to speech compression
shows up in United Scientific Lal’s new “Contact-All 23
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Fig. 3. Use of a “Raysistor’” in the USL speech compressor.

rig (see photo C). It uses the Raythcon “Raysistor”—an elec-
tro-optical device—in an interesting compressor arrangement.
(For additional information, refer to “New Light-Operated
Switch” in our November, 1963 issue, page 47.)

Let us consider, first, the operation of the “Raysistor.” Its
basic function in this application is to convert a varying light
source into corresponding resistance changes. Notice in Fig.
3 (left) that it consists of a 5-volt lamp positioned close to a
cell of the photoresistive type. If light intensity is increased,
resistance of the cell decreases. Now vet us apply the device
in the USL circuit. Shown in Fig 3 is a block diagram of
the transceiver’s audio and modulator circuits. The power
source to operate the lamp is tapped by a potentiometer across
the transformer secondary. It permits adjustment of com-
pression level. As the operator speaks into the microphone,
the bulb glows according to voice level.

Note that the resistive photocell element is across the
plate-load resistor of the microphone amplifier. When the
audio signal at the modulation transformer is excessively high,
the bulb glows brightly, dropping cell resistance. Since the
cell is shunted across the plate load, resistance here is lowered
and the gain of the microphone amplifier decreases corre-
spondingly. The opposite effect occurs for low voice levels;
full maximum amplification occurs. Thus, the desired com-
pressor action is achieved and average modulation is main-
tained at high levels. Since no audio clipping or squaring oft
of the waveform occurs, the system is said to improve audio
witlt no distortion. A

For copy of manufacturer’s brochure, circle
No. 64 on coupon (page 17).
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CHOOSING
A Closed-Circuit TV Camera

By LEON A. WORTMAN / Author: “Closed Circuit Television Handbook”
Product Manager, Ampex Corp.

.‘"“—-
([CCTV
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Requirements that must be met rather than manufacturer
o or price should be the main considerations in selecting

a camera. Important factors are illumination, resolution,
movement, mounting, environment, power, and duty cycle.

guardian of human safety and life, an educational

tool, a form of business communication, a military
weapon for defense, an industrial machine, a medical aide, a
sales-promotion device, and an clectronic baby sitter. Appli-
cations for closed-circuit television systems are varied and
numerous. And, because of this fact, closed-circuit television
is an industry.

The person charged with the responsibility of selecting,
specifving, or purchasing a CCTV camera may become con-
fused by the relatively large number of manufacturers, makes,
and models of cameras available to him. How, then, does he
gain maximum assurance that he is making the right choice
when he submits his requisition to management? The answer
is not obvious to the inexperienced. However, those who have
been exposed to this situation state without reservation that
the right choice begins with a realistic appraisal of the re-
quirements of the application, rather than with an attempt to
compare the cameras and prices of one manufacturer with
those of another.

An evaluation of the requirements for any closed-circuit
television camera should begin with a detailed review of a
number of primary considerations. There is no order of impor-
tance, each being given equal weight in the primary stage of
defining the requirements.

1. Scene Illumination—ambient and dynamic lighting con-
ditions. Some applications require the use of a television cam-
era in an area in which scene lighting is maintained at a
constant level. Typical of these are indoor surveillance of
traffic areas, reception rooms, production areas, bank floors,
vaults, and merchandise warehouses. In such installations,
artificial lighting is usually the primary source of scene light-
ing. Tt is independent of the presence or absence of sunlight,
thereby reducing ambient effects. Further, it is normal in
such applications that the cameras are not operated when the
areas are vacated and the artificial light level is reduced. The
significance is that the CCTV camera need not be equipped
with automatic sensitivity control circuitry which is, in effect,
an a.g.c. that adjusts the gain of the camera’s preamplifier
stages in an inverse relationship to the amount of light arriv-
ing at the vidicon’s photosensitive target area.

There are, however, numerous outdoor applications for

CLOSED-circuit television is a research instrument, a

S0

CCTV cameras. In these it is obvious that ambient light con-
ditions and the dynamic range of available light for scene illu-
mination are quite broad. A camera may be expected to detect
and transmit images of a scene illuminated by direct sunlight
and, within a short time interval, be required to transmit
those same images during a dark thunderstorm; or, at night,
by floodlights. It is not unusual for the dynamic range to reach
4000:1, although 2000:1 is quite regularly the requirement
for 24-hour, around-the-clock outdoor operation.

If it is determined that the latter condition of lighting dy-
namics prevails, it is essential that the camera specified for
the system be equipped with dependable automatic light
compensation (a.l.c.). It should be pointed out that it is pos-
sible to manually adjust the controls of all CCTV cameras to
permit compensation for lighting dynamics. However, the un-
desirability of such a situation when left in the hands ol per-
sonnel whose specialty is not TV camera adjustment is quite
obvious. And, it is poor economics to assign skilled personnel
to continuous camera adjustment when simple electronic cir-
cuitry can dependably perform the function.

2. Image Detail—resolution and definition. Insufficient at-
tention to this factor is probably responsible for more disap-
pointments with system performance than is any other single
consideration. The unsophisticated can be misled by the ap-
parently excellent quality of picture reproduction viewed on
commercial home-entertainment TV sets. On the basis of the
specific fact that large titles of TV programs and station call
letters are easily read, one may mistakenly generalize that all
text can be read on a TV monitor comparable in quality to the
TV set. Nothing could be further from the truth. It is as accu-
rate in video reproduction as is a pocket transistor radio in
music reproduction. Because of mental association, it is pos-
sible to listen to familiar music and musical instruments on a
transistor radio with some degree of pleasure. However, if one
were promised an introduction to a new composition played
on new musical instruments, it is doubtful that one would
want to listen to the premiere on a transistor radio. So, too,
with home TV sets; one is familiar with certain text, lettering,
and names, and, as a result of this association, the message is
easily read. This is not dependable when the function is the
transmission and reading of business documents or other finely
detailed objects.

ELECTRONICS WORLD
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Resolution, the discernible number of television lines trans-
mitted, is one of the kevs to the successtul application of
CCTV cameras to the “reading” of detail. The number of
resolvable lines is related to the bandwidth of the canera and,
of course, the ussociated distribution system. The rule of
thumb is that 80 television lines are resolved for every mega-
cycle of bandwidth. Thus a peaked TV set with a true flat
response of 4.5 mc. is capable of resolving a maximum of 360
lines. Experience has shown that for the transmission and re-
liable readout of data or print the size of the type on this page,
the resolution must be increased to approximately 600 lines; a
bandwidth approaching 8 me. In microscopy or in the inspec-
tion of minute parts during a production process, 800 lines of
resolution is desirable; a bandwidth approaching 10 mc. So
much for image magnification. What about image reduction?

For example, should the application require the reading for
identification of numerals, letters, or other information im-
printed on the sides of a truck or railroad freight car, resolu-
tion becomes important for reasons of scene reduction to con-
siderably less than life size.

If it is practicable to either use a telephoto lens or place the
camera close to the object to be transmitted, a camera with
600-line resolution capability can be used. It should be added,
that if it is not necessary for the data to be identified on the
monitor screen, but only that the presence or absence of mo-
tion be observed and the outline of the moving or static object
be recognized, a 300-350 line resolution capability is usually
quite adequate.

Definition is an important consideration in a successful
CCTV system. Unlike resolution, definition is a subjective
characteristic that cannot be reduced to numbers. It is a com-
bination of such camera characteristics as inherent noise, grey-
scale rendition, and beam geometry. The higher the signal-to-
noise ratio, the more linear the grey scale, the truer the beam
geometry across the entire scanning area of the vidicon’s tar-
get, then the better is the definition and over-all quality of
the image as viewed on a well adjusted monitor.

3. Movement of Images vs Static Subjects. The require-
ments for transmitting motion are significantly different from
those for static or motionless images. It is seldom required that
a camera be focused on a scene that contains absolutely no
motion. There is a strong relationship between scene illumina-
tion and the useful transmission of moving images. When
scene lighting and contrast between subject and background
are poor, the tendency is to try to compensate for these unde-
sirable conditions by adjusting beam intensity and contrast at
the camera itself, rather than to correct the basic fault. This
immediately causes a depreciation in the grey scale which, as
has been pointed out in the discussion of definition, affects
over-all performance adversely. Too, this depreciates the sig-

Sylvania Model 800. Rear panel is remov-
able permitting use of extension cables

North American Philips, Norelco Model
EL8000/11 closed-circuit television cam-

nal-to-noise, adding to the deterioration of definition. The ex-
pected result may very well be a capability for identification
of a subject while at rest. However, the moment the subject
goes into motion, “sticking” of the image, smearing, or “tail-
ing,” “ghosting,” or other picture-destroying effects may be
noted.

It is important, therefore, in evaluating published data for
camera sensitivity to understand the conditions under which
such data was obtained and to know whether or not the sensi-
tivity applies to your specific use. Of course, thie most reliable
source for such information is the camera manufacturer’s en-
gineering department and the manufacturer’s willingness to
guarantee satisfaction in the application for which you may
specify his camera.

Irrespective of the make or model of the camera finally
specified, serious thought and practice must be devoted to
scene illumination that conforms to the minimum require-
ments of the camera.

4. Camera Mounting. Surveillance situations involving
CCTYV cameras invariably require installations that place the
cameras at high points or in other locations that make ready
access to controls quite difficult. When such an application is
contemplated, one must be aware of the potential need for
periodic readjustment of controls as aging of components be-
come obvious.

If the controls are integrated, located only at the camera
housing itself, special problems may arise. For example, it is
necessary to view a monitor’s screen while adjusting the cam-
era controls for optimum picture. Even the most comprehen-
sive bench adjustments do not eliminate this final adjustment
process. Thus, the person making the adjustments may be re-
quired to carry a monitor up to the camera’s perch or bring the
camera down from its true operating position. Neither choice
represents a happy solution. The most desirable situation is
one in which the camera is equipped with remote controls, or
is {itted with extension cables for the controls. This makes it
convenient to adjust the camera’s electrical controls for focus,
brilliance, and contrast from an advantageous position on the
ground.

5. Environmental Conditions. Closed-circuit TV installa-
tions are extremely useful in situations involving dangers to
humans. The ability to “see” from behind the complete safety
of a barricade, or within a friendlv environment observe an
object’s performance in a hostile environment, has introduced
television cameras to applications involving extremes of tem-
perature, humidity, and atmospheres. Television cameras are
subjected to all sorts of environmental conditions. It is essen-
tial to examine the operational conditions for a television cam-
era in the environment of the specific application. Is it too hot?
too cold? too humid? too toxic? too combustible?

General Precision Labs Model GPL80O.
Camera and control chassis are separate for

for remote locations. Resolution: 800 era. Unit is compact, lightweight. Reso- remote control. Resolution: 8004 lines.
lines. Bandwidth: 10 mc. A.l.c.: 4000 to lution: 450 lines. Bandwidth: 5.5 mc. Bandwidth: 12 megacycles. A.l.c.: 6000
1. Voltage regulated. Transistor circuitry. A.l.c.: 15 to 1. Circuit is transistorized. to' 1. The circuit employed is a hybrid.
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Fairchild-Dumont Model TC-175 transistor-
ized comera. Resolution: 700 lines. A.l.c.:
2000 to 1. Circuit is voltage-regulated.

Cohu/KinTel Model 2000. in environmental
housing for temperature, explosion, pres-
sure, and humidity extremes. Narrow diam-
eter for insertion into pipes. Resolution:
700 + lines. Bandwidth: 10 mc Allc:
4000 to 1. Voltage regulated, transistorized.

Ampex Model 322 closed-circuit camera. Res-
olution: 600 lines. Bandwidth: 7.5 mega-
cycles. A.l.c. 2000 to 1. All transistor.

Dage Model 320B. Camera and control chas-
sis are in separate housings for remote
control. Resclution: 700 lines. Bandwidth:
8 mc. Aldc.: 4000 to 1. The circuit em-
ploys tubes. Camera is voltage regulated.
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Cameras are available as standard packages whose housings are especially
designed to withstand severe environments of certain types. However, it is more
conventional to provide a housing that ofters only protection against the vertical
fall of dust or moisture, and a shield for personnel against high-voltage circuits.
An environmental consideration is in hospital use of cameras and monitors. Oper
ating rooms have highly combustible atmospheres. Cameras and monitors used
in such rooms must be completely enclosed, isolating them from the combustible
atmosphere as a precaution against the dangerous result of an internal power-
supply arc-over.

Cameras and monitors installed in the rooms of intensive-care patients, too
must be atmospherically isolated if the patients are receiving oxygen or gaseous
anesthesia.

When a camera is to be used in a tightly confined area, such as the narrow diam-
eter pipe inspection procedure, physical dimensions as well as heat, humidity, and
other climatic exposures must be considered. Cameras that are configured to fit
such narrow diameters are available with their own environmental housings.
There are special housings manufactured for virtually every make of camera, to
cope with virtually every environment,

6. Power-Line Considerations—voltage regulation, r.f. interference. Cameras
without voltage-regulated power supplies or which are operated {rom power
supply lines with poor voltage regulation are unstable in operation. A change of
as little as 2% in line voltage may be sufficient to alter the transmitted image in
certain cameras. The apparent eftects are a loss of electrical focus followed b:
changes in brilliance and contrast, and deteriorated definition. It is quite usual to
find severe fluctuations in line voltage within factory areas in which heavy ma-
chinery is operated intermittently. In such cases several precautions must be
taken. \Vhere line-voltage fluctuations of =2% or more are noted as electrical
machinerv is started and stopped, the camera should be equipped with in-
ternally regulated power supplies. Further, separate power lines with voltage
regulators for individual cameras should be used.

Standard r.f. interference studies should be made at the proposed camera lo-
cations when they are to be used adjacent to electrical machinery. A practical
approach is the temporary installation of a CCTV camera and monitor, using
an r.{.-type camera and a conventional TV set. This must be done under “worst-
case” conditions. Should noise and other transient and unwanted signals become
apparent on the monitor screen and if the level of interference is not tolerable,
the probable solution is to make certain the CCTV system is of the v.f. type
rather than the r.f. type.

7. Duty Cycle. It is conceivable that the application requires intermittent
rather than continuous operation. An actual example is found in surveillance
of entrances to security areas where it is not unusual to use three television
cameras for a single identification: (1) wide-angle view of the over-all area,
(2) close-up view of person seeking entrance, and (3) extreme close-up of I
card to enable the security office to compare the pass-photo on the ID card
with the person seeking entrance. The latter two cameras would be operated
only during the moments of identification, while the first would be operated
continuously. Transistorized cameras are exceptionally well suited to the last
two installations, with filament power continuously applied to the vidicon for
instant start with the “B-+" turn-on. The first camera could be the same or an
all-tube type. (Continued on page 58)

RCA Model PK-301. Fully transistorized,
uses new 17 electrostatic focus vidicon

Blonder-Tongue Model EV-1 viewfinder cam-
era designed especially for educational TV.

and provides 700-line resolution. Aper- Resolution: 800 lines. Bandwidth: 10 mc.
ture and gamma correction. Light compen- Alc: 4000 to 1. The electronic circuit
employed is transistorized and regulated.

sation range: 2000 to 1. Bandwidth: 8 mc.
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i GOLOR TV COVERAGE  PHOTOFAGT

gives you up-to-the-minute servicing know-how!

COLOR TV coveraGE AVAILABLE IN
PHOTOFACT THROUGH FEBRUARY 1965:*

Photofact Brand Photofact Brand
Set Set
252 RCA Victor 640 RCA Victor
259 Westinghouse 643 Andrea
262 Arvin 644 Westinghouse
265 Stromberg-Carlson 650 DuMont
283 Motorola 653 Magnavox
293 CBS-Columbia 655 Silvertone
299 Sparton 658 Sylvania
300 RCA Victor 660 Bradtord
305 Hoftman 663 Zenith
314 RCA Victor 665 Curtis Mathes
320 Sentinel 670 Coronado
323 Magnavox 673 RCA Victor
324 Airline 678 General Electric
327 Capehart 680 Airline
344 Sentinel 683 Philco
346 Phiico 685 Packard-Bell
353 RCA Victor 688 Zenith
357 Westinghouse 690 Westinghouse
358 RCA victor 693 Sylvania
371 Motorola 695 Motorola
378 Raytheon 698 Philce
382 Truetone 700 Airline HAVE EVERYTHING YOU NEED TO PERFORM EXPERT
383 Admiral 703 Admiral
385 Hoffman 705 Zenith lN |
386 Packard-Bell 708 Magnavox H
388 Silvertone 710 Magnavox
399 RCA Victor 713 Silvertone ;
:;;2, sfé‘:'\j_"c't'm ;i-’é ?em';e”'cﬂ'm" e Famous SAMS ‘‘Standard Notation'' Detailed Schematics
" ruetone 2
437 Westinghouse 717 Penncrest ® Chassis View Photos ¢ Tuner Schematics
459 RCA Victor 719 Emerson . q .
495 Admiral 721 Motorola o Disassembly Instructions e Block Diagrams
517 RCA Victor 722 Zenith . A
540 Admiral 724 DuMont e Set-up Adjustments e Waveform Diagrams
546 Packard-Bell 726 Coronado H ]
D el GhE s o Moty s Full Alignment Data e Tube Placement Charts
e Dok, 723 Smmcece | o Resistance Charts D Gl OGRS
588 Magnavox 732 Electrohome Plus dozens of other invaluable PHOTOFACT features
592 Emerson 734 Andrea
596 Olympi i
e 736 3Ch Mictor FOR THE COLOR TV COVERAGE YOU NEED, check your latest
614 Packard-Bell 739 Motorola PHOTOFACT Master Index—the issue dated February, 1965 includes a
o S L 741 AMC special section listing all Color TV makes and models now covered in
i PHOTOFACT—so you can instantly locate the Color TV PHOTOFACT
i a"'ag'e :".3 G tvpc:;:’z:,«cr Folder you want. See your Sams Distributor—he stocks all PHOTOFACT
LR GO Gl L] G 7K Sets to fill your requirements immediately.

NOW MORE THAN EVER—. PHOTOFAGT Lisrary anp susscription PAYS OFF!

Deluxe new 4-drawer File Cabinet OWN A PHOTOFACT LIBRARY THE EASY-BUY WAY

(full-drawer suspension) worth $55— Only $10 down ¢ 30 months to pay ¢ No interest or carrying
now available with your purchase of charges e Prepaid transportation ¢ Add-on privilege of a year's
aPHOTOFACTLIBRARY consisting advance subscription to current PHOTOFACT on the same

Easy-Buy contract ¢ Save 30¢c per Set—special $1.95 price ap-

of 200 lus i of valu-
2eial(p a, selaetion Ve s plies on Easy-Buy (instead of the regular $2.25 price).

able Free extras!)

HOWARD W. SAMS & CO,, INC.
Howard W. Sams & Co., Inc. Dept. EWF-3
4300 W. 62nd St., Indianapolis, Ind. 46206

[ Send FREE Photofact Cumulative Index.
[} Send full details on Easy-Buy Plan,

4 Ways to Select Your PHOTOFACT
Library: 1. Complete your present
PHOTOFACT Library. 2. Order a‘ Starter”
Library—200 Sets (Nos. 401-600—
coverage from 1958 to 1963—only
$12.66 per month). 3. Order by brand
name and year—see handy selection
chart at your Distributor. 4. Order
a complete PHOTOFACT Library—

My Distributor is: —

. . Shop Name
get FREE file cabinets, p/us a selec-
tion of valuable books and Elec- Attn. B
tronics Courses.
Address _
SEE YOUR SAMS DISTRIBUTOR
City . State Zip

FOR FULL DETAILS, OR MAIL COUPON L
o K B K N N § N R _N_N N § F N |
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Today’s electronics technician needs a solid foundation in
mathematics, and it can be acquired in a variety of ways.

MATH AND THE TECHNICIAN

ATILDA, the office girl, was home nursing a bad

cold; so before going to lunch, Barney had brought

Mac some sandwiches and coffee in order that the

shop might be kept open during the noon honr. When the

vouth returned, he found his emplover still nibbling at a

sandwich as he scowled down at a little brown book on the

bench before him held open by a slide rule lving across its

pages. The assistant technician turned the book over and read
the title.

“Caleulus Made Easy, huh,” he said. “If it's so easy, why
the knitted-brow bit?”

“That title’s a misnomer if 1 ever saw one,” Mac growled.
“It starts easy enough, but it doesn’t last. Some things just
can’t be made easy, and I'm convinced calculus is one of them.
But the Englishman, Thompson, who wrote this book over
filty years ago has a surprisingly light and moderm style; and
I'like his thesis printed on the flvleaf, which he gravely claims
is ‘an ancient Simian proverh.” It goes: “What one fool has
done, another can.” After taking several weeks to chew my
way through the first half of the book, I'm not so sure.”

“How come voure on this math kick? Do vou plan to use
it in our work?”

“That’s part of it. Every technician must use some math,
even if it’s no more than the addition required to total up a
customer’s bill or to find the total resistance of two resistors
hooked in series. But I'll not say a person couldn’t become
a reasonably good technician—at least in the past—with no
more math than busic addition, subtraction, multiplication,
and division if—and this is @ big if—he obtained enough ex-
perience in a narrow field of service work. In a very real sense,
practical mathematics is actually generalized experience re-
duced to a convenient shorthand.”

“Hit me with that again, Big Daddy; [ don’t quite dig.”

“Keep up that out-dated jive talk and I'll hit vou with
something else,” Mac warned. “What 1 mean is that scien-
tists study many, many measurements of an electrical or elec-
tronic phenomenon until they evolve a general law or formula
that applies equally to all the results tabulated. Then the
next time they encounter a similar situation theyv do not have
to make the careful measurements of all phases of the phe-
nomenon. They simply apply the formula and come up with
the same answer they would have gotten if they had done
all the measuring.”

“How can a technician substitute experience for math?”

“Let’s take an example. You know from experience a
10-365 picotarad variable capacitor with the proper coil will
tune the broadcast band. If called upon to supply a capaci-
tor to do this job, you simply apply vour knowledge. But
suppose vou want to know what capacitor to use with a given
inductance to tune from 1.7 to 4 megacvcles. It’'s doubtful
vou would know the answer from experience. The person
who must depend on his experience is like a mechanic who
has made himself a large supply of end-wrenches, each de-
signed to turn a certain size nut the mechanic has encoun-
tered in the past. As long as he runs into no new-type nuts,
he’s OK; but if he encounters a nut for which he has no

54

wrench, he’s in trouble. Math is a kind of crescent wrench
that can easily be adjusted to fit a tremendous variety of nuts
—old and new.

“In the case we were talking about, the technician who
knows his math would simply plig the inductance value and
the specified frequencies into a resonance formula and come
up with the maximum and minimum capacities needed to
tune the required range. And he could do exactly the same
thing for any other specified range and value of inductance.”

“I’d just get ont my nomogram for inductance, capacitance,
and reactance and solve the problem with a straightedge,”
Barney said smugly.

“Good!” Muac exclaimed. “That bLrings up a point I was
going to make. The technician who doesn’t have a good math
background and who hates to work with formulas can still
benefit from ‘quick-frozen” math in the form of nomograms,
charts, tables, graphs, etc. ELECTrONICS WORLD has published
many of these, und you can round up others dealing with a
variety of quantities: db vs voltage, current, and power ratios;
centigrade vs Fahrenheit temperature readings; transformer-
turns ratio vs impedance match; s.w.r. vs the ratio of forward
and reflected voltage; inductance vs turns and diameter of
single-laver coils; powers and roots of numbers; etc. There’s
absolutely nothing wrong with using these ‘pictorials of for-
mulas,” but vou do have to have the proper nomogram or
graph available where and wlien yvou need it. Fortunatelv
several different publishers have quite recently brought out
compilations of specialized electronic data which they vari-
ously call an ‘electronics data handbook,” a “handbook of elec-
tronic tables and formulas,” or something similar. We have
three of these on the shell, and I'm glad to see vou referring
to them quite often.”

“Yep, 1 like these books. They coutain practically all the
reference material T frequently need: evervthing lrom resistor
and capacitor color codes to logarithm tables, from neon- and
dial-lamp characteristics to fractional db tables. However, I
must admit thev also include a great many formulas that still
require some figuring.”

“Right, and sooner or later the good technician feels a need
for at least enough math to cope with these formulas. That
means he needs algebra, the backbone of mathematics, With
it, he need only remember a formula containing severat dif-
ferent variables in one form. Algebra will permit him to re-
write the formula to produce any unknown in terms of other
known variables. For example, if he remembers I=I/R, he
immediatelv knows that E=IR and R=E/1.”

Muac paused to light his pipe and then continued: “I said
[ was studving math partly with the idea of using it as a tool
in our work, but math is much more than that to the elec-
tronics technician. It is both a means of clear and concise
communication and a key to understanding with regard to
electronics. The math-oriented technician can grasp new de-
velopments in his field much more quickly and completely
than can the fellow who tries to undevstand the new device by
means of imperfect analogies and his own experience. Now
I'm not saying a really intelligent person with a good imagina-
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tion cannot eventually grasp the basic
idea of anv complicated electronic phe-
nomenon without reducing it to mathe-
matical terms; I'm simply saying the
phenomerion can be explained and un-
derstood much more easilv when both
the explainer and the student under-
stand ath.”

“I iinagine an electronics engineer trv-
ing to explain something to a person with
no knowledge of math feels as impatient
and rustrated as we do when some kid
comes in here and wants us to show him
how to ‘liook up’ a simple receiver,” Bar-
nev suggested. “We start drawing a sche-
matic diagram, but that ineans nothing
to him. We have o settle for an awk-
ward pictorial showing wires running be-
tween so many ‘black boxes” as far as any
indication of their function is con-
cerned.”

“Preciselv!” Mac applauded. “That’s
why I say math deepens and strengthens
the technician’s understanding of elec-
tronics. A sine wave of line voltage dis-
plaved on a scope is just a recognized
shape to a person with no mathematical
knowledge. The trigonometry student
knows why it is called a sine wave. He
understands how the rotating generator
arnature creates a reciprocating voltage
that. stretched out by time, becomes the
ficure on the scope face. The student of
analvtical geometry sees clearly that the
trace is actuallvy the equation for a sine
wave displayed as a graph. The calculns
student can calculate the power con-
tained in the wave.”

“What branches of mathematics do
vou think are most important for the
electronics technician?”

“That’s tongh to answer because dif-
ferent branches of mathematics depend
on one another. You need trigonometry
to understand color circuits and to work
with vector quantities, but trig depends
in various degrees on geometry, algebra,
and analytic geometry; so I'd say the se-
rious technician needs a good grounding
in at least these four branches. With
these under his belt, he cun easily take
on some differential and integral calcu-
fus that will be of tremendous help in
dealing with wave shapes.”

“It sounds to me as though vou're try-
ing to make an engineer out of onr poor
old technician,” Barney objected.

“Candidly, ‘our poor old techuician’ is
going to have to think and act more and
more like an electronics engineer in the
future,” Mac answered. “As the equip-
ment on which he works becomes more
complicated and sophisticated with each
passing day, his knowledge and under-
standing must keep pace.”

“Where’s he going to get this knowl-
cdge of math if he didn’t get it in
school?”

“Fortunatelv math is a subject that
Jends itselt very well to self-instruction.
I an old codger like me can teach him-
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self college ulgebra, trigonometry, ana-
lytic geometry, and calculus, anvone can.
All vou need is a clearly written textbook
with lots of illustrations and examples
and with a great many exercises having
answers in the back ol the book. When
vou understand « principle, you work |
the exercises until vou get the right an-
swers. You won’t need a teacher to tell
vou how you're doing.’

Muac picked up the slide rule and ran
his fingers foudly over its polished sur-
face. “This thing has been a tremendous
help to me in my do-it-yvourself math in-
struction,” he said. “It takes away most
of the caleulating drudgery that discour-
ages many with math and allows me to
concentrate on  interesting principles.
The rule’s accuracy of one part in a thou-
sand is more than suflicient for electronic
problems where we're usually dealing
with components having a plus-or-minus |
10% tolerunce.” .

“Lots of guvs buyv rules but soon quit
using them,” Barney oftered.

“I suspect that’s partly because the
rules thev buy are cheaply made and too
simple. If a rule is hard to operate and
has onlv a half-dozen scales and a four-
or five-page manual, about all vou can
learn to do with it is multiply and divide,
and vou soon become bored. This Log
Log Duplex Decitrig® rule has twenty-
one scales and a 126-page manual ex-
pressly written for study without a
teacher. If 1 ever learn the how and why
ol evervthing that can be done with it, |
I'l have a good math foundation right
there. The rnle is wonderful for solving
equations or applving formulas, for work- |
ing with decibels or vector quantities, for |
raising numbers to any power or extract-
ing anyv root, for working with trigono- |
metric functions, and for doing anvthing
that can be done with a set of log tables |
—both common and natural. A good slide
rule is as much a teacher as it is a tool.”

“I gness vou're saving math is a medi- |
cine that can be had in several different
forms, according to your ability to take
medicine,” Bwrnev mused: “but the se-
rious technician has to down some of it,
one wav or another!” A ’

|

‘‘Let me get this straight . . . It works bet-
ter with daisies on it than it does with
roses, right?’ |
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Send for this bookiet on
ENGINEERING TECHNOLOGY
AND ENGINEERING

Learn how you can prepare for a
dynamic career as an electrical or
mechanical engineering technician or
engineer in such exciting, growing
fields as avionics, missiles, reliabili-
ty control, fluid mechanics, data
processing, metaliurgy, microelec-
tronics, and advanced aerospace
research.

MSOE offers residence study pro-
grams leading to these degrees in
engineering technaology and engi-
neering:

2 years —Associate in Applied Science
4 years—Bachelor of Science

Also get facts about scholarships and
financial aids, job placement and
other student services, plus photo-
graphs of MSOE technical labora-
tories and student activities. .

For your copy, just mail
the coupon —
no obligation.

Milwaukee School of Engineering
Dept Ew-365, 1025 N. Milwaukee St.,
Milwaukee, Wisconsin 53201

Please send the “Your Career” booklet.
I'm interested in

[J Electrical fields [] Mechanical fields

NAMIL...coninnnerrseme e cnnansessiomesbonte sos omami Age

AdAress. . .o masssems wutdtamas s s = ee i o=
(o] 47/ SR — State.......ovveeees Z2IP......
MS-227A
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FREE | For fun and pride in assembly, for long years of pleasure

* and performance, for new adventures in creative electronics
mail the coupon below and get Conar’s brand new catalog of quality
do-it-yourself and assembled kits and equipment. Read about items
from TV set kits to transistor radios . . . from VIT'VM’s to scopes . . .
from tube testers to tools. And every item in the Conar catalog is backed
by a no-nonsense, no-loopholes, money-back guarantee! See for yourself

why Conar, a division of National
Radio Institute, is just about the
fastest growing entry in the quality

kit and equipment business.

CONAR

HMEEEREEENMVAIL THIS COUPON NOWNIEEEEREN

CONAR 3939 Wisconsin Ave., Washington 16, D.C.

cesc I

a

|

. Please send me your new catalog.

fll Name

. Address.

= City State Z-Code,

CIRCLE NO. 245 ON READER §ER\{I€E PAGE

Voico-matic

The only device in the world that will
Convert any tape recorder into a voice-
actuated unit. Tape recorder records

when you speak . . . turns off when you
stop. Permits complete operation of
recorder from a distance or when hands
are busy. ldeal for conferences and
group activities. Installs in seconds
without tools . . . no soldering. Has
pause and sensitivity controts to meet
all requirements. Can be used as on-off
switch to control hi-fi, CB or ham trans-
mitters, electrical appliances, etc. In
leatherette case, complete with cord
for battery-operated and transistor tape
recorders, MadeinusA  Under $35.00

See your tape recorder dealer or write:
DEPT. EW-3

kinematix, inc.

2040 West Washington Boultevard
Chicago, Ill. 60612 Area 312 - §66-0066

CIRCLE NO. 193 ON READER SERVICE PAGE
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Get Your First Class Commercial

F.C. C. LICENSE

QUICKLY!

Career opportunities in communi-
cations electronics are almost
unlimited. Prepare now. Let

Grantham train you — by corre-
spondence, or by classroom and
laboratory instruction. Get your

first class commercial F.C.C. license
in as little as 3 months, or at a
slower pace if you prefer. Then,
continue in more-advanced elec-
tronics training if you wish. Di-
ploma awarded. Our catalog gives
full details.

Learn how our training can pre-
pare you for your F.C.C. license;
write or telephone the School at any
one of the teaching divisions listed
below, and ask for “Catalog 56.”

Grantham School of Electronics

1505 N. Western Av., Los Angeles, Cal. 90027
(Phone: HO 9-7878)

408 Marion Street, Seattle, Wash. 98104
(Phone: MA 2-7227)

3123 Gillham Road, Kansas City, Mo. 64109
(Phone: JE 1-6320)

818-18th St., NW. Washington, D.C. 20006
(Phone: 298-71011}

WWwW americanradiohistorv com

Choosing a CCTV Camera

(Continued from page 52)

8. Physical Considerations. Cameras
vary in weight from several pounds to
dozens of pounds. If the camera is to be
operated while being hand-held as might
be the case in a remote outdoor pickup
for video taping or microwave re-trans-
mission, weight and size are important,
There are cameras with separable vidi-
con and lens assemblies; being contained
in housings separate from the main chas-
sis. Thus, the cameraman is equipped
with an easily portable “camera” con-
nected by flexible cable to the signal
generator and amplifier boards.

An additional and important consid-
eration in camera selection is the appli-
cation in which a large number of
cameras and a larger number of monitors
are used. In such applications it is vital
that a central or master generator be
provided to feed synchronizing informa-
tion to all cameras and monitors simul-
taneously through a common bus. This
eliminates a potentially enormous prob-
lem of maintaining svne among all cam-
eras and monitors as cameras are
switched in and out of the distribution
system. This is mentioned because of the
common practice of incorporating sync
generators within the circnitry of CCTV
cameras.

These, then, are the most inportant
considerations for the man who must
specify a make and model for a CCTV
system camera. The cold facts of eco-
nomics and equipment costs can onlv be
evaluated by the individual most fa-
miliar with those aspects of his require-
ments. However, to specity a camera
on the basis of price alone invites the
probability of dissatisfaction with system
performance—the intoleruble result of
“economy at any cost.” A

MANUFACTURERS’ DIRECTORY

Ampex Corp.
401 Broadway
Redwood City, Colifornia

Blonder-Tongue laboratories, Inc.
9 Alling Street
Newark, New Jersey

Cohu Electronics Inc.
KinTel Division
Box 623, San Diego, California

Continental Electronics
Subsidiary of ling-Temco Vought, Inc.
Box 5024, Dallas, Texos

Craftsmen Instrument Labs., Inc.
60-30 34th Ave.
Woodside, Long Island, New York

Dage Television Company
Division of Harvey-Wells Corp.
455 Sheridan Avenue
Michigan City, Indiana

Electra Megadyne Inc.
1750 North Vine Street
| Los Angeles, California

ELECTRONICS WORLD
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|
Fairchild-Dumont Laboratories |
Electro-Visual Products Dept.

750 Bloomfield Avenue

Clifton, New Jersey

General Electric Company
Technica! Products Operation
212 W. Division Street
Syracuse 3, New York

General Precision, Inc.
GPL Division
63 Bedford Road, Pleasantville, New York 1

ITT, Industrial Products Division
15191 Bledsoe Street
San Fernando, California

Lear Siegler Inc.

Electronic Instrumentation Division
714 North Brookhurst Avenue
Anaheim, California

North American Philips Company
High Fidelity Products Division
230 Duffy Avenue, Hicksville, New York

Packard Bell Electronics
1920 South Figueroa Street
Los Angeles, California

Radio Corporation of America
Broadcast & Communications Products Div.
Camden, New Jersey

Sarkes Tarzian Inc. |
Broadcast Equipment Division
East Hillside Drive, Bloomington, Indiana

Sylvania Electric Products Inc.
730 Third Avenue, New York, New York

Video Systems of America, Inc.
445 Park Avenue, New York, New York 10022

Scientific Computers
(Continued from page 35)

presupposes that the computer has been
previously programmed to perform the
translation to machine language. This |
translator program is known as a com-
piler. Of particular interest in scientific
computation is the FORTRAN compiler
(from FORmula TRANslator). FOR- |
TRAN has been described as the most
widely used programming language in
the world, and its great popularity de- |
rives from the close resemblance of its
source language to ordinary mathemati-
cal notation. Some source language sym-
bols for mathematical operations are: for |
addition, (+); for subtraction, (—)
multiplication, (*); division, (/); ex- |
ponentiation, (%%*), |

Thus, for example, a mathematical
expression like: 6.28 divided by the
quantity (1— XY3) is written in FOR-
TRAN this way: 6.28/ (1. X*Y¥%3). 1

It can be seen from the above example
that an engineer or scientist with little |
knowledge of computers can easily be-
come proficient in writing FORTRAN !
programs. He can therefore communi- |
cate directly with the computer without
requiring the services of an intermediary
programmer. It is this ease of program-
ming that accounts for the widespread
and rapidly increasing uses of digital
computers in scientific applications. A |

March, 1965

Have you tried new
connectors?

Once agair, Sprague helps the TV-radio
service industry by solving two increas-
ingly serious problems . . . parts replace-
ment in those “inaccessible” chassis
nooks, such as crowdzd tube sockets,
as well as soldering conto the delicate
circuitry o printed wiring boards.

Mechanically sturdy and. electrically
reliable, the revolutionary QUIG pro-
vides fast, expertly-soldered connections
as easy as A-B-C!

Ten times
actual size

Heat QUIG,

Connection Made!

NOBODY ELSE HAS QUIG CONNECTORS...
YOU GET 'EM ONLY FROM SPRAGUE PRODUCTS!

QUIGS are now being packed with Sprague Atom® Capacitors
at no extra cost to you! Whenever you need tubular electro-
lytics, insist on pre-packaged Sprague Atoms from your parts
distributor and you’ll automatically get your QUIG component
connectors . . . the biggest
boon to the service techni-
cian since the soldering gun!

SPRAGUE

THE MARK OF RELIABILITY

WORLD'S LARGEST MANUFACTURER OF CAPACITORS

s-ues

CIRCLE NO. 131 ON READER SERVICE PAGE
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Exclusive with RCA oo

&

the faster,
easier way
toward a career
in electronics

Amazing home training method makes learning almost automatic

Exclusive with RCA. “AUTOTEXT" the revolutionary home
training method introduced by RCA Institutes, Inc., is stir-
ring the interest of thousands. Every day, “‘AUTOTEXT" is
helping people like yourself join the thousands of other suc-
cessful electronic students who are working toward profit-
able careers right now! This faster, easier way to learn elec-
tronics uses the latest scientific development in the field of
home training—and “AUTOTEXT" is exclusive with RCA.

New trend in education. This exciting new trend in edu-
cation represents a significant advance in teaching elec-
tronics. People who have been interested in careers.in
electronics in the past, but have had difficulty with conven-
tional home training methods, can now begin to master the
fundamental principles of electronics almost automatically.
Tested in schools throughout the country, checked out and
proved with thousands of students, programmed instruction
is helping people learn more quickly and with less effort.

60

Prove it to yourself now! If you have a natural inclination
or interest in the exciting field of electronics, that's all
you need. RCA "AUTOTEXT' will help you do the rest.
And the future is unlimited. Jobs are available for qualified
technicians in Space Electronics, Communications, TV,
Computer Programming, Automation, and many other elec-
tronic fields. The important thing is to get started now!

Complete course available. Right now, RCA Institutes offers
you a complete Home Training Course (‘'Introduction to
Electronics’’) using the “AUTOTEXT" method. You get a
complete set of theory lessons, service practice lessons,
experiment lessons, and all the kits you need. And most im-
portant, “AUTOTEXT"' takes most of the effort out of learn-
ing the all-important groundwork of the electronics field,

Get complete information now without obligation. Send
the attached postcard and check “AUTOTEXT", ‘
ELECTRONICS WORLD

www americanradiohistorv com
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Wide choice of Home Training
courses in Electronics:

o Autotext e Efectronic Fundamentals
Introduction to Electronics (also available in Spanish)

» Computer Programming

e TV Servicing s Transistors

¢ Color TV » Electronic Drafting
e Communications Electronics o Industrial Electronics
¢ FCC License Preparation f\utomaticgontrols

. L ndustrial Applications
* Mobile Communications Nuclear Instrumentation
¢ Automation Electronics Digital Techniques

RCA Institutes Home Training Courses are complete step by step easy-to-
understand units. You get prime quality equipment in the kits furnished to
you, and all of it is top grade. It's yours to keep and use on the job.

Liberal Tuition Plan. RCA Institutes Home Training Courses are available
under a liberal tuition plan that affords you the most economical possible
method of home training. You pay for lessons only as you order them. If, for
any reason, you should wish to interrupt your training, you can do so and you
will not owe a cent until you resume the course. No long-term obligations!

Set Your Own Pace. RCA Institutes Home Training takes into consideration
your own ability, finances and time. You learn at your own speed, in the most
effective manner, with personalized instruction every step of the way. You get
theory, experiment, and service practice beginning with the very first lesson.
All lessons are profusely illustrated—a complete training package in every way.

CLASSROOM TRAINING

RCA Institutes Resident Schools in New York City, and RCA Technical Institute
in Cherry Hill near Camden, N. J., offer classroom training that will prepare
you to work in rewarding research and production positions in many fields of
electronics. No previous technical training required for admission. You are
eligible even if you haven't completed high school.

Free Placement Service. RCA Institutes Resident School graduates are now
employed in important jobs at military instaliations, with important companies
such as IBM, Bell Telephone Labs, General Electric, RCA, in radio and TV
stations and in communications systems all over the country. Many other
graduates have opened their own businesses. A recent New York Resident
School class had 92% of the graduates who used the FREE Placement Service
accepted by leading electronics companies, and had their jobs waiting for
them on the day they graduated!

Coeducational Day and Evening Courses are available at Resident Schools.
You can prepare for a career in electronics while continuing your normal, full-
time or part-time employment. Regular classes start four times a year.

SEND POSTCARD FOR FREE ILLUSTRATED BOOK TODAY! SPEC-
IFY “AUTOTEXT”, HOME STUDY OR CLASSROOM TRAINING. @’f

RCA INSTITUTES, INC. oept,cvas

A Service of Radio Corporation of America,
350 West 4th St., New York 14, N. Y.

The Most Trusted Name in Electronics

March, 1965 63
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Tarzian offers

FAST, DEPENDAB
TUNER REPAIR

SERVICE (waves)

9 INCLUDING

ALL PARTS
(except tubes)

and LABOR

24-HOUR SERVICE
1 YEAR WARRANTY

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

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

When inquiring about repair service, always
give TV make, chassis and Model number. Tuners
repaired on approved, open accounts. Check with
your local distributor for Sarkes Tarzian replace-
ment tuners, replacement parts, or repair scrvice,
Sce your distributor, or use the address ncarest
you for fast factory rcpair scrvice:

\SE/ SARKES TARZIAN, INC.

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

CIRCLE NO. 215 ON READER SERVICE PAGE

= ELECTRONICS

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

VALPARAISO TECHNICAL INSTITUTE
- Dept. RD, Valparaiso, Indiana
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HE EIA has formally asked the

Treasury Department to urge legis-
lative repeal of the manufacturer’s excise
tax on radio and TV receivers, phono-
graphs, and their components.

Besides seeking complete repeal of the
excise tax at the earliest possible date,
the EIA urged the Treasury Department
to recommend that Congress enact legis-
lation providing for floor-stock refunds
of excise levies paid on radios, TV sets,
and phonographs already off the pro-
duction line to prevent any lull in sales
while the proposal is being considered
by Congress.

Similarly, EIA asked in a separate sug-
gestion that the Treasury Department
urge Congress to authorize income-tax
credits to consumers who have pur-
chased taxable sets and components re-
tailing for the price of $100 or more.

The EIA claims that TV, radio, and
phonographs are no longer luxuries, but
are essential to daily living.

Projection Radar

A marine radar system which presents
information in the form of a bright, sta-
ble picture, 27 inches in diameter on a
flat, paper-covered surface suitable for
plotting is being produced by a British
firm.

In the system, called “Photoplot,” the
basic radar information is displayed in
the normal way on a CRT. The display
is photographed on a special 16-mm.
film, processed in a few seconds, then
projected on the underside of a transhi-
cent screen. The chemicals used for proc-
essing the film are blown on to it by a
blast of compressed air in a pre-arranged
sequence.

Targets are presented in black against
a white background to form a picture
that can be studied by several observers
at the same time under both daylight
and night conditions without the use of
a viewing hood or visor.

The time interval between successive
projected pictures can be set to 15
seconds, three minutes, or six minutes,
according to the desired plotting require-
ments. In this way, the rotating trace of
the radar present-position indicator is re-
placed by a picture in which all radar
echoes, on all bearings, are seen at their

www.americanradiohistorv.com
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maximum contrast at all viewing times.
The first shipborne display was in-

stalled on the 45,000-ton passenger liner

“Canberra” of British registry.

Digital Voltmeter

A unique method of digitizing resist-
ance measurements so that the value of
an unknown resistor can be transmitted
by telemetry has been developed by en-
gineers at Goddard Space Flight Center.

The resistance to be determined is part
of the not-known leg of a Wheatstone
bridge. The bridge is then automatically
nulled by adding binary values of resist-
ance in series with the known leg.

A parallel digital word representing
the unknown resistance is given by the
state of the reed switches controlling the
binary balancing resistance. Absolute ac-
curacy of .05% has been obtained. Al-
though a 20 cps clock frequency has
been used, other, higher frequencies are
possible.

The researchers conclude that proper
application of this basic scheme will re-
sult in a system of outstanding accuracy,
coupled with high efficiency and inher-
ent reliability.

Portable Antenna Mast

Troops in the field, particularly in a
jungle environment, would be very ham-
pered if they had to haul 10-, 20-, or 30-
foot sections of metal antenna mast with
them. Yet, many a tactical situation can
develop where a patrol or advance party
will require a very high antenna mast to
overcome terrain obstacles such as foli-
age or distance to communicate with
their base or other groups.

Kearfott Div. of General Precision,
Inc. has developed a line of 50- and 100-
foot inflatable antenna masts that can be
folded into small, lightweight packages.
These self-supporting Mylar air-column
structures are capable of retaining low-
pressure air for at least 48 hours.

Pumps, gas-pressure cvlinders, or
plain old-fashioned hufling and puffing
can be used for inflation.

By using conductive laminate on the
upper section of the mast, the mast itself
can be made to act as an antenna. When
properly guyed, the 50-footer can with-
stand winds up to 50 m.p.h. A

ELECTRONICS WORLD
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REDUCING
RECTIFIER
INTERFERENCE

By GEORGE SCHERER

ARRIER-current communications
systems, where r.f. energy is carried
by the a.c. power line, are often sub-
ject to varying degrees of hum modula-
tion of the carrier, often in the form of
a buzzing sound, when other electronic
equipment using line-connected recti-
fiers is operated from the same power
line. Such interference can also disturb
other electronic equipment.

Silicon rectifiers are more likely to
cause this trouble than are selenium or
vacuum-tube rectifiers.

To remove such interference, a low-
valued resistor should be placed in series
with the rectifier (on the power-line
side), and the side connected to the
rectifier should be bypassed. The resistor
should be between 10 and 47 ohms, % to
2 watts, depending on the drain of the
unit. The lowest resistance and highest
wattage should be used on a TV set,
while the highest resistunce and lowest
wattage should be used for a one- or
two-tube accessory. The bypass capaci-
tor should be between .02 and .05 uf.,
preferably paper or plastic with a 600-
volt rating.

Often, use can be made of existing
circuitry. For instance, almost all half-
wave rectifier TV sets and many a.c./d.c.
radios have surge-limiting resistors in
series with the rectifier. These resistors
usually are similar to those specified in
the preceding paragraph. If this resistor
follows the rectifier, it should be re-
moved and placed on the power-line
side as shown in (A). Then, only the
bypass capacitor need be added. In
other circuits, there may be a larger
valued resistor in series with the rectifier
(B) to drop the voltage as well as limit
current surges. If this resistor is 220
ohms or more and is ahead of the first
filter capacitor or other bypasses, it is
only necessary to connect a .02- to .05-
ef. capacitor across the rectifier to re-

duce interference. A
e AMAAAA * B+
RESISTOR |
IN SET :
1
iI7V.A.C. CAPACITOR —JL . —4 . FILTER
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Assemble the finest instrument
your money can buy

NEW ALL-TRANSISTOR

ELECTRONIC
ORGAN

NEW SCHOBER ALL-TRANSISTOR
RECITAL MODEL — sounds and plays like
fine pipe organ — compares musically to instru-
ments costing 4 times the price!

4 highlights of
musical superiority:

NS

How is it possible to put so many superior musical
features into every Schober Organ?

How is it possible to acquire the skill needed to
build a splendid organ — without any previous
knowledge of electronics or music?

PIPE ORGAN VOICING—each
separate and distinct—32 in Re-
cital Model-LIBRARY OF

STOPS™ Kit featureadds count-  \While the completed organ is a complex instru-

less voices for instant plug-in. ment, the Schober Organ internal construction is
il especially designed for do-it-yourselfers. Thanks

to printed circuitry the usual labor is eliminated
qf and makes errors almost impossible. Many parts

= are supplied partially or fully assembled. For ex-

: ample, the keyboard with associated switches is

- supplied as an integral unit fully assembled. No

PIPE ORGAN TONE-all four swoodworking is necessary — consoles come com-
families of pipe tone in all models pletely assembled and finished. You simply follow

—Schober Organs are played like : : g - - iy
G el detailed illustrated instructions for easy assembly.

entirely to AGO specifications.

[ —

ALL-TRANSISTOR — Recital
and Consolette II —instant re-
sponse, easier assembly, longev-
ity—full 5 year guarantee.

By saving the high cost of factory assembly and
the usual retail store markup, you can put every-
thing into the fine musical parts, and enjoy the
finest instrument your money can buy.

Many who could well afford to buy any organ
have chosen to build a Schober Organ simply be-
cause they prefer it musically.

Schober Organs are available in kit form from $550
—and you may purchase the complete set of kits,
or you may spread the cost by ordering just the
first unit for $21.79. Send coupon to The Schober
Organ Corp., 43 W. 61st St., New York, N.Y. 10023.

REVERBATAPE® Unit — adds
depth and power to electronic
organs — converts smallest living
room into an “auditorium.”

Schober Organ Kits are sold in the U, S, only by

THE (%o,ém ﬁW CORPORATION

plus FULL THEATRE AND Dealers in principal countries.

CHURCH VOICING, optional |' e e e S e e e —— —j
PERCUSSION, and many other The Schober Organ Corp., Dept. RN-36
quality features! 43 West 61st St., New York, N.Y. 10023 l
O l:)lease send rtne, without costt or ol;ligatihon, t(l;lel S(cjh?b?r
— rgan Booklet with specifications of each model, details
FREE EATAI'OG " D about Pointer System, 7-inch ‘‘sampler’’ record included FREE. ]
FREE “SAMPLER [0 Enclosed find $2 for high-quality LP 10” SCHOBER DEMON-

‘ RECOR STRATION RECORD which fully illustrates all three models |
h,ear with different kinds of music ($2 refunded with purchase of
befors l first kit). I

! NAME
s | aooress I
build cITY. STATE 21P NO J
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TEST
EQUIPMENT

PRODUCT REPORT

Electronic Research Frequency Meter

For copy of manufacturer’s hrochure, circle No. 65 on coupon (page 88).

6

ERC ELECTRONIC RESEARCH o,

BIVISI00 OF TExTRON tLEeTaomIcs

DIRECT-reading solid-state fre-
quency meter has been announced
by Electronic Research Co. The instru-
ment measures the frequency of signals
in six ranges from 10 c¢ps to 200 ke,
with each range individually adjustable
for accurate calibration. Accuracy of the
unit is 2% on all ranges. An output jack
on the front panel permits connection of
high-impedance phones or a scope for
monitoring. Recorder output is available
on request.

The meter was originally developed
bv the company for internal use in the
production of piezoelectric crvstals. By
measuring the beat or difference fre-
quency between a known standard fre-
quency and that of a crystal unit being
processed, it is possible to metal-plate
the crystal through vacuum deposition
to within a few cps of the standard. The

s

' ™

-~

< 5

RANGE(xcs)

Y scerefryg

meter is now being made available by
the munufacturer for either a.c. opera-
tion (117 volts, 4.5 watts) or battery
operation (12 volts, 25 ma.).

The input signal of unknown fre-
quency is applied to a two-stage ampli-
fier which drives a limiter stage to deliver
a high-level square-wave output. Since
rise time of the square wave is depen-
dent on the amplitude of input signal
at low levels, sampling circuits select the
lower 20 percent of the limited wave-
form for coupling to the frequency
discriminating circuit. This technique
lowers the minimum input-level require-
ments for accurate frequency measure-
ment. For example, any voltage input
above 50 or 100 mv. r.m.s. (depending
on frequency range to which the instru-
ment is set) will produce an accurate
frequency indication on the meter. Max-

-
J [ JM;;:; vETER
i
AMPLIFIER-
Oo— DETECTOR D
LIMITER
newT L e 5y ﬁ‘ﬂwy::
| [ : ]
\ i s
1 N T
e \
L _F RANGE SWITCHING =
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|||lL

www.americanradiohistorv.com

imum input voltage is 100 v. r.m.s. on
all ranges.

The frequency discriminator (detec-
tor) circuit converts differentiated, or
sharplv peaked, pulses into unidirec-
tional pulses which are then applied to
the metering circuit. Note that the final
pulses have a constant width regardless
of frequency. The output energy per unit
time is now a function of input fre-
quency only. The meter displavs the
time-averaged detector output directly
in cvcles per second.

The frequency meter is available at a
price of $149.50. A

Telonic SV-14
FM-Tuner Sweep Generator

For copy of manufacturer’s brochure,
circle No. 66 on coupon (page 88).

NEW sweep generator for aligning

"M tuners, Model SV-14, has been
introduced by Telonic Industries, Inc.
This instrument is designed for all phases
of FM-radio manufacture—laboratory
design, production testing and adjust-
ment, and quality-control inspection.
The SV-14 operates over the 9S-mec.
(r.f.) and the 10.7-mc. (i.f.) bands,
which are selected by a front-panel
switch.

Both 1.f. oscillators are swept electri-
cally by means of a saturable reactor.
Separate attenuator systems and output
connectors are provided for the two
bands. This permits the full range of ad-

justments (r.f., local oscillator, and i.f.)
to be made quickly without reconnect-
ing cables to insert external attenuators.
The simplicity of operation of the sweep
generator saves time in production and
mmspection setups. One hand can be used
for bandswitching and tuning while the
other works on circuit alignment and ad-
justment,

Crystal-controlled pulse markers at
customer-specified frequencies are
standard equipment. Five markers are
provided on the 98-mc. band and three
on the 10.7-mec. band. Accuracy of the
markers is +0.05%. Fundamental-mode

ELECTRONICS WORLD
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You probably thought
top quality electronic

test 1Instruments
were too EXPpensive...didn't you?

Well, they’re not when you
build them with money-saving RCA kits

You’ve known right along that you can save money on electronic Specialized instruments such as an AC VTVM or an RF Signal
test instruments by building from Kits. Generator are also available as kits for far less than they would
cost otherwise. In every case, RCA kits, when completed, are

But you may have shied away from kits because you thought : X !
Y J i i 5 identical with RCA factory assembled instruments.

they involved complicated calibration or adjustment problems.
Forget it!

RCA Kits are inexpensive, of course, but they’re also easy to
build. Build them right and they’ll give you the best performance
you can buy in their price range.

What’s better about RCA test instrument kits?

Ease of assembly is one thing. Parts are clearly identified. Each
assembly diagram appears on the same page as the step-by-step
instructions for that section of assembly. There’s no need to refer
back constantly to other pages, which consumes time and in-
creases the chance of error.

Ease of alignment is another thing. Each kit contains complete
instructions for accurate calibration or alignment of the instru-
ment. Where necessary, precision calibrating resistors are pro-
vided for this purpose.

What does it mean? It mcans that with RCA Kits you can get a e e
professional V-O-M or VIVM for as little as $29.95%. Or youcan

get a good oscilloscope (one of the most uscful—but normally Each sub-assembly is described in a separate section with illustrations applying
onc of the most expensive—test instruments) for only $79.50% 10 that sub-assembly available at a glance. No cross referencing necessaty.
b
LOOK WHAT’S AVAILABLE TO YOU IN KIT FORM:
_.e_‘.c;”' #
103 pe
1
Bt
* & .
l&: 6 )
- e X}
RCA VOLTOHMYST@ The most  RCA SENIOR VOLTOHMYST. RCA VOLT-OHM-MILLIAMMETER.  RCA 3-INCH OSCILLOSCOPE. Com- RCA HIGH-SENSITIVITY AC VTVM.
popular VIVM on the market. A professional VTVM. One of most useful instruments,  pact, lightweight, portable. Doubles as audio pre-amplifier.
WV-77E(K). Kit price: $29.95* WV-98C(K). Kit price: $57.95% WV-38A(K). Kit price: $29.95* WO-33A(K). Kit price: $79.95* WV-76A(K). Kit price: $57.95"

See them all—and get full techni-
cal specifications for each—at
your local Authorized RCA Test

L BT Equipment Distributor. Or write for
s information to: Commercial Engi-
e = neering, Section C41W RCA ELEC-
I TRONIC COMPONENTS AND DE-
\ E VICES, HARRISON, N.J.
RCA RF SIGNAL GENERATOR. For RCA TV BIAS SUPPLY. For RF, IF  RCA TRANSISTOR-RADIO DYNAM- RCAV-0-M DYNAMIC DEMON-
audio and TV servicing. alignment in TV sets. IC_ DEMONSTRATOR. For schools. STRATOR. A working V-0-M.
WR-50A(K). Kit price: $39.95*% WG-307B(K). Kit price: $11.95* WE-93A(K). Kit price: $39.95* WE-95A(K). Kit price: $37.95*

RCAELECTRONIC COMPONENTS AND DEVICES,HARRISON,N.J.

*Optional Distributor Resale Price
All prices are subject 1o change with-

ol notice. I’r_(‘cvs Hray hlz' higher in The Most Trusted Name in E'ectronics

Alaska. Hawaii and the Wesr.
®
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THE PMS-15 SELF-POWERED
AMPLIFIER-SPEAKER

Rugged lightweight cabinet, advanced design
amplifier, JBL speaker and rechargeable battery
in one integrated unit for work or play ... that's
the new PMS-15 by Moog.

Get these advanced features in this unique port-
able, hi-fi unit:

m Solid state amplifier with two independent
low-noise inputs, bass and treble controls, and
high-efficiency power stage; regulated power
supply; battery charger.

m Genuine JBL speaker Mode! D-216 for large
power-handling capability, wide range, low
distortion.

m Lightweight, rugged cabinet with special
sandwich type construction.

w Heavy duty rechargeable battery (optional) gives
you 5 to 30 hours playing time.

w Easy-to-follow, step-by-step instruction booklet
for assembly and application.

PMS-15 Kit $129.95
PMS-15 Kit with battery 174.95
PMS-15 Assembled (without battery) 199.95
PMS-15 Assembled (with battery) 244,95

SEND FOR NEW CATALOG
R. A. Moog Company

Dept. 1E, Trumansburg, New York
CIRCLE NO. 241 ON READER SERVICE PAGE

A JOB ora POSITION ?

The difference is ELECTRONIC MATHEMATICS

NOW! A NEW WAY TO LEARN—I. H. S. |
WAY. A complete home study course in elec-
tronic math to help you get the position you
want—MORE MONEY—MORE RESPECT.
COURSE PREPARED BY
COLLEGE PROFESSORS
who have lectured to thousands of men on math
and cngineering. You learn at home quickly,
easily—AS FAST as you want.
YOQU SIGN NO CONTRACTS
Pay only if satisfied—you owe it to yourself to
examine the INDIANA HOME STUDY INSTI-
TUTE COURSE IN ELECTRONIC MATH.
FREE BONUS—if you join now, a refresher
course in basic arithmetic.
Write for Brochure—Nao Obligation
INDIANA HOME STUDY INSTITUTE

DEPY. £W-3. P.O. Box 1189
Panama City. Fla. 32402
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crystals are used to avoid spurious mark-
ers. The markers can be used for internal
pulse modulation of the sweep oscillator
or for y- or z-axis oscilloscope modula-
tion.

The oscillators are swept electroni-
cally by applving a triangular waveform
to the control winding of the saturable
reactor. The resulting linear presenta-
tion on the oscilloscope allows for accu-
rate frequency interpolation between
markers.

A vernier, which varies the “B+" in
the oscillator circuit, controls the output
level over u 0- to 10-db range. A toggle-
switch attenuator provides another 0-99
db of signal reduction in 1-db steps. All
switches and pads are individually

shielded to eliminate leakage and to in-
sure accuracy to =1 db over the full
attenuator range.

The SV-14 sweeps over a range of 86
to 110 mc. on the r.f. band and 10.2 to
11.2 mc. on i.f. Sweep width is variable
from 4 to 24 me. (r.f.) and 0.15 to 1.0
me. (i.f.). Output is 3.5 microvolts to 1
volt r.m.s. into 75 ohms. Sweep rate is at
50 or 60 cps line frequency. Line voltage
of 113 or 230 v.a.c. may be selected by
means of an internal switch on the in-
strument.

The sweep generator measures 10%”
wide x 13%” high x 18” deep and weighs
35 pounds. The aluminum [ront panel
is gray anodized, with painted case.
Price is approximately $750. A

Monterey ME-109 “Squaremaker”
For copy of manufacturer’s brochure, circle No. 67 on coupon (pages 17 & 88).

HE Model ME-109 “Squaremaker”

by Monterey Electronic Products is
an inexpensive accessory that converts
the sine-wave output of an audio oscil-
lator into a fast risetime square wave.
The unit consists of a two-stage transis-
tor overdriven amplifier which uses fre-
quency compensation and feedback in
order to produce an excellent quality
square wavelorm. Power for the transis-
tor circuit is obtained by rectifying and
filtering the sine-wave input by means
of a two-diode voltage doubler. The en-
tire circuitry is contained within a one-
inch diameter tubular metal housing
which is {our inches long, with connect-
ing leads. The “Squaremaker” resembles
a slightly oversized scope probe.

The output frequencv and amplitude
of the output square wave are deter-
mined by controls on the audio oscillator.
A maximum square-wave output voltage
of 35 v. (p-p) is obtained with a 25 v.
r.m.s. sine-wave input; satisfactory
square waves may be obtained with in-
puts of less than 1 volt.

The risetime is better than 50 nsec.
into a 2000-ohm load. The unit can be
used over a frequencv range from 1 ¢ps

www americanradiohistorv com

to 1 mc., although it starts to show tilt
(5%) at 15 cps and slight rounding (5%)
at 500 ke. There is no observable over-
shoot or ringing.

The device can be used to supply
square waves for hi-fi amplifier testing.
Frequency response and transient per-
formance of amplifiers can be compared
quickly with such signals. Also, the unit
can be used as a trigger source for op-
erating and testing counters, timers,
binaries, trigger, and multivibrator cir-
cuits. The square waves can also be em-
ploved to check quickly oscilloscope am-
plifiers. Because of the high harmonic
content of the output signals, they can
serve as a source of markers on a receiver
or scope trace. For example, a 100-kc.
input sine wave will produce r.f. cali-
brating signals every 100 ke. up to be-
vond 30 mec.

Still another use for the unit is educa-
tional. Pulse circuits may be studied and
experiments can be performed with dif-
ferentiators, integrators, clippers, clamp-
ers, sweep circuits, computer logic cir-
cuits, and industrial control networks.

The “Squaremaker” is available from
the manufacturer at a price of $15.95. A

ELECTRONICS WORLD
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Astrovision
(Continued from page 43)

items, they are designed to operate from |
a single-phase, 115-volt, 60-cps power |
line. Our jets have an electrical gen- |
erating system rated at 160 kva., |
115/200 volts, three-phase, four-wire,
400 cps. A total demand of less than 500 |
watts in the video system dictated the
use of a 400-cps to 60-cps converter
rather than a redesign of the equipment |
for 400-cps use.

The converter was designed for this
application by the Unitron Corporation.
The converter is a static, silicon-rectifier.
transistor-controlled device, operating |
on a three-phase, 200-volt, 400-cps input
and producing a single-phase, 117-volt, |
60-cps sine-wave output. Early experi-
ence indicated that a sine-wave power
supplv would be necessary for optimum
performance from the recorder, although
it did operate well on a square-wave in-
put. The camera was completely unac-
ceptable when used with a square-wave
power supply.

The most difficult problem faced by
the converter is the initial surge load
caused by starting the recorder. This
starting load is practically indistinguish-
able from a short circuit as far as the
counverter is concerned. It appears to
be due to the large number of filter
capacitors used in the recorder. An in-
ternal protective circuit occasionally pre-
vented starting of the system during
initial tests. It was determined that a
time delay on the protective circuit
would be required. A single flip-flop cir-
cuit allows the converter to feed an
overload for two seconds. If the overload
has not disappeared, the circuit is inter-
rupted for two seconds, then automati-
cally reinstated for another interval.

Stereo Audio System

Music is produced from two stereo
tape reproducers, amplified, and dis-
tributed through shielded conductors to
jacks at each passenger seat. The pas-
senger is provided with an acoustic head-
set made of lightweight plastic in a
stethoscope arrangement. The headset is
connected by plastic tubes to a compact
control unit containing two audio trans-
ducers and an individual volume con-
trol for each transducer. The control unit
has a short lead terminating in a three-
conductor phone plug which may be in-
serted in any one of the three jacks
available to each passenger.

The stereo tape reproducer and am-
plifiers were built for this application
by the Gables Engineering Company.
The tape reproducer is basically an ex-
tension of the monophonic tape machine
that has been in use on our jets for some
time. The mono music was fed to the

overhead speakers of the ship’s p.a. sys-
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New University 8000: $29.95.
With slide switch (the 8100): $31.50.
Mode! DS-10 Desk Stand: $6.95.

It's a cardioid. It's dynamic. It's
shock-mounted. It offers variable
impedance and uniform wide-range
response. It's designed and made by
LTV/University and it's less than
$50.00. Less than any other cardioid!
It's only $29.95. And it's sold with the
world's only five-year microphone
warranty!

The new University 8000 is a “first"”

and “only.” For those who like to be ex-
clusive, that's one reason for buying it. The
important reasons may be found in the follow:
ing microphone buyers’ guide!
There Are Cardioids...and Cardioids. All car-
dioids are essentially "'deaf’’ to sounds origi-
nating from the rear. They're invaluable for
eliminating background sounds, for use in noisy
and reverberant areas, for reducing feedback
and for permitting a higher level of sound rein-
forcement before feedback would normally
occur. BUT—not every cardioid uses rugged
dynamic generating elements. There are crystal
cardioids which offer high sensitivity and out-
put. But their response is limited; deterioration
is rapid due to heat, humidity, rough handling.
The University 8000—a cardioid dynamic—is
virtually indestructible.

%
#AL SUCCESS STORY

Why the new 8000
is the most demanded
microphone (o its kina

Tape Recording. Cardioid mikes are essential
for quality recordings. They pick up only the
performer over a wide frontal area. They pre-

vent the output of speakers from affecting the
mike, thus eliminating feedback squeal, and
permit recordists to work from far or near. For
stereo, only cardioids can assure proper bal-
ance, if both are matched. University quality
control makes any two 8000's absofutely

identical “‘twins’’ to assure full stereo effect.
Realism. The new 8000 offers wide-band
response, extremely uniform to eliminate
sibilants (hissing S's), bass boom and tinny
treble. Its reproduction quality is virtually in-
distinguishable from the live performance. The
8000 has variable impedance— 250 to
20,000 ohms, and comes with a 15-foot cable.

For complete specifications, ask your dealer
for literature or write LTV/University, 9500 W.
Reno, Oklahoma City, Oklahoma, Desk SM-35.

u [LTP N7
UNIVERSITY.

A DIVISION OF LING-TEMCO-VOUGHT. INC.

9500 West Reno, Oklahoma City, Okla.

CIRCLE NO. 231 ON READER SERVICE PAGE

in ,
your mail

Include

I1P CODE NUMBERS

PUT ZIP

Som S R
380 WEST 33 ST,
NEW YORK, N.Y. (10004
Ma_ RICHARD SMiTH
220 EAST 85 ST.
NEW YORK NY (10028
IN ALL ADDRESSES |

POSTMASTER

=2
——
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“A professional
quality TV
system priced
for the home?”

"Try this!”

“ understand that professional TV systems

use 75 ohm coax.”’

“That's right. Because coax minimizes interference
and ghosting.”

‘“‘How’s that?”’

“It's shielded—doesn't pick up noise. Also, it's
unaffected by changing weather conditions,

With 300 ohm twinlead, moisture can play

havoc with the signal.”

““So, that's it.”’

“What's more, you can feed coax thru all types

of surfaces, even near metal, without interfering
with performance.”

“I'd like to have a system with TV outlets all over
the house —bedrooms, kitchen and patio.”

“The new two-transistor Blonder-Tongue Vamp 2-75
is easy to install and it can deliver sharp, clear
pictures to as many as 8 TV outlets.”

“‘Sounds real professional. What about the cost?”’
“"The rugged, weatherproof amplifier with remote
power supply lists for only $44.95.”

“I'm on my way to my dealer.”

(This message was paid for out of the gross profits of
BLONDER-TONGUE, 9 Alling St., Newark 2, N.J.)
70 CIRCLE NO. 162 ON READER SERVICE PAGE

www americanradiohistorv com

tem and was generallv used on the
ground. In the stereo version, a four-
channel tape is used at a speed of 3%
inches per second.

Unlike the conventional stereo tape
player with two pickup heads that re-
quires the tape reel to be removed and
turned over, the Gables machine has four
pickups, one tracking each channel on
the tape. This allows continuous plaving,
with only a momentary interruption at
the end of a reel due to reversing the
direction of the motors and switching to
the appropriate pickup head. The tape
reprodncer contains the preamplifiers,
power supply, and the control and
switching relays. Modular construction
and solid-state circuits keep the physical
size to a minimum.

The it is mounted on a standurd
aircraft rack and is located in the elec
trical and electronics compartment of
the aircralt below the cockpit Hoor, but
in a pressurized area. Since these units
were specifically designed for aircralt
nse, thev operate on 400-cps power di-
rectlv [rom the airplane’s electrical svs-
tem. The preamplifier output is routed
to two amplifiers also located in the
electrical compartment. Each amplifier
is rated 40 watts at 1000 cps. Provisions
are made for three audio inputs, two
microphone inputs, and one music input.
This allows the amplifier to be used as
a stereo system amplifier or as a public-
address svstem amplifier. The nominal
music input level is 0.07 volt for rated
output. The frequency response of the
amplifiers is 100 c¢ps to 10 ke. with a

| variation of not more than 4 db.

Aircralt safetv requires that the cap-
tain be able to communicate with the
passengers at any time. Normally this
is accomplished by a public-address svs-
tem. However, since the passenger might
have a headset on and be listening to
either of the two stereo svstems or the
television audio svstem, the captain’s
p.a. announcements must be switched
into these three andio channels on a first-
prioritv basis. In the case of the two
stereo svstems, this was relatively sim-
ple due to the audio amplifiers already
having priority relays built in such that
the microphone input overrides and cuts
out the music input. For the television
audio svstem it was necessarv to add
the prioritv relav in the ship’s wiring

| svstem. This relay was installed in the

circuit between the video tape recorder
output and the audio distribution am-
plifier.

There is one additional feature ol the
music svstem that compensates for the
removal of the old mono tape plaver. A
relav controlled by the stewardess can
switch stereo svstem #2 into the cabin
overhead speakers. This allows the con-
tinued practice of having cabin music
while passengers are deplaning or
boarding,

ELECTRONICS WORLD
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ELECTRONIC
CROSSWORDS

By JAMES R. KIMSEY

(Answer on page 953)

AC
1

ROSS
. To damage the surface.

Dry.

. Vibrating wood sliver.

2
3
4. Makes lace. 4. Muscular twitch.
8. Hotel. 5. Social insect.
11. Raw metal. 6. Tropical plant.
12, - - - - = amplifier,” the stage 7. Missteps.
feeding the antenna in a trans- 8. Lower than r.f. (abbr.).
mitter. 9. Musical tone, in writing.
13. Enemy. 10. Require.
14. Insulaling material between 12, Element (abbr.).
any two parts of an electronic 15. Musical instrument.
unit. 16. Area on bird’s bill.
17. An element (abbr.). 20. Miniature receiving tube hav-
18. - - - - currents,”” sometimes ing nine pins.
called Foucault currents. 22. Type of current (abbr.).
19. Not closed. 23. “---- -up transformer,” a
21. Wood file. transformer in which the sec-
25. Ticket situation at hit show. ondary winding has more turns
26. Commonly the stage or circuit than the primary.
in a radio set that demodulates 24. Radioactive elecment (abbr.).
ithe r.f. signal into its audio or 26. ‘- -- Moines.”
video component. 27. Consume.
30. Always. 28. Secure tightly.
33. Organ of hearing. 29. Not common.
34. Part of "'to be.” 31. Period.
35. Small upright support in wall 32. Masculine name.
framing. 36. Calorie counting.
37. An optical illusion which 38 The common system of radio
makes an object appear dis- broadcasting (abbr.).
placed when viewed from a 39. Coin of the ancient Roman
different angle. republic.
41. Female relative (slang). 40. Young girl (Scottish).
43. Semiconductor type. 42. A wire connected between
44. Property. segment ends in the anode of a
17. Auction. cavily magnetron to promote
51. A 10- or 12-inch, 33'%5 record operation in the desired mode.
(abbr.). 44. Female voice range.
52. A solid-state device made from 45. Space between two consecutive
semiconductor malerials. points of support in a conduc-
56. Beret. tor or cable.
58. Native ruler in parts of Asia 46. Identical.
(var.}. 48. Smallest unit of any chemical
59. Broad sash worn with a Jap- element.
anese kimono. 49. One of the loops in the radia-
60. Single unit. tion pattern of an anlenna.
61. Partially carbonized vegetable 50. Ireland (poetic).
tissue. . 53. Educators’ association.
62. Homo sapiens. 54. To place a binary cell in the
“1" state.
DOWN 55. “- - drop,” the voltage drop
1. A microwave term specifying produced across a resistance
the type of oscillaliion occur- by the flow of current through
ring in a waveguide, cavity, or it.
tube. 57. Pronoun.
i 2 3 4 5 6 7 8 9 10
" 12 13
14 o |13 16 17
8 19 20
2l 22 |23 (24 25
26 |27 |28 29 30 34 32
33 34
35 36 37 |38 39 |40
41 42 43
44 (45 46 47 |48 |49 |50
51 52 53 |54 |55
56 57 58 59
60 (Y] 62
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america’s most popular
tube tester

. . . because it
finds the
"tough dogs’’
others miss!

THE NEW SENCORE TC130
MIGHTY MITE 111 TUBE TEST

New in looks and compactness, updated with many exclu-

sive features. The MIGHTY MITE tester, long America’s
most popular tube checker because it has the versatility
and reliability professional servicemen demand! The
MIGHTY MITE Ill checks them all — more than 2,500 tubes
plus picture tubes, including the new frame grid tubes
(has four extra sockets for latest iubes). It's fast and
thorough, checks for control grid leakage, then, with the
flick of a switch, tests for interelement shorts and cathode
emission at full operating levels. Uses costly moving coil
meter for high sensitivity (100 megohms) to find those

"tough dog” tubes other low-sensitivity
testers miss. In versatility, reliability, porta-

bility and operating simplicity, the TC130 is $ 50
your best buy in tube checkers at

COMPARE THESE MIGHTY MITE Il FEATURES:

Lower voltage for MNuvistors and all frame grid tubes ® Unique
circuit tests for inter-element shorts, each and every element ® Checks
cathode emission at full operating levels ® Checks control grid leakage

at 100 megohms sensitivity, like “eye tube’ testers.

Speed-indexed set-up cards greatly reduce look-up time ® Simplified
panel layout speeds checks, prevents errors ® Burn-out proof, stick-
proof meter ® Sturdy, all-steel case, rubber feet ® Styled for
modern, professional look

professional quality — that’s the difference!

S ENCORE

426 SOUTH WESTGATE DRIVE e ADDISON, ILLINOIS
CIRCLE NO. 143 ON READER SERVICE PAGE ”
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. WORLD'S
FINEST

ERSIN

MULTICORE

ony ¢

BUY IT AT RADIO-TV PARTS STORES
MULTICORE SALES CORP.PORT WASHINGTON, N, Y.

CIRCLE NO. 130 ON READER SERVICE PAGE

eIeetremes degree
now in 36 months!

Small professionally-oriented college. Four-
quarter year permits degree completion in
three years. Summer attendance optional. En-
gineering: Electrical (electronics or power op-
tion), Mechanical, Civil, Chemical. Aeronau-
tical. Business Administration: Accounting,
General Business, Motor Transport Administra-
tion. One-year Drafting and Design Certificate.
program. Graduate placement outstanding.
Founded 1884. Rich heritage. Excellent faculty.
Small classes. Well-equipped labs. New library.
New residence halls. Attractive 300-acre cam-
bus. Modest costs. Enter June, Sept. Jan.,
March. For Catalog and View Book, write Di-
rector of Admissions.
O

1635 College Ave., Angola, Indiana

Electronic Timers
(Continued from page 41)

this reason, timing capacitors should be
chosen for a very low dielectric-absorp-
tion characteristic to avoid degrading the
timing network.

Electronic timing control is particu-
larly suitable as a protective measure in
the automatic metal stamping operation
of small punch presses. Machines of this
type operate at very high speeds and are
subject to jam-up and buckling il the
stampings are not ejected according to a
preset time schedule. In the arrangement
shown in Fig. 6, raw metal stock is con-
tinuously fed to the die of the machine
and cut by the up-down stroke of a ram.
As the stampings are punched ont, micro-
switch §1 (normuallv open) is positioned
so that its contacts close only when the
actuating lever [alls into one of the pilot
holes. The switch functions as an initiat-
ing means to energize timer 1, which is
adjusted so that the time delay is slightly
longer than that required ‘to pull in the
relay. If the machine functions properly,
the timer resets each time the control
switch is actuated, and the motor is con-
tinnously energized through the nor-
mally closed contacts of the relav. If the
switch remains closed for a period ol
time after the preset delay has elapsed
(due to jamming or defect of the ma-
chine). the timer continues to cvcle and
the relav is energized. This action dis-
connects power from the motor, which
shuts down the machine and simulta-
neously activates a warning alarm,

Automatic ejection of the stamped
parts is accomplished by means of short
blasts of compressed air. As the ram
completes its up-stroke, limit switch S2
momentarily closes and initiates timer 2.
After a preset interval, timer 2 energizes
the solenoid-operated air valve, and the
resulting air blast ejects the completed
parts in the proper sequence.

Timing controls are also widelv used
in plastic molding processes to coor-
dinate an entire cvclic operation involy-
ing electrical, hvdraulic, and mechanical
functions. In the simplified automatic in-

FEED HOPPER

INVECTION
CYLINDER

PLUNGER

L2

VALVE 2

TIMER 2

HEATING
CYLINDER

LIIIIIIIIIII IS Ao

’II/III//I/I///////I/////

PLUNGER (FORWARD POSITION)

jection molding machine shown in Fig.
7, granular plastic material is placed in
a hopper and fed in measured amounts
to a heating cvlinder. There it attains a
fluid consistency under constant temper-
ature conditions. When the safetv gate
is manually closed, limit switch S1 is
tripped and timer 1 is energized to
initiate the over-all cycle of the molding
process. Timer 1 actuates the solenoid of
valve 1 which causes the valve spool to
shift and admit hvdranlic fluid (not
shown) to the blind section of the clos-
ing cylinder. The hydraulically operated
piston causes the mold to close, and
when the faces of the molds meet, limit
switch S2 is tripped to energize timer 2.
Timer 2 actuates the solenoid of valve
2 which causes the valve spool to shift
and admit fluid to the blind section of
the injection cvlinder. The piston moves
the plunger forward and forces the mol-
ten plastic through a nozzle into the
mold cavities. After a preselected time
interval, timer 2 completes its cvele, the
spool of valve 2 is spring-returned to its
original position, and thiid is now admit-
ted to the rod section of the injection
cvlinder. During this period of time, the
material in the mold is allowed to so-
lidify and after a predetermined cooling
period, timer 1 completes its cycle. The
solenoid of valve 1 is de-energized and
the valve spool is spring-returned to ad-
mit hydraulic fluid to the rod section of
the closing cvlinder. This action allows
the mold to open and the completely
solidified object is ready for ejection. In
applications where it is necessarv for the
injection plunger to advance and return
several times in succession in order to
compact the plasticized material, an ad-
ditional reset timer, or stroke counter,
may be mmcorporated in the process.
The aforementioned examples repre-
sent only a few of the many different
combinations of timing systems avail-
able for automated industrial processes.
In most applications, timing units serve
as the basic building blocks for such sys-
tems; and since there is a lack of stand-
ardization in this field, new svstems must
be designed for each particular require-
ment. A

Fig. 7. How timers
control operation
of injection molder.

CLOSING
CYLINDER

Ll

TIMER |

INJECTION
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TRANSISTOR
TESTING WITH
AN OHMMETER

Resist the temptation to check
transistors with an ohmmeter
until you have read this item.

N ohmmeter can be an invaluable aid
in the servicing of transistorized
equipment, but it can also be a source of
concern. The ohmmeter can be used to
locate opens and shorts in transistors and,
with a little experience and/or the use of
comparative readings, can be used to
check for abnormal readings.

If the meter polarity is known, the

transistor type (n-p-n or p-n-p) can be
determined quite rapidly from the ohm-
meter, Since base-to-emitter and base-to-
collector forward bias resistances are
comparatively low, the type of base ma-
terial (n-type, or p-type) can be readily
identified by making forward and re-
verse bias readings between each pair of
elements and assigning probe polarity to
the element (base) that produces low
value readings to the other two.

Before attempting to test a transistor
with an ohmmeter, be sure that the volt-
age across the meter test probes does not
exceed the maximum voltage ratings of
the transistor, and that the series resist-
ance of the meter is sufficient to limit the
current through the junction under test
to a safe value. When the maximum volt-
age ratings of the transistor are not avail-
able, refer to the schematic of the device
being serviced to obtain the d.c. operat-
ing voltages which should be below man-
ufacturer’s maximum ratings.

Since the voltage and current ratings
of many transistors used in home enter-
tainment equipment are quite small, it is
considered good practice, when testing
these units, to use a 20,000-ohms-per-
volt meter supplving not more than 1.5
volts across its test probes, and the use
of the “RX 100" scale to insure sufficient
series resistance to limit junction current
to values well below the maximum rat-
ings of the unit being tested.

In no case should a meter containing
a battery with a voltage rating exceeding
15 volts be used without the addition of
a series resistor to protect the transistor
from accidental damage.

This article does not constitute a rec-
ommendation for the use of an ohmmeter
in lieu of a quality transistor checker, but
is intended to prevent transistor damage
when using an ohmmeter as a “go/no-
go” transistor tester when reasonable
precautions are taken.

The above information is from G-E
“Audio Notes.” A
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NEW 1965 GIANT CATALOG
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COW
PRY

Satisfaction
GUARANTEED
or your
money
back!

OUTSTANDING

MONEY
SAVINIEG

BUYING GUIDE FOR:

e Stereo & Hi-Fi Systems and Compo-
nents ® Tape Recorders ¢ Electronic
Parts, Tubes, Books ® Phonos & Rec-
ords ® Ham Gear ® TJest Instruments

NO MONEY DOWN
PLUS REVOLVING
CHARGE ACCOUNT

100’s of papes
packed with
savings
 wnlh I G G BN G I G GEED ST D B A

I BURSTEIN-APPLEBEE CO. Dept. 49,
1012-14 McGee 5t., Kansas City 6, Mo.

l [J Rush me the FREE 1965 B-A Catalog.

NAME and Kits ® Cameras and Film  Public
Address ® Citizens Band ® Transistor
ADDRESS & FM-AM Radios.

e e ¥ RUSH COUPON TODAY

CIiRCLE NO. 163 ON READER SERVICE PAGE

CRASH! BANG! KNOW WHAT’'S GOING ON!

— -
POLICE!! FIRE!! SHERIFF!! RADIOS!! A Gt a3 Ml ae)3

Add programs of commercial-
free music thru your FM tuner
when plugged into multiplex
output of tuner or wired into
discriminator. Detector, self-
pawered, permits reception of
fomous background music pro-
grams now f{ransmitted os hid-
den programs on the FM broodcost band from coost

FOR HOME, AUTO OR PORTABLE BATTERIES

DEMAND IS TREMENDOUS,
WRITE TODAY, FOR WHOLESALE PRICES

MAR-KO DIST. 3i.0 cho

to coast.

C. B. ANTENNAS
Tel Star Ground Plane GP-11

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

4 Radials cab ok acce as il sdlbahs $12.95
Tel Star Super Ground Plane GP-11 MUSIC ASSOCIATED
8 Radials =oblae . wowd- -am 8405 ...%$16.95 65 Glenwood Road

Upper Moniclair, New Jersey
phone 744-3387 area code 201

Dealers wanted

l»g?MET ELECTRONICS
ox 2

P.0O. B . Matn Street
F.0.8. Tilton. New Hampshire
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QUICK-WEDGE

SCREW-HOLDING SCREWDRIVER ~

HOLDS THE SCREW

so firmly, the screw
virtually becomes part
of the screw driver, to
help you

START THE SCREW

anywhere .. . even in
hard to get at places,
then . ..

§ DRIVES THE SCREW

straight, to save time,
energy and your frayed
nerves

QUIEK-WEDLE 2754 -Seit Lase

Plus they're
UNCONDITIONALLY
GUARANTEED

Try one at your

dealers or write
KEDMAN COMPANY Box 267 + Solt Loke City, Utah 84110
CIRCLE NO. 192 ON READER SERVICE PAGE
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signals in the VHF bands.

355A AM/FM TUNER $499%

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

KUHN ELECTRONICS
CINCINNATI 17, OHIO

Tuner covers 26-54 and 88-174 MC
in eight overlapping bands with
good sensitivity. ldeal for use with
amplifier or Hi-Fi to listen to Air-
craft, CB, Fire, Police and other

SAY YOU SAW IT IN

Electronies World

EARN &:ei: DEGREE
Yo

1 can earn an A.5.E.E. degrec at home. Collezc
teve! HOME STUNY courses taught se you can under-
stand them. Continue vour education, earn more in
the highly paid electronics industry. Missiles. com-
puters, iransisiors. automation. complete electronics
Over 27,000 graduates now employed. Resident
school available at our Chicago campus—Founded
1934. Send for free catalog.

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

RGAIN
w#ﬂﬂﬂl&' 2

FREE! GIANT
SENSATIONAL

ELECTRONICS CATALOG

HENSHAW TV SUPPLY

e ¥.. 3617 TROOST, KANSAS CITY, MO.
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HIGH-*Q)” DETECTOR

and

- NOISE-LIMITER SYSTEM

ESPITE its simplicity and wide ac-
ceptance, the familiar diode AM
detector has many faults when used
alone, and involves a large nnmber of
somewhat unhappy compromises when
combined with an a.v.c. circuit and noise
limiter. Chief among these faults, and
the only major one which cannot be
evaded by some expedient compromise,
is the loading of the last tuned circuit by
the diode and its attendant components.
This has the same effect as a shunt resist-
ance across the coil, lowering its effective
“Q” and making it tune broadly.

Although other detectors, such as the
infinite-impedunce type, have been pro-
posed to eliminate this trouble, they do
not, in general, permit easy derivation of
an a.v.c. voltage; and many of the special
detectors, despite their proven merits
wlen used alone, are not easily compat-
ible with standard impulse-noise lim-
iters. In unhappy consequence, most
receivers still use the diode detector,
with all its faults.

With the increasing need for greater
selectivity on all bands, and the prolif-
eration of industrial-tvpe noise in areas
that only recently were orange groves or
barren desert, need for an improved de-
tector—noise-limiter system has become

By RONALD L. IVES

A communications receiver circuit that results in
improved selectivity and good impulse-noise limiting.

critical. Happily, both of these needs can
be met by a simple combination of a
cathode follower and a Makino-type de-
tector, as shown in Fig. 1. This combina-
tion eliminates the diode loading on the
last tuned circuit by interposing a cath-
ode follower (which is actually a power
amplifier) between the tuned circuit and
the load, thereby increasing selectivity;
and very greatly reduces impulse-type
noise, through the action of the Makino-
type detector, which also produces a.v.c.
voltage.

Operation is as follows: The signal
from the last tuned circuit (L1, C1) is
power amplified in the cathode follower,
V1A. This is an entirelv conventional cir-
cuit, operating in a standard manner,
and needs no special explanation.

The power-amplified signal is passed
on to the rectifier diode (V1B) by a me-
dium-sized coupling capacitor C4, here
.02 wf. The negative signal envelope,
through the diode, becomes a charge on
C6, which supplies a.v.c. voltage to the
system. The positive envelope, smoothed
by the RC network (R7,R8,R9,C7,C8),
goes to the cathode of the noise-limiting
diode V1C. As the negative path to the
cathode of V1C is of considerably lower
resistance than the positive path, the

Fig. 1. Circuit is a combination of cathode follower and a Makino-type detector.

R4 cs ce RS co
Ii¢ 22MEG  p v | AF.
100-300y, " WWW\—4 ouT I ouT
1= g .ool
| Vialg = vig sl Vic
c2
EASI {001 === [ o
I.F. TRANS. | p R6
_.L.) _——— 27K
l — 1 =——n
Cl i
== 7 S RIO
- | 3
[ ) ca (,02 | 6Fm8 SIMEC
: Ay 3Rs s R7 ‘
.47 2
—— 4 IMEG.23.3K R8 27K HTR.
¢3|.02 47K
—  AA— 4 5
R2 c7 c8 R9
ik s - a70x| 6-3V.AC
||o ||oo

www americanradiohistorv com

ELECTRONICS WORLS


www.americanradiohistory.com

first
time

LYING
‘ ﬁNNL pilots. yide \

1 \

FLYING
ANNUAL

Y
196 & pilots’ guice
182 pages brimming with facts, b
prices, performance comparisons, and |
featuring 23 pilot reports — with how-
to articles that iflustrate new tech-
niques for increasing your flying skills
—with a full-color state chart included
as a handsome bonus! Dan’t miss the [
FLYING ANNUAL — it's the most valu- |
ablz aviation yearbook ever compiled!

4 DELUXE EDITION

Leatherflex-bound

... just $250|

A handsome and permanent
edition that belongs in
every airman’s library!

Great way to preserve
this valuable “collector's
item” for constant use
all during 1965. (Check
appropriate box

on coupon.)

FILL IN AND MAIL THIS COUPON TODAY!

2iff-Davis Service Division / Dept. FA
589 Broadway / New York, N.Y. 10012

Roger! Send my copy of the 1965 FLYING ANNUAL
right away!

3 $1.25(plus 15¢ for shipping and handling,
25¢ outside U.S.A.) is enclosed. Send me
the regular edition.

)

|

|

|

|

|

|

I

] [0 $2.50 enclosed. Send me the Deluxe
Leatherfiex-Bound edition, postpaid. (Al

: low two extra weeks for delivery.)

NAME

: ADDRESS

|

|

|

CITY

ZIP CODE EW-35
{Payment must be enclosed with order)

W o e — — — —— ——— —— o .

March, 1965

| cathode is normally negative with re-
spect to ground, and the diode conducts,
its plate being returned to ground
through R10. Variations in this conduc-
tion, at an audio rate (the modulation),
are passed on to the audio amplifying
system by C9. Variations at signal fre-
quency are filtered out by the network
C7, RS, C8.

Impulse noises, which are steep-sloped
“spikes” superimposed on the signal
wavelorm, are “filled in” from C6, by
condnction throngh V1B, if negative-go-
ing, and do not reach the audio output.
Those parts of the positive-going noise
impulses that pass through the signal
frequency filter (C7,R8,C8) reach the
cathode of V1C throngh R7, reducing or
stopping conduction through that diode.
As this signal cut olf is of very short dura-
tion, the andio frequency effect ol im-
pulse noise with this circuit is almost
imperceptible.

Despite the apparent “backwards”
connection ol the rectifier and noise-lim-
iter diodes, this circuit, which is a vac-
| wum-tube version of the Makino detec-
tor-noise limiter, performs the requisite
detection, a.v.c. generation, and noise-
[ limiting functions exceedingly well.

Constants shown here are for an i.f. of
455 ke., and the circuit, as shown, ac-
tually has less distortion than most diode
detectors used without a noise limiter.
Trouble will be experienced, however,
with certain musical passages, as the
noise-limiting function will mute the\

tympani.

Although a 6F°'M8 tube is specified,
the circuit will work just about as well
with any reasonable triode-dual diode |
| combination, such as a 6C4 or a GALS. |
If desired, V1B can be replaced by a
germanium diode without impairing per-
formance. A silicon diode, which has a
“toe” on the characteristics, should not
be used here, however.

Circuit constants are not at all critical,
and 10% components are sufficiently
precise for most installations. When this
circuit is installed in a pre-existing re-
ceiver, the last tuned circuit will prob-
ably need readjusting, as it will now tune
much sharper than with a conventional
diode detector. If the receiver is un-
stable, it will be more so with this detec-
tor, as the last tuned circuit is now not
loaded, and has a considerably higher
effective “Q.”

For most amateur, CB, and commer-
cial phone receivers, this improved de-
tector circuit seems ideal, giving some-
what improved tuning sharpness cou-
pled with excellent impulse noise limit-
ing. For the audiophile, who is interested
in wideband tone reproduction rather
than maximum speech intelligibility, the
circuit is not recommended. as it will un- |
avoidably narrow the bandwidth of the
receiver and limit audio impulses, some
L of which are musically desirable. A
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. .Pf'fhunde'cbolt

£ Mank 4

It’s Delta’s new Series 112, Mark
10 SCR Capacitive Discharge Ig-
nition System, the true electronic
solution to major problems of
engine operation.

You read about it in the October
5 edition of Electonics, and the
November issue of Electronics
World. These earlier models have
undergone millions of miles of
field testing from Cape Town to
Fairbanks

Now, from Delta, the original
designer of the famous Thunder-
bolt Mark 10, comes a radically
improved, high performance
model, offering new levels of per-
formance and economy. Series
112, with its higher energy out-
put and improved circuitry, easily
outperforms any other ignition
system, regardless of cost.

AND, the Mark 10 DeltaKit can
give you the fun of making this
system yourself, with it’s easy to
follow instructions.

BOTH units available for 12 volt,
positive OR negative ground. A
Delta Exclusive!

Assembled MARK 10
Unit DELTAKIT
$49.50 $34.95

available ONLY
{from factory

from dealers
or factory

Dealer and distribulor inquiries inviled

DELTA PRODUCTS

Box 974
Grand Junction, Colo.
Lrclosed is . Ship Prepuaid
[ Ship C.0.D.
Please send:
1 Mark 10 Assembled at $49.50

[] Mark 10 DeltaKit at $34.95
SPECIFY—[] Positive or [] Negative Ground

Name. = =
1ddress. I—
City___ State

CIRCLE NO. 265 ON READER SERVICE PAGE
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Scott Kits ‘.. met or exceeded
all...specifications...” ...

- e

@ 90

© o

o &

. O

Scott kits consistently deliver the finest performance on the market. Scott
kits are designed to the same rigid standards and specifications as factory-
wired units. Critical wiring and alignment is done at the factory. Full-color
instruction books make these kits a breeze to put together.

The LT-110B FM STEREO TUNER features Sonic Stereo Monitor and
factory-wired, “front-end” and Time-Switching multiplex sections. 2.0 v
IHFM sensitivity. $139.95.

The LK-48B 48-watt STEREO AMPLIFIER has power enough for any
music system . . . front headphone output, powered center channel for
driving extension speakers, 13 front panel controls. $129.95.

SCOTT®

Export: Scott International, 111 Powdermill Rd., Maynard, Mass. Cable HIFI

000000000000000000000000000000000000000000000000000000000000000
CIRCLE NO. 200 ON READER SERVICE PAGE

®

° — 160-03
e ! FREE TWENTY-PAGE BOOKLET

o ‘ H. H. Scott, Inc., 111 Powdermill Road, Maynard, Mass.

. ' Rush me Scott's free twenty-page Custom Stereo Guide:

[ ] |

: Name . ..voeoun oo iAW a@le Aloimmemamse o AdAress . .uveiiieneernneien.
° . .

: B co0008000g00 e - e StRte Ihwaima shiwmse - . Zip ... o
[ ]

®

®

®

®

L J

®

[ ]

Winegard
BOOSTER COUPLER

A Dramatic Improvement
on an Old Favorite

A BETTER waYy
TO REPLACE
SOLDERED
COMPONENTS

LENGTH 8~
WEIGHT 32 02.

z Pencil
F& Desoldering
/ iron
MODEL 300

b gliea :
Now—remove miniature soldered com-
ponents in seconds—without damage

BC-208 g
Runs 1-4 TV or FM Sets
Replaces Model WBC4-X

Winegard engineers have used two of the new
6HAS ampliframe shielded triode tubes and
new circuitry to create the all new Winegard
Booster coupler that dramatically increases
signal power & cuts noise to a minimum. This
increased power means 8 DB gain to each of 4
outputs, reducing snow, picture smear and
interaction between sets.

FM gets a boost in this new circuit as well,
becauseit coversthe entire FM Band 88-108MC.
The new BC-208 Booster Coupler is another
forward-looking product from Winegard . . .
providing better color, black and white and FM
reception. Ask your distributor or write today
for spec. sheets.

Wineyald Uo. SYSTEMS

3003-D Kirkwood * Burlington, lowa
CIRCLE NO. 237 ON READER SERVICE PAGE

Hollow tip fits over connection; vacuums
all solder for easy removal of component,
Leaves terminals and mounting holes clean.
Then, with 360° contact, it resoiders even
faster and better than regular irons. Han-
dles miniature and standard components in
printed circuit boards and conventional wir-
ing. Self-cleaning. All parts replaceable. 40
watts, 115-v. 5 tip sizes. Pays for itself in
time saved. $9.95 net East of the Rockies.

Larger model available. See your distributor or write:

ENTERPRISE DEVELOPMENT CORPORATION

AN
1102 E. 52nd » |INDIANAPOLIS, IND. 46205 BN

CIRCLE NO. 146 ON READER SERVICE PAGE
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NEW!

Eliminating Impulse Noise
(Continued from page 38)

from being heard. When incoming sig-
nals are weak, as is often the case in
practical communications systems, FM
is as subject to impulse noise interfer-
ence as is amplitude-modulated systems.

The most practical approach to the
problem depends, to a large degree,
upon system requirements. General
Llectric’s two-way FM equipment for
commercial use favors the noise-blanker
approach, detecting the noise pulse by
AM techniques and using the resulting
gate signal to blank the pulse from the
FM circuits.

Hammarlund’s “Outercom” Division,
on the other hand, prefers to remove
noise by use of the rate-of-change lim-
iter, operating at audio frequency.

Both claim excellent results. In addi-
tion to these two approaches, almost any
other noise-limiter circuit can be made
to work for FM by detecting the pulses
at audio frequency and eliminating them
at that point in the receiver. A

CERAMIC CARTRIDGE
PHONO PREAMPLIFIER

HE schematic shiown in the diagram,

suggested by G-E, gives an RIAA
equalized output when used with ceramic
cartridges that have 1000 to 10,000 pf.
capacitance. Feedback equalization from
collector to base lowers the input im-
pedance, which gives the circuit the ad-
vantage of accepting a wide range of
cartridge capacilance and also makes it
less susceptible to cable capacitance ef-
fects and noise pickup.

The input impedance, about 30,000
ohims at 40 cps, decreases with increasing
frequency. This results in a velocity re-
spouse from the cartridge, and thus the
preamplifier frequency response is like
that required for a magnetic cartridge.

Using an Astatic 137 eartridge (7800
pf.) and the London PI’S 131 sterco-
phonic frequency test record, the output
is equalized within 1.6 db from 40 cps
to 12 ke. The oulput reference is 114
volis, which is 14 db below elipping and
70 db above the unweighted noise level.
The 1-ke. total harmonic distortion is
less than .1% at 114 velts output.

Using an Astatic 17 cartridge (1000

pf.), the preamplifier output is also
equalized within 1.6 db, but about 10 db
lower level. A
Al Al
ooz 120K I 2ma,
120K l
10
0015] _ Zwmes
=<
=k 2n2924 2n2926
T oK out
LEVEL

-
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AUTOMATIC
DEGAUNSER

Developed by G-E, this
degausser works every
time set is turned on.

HE automatic degausser circuit used
in the latest G-E color TV sets is
shown in the diagram. The circuit is con-
nected in the secondary of the power
transformer. The purpose is to automat-
ically degauss the picture tube shadow

mask each time the receiver is turned on |
from a cold start.

The two coils, L1 and L2, are assem: l
bled on the picture tube shield. One coil

is located at the top of the shield and the
other at the bottom. The two coils are |
connected in series so that their fields
are in the same direction. |
The voltage-dependent resistor R1 is
made from a special carbon and is a
symmelrical (current flows equally well
in either direction) and non-linear de- |
vice which changes its resistance -fer~|
rapidly with rapid changes in applied
voltage (resistance goes down with in
creased voltage). Although it is a type
of resistor, it has the characteristics of
two diodes connected as shown.
Thermistor R2 has a resistance of 120
ohms when cold and 2 ohms when hot.
The circuit operates as {ollows. At the

__|/

POWER
TRANS.

instant the receiver is turned on from a
cold start, the resistance of R2 is high
and approximatelv 60 volts a.c. is pres-
ent at the junction of L1 and R1. With
this voltage applied, the resistance of |
RI is verv low and approximately 2
amperes flow through L1 and L2 to pro-
duce the maximum a.c. magnetic field
at the shadow mask. At the same instant
the current flowing through R2 causes
it to heat, lowering its resistance and
therefore the voltage being applied to
the coil-R1 circuit. The resistance of R2 |
continues to decrease until it reaches its
lowest resistance of about 2 ohms. At
this point, the voltage across R1 has been
reduced to about 1 volt and the current
flowing through the coils is about .5 ma. |
It takes about 20 seconds to go from |
maximum field at 60 volts, 2 amperes to
an approximate zevo field. A

March, 1965

$500 per month ?

Diversify
into booming
two-way radio
maintenance!

Conservative extra income
from citizens band and
business radio
maintenance!

105-B 5
MICROMETER FREQUENCY METER

Tunable 25 to 500 MC any
crannel, Direct reading.

Light weight, Measures
peak swing 0-1.25,
2.5, 12.5, and 250
peak KC.

Measures nearby trans.
mitters, continuous
coverage 100 KC
to 175 MC, and
up. Internal
calibrator.
Only 8
pounds.

LAMPKIN

dependable low cost equipment
used by thousands of engineers.
PPM METER—inexpensive acces-

sory for the 105-B for 0.0001%
accuracy on split-channels.

LAMPKIN LABORATORIES, INC.
MFM Division, Bradenton, florida

At no obligotion tc me,

Free
booklet tells
you how-see
coupon below !

205-A FM MODULATION METER

pleose send me free

booklet ''How fto Make Money in Mobile-Radio
Mointenonce.
LAMPKIN LABORATORIES, INC. IS
MFM Division Address____

BRADENTON, FLORIDA City Stote

~_ CIRCLE NO. 128 ON READER SERVICE PAGE

[ ELECTRONICS

LOW-COST BUSINESS AIDS ‘
FOR RADIO-TV SERVICE
ENGINEERIMG & TECHNOLOGY
Small college trainimz at its best:

Order books, invoice forms, job ticket |
books, service call books, cash books and
statement books for use with your rub-
ber stamp. Customer file systems, book-
keeping systems, many others. Write for
FREE 32 PAGE CATALOG now. |
OELRICH PUBLICATIONS
6556 Higgins Rd., Chicago, IIl. 60656

Earn B.S. in 4 vrs..
vis. Spring Quarter Mareh 29

18758 Bryant St.

mall ciasses
industry-oriented facul y¥. educationaliy-sound courses
£.S. in only 2 yrs. A.A. in 17

Send for ¢Catalog R.

NORTHRIDGE COLLEGE OF ENGINEERING
Northridge, Calif.

don't buy another aerosol can of tune- cleaner

or volume control and contact resforer
unless it is NON-FLAMMABLE
ard you make this simple test:

TO BE SURE THE PRODUCT IS NON-FLAMMA-

BLE, SPRAY ON FLAT SURFACE. WAIT 1 OR 2

MINUTES. LIGHT A MATCH TO IT. IT EITHER IS

NON-FLAMMABLE OR IT ISN'T. NO 2 WAYS
ABOUT IT!

A message in the interest of TRUTH IN ADVERTISING by

ELECTRONIC CHEMICAL CORP.

Manvufacturers of Non-Flammable “NO-NOISE,”” TUNER-TONIC;
EC-44 and TAPE-RECO Head Cleaner.
813 COMMUNIPAW AVE. * JERSEY CITY 4, N.J.

CIRCLE NO. 179 ON READER SERVICE PA
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together sonventional
circuitry are eliminased
by the molecelar

iy eliminate your job in

Will the Space Age -

»

.
 (Photo courtesy of Westinghouse)

78 ELECTRONICS WORLD
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Protect your future through
the New CREI Programs in
Space Electronics

Will the space age end your career in electronics? Or will
it open up new opportunities for you? What happens
depends on whether or not you supplement your education
in electronics with the new knowledge needed to make
you a valuable employee today. The new CREIl Programs
in Space Electronics offer you the up-to-date knowledge
employers want and need.

SPACE DATA SYSTEMS—Includes multi-channel
recording, analog to digital conversion systems, data
acquisition and processing.

SPACECRAFT TRACKING AND CONTROL—
Includes such areas of space technology as orbit calcu-
lation and prediction, inertial guidance, electromagnetic
wave generation, space surveillance and environment.

AEROSPACE RADAR ENGINEERING—includes spe-
cialized knowledge of surveillan:ze radar, antennas,
receivers, components and microwave equipment used in
space applications.

m The first extension programs developed specifically to
help men in electronics apply their experience to the
space effort.

® Content developed to meet employment requirements
as determined by consulting government and private
organizations in the space field. Text material prepared in
leading space-oriented organizations.

CREI also offers specialized education in these important

*

areas of electronics: Automation, Industrial, Nuclear,
Servomechanisms, Computers, Radar, Communica-
tions, Aeronautical, Navigational and Television.
YOUR JOB IS IN DANGER if you work You are eligible for these programs if you work in elec-
on the routine level where new automated tronics and have a high school education.
manufacturing techniques are rapidly
Kk replacing men. And your job is in danger FREE BOOK gives full information on CREI programs.
if you haven’t learned enough about new
developments in electronics to be of real S For your copy, mail postpaid card or
value to your employer in the space age. write: CREl, Dept.1103-C, 3224
CREI Sixteenth St., N. W., Washington,
R

D. C. 20010

Founded 1927

and Automation| e e sencone wsimr
Electronics?

N
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RADIOTELEPHONE
LICENSE
MANUAL
$5.75

(foreign $6.25)
Book #030

— helps you prepare for all U.S.A.
commercial operator’'s license exams

Here are complete study-guide questions and answers ina
single volume. Helps you understand every subject needed
to obtain an operator's license.

RADIO HANDBOOK — largest comprehensive reference
source on radio ever published. More ‘‘How-to-build’’ data
than any book in the field. Gives simplified theory . . .
latest design data. Book =166.....$9.50 (foreign, $10.50)

The leading book on Transistor Communications
Equipment.

TRANSISTOR RADIO HANDBOOK by: Dona!d L. Stoner,
WBTNS, and Lester A. Earnshaw, ZL1AAX. Simplified
circuit theory, plus practucal construction projects.
Book =044 5.

(forengn $5.50}

SURPLUS RADIO CONVERSION MANUALS — practical con-
versions of popular surplus equipment. Send stamped
envelope for full data.

ORDER FROM YOUR FAVORITE ELECTRONIC PARTS DISTRIBUTOR.

If he cannot supply, send ui his name and
remittance, and we will supply.

EDITORS and ENGINEERS, Ltd.

New Augusta, Indiana
Dealers: Etectronic distributors, order from us. Bookstores,
libraries. newsdealers, order from Baker & Taylor Co.,
Hillside, N.J. or Momence, tlI. Export (except Canada), order
from H. M. Snyder Co., 440 Park Ave. South, New York 10016.
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NEW ! capacimive piscanee

SCR
ELECTRONIC
IGNITION
SYSTEMS KIT!

NOW! You can assemble the THUNDERBOLT MARK
10 AUTO IGNITION SYSTEM yourself! Utilizes ALL-
DIODE TRIGGERING for proven reliability. Circuitry
identical to chat currently used by Delta Products!
Inverter Transformer, Chassis and Printed Circuit
Board available separately. Install it yourself in

10 minutes! COMPARE with $89.50 lIgnition
Systems!
COMPLETE. ..o oveeoananaeeninns $29.95

GIANT SOLDERING KIT OFFER!

Soldeung is slmpler than \ou think! To prove It. we
ering a_limite mber of Pl(Fl-sSlnNAl

S0L. DFRI\(; KITS, Inclunﬂng DELUXE PENCIL, SO
DERING  IRON. SFT OF PLIERS, REBI@'H)RS 'lnd
PRINTLD CII(C
BOARD —PLUS
uuv(lon Manual |n-|

REE I'rofessional

(‘nldnnce by mallt A
$25.00 value!

Special Get-
Acqualnted

$14.95

____MAIL THIS COUPON TODAY!——-

| MICRO-KITS CO. Dept. E365
P.0. BOX 494, PARAMOUNT, CALIF.

[ 1encl. $29.95 for MARK 10 KIT.

7 ! encl. $14.95 for SOLDERING KIT.

] Please send Free Literature,

NAME. .. ..t ittt te i aawonascnsacasosaanon
ADDRESS . . . .. it i i i e e s e e e e
CITY . csvvvem s aws s omegps sme STATE . pcssm=naw-
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Evolving Transistor
(Continued from page 33)

reverse bias is increased, the depletion
region extends farther into the n-type bar
(Fig. 8B). The ellective area of the
channel is thus reduced and the resist-
ance of the region increased. This is eas-
ily seen by recalling that the resistance,
R, of a material of length L and area A is
expressed by: R—=pL/A where p is the
resistivity ol the particular material
used.

As the area of the channel is reduced,
R increases and the drain current de-
creases. A point will be reached where
both depletion regions touch and prac-
ticallv no drain current flows (Fig. 8C).
This is called pinch-off.

The drain characteristics of a typical
FET, shown in Fig. 9, are very similar
to the plate characteristics of a pentode.
In fact, the basic gain parameter of an
FET, the transconductance g,, is defined
in a manner similar to that for a pentode
vacuum tube.

Field-elfect devices are available with
moderate drain-source voltage and cur-
rent ratings (see Table 1). Their fre-
quency response extends up to the low
megacycle region. Variations of the FET,
called the insulated-gate field eflect tran-
sistor (IGFET) and the metal oxide
semiconductor transistor (MOST), pro-
vide operation up to several hundreds
of megacycles.

Selecting a Transistor

In conclusion, some attention will be
directed to selecting transistors for a
specific application. The important items
to consider are: (1) Maximum operating
ambient temperature of the equipment;
(2) power requirements; (3) tvpe of
circuit, i.e., amplifier or switching; and
(4) frequency response or switching
speed requirements.

Knowledge of the maximum operating
ambient temperature will tell yon
whether to use germuninm or silicon
transistors. Germanium units are good
up to temperatures of 85-100°C; silicon,
125-150°C.

Power requirements have to be exam-
ined carefullv. Besides the maximum
permitted voltage and current ratings,
the collector dissipation power has to be
considercd. The maximum collector dis-
sipation (for class A amplifier operation)

GATE VOLTAGE, Vg <0 |

vg=—V

DRAIN CURRENT -Ip

e ]

DRAIN VOLTAGE -Vp

Fig. 9. Typical drain character-
istics for field-effect transistor.

occurs when the circuit is idling and is
equal to the product of the quiescent col-
lector voltage and current. The d.c. input
power needed for biasing usually can be
neglected. The allowable collector dissi-
pation decreases with increasing temper-
ature. The manufacturer generally sup-
plies this information in the form of a
derating curve.

Because the junction transistor is a
current-operated device, it exhibits a low
impedance. Even an emitter follower
has a relativelv small input impedance
compared to its vacuum-tube counter-
part, the cathode follower. Therefore, if
a high input impedance is required,
then a field-effect device may be the
answer.

If the circuit is operating as an ampli-
fier, frequency response is an important
consideration. For fast switching, as may
be required for digital computer circuits,
a high-frequency response is a necessary
but not a sufficient condition. In addi-
tion, the transistor used as a switch must
have small turn-on and turn-off times
and a low saturation voltage. The epi-
taxial-planar and the star-planar transis-
tors are well suited for this kind of
operation.

Besides f, the frequency response of
a transistor is also expressed by fr. This
is the frequency at which Dbeta is equal
to unity, and is also referred to as the
gain-bandwidth product of the tran-
sistor. The value of f; is always greater
t]llll] //e.

Table 1 provides a concise summary
of the importunt tvpes of transistors con-
sidered in this article. It is intended to
give the reader an idea of magnitude of
some of the more common transistor
parameters. The list is, consequently, in-
complete and the reader should refer to
the manufacturer’s data sheets and cata-
logues for more complete information. A

Fig. 8. The effect of reverse biasing the gate-source circuit of a field-
effect transistor. (A) Medium reverse bias. (B) Greater bias. (C} Pinch-off.
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’CLOSED-CIRCUIT TELEVISION HANDBOOK'' Ly Leon A. Wort-
man. Published by Howard W. Sams & Co., Inc., Indianap-
olis. 278 pages. Price $6.95.

This readable volume has been prepared to meet the in-
creasing need for an all-around study of closed-circuit tele-
vision. Aimed for the prospective installer and user, it covers
the various types of cameras and monitors employed in a
CCTV system, as well as kinescope and magnetic recording
techniques.

Three chapters are devoted to the applications of CCTV
in education, commerce, and industry; research, medicine,
military; and public service. Well illustrated with photo-
graphs and diagrams, the book also contains a chapter pro-
viding hard-to-find information on the subject of lighting
and optics for television.

A section on circuits and service is included for the more
technical reader, and a glossary and listing of the various
manufacturers supplying equipment complete the book.

- Ll »

“2.WAY MOBILE RADIO HANDBOOK' by Jack Helmi. Pub-
lished by Howard W. Sams & Co., Inc., Indianapolis. 215
pages. Price $3.95. Soft cover.

Since two-way radio has grown so impressively in the past
few years, a need existed for an updated and revised edition
of this 1960 handbook.

This volume offers a comprehensive story of mobile radio
and is designed as a guide for those contemplating buying
or using this type of equipment. The author deals with op-
erational theory of the basic systems, receivers, transmitters;
control systems, antenna, and power supplies as well as serv-
icing, troubleshooting, and installation.

Information for those wishing to enter the two-way radio
sales and service business is also included.

£ -] o
““BASIC ELECTRONICS” by Abraham Marcus. Published by
Prentice-Hall, Inc. Englewood Cliffs, N. J. 603 pages. Price
$9.00.

This is a beginner’s text and no previous knowledge of the
subject is assumed or prerequisite. Mathematics is of the ele-
mentary variety and where used is merely an amplification
of a textual explanation.

The book is divided into six sections, each divided into a
number of chapters. The sections cover electrical theory (as
background for tube theory), the electron tube, how the
electron tube is employed, the electron tube in industry, the
electron tube in communication and entertainment, and semi-
conductor devices. Four appendices cover the EIA color
code, how to identify the base pins of electron tubes, tran-
sistor shapes and lead identification, and graphic symbols
for electronic diagrams.

Since the author has helped to educate almost a genera-
tion of electronics students, he is an expert at imparting
complex information in easy-to-grasp form. This book is yet
another example of his technique.

*» £ &
“TRANSISTORS & CIRCUIT TROUBLESHOOTING" prepared and
published by General Electric Company’s Radio & Television
Division, Syracuse, N. Y. Price $14.25 (for 3 volumes).

This is the first in a three-volume programmed instruction
course especially prepared by General Electric for service

March, 1965

SOLDERING TIPS
FOR HI-Fl KIT BUILDERS

HEAT WIRES NOT THE SOLDER

Wires or leads will then become hot enough
to melt the solder and it will flow into the
joint. Never apply heat directly to the solider.

USE PROFESSIONAL EQUIPMENT

Virtually ali radio and TV servicemen use
Weller Dual Heat Soldering Guns. A Weller
Expert Soldering Kit includes everything you
need for strong, noise-free connections.

A Weller Dual Heat Gun is indispensable in
electronic soldering. Heat and spotlight
come on instantly when trigger is pulled.
2 trigger positions let you switch instantly
to low 100-watt or high 140-watt heat. Low
heat prevents damage to components and
prolongs tip life. High heat is ready when
you need it.

Kit includes gun in plastic utility case, 3
tips, tip wrench, flux brush, soldering aidi
and solder. Model 8200PK $8.95. Weller
Electric Corp., Easton, Pa.

WORLD LEADER IN SOLDERING TECHNOLOGY
CIRCLE NO. 235 ON READER SERVICE PAGE
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In any CB application . . .
you'll outperform ‘em all with a

MESSENGER,

Your own 2-way radio for
Business or Personal use!

“PERSONAL MESSENGERS”—Com-
pact, hand-held 100 milliwatt or 14
watt units! Rugged and reliable—I1
transistors, 4 diodes. Twice the sensi-
tivity and 409, more range than similar
units with conventional circuitry—more

output than similar units with same
rated inputs!

Cat. No. 242-101..100 Milliwatts. .. .$109.50 Net
Cat. No. 242-102. .1}, Watts: . ..,..$129.50 Net

‘“‘MESSENGER”; ““MESSENGER TWO”’
For mobile, base station. High
efficiency makes full use of maxi-
mum allowable legal power. Excel-
lent receiver sensitivity and selec-
tivity. Automatic “squelch’ control.
5 crystal controlled channels on
the “Messenger” and 10 crystal
controlled channels plus tunable
receiver on the ‘‘Messenger Two'’,

‘““MESSENGER' — $114.95 Net

Cat. No. 242-127.........115 VAC/6 VDC
Cat. No. 242-128... .. .. .115 VAC/12 vDC
“MESSENGER TWO'’—$169.95 Net
Cat. No. 242-162...... .. 115 VAC/6 VDC
Cat. No. 242-163........115 VAC/12 vDC

“MESSENGER IllI"”"—Everything
you want in a CB transceiver—a
husky signal, extreme sensitivity,
razor-sharp selectivity—and com-
plete flexibility for base station,
mobile, public address, or battery
powered portable use! Double con-
version receiver—set-and-forget
“Volume’ and “Squelch’’ controls
—11 channel coverage—‘‘Tone
Alert’”’ Selective Calling System
available as accessory.

Cat. No. 242-150

12 Volts DC Messenger I1l. ... .$189.95 Net

Cat. No. 250-823
117 Voit AC Power Supply....$ 29.95 Net

The nation’s most
popular Citizens Radio
equipment fine!
Rated BEST by

Distributor

Salesmen in
National Survey!

WRITE TODAY for full color brochure, or see your
Dealer/Distributor and ask for a demonstration!

E. F. JOHNSON COMPANY

® 1106 TENTH AVE. S.W. « WASECA, MINNESOTA

\d
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technicians working with home entertainment equipment.

Vol. 1 provides the background material requisite to an
understanding of the actual troubleshooting procedures and
circuitry covered in Vols. 2 and 3. This programmed manual
covers an introduction to transistors, their advantages, bias
voltage, diode operation, zener breakdown, solid-state diode/
vacuum tube diode similarities, control of diode current flow,
transistor-triode similarities, transistor circuit current ow,
operation of p-n-p transistors, basic transistor configurations,
transistor equivalents for v.t. circuits, common problems of
semiconductors, conunon causes of semiconductor problems,
stabilization, and classes of operation.

Like all programmed courses, the material is “self-check-
ing” but a final exam folder is also included for classroom
applications.

° o o
‘“RADIO AND TELEVISION RECEIVER CIRCUITRY AND OPERA-
TION” by Alfred A. Ghirardi & Jesse E. Dines. Holt, Rine-
hart and Winston, Inc., New York. 539 pages. Price $10.00.

This is a completely rewritten edition of Ghirardi’s 1951
classic textbook which has been revised to cover the ud-
vances in the field since the appearance of the original edition.

Designed as a home-studv manual, a text for technical
schools, or a refresher “course” for practicing technicians, the
book contains over 300 illustrations and diagrams to sup-
plement and amplily the text material. The book is divided
into fourteen chapters covering amplitude modulation and
AM signals; frequency modulation and FM signals; r.f. and
i. I. amplifiers; AM detectors, a.v.c., and a.g.c.; af. and video
amplifiers; the AM superhet; FM receivers and the TV sound
section; TV principles and operation; TV sync and a.f.c. svs-
tems; TV sweep and high-voltage systems; the TV tuner;
color television; low-voltage power-supply systems; and the
transistor and its applications.

Review questions are included with each chapter with
answers provided for the odd-numbered questions.

- L] &
“PULSE AND SWITCHING CIRCUITS” by Donald J. Ketchum
& E. Charles Alvarez. Published by McGraw-Hill Book Coni-
pany, New York. 305 pages. Price $8.50.

This is another in this publisher’s Technical Education
Series and is designed as a classroom text in electronic engi-
neering courses. The hook deals with the analysis of circuitry
as applied to non-sinusoidal signals: pulse, switching, and
timing circuits.

The text covers basic network methods needed to solve
R, L, and C circuits and introduce tube and semiconductor
concepts involving switching circuits needed to analyze basic
pulse and switching circuits used in electronic equipment.
Recent advances, including some of the newer switching de-
vices such as tunnel and zener diodes are also covered, along
with an analvsis of a transistorized scope.

The book’s thirteen chapters cover waveforms, networks,
various tvpes of RCL circuits, diode switching circuits,
triode switches, bistable multivibrators, monostable and
astable mmltivibrators, blocking oscillators, basic saw-tooth
generators, gating circuits, delay circuits, special-purpose cir-
cuits, and applications. A copious appendix provides much
useful information for the student.

When used as a college text, the instructor may assign some
of the various problems which are appended to each chapter.
& b4 &

“RCA PICT-O-GUIDE” edited by John R. Meagher. Published
by Electronic Components and Devices, Radio Corporation
of America, Harrison, N.J. 153 pages. Price $5.75.

This is a completely revised and updated edition which
includes the latest advances in color-TV and servicing. Pre-
pared especiallv for service technicians, the text material is
supplemented by true-to-life color photographs and illus-
trated step-by-step servicing procedures.

One outstanding feature of this edition is the comprehen-

ELECTRONICS WORLD
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sive instructions for setting up new color
receivers. Simplified instructions for pur-
ity, convergence, and black-and-white
adjustments are included. The trouble-
shooting sections have been expanded
and oscilloscope waveforms added to
help familiarize the technician with the
clectrical characteristics of the receiver.

The book contains twelve chapters.
each packed with practical information
for the practicing technician.

o ° o i
“ENGINEERING COMMUNICATIONS* by |
Rosenstein, Rathbone & Schneerer. Pub-
lished by Prentice-Iall, Inc., Englewood |
Cliffs, N. J. 129 pages. Price $4.95. |

Since all engineering is dependent |
upon the accurate, economical, and
rapid transmission and processing of in-
formation, according to the authors, the |
engineer must learn to communicate
with himself as well as others.

Part 1, on communication, has chap-
ters on the role of communication in en-
gineering design, the mathematical
theory of communication, and communi-
cation systems. Part 2 covering com- |
munication practice, deals with the|
reader, the writer and the report, oral re-
porting, graphics in engineering design, |
how to sketch, techniques of sketching,
charts, graphs and mathematic construc-
tions, and presentation.

L4 ° L
“TAPE RECORDERS—HOW THEY WORK"
by Charles G. Westcott & Richard F.
Dubbe. Published by Howard W. Sams
& Co., Inc.,, Indianapolis. 218 pages.
Price $3.95. Soft cover.

This is a revised and updated version
of a 1956 handbook which enjoyed wide
popularity with tape recorder owners of
all degrees of technical sophistication.
Since the volume is concerned with
home-type tape recorders, the text is di-
rected to the layman.

The book includes a short history ofI
magnetic recording, the theory of mag-
netic recording, the motorboard-tape- |
transport mechanism, drive motors,
volume indicators, bias oscillators, am-
plifiers, magnetic heads, and recording
tape. There is also a chapter on test
equipment and test procedures. A

“FUNDAMENTALS OF ELECTRONICS”

HE Superintendent of Documents, |
U.S. Government Printing Office,
Washington, D.C. 20402 has announced
the availability of the 8-volume “Fun-
damentals of Electronics” which was |
wrillen by the Navy as a texthbook for the
Electronics Technician School, Class A.
Priced at $14.25 for the 8-volumes,
the titles include: Basic Electricity,
Power Supplies and Amplifiers, Trans-
milter Cirenit Applications, Receiver
Circuit Applications, Oscilloscope Cir-
cuit Applications, Microwave Circuit Ap- |
plications, Electromagnetic Circuits and
Devices, and Tuables and Master Index.
An order form: GP0:1964 0-753-189, is ’

available on request. Al
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FOR ‘DOCTORS
OF SERVICING”

® .

s

; 2 CATES
9 PROTECTS

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

~ ALL NEW WINEGARD

TRACKER

Has TWICE the range of
Ordinary UHF antennas!

« Uses ""Controlled Incident Wave'' principle
to give it as much signal capture ability as a
VHF antenna

¢ Withpre-amp, TRACKER is actually 17times
more sensitive than ordinary UHF antennas,
(brings hundreds of thousands of TV viewers
into range of good UHF reception for the
first time}

« VSWR of 1.5:1 or better on a// channels,
highest gain across all UHF channels 14-83,

« Factory pre-assembled, Lightweight, All
Aluminum construction, Gold Anodized.

« Compac} Carton (45" x 7" x 4)4") saves valu-
able storage space.

TRACKER is the best UHF antenna you can

buy. Ask your distributor or write for spec.

sheets today. ANTENNA

Winegard Co. systems

3003-C Kirkwood L] Burlington, lowa
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‘ APPLICATIONS \
INCLUDE:

o Bowlin .
o Vending Machines

e Slot Machines @
o IBM Computers

o Incustrial Equipme

Where there's

a contact...
or a relay...

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

matic Pin Spotters
e s e Pinball Machines

Telephone Qwitchboards

and other data

ment

nt using refays, su
efc.

processing eauip ch as

welding machines,

Fill in coupor for a FREE One Year Sub-
seription to OLSON ELECTRONICS’ Fantas-
tic Value Patked Catalog — Unheard of
LOW, LOW PRICES on Brand Name
Speakers, Changers, Tubes, Tools, Stereo
Amps, Tuners, CB, Hi-Fi’s, and thousands
of other Electronic Values. Credit plan
available.

HAME
ADDRESS
CITY.

ZONE STATE

tf you have a friend interested in electronics
send his name and address for a FREE sub-
scription also.

OLSON ELECTRONICS,

348 S, Forge Street Akron, Ohio 44308
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... with New
TRANSISTOR

send for New FREE

CRYSTAL OSCILLATOR
CATALOG CIRCUITS

BIG MODERN PLANTS

TO SERVE YOU BETTE

2 in Fort Myers 1 in Los Angelés

HERMETICALLY SEALED
PRECISION GROUND

( © CUSTOM-MADE
\ NON-OVEN CRYSTALS

performance assured with quality con-
trolled throughout manufacture. Gold or silver
plating acts as electrodes. Crystals are spring
mounted und sealed under vacuum or filled
with inert gas. Very high frequeney stability.
Max. current capacity is 10 milliwatts—b5 for
overtone type. Conformity to military specifi-
cations ruranteed.

1000KC to 1600KC (Fund. Freq.) -
Prices on Request

Top

1601KC to 2000KC (Fund. Freq.) ... $5.00 ea.
2001KC to 2500KC (Fund. Freq.) . 4.00 ea.
2501KC to 5000KC (Fund. Freq.) . 3.50 ea.
5001KC to 7000KC (Fund. Freq.) 3.90 ea.
70C1KC to 10,000KC (Fund. Freq.) 3.25 ea.
10.001KC to 15,000KC (Fund. Freq.) 3.75 ea.

1SMC to 20MC (Fund. Freq.)

.00 ea
OVERTONE CRYSTAl.S5

15MC to 30MC Third Overtone. _ $3.85 ea.
3eMC to 40MC Third Overtone 4.10 ea.
4CMC to 65MC Third or Fifth Overtone 4.50 ea.
65MC to 100MC Fifth Overtone 6.00 ea.

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

OVEN-TYPE CRYSTALS

For Motorola, GE, Gonset, Bendix, ctc.
Add $2.00 per crystal to above prices
SUB-MINIATURE PRICES slightly higher
CITIZEN BAND Class “D" Crystals ____ $2.95
Over 50,000 CB c¢rystals in stock for all sets
and channels. both HC6 /U and miniature types.
To insure proper correlation and correct freq.
operation, order by manufacturer model num-

ber and channel.

Amateur, Novice, Technician Band Crystals

.01% Tolerance . . . $1.50 ea. — 80 meters (3701-
3749 KC) 40 meters (7152-7198 KC), 15 meters
(7034-7082 KC), 6 meters (8335-8650 KC) within 1 KC
FT-241 Lattice Crystals in all frequencies from 370 KC

to 540 KC (all except 455 KC and 500 KC) .. 51.25 ea.

Pin spacing %2 Pin diameter .093

Matched pairs — 15 cycles $2.50 per pair

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

HC13/U holders . ............... $4.50 ea.
Socket for FT-243 Crystal ... ... 15¢eac.
Dual Socket for FT-243 Crystals . .. . 15¢ ea.
Sockets for MC-7 and FT-171 Crystals . 25¢ ea.

Ceramic Socket for HC6/U Crystals _.. 20¢ ea.

NOW . .. 48 HOUR SHIPMENT

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

Send for our new Citizen Band
Crystal Interchangeability Chart

with Texas Crystals Code System.

ORDER FROM CLOSER PLANT

$ TEXAS CRYSTALS&

DEPT. R-35

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

Division of

RN

WHITEHALL

O
o <

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

O
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| EW Lab Tested
' (Continued from page 14)

clipping level) was 45 watts into an
| 8-ohm load, 53 watts with a 4-ohm load,
and 21 watts into 16 ohms.

The ruggedness of this amplifier was
confirmed by the fact that we never
succeeded in tripping its circuit breaker,
even when it was driven well beyond
the clipping point. Needless to say,
there was no damage to the transistors
or other components under these condi-
tions, which have often proved disas-
trous to other transistor amplifiers in-
tended for less arduous home music
system usage. Even after 15 or more
minutes of continuous full-power opera-
tion, the chassis did not become per-
ceptibly warm.

In listening tests, the amplifier per-
formed in the manner one would expect
of any top-quality, high-powered am-
plifier. It drove low-efficiency speakers
to ear-shattering levels without any
break-up or strain. The lowest frequen
cies, in particular, were reproduced with
complete solidity and claritv. The cool-
ing fan, although not noisier than others
of its type, is nevertheless quite audible
when the amplifier is placed in the open.
In most home installations the amplifier
would be best installed in a cabinet
where the sound of the fan would be
absorbed.

The TR-2 amplifier is available in kit
form at $69.95. Practically all the com-
ponents are mounted on a single printed-
circuit board, and assembly does not ap-
pear to be diflicult. Of cowrse, two am-
plifiers would be needed for stereo. A

Sonotone RM-1

ONOTONE’S new “Sonomaster”
| speaker svstem, Model RM-1, is a
| powerful entry in the rapidly growing
field of very compact, low-cost speaker
| systems. It is one of the smallest and
| lightest of the group, measuring 14%”x
HOB"XTH” deep, and weighing 12 pounds
in its oiled-walnut enclosure.

The completely sealed enclosure is
| constructed of f%-inch thick panels, with
mitered and sealed joints. The grille
cloth is of woven cane, acoustically
|“0pen” to allow free radiation of high
| trequencies.

The RM-1 has a G-inch woofer, with

a high compliance cone suspension and a
ceramic magnet. It mayv seem strange to
refer to a G-inch speaker as a “woofer,”
but this one reallv does perform the job
| nsually allocated to « much larger unit.
The free-air resonance of the woofer is
50 cps. At 53000 cps, a simple coil-capaci-
tor crosses over to a I%-inch cone
tweeter, whose level is adjustable by
means of a control on the rear of the
cabinet,

The speaker was mounted on a shelf
! on a 12-foot wall of a 12 x 30 foot room,

T T R T T 1 rrs .

Speaker System

For copy of manufacturer’s brochure, circle No. 61 on coupon (page 17).

as it would be in many home installa-
tions. Its response was measured with
the microphone in six positions in the
room, from 1 to 18 feet from the speaker
and at angles up to 45 degrees from the
speaker axis. Averaging the curves pro-
duced a single plot which is indicative of
the total response of the speaker.

The system has a frequency response
flat within =4 db from 400 to 15,000
cps, with the tweeter level set to the rec-
ommended “normal” position. At lower
frequencies its output falls off, with a
7-db hole at 300 ¢ps. Part of the low-fre-
quency roll-off is a characteristic of the
test room, but after making allowances
{or this, the speaker’s output appears to
be down about 6 db at 50 cps, compared
to its mid-range output. Needless to say
this is excellent performance for a
speaker having a 6-inch diameter cone.

The harmonic distortion, at a 1-watt
nominal driving level, is reasonablv low
down to 60 cps, where it reaches about
6%. It rises sharply at lower frequencies,
so that 60 ¢ps may be considered as the
effective lower limit of the speaker’s re-
sponse.

g

wm

(=] ta
s i

% T e | 3 i

3 { { ToNE F 2 ToNE [T

o e BURST _‘_T BURST |-iie4-t 4 BURST 4
& et i e 1 |

R B i e L B st
FREQUENCY RESPONSE - SONOTONE RM-| SPEAKER | ; L
AVERAGE OF SIX INDOOR RUNS R 1
e ) o M, i {1
SKC. 10KC. 20KC.

5

)

‘ [a]

s

o

<1

T

B

=

www.americanradiohistorv.com

FREQUE

—I\-ICY-CPS

ELECTRONICS WORLD


www.americanradiohistory.com

Sttt g e

aa

e

the tone-burst

At most frequencies,
response is excellent. The only signifi-

cant “ringing” was found at about 7.5
ke., but elsewhere it was as good as we
normally measure on some {ar more ex-
pensive speaker systems.

In listening tests, the unit proved to
be a truly musical and pleasing repro-
ducer. “A-B” comparisons against other
bookshelf speaker svstems of consider-
ably greater price and size showed little
or no difference. Paired with another
well-known compact svstem, it produced
a well-balanced stereo sound which is a
convincing demonstration of its inherent
quality, The RM-1 has moderate effi-
ciency and can be driven by any good
10-watt amplifier.

The unit is ideally suited to a low-cost
music system, since it delivers very pleas-
ing and listenable sound, which we
would definitely call “high fidelity” des-
pite its lack of low bass. This is the chief
difference between this speaker and most
of the bookshelf systems costing two or
three times as much. If the user’s system
is later upgraded, the RM-1’s can make
fine extension speaker systems, so one’s
investment is protected. The RM-1 is un-
questionably an excellent value at its
price of $44.50, A

19-KC. GENERATOR ALIGNMENT

HEN aligning a stereo multiplex

unit, an accurate 19-kec. signal
source is required to properly tune the
multiplex internal 19-ke. oscillator. In
the abhsence of a erystal-controlled source,
a convenlional audio generator can be
used.

Connect an antenna to the FM set and
tune in a station known to he transmit-
ting stereo. Inject the approximately
19-ke. andio signal through a 10,000-
ohm isolating resistor into the circuit be-
tween the FM detector and the multiplex
input. Adjust the generator frequency for
zero beat as heard in the loudspeaker.
The generator will now be set accurately

to 19 ke. A
March, 1965

LOOK! A NEW
ELECTRONICS
SLIDE RULE

with complete
instruction program

Here’s a great new way to solve electronic
problems accurately, easily . . . a useful tool
for technicians, engineers, students, radio-TV
servicemen and hobbyists. The Cleveland
Institute Electronics Slide Rule* is the only
rule designed specifically for the exacting
requirements of electronics computation. It
comes complete with an illustrated Instruc-
tion Course, You get four AUTO-PRO-
GRAMMED lessons . . . each with a short

quiz you can send in for grading and con-
sultation by CIE’s expert instructors.

See for yourself. You willdearn how to use
special scales to solve problems dealing with

SATISFACTION WARRANTY

The Electronics Slide Rule with Self-
Training Course is available only from
Cleveland Institute of Electronics,
and is covered by CIE's exclusive
"“Satisfaction Warranty”.Order it now

. use it for ten full days. Then, if
you’re not completely satisfied, CIE

will refund full payment.
*u. S. PATENT NUMBER 3,120,342,

and

inductance, AC
DC circuitry, etc. And, as an added bonus,
you can use this high-quality rule for con-
ventional computation, too.

This all-metal Electronics Slide Rule is a
full 10” long and is made to our rigid speci-

reactance, resonance,

fications by a leading manufacturer of
measuring instruments. Slide Rule, Self-
Training Course and handsome top-grain
Jeather carrying case . . . all yours for just
$14.95. Cleveland Institute of Electronics,
1776 E. 17th St., Dept. EW-107 Cleveland,
Ohio 44114.

SEND COUPON TODAY

Cleveland Institute of Electranics

1776 East 17th St., Dept. EW-107

Cleveland, Ohio 44114

[J Please send me your Electronics Slide Rule
with Instruction Course and too-grain
leather carrying case. I'm enclosing $14.95.

I I
! I
l |
l i
l |
| [ Please send descriptive brochure only. |
I |
l 2l
| [
l N
l

(Please P'rint)
COUNTY.

STATE ZIP.

- SINCE 1934

" NEW... NEW...NEW
POSITIVELY NEW!

CLEANS & FREES STICK
CONTACTS & RE_AY

HARMLESS TO ARY PL
KNOWN T0 KRYUON

NO CAR3ON
ACHLORIDE

and LUBRICANT ]
SPRAY =

No. 1333

OOES NOT HaRm
ANY KNOWN pLASTO)

NON-FLAMMABLE:

NON-COPROSIVE

NON-TOXIC FILM

* MORE LUBRICATING

ALITIES

2 IF YOU
PRIZE IT...
KRYLON-

I1ZE IT'®

DTHER

For more

MWL ¥

CAUTION:

“EVERY DAY’ KRYLON PRODUCTS:

ELECTRIC MOTOR CLEANER « CRYSTAL CLEAR COATING
RED INSULATING VARNISH

» TOUCH-UP SPRAY PAINTS
information ask your jobber or write

KRYLON, INC., Norristown, Pa.

CIRCLE NO. 145 ON READER SERVICE PAGE
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READER SERVICE PAGE

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

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

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

FOR PROFESSIONAL USE: In requesting information on products and services
listed in the coupon below it is necessary to fill out the coupon COMPLETELY,
stating your company, address, and your function or title. If the coupon is in-
complete it cannot be processed.

FOR GENERAL USE: In requesting information on products and services listed
in the coupon on page 17, you may use your home address.

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

See Page 17 for “GENERAL USE™ Coupon
Mail to: ELECTRONICS WORLD P. 0. BOX 7842, PHILADELPHIA 1, PA.

AL L L L L L L L e e Y e L T T T LR T T T R R LT T P R LR DL R L LI L DL bbbt bl )

Total Numb
PROFESSIONAL USE ONLY o(f) aRequJrgsfsr D ;
NAME (PRINT CLEARLY)___ TITLE

COMPANY NAME

COMPANY ADDRESS

CITY STATE ZONE

| AM EMPLOYED IN: INDUSTRY [] COMMERCIAL O COMMUNICATIONS [
MILITARY/GOVERNMENT [0  OTHER O

Please send me additional information on products | have circled.
(Key numbers for advertised products also appear in Advertisers Index.)

1 2 3 4 5 6 7 9 10 11 12 13 27 28 34
39 40 41 42 43 44 47 48 49 50 51 52 53 54 55 57 58
5 65 66 67 123 128 129 130 131 133 138 140 143 144 145 146 147

ELECTRONICS WORLD (VOID AFTER APRIL 30, 1965) 3
P.0. BOX 7842, PHILADELPHIA 1, PA.
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NEW PRODUCTS
& LITERATURE

COMPONENTS ® TOOLS ® TEST EQUIPMENT @ HI-FI ®

MULTIPLE FREQUENCY STANDARD
Anadex Instruments Inc. has announced a
] new portable, crystal-controlled frequency
standard  which

provides [requencies ranging

from 0.5 cps to 600 kc. The Model CU-2 has an
accuracy of 0.0005%.

Frequency sclection is by means of a 13-posi-
tion selector switch and a four-decade multiplicr
switch. Output voltage is a square wave with

amplitnde adjusiable to 20 volts peak-to-peak.
Boih single-ended and balanced ontput signals
are provided.

The instrument is housed in a 77 x 77 x 127
carrying case which comes complete with handle.
Power requirements are 117 volts at 60 ¢ps. An
optional rack-mounted model is also available.

ELECTRO-OPTICAL WINDOW
Marks Polarized Corporation has introduced
2 the “Varad” panel, a new eclectro-optical
window that may be controlled clectronically to
change in clavity from various degrees of (rans-
purcnq to ()l)ﬂ(]ll(_‘.

Utilizing a phoiocell, the dipole window muay
be clectronically conirolled so that it becomes
dark in bright sunlight and wansparent in rhe
dark. The device can also be contvolled manu-
ally.

The company suggests that these panels may
also be unsed us camera shutters without size
limitations, as welding glasses and sunglasscs, for
sun visors and automobile windshiclds, and for
2-D and 3-D flat pictures on a wall TV set.

VARIABLE AIR CAPACITOR

3 Johanson Manufacturing Corporation has in-

troduced a new variable air capacitor which

measures only 0.220” in diameter and 157327

tong but has a "Q" factor of better than 5000
at 100 mec.

The new capacitors are available with printed-

circuit terminals (Model 4612) or turret terntinals

March,

1965

(Model 4640). They arc available in a capacity
range of 0.4 pf. 1o 6 pf.

INDUSTRIAL TV RECORDER
4 Winston Rescarch Corporation, a subsidiary
of Fairchild Camera and Instrument Corpo-
ration has released details on its V5000 TV
magnetic tape recorder/reproducer which has
wide application in both industrial and semi-
professional usage.

Offered in portable, console. or 19-inch rack
mounting configurations, the tape tansport
operates it 10 feet per second. Recels are of the
standard amateur hub design with 1144”7 flange
diameter. The tape runs 15 minutes per pass
with four passes providing 1 hour of running
time, There are four tracks, and heads include
two record and one playback head for reproduce-
after-record monitoring. There is a counter and
track indicator 1o facilitate quick location of
program material.

Input can be from a TV camera or TV moni-
tor receiver. Quiputs arve video and audio tor
playback through TV monitor, and compositce
video and audio for tape dubbing on another
TV recorder.

An extensive line of auxiliary equipment is
also available for use with the recorder.

TWO-COLOR THIN CRT
Video Color Corporation is now marketing

the Model 2Ct+8 two-color “Thintube”™ CRT
which oflfers a unique combination of color and
compactness. The two colors are drawn by two
separate guns on a 47 x 8” screen. The tube is
only 2V2 inches deep.
The development of the tnbe snggests a wide
variety of experimenial uses such as in the ficlds
of sampling and measuring scts of related data

where two traces are intertwined. The circuitry
supplied allows two sepirate inputs to be shown
in timne registry in 1wo colors on the screen.

Phase and phasc-shift comparisous, dual-per-
formance characieristics, input  versus output
waveshapes, or [riend or foe on radar scope dis-
play may all be shown with civcnitry modifica-
tion.

The tabe is availuble in a wide variety of
sizes and shapes. 1t learuves both ruggedness and
brightness and can be provided with any two
basic phosphors.

LOW-PROFILE HEAT SINK
B Releo Products is now marketing a new
series of heat dissipators chavactericed by
high thermal efficiency, low cost, and low profile
which are specifically designed for printed-circuit
applications.

Five basic tvpes ave included in the new
“RK-Series” with a (ree air thermal resistance
from 6'C per watt to 18°C per wan. Fxrruded

www americanradiohistorv com

Additional information on the items
covered in this section is available
from the manufacturers. Each item
is identified by a code number. To
obtain further details, fill in cou-
pons appearing on pages 17 and 88.
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of aluminum alloy, the series is rectangular in
shape and of patented design to cover heat dis-
sipation from most all medium- and intermediate-
range power transistors available today.

Surface arca ranges from 5.8 to 23.2 square
inches. Half-inch height permits installation in
a wide variety of instruinentation and production
asscmblies. Weights are from Y& ounce 10 2
ounces.

JEWEL-POINT TECHNICAL PENS
7 Koh-i-Noor, Inc. is now incorporating a pre-
cision jewel tip in the points of its “Rapido-

graph” technical fountain pens and drawing
point scctions. According to the company, long
" — g

usage on abrasive drafting Ghn tends to buil or
“polish’ the jewel so that it wears down
smoothly, without developing a rongh or sharp
cdge. The firm claims that its smallest size point
will ontlast present points by more than 100
times on severely abrasive grades ot drafting
film.

I'he jewel points for “Rapidograph™ technical
fountain pens and drawing point sections ame
available in sizes 0 and 1.

IGNITION-COIL TESTER
8 Rite Autotronics Corp. has added an igni-

tion-coil checker to its line of automotive
test cquipment.

A large, casy-to-read dial and step-by-step in-
structions make it simple to spot trouble in the
coil and aid in troubleshooting capacitors. points,
or any other defecrive ignition-system com-
pouent.

The meier is self contained. It is designed for
convenicnt, hand-held operation.

CABLE CLOSURE TOOL
The Zippertubing Company has developed

the “Zip-Eze” heavy-duty closure tool in
order to speed the opening and closing of cables
jacketed or shiclded with ““Zippertubing.” 1he
tool reduces opening or closure time 50%. Nou-
slip handles are designed for comfortable grip-
ping and reduced worker fatigue.

EXTENDED-RANGE COUNTERS
Computexr Measurcments Company has an-
][] nounced (hat its all-silicon solid-stiate count-
ers and counter-timers have had their frequenc;
range extended to 2.0 e
All models of the company’s “600" scries now
have the uew range. which is said to make them

cight times faster than any competitive instru-
ment at comparable prices,
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reasons why you
will want this
exciting book of
electronics
projects:

@ Car Battery Saver @ Electronic Stop
Watch @ Build a Telephone Beeper
@ Plug-In Transmitter Crystal Switch
@ 40-Meter Antenna for Small Roof

and 67 other great projects...

One Tube Screen Modulator  X-Line Tachom- |
eter » Build a Stereo Indicator » Nonsense Box e
Better Mode! Control  X-Line Charger  Cheater
Cord Deluxe e 60-Cycle Repulsion Coil Reso- |
nance Engine « Automatic Safety Flasher  Handy

EP Pack « 2-Meter Simple Superhet » The Signal

Stethoscope ¢ VHF Listener  2-Tube Superhet |
for 80 Meters e Transistorized 6-Meter Converter
e SCR Tester o Multiple Meter Test Set o The
Squealer « Build The Reflectoflex e The Cloud
Sentinel « Sports Car Mike Stand « Boost Box e
Loud Hailer For The Telephone e Extra ‘“Lamp
Handee' e Footpads for Headphones e The idento-

Minder « AND MANY MORE... I

HERE IS THE LATEST, MOST EXCITING
COLLECTION OF ELECTRONICS PROJECTS
AVAILABLE ANYWHERE.

Each project is complete with detailed charts, cir-
cuit diagrams, cutaways, photographs, step-by-
step instructions—and each one means hours of

fun and excitement.

If you enjoy the challenge of building useful elec-
tronic devices...this is the book for you!

only$125 i

FILL IN, DETACH AND MAIL THIS COUPON TODAY !

ZIFF-DAVIS SERVICE DIVISION, Dept. EEH
589 Broadway, New York, N.Y. 10012

Please rush my copy of the all-new 1965
ELECTRONIC EXPERIMENTER'S HANDBOOK.
My $1.25 (plus 15¢ for shipping and han-
dling; 25¢ outside U.S.A.) is enclosed.

name please print

address EW-35
| city state zZip code
S S
90

These instruments also feature printed-circuit
mother-boards with plug-in circuit cards, re
placing the basic circuit wiring harnesses. Dis-
play time in the 6007 series is variable from
approximately 0.2 second to 5 seconds and is
independent of gate dme. Memory or non-
memory display maode may bhe selected by a
front-pancl switch. The count gate may be locally

| or remotcly controlled.

400-VOLT SILICON TRANSISTORS
‘I‘I Delco Radio Division has available two new
silicon power transistors with Viga ratings
of 400 volts and cotlector current ratings of 1
and 2.5 amperes. The deviees have bheen desig-
nated DI1S-413 and DTS-423.

I he company suggests their use in large-screen
TV horizontil and vertical sweep circuits; for
inductive switching where high induced e f. is
found. such as in large-screen TV horizontal out-
puts or high-voltage Dartington drivers: or in
circuits where high encigy output is required.

MEDICAL ELECTRONIC MONITOR
‘I Dallons Laboratories has introduced a com-

pact. modular-stvle ““Master Monitor” for
around-the-clock surveitlance of coronary and
other intensive-care patients.

The compact, modularized unit contains a
‘Cardioscope.” heart-rate meter, and body
temperature  monitor  which  permits  central
monitoring of each individual patient’s condi-
tion on a continuous basis. Shonld any change
take place in the patient’s condition., an auto-
matic visual and audible atarm turns on to call

attention to the change and summon aid.

In addition, the unit is also capablc of auto-
maticallv starting an clectrocardiograph to rve-
cord the heart condition and an clectronic
pacemaker which will keep the heart running
at a predetermined rate.

"

HIGH-FREQUENCY TRANSISTOR

"I Trausitron Electronic Corporation is now

offering a new silicon planar cpitaxial high-
frequency “'n-p-n’ transisior, the 2N3633. The
new unit delivers the highest guaranteed fr
(1300-mc. min.) available in a commercial high-
speed silicon switching transistor. It is ultra
sonically bonded with aluminum wire to climi
nate purple plaguc at the chip.

The advanced design of the 2N3633 makes it
highly resistant to nuclear particle ivradiation
I'ypically hew is still greater than 10 after an
cquivalent necutron dosec of 10" ncutrons/cm.*

The transistor is available in a TO-18 pack-
age. Similar clectrical cquivalents are available
in TO-52. TO-46. TO-51. pico, nano, dual TO-5
and duat flat-pack packages.

HI-FI AUDIO PRODUCTS

HIGH-GAIN FM ANTENNAS
‘| Jerrold Elcctronics Corporation has added

three new FM antennas to its “"Paralog
line which has been specifically designed for
maximum FM signal pickup. The new antennas
are highly directional and may be used in both
metropolitan and fringe arcas. According to the
manufacturer. not only is multipath distortion
climinated. but background noise and drift are
minimized.
Mechanically, the new units feature “Cycolac.”
a tough plastic. and incorporate a unique
“Wedge-Snap”™ lock which provides permanent
joint connections which tighten with wind vi
bration.

SENSITIVE TUNER/AMP
] Sherwood Electronic Laboratories, Inc. is

now offering the §-7700I11. an 80-watt music
power FM-stereo tuner/amplifier which incor-
porates circuitry and built-in test points for
direct connection of an oscilloscope for on-the-
spot visual display of incoming signal charac-

| teristics.

As with previons models, the new unit is a
complete home entertainment control center,
providing AM, FM. and FM-stereo broadcast

www americanradiohistorv. com

reception as well as inputs for phono and tape
deck. Two 40-watt music-power channels are
provided with outputs for 4, 8. and 16 ohm
speaker systems for sierco reproduction. A scpa-
vate powered center-channel output is included
for fill-in or for connccting extension spcakers.
A scparatc front-panel sterco headphone jack is
also included.

16

ALL-TRANSISTOR STEREO TUNER
Heath Company has recently introduced a

restyled version of its detuxe all-transistor

AM-FM-F\l-stereo tuner, the A]-43C. Housed in
a walnut cabinet with a matching watnut-finished
hinged lower front panel, charcoal upper front
pancl,

and solt-refvacted panel lighting, the

hinged lower front panel also conceals all second-
ary controls.

The tuner features automatic switching to
sterco. an automatic stereo indicator light. auto-
matic frequency control for drift-free reception
on the FM band, individual AM and FM tuning
meters, and an casy-to-read illuminated slide-rule
dial

‘The circuit employvs 25 transistors and 9 diodes.
The kit features a factory assembled and atigned
FM froat-end and 5-stage FM if. circuit board.
‘I] Fanon-Masco has just introduced a trausis-

torized wireless intercom which provides two-
channel operation. The Maodel FW.60 offers two
separate lines of communication pennitting the
user to select one or the other frequency to call
onc unit independent of other units in the system.
Two 2station systems can also be used independ-
ently of each other or, if placed on the same
frequency. all stations may converse

No installation is required. The Model FAWV-60
consists of components for two-station operation
with additional stations hooked in as desired. A
special transistor stage has been employed as a
squelch cirewit while an automatic volume con
trol insures better selectivity and climination of
noisc and distortion.

Each unit is approximately 6” x 57 x 3” and
has a talk-listen switch thar may be locked in the
“talk™ position for monitoring an area.

I8

DUAL-CHANNEL WIRELESS INTERCOM

SOLID-STATE FM RECEIVER
Harman-Kardon has added the Mode) SR-300

FA receiver to its “Stratophonic™ line, thus

completing a series of solid-state audio equip-
ment.
The receiver includes an FM stereo tuner, plus

a sterco preamplifier and amplifier. The SR-300 is
flat from 8 to 25,000 cps, IHF music power output
is 36 watts, 18 watts perv channel.

MOBILE SOUND SYSTEM

Perma-Power Company has added the
] “Sound Cruiser” to its line of mobile sound
systems. According to the company. any car €an
be converied into a sound truck by plugging the
“Ampli-Vox™ into the car’s cigareite lighter

socket and clamping the speakers to the roof.
The system includes a 32-watt all-transistor
amplifier, a noise-cancelling mmicrophone, and two

ELECTRONICS WORLD
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weatherprool horm speakers especially designed
for voice penctration. Frequency response is 50-
15.000 cps for maximum voice penctration and
intelligibility with less than 5% distortion at full
output. It has a master volune control, an aux
iliary control, auxiliary standby switch, and tonc
control. There are (wo outputs, lor 8 to 16 ol
speakers, and two inpuls for micmph(mc angl
auxiliavy (vadios, tuners, records, etc.).

COMMERCIAL AUDIO AMPLIFIER
McMartin Indusiries, Ine. is now oflfering a
2 new and improved version ol its 32-watt
solid-state commercial amplifier as the Model LT-
SO0A.

I'he new featnves include provisions for two
plug-in microphone transformers. Also, the 25-v.
and  70.7-v. speaker outpuis are now balanced.
lhyee-pin  professional  push-lock  microphone
conncectors arc also being offered on this new
model.

Basic {eatures include: sepavate bass and treble
controls, continuous hoost and cut. separate
volume controls for both microphone inputs and
the program input, and optional plug-in preamps
for tape head and magnetic phono program in-
puts. The MT-4 mike transformer also provides
a balanced-bridge or optional 600-ohm prograin
input.

50-WATT STEREQO AMPLIFIER
2] Lafayette Radie Electronics Corporation is

now marketing the Model LA-248, an all-
rransistor f0-watt sterco amplifier.

The LA-248 is a complete stercophonic pre-
amplifier and dual 25-wate stereo amplifier on onc
chassis. There are no ontput or driver transform-
ers, insuring low distortion and good transient
responsc. A Tast-action circuit protects the outpun
transistors from overloads or shorts in the speaker
line.

Deluxe controls include: scratch and rumble
filtevs, sepuarate “on-oll” power switch, balance,
speaker Con-off” swirch, and phase switch. Theve
is a front-panel siereo headphone veceptacle.

4 N @A A
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Frequency response is 20-20,000 cps +1 db.
Harmonic distortion is 1% and hum and noise are

74 b on taner, —Aat db on magnetic phono.

Che amplifier is housed in a brown textured
melal cage which measures 13”7 w. x 4346” h. x 97
deep. The circuit is designed for 105-125 voly,
50760 cps operation.

PORTABLE MEGAPHONE
2 American Geloso Electronics Ine. has intro-

duced a new combination portable mega-
phone and p.a. system which has been trade-
naned “Amplivoice 25837
Featuring lightweight portability and long-
range sound shavpness, the unic includes an ex-
ternal volume control, a 5-tvansistor amplifier
which uses less battery power, and a completely
shockprool case and microphone. All of the cir-
cuitry is weather airtight and scaled. A remote
microphone with 9-foot cable attaches to the unit
for fast and simple conversion 1o a portable p.a.
system.

TWO-WAY SPEAKER SYSTEM

Audio Dynamics Corp. has developed a new
2 two-way speaker system which climinates

conventional crossover networks in its design.
The Model 303A “Brentwood™ is a bookshelf
speaker which provides a frequency response of
55-20,000 cps =35 db. Harmonic distortion, with
a l-wauwe electrical input, vemaing below 5% down
1o 33 ¢ps. The speaker offers full-range perform-
ance, including extreme high and low Irequencies,
withont the resonance, phase shift, and distortion

often associated with ehiborate crossover net
works in multiple-speaker systems, according to
the company.

The non-ported. fully scaled cunclosure is of
oiled walnut and measures 2334” x 13”7 ~ 11347,

70-WATT STEREO RECEIVER
Allied Radio Corporation is now marketing
24 the “Knight” Model KN-370 TN-AM-TM-
sterco tuncr/amplifier. The unit combines on a
single compact chassis o 3$5-wati-per-channel
sterco amplifier, individual FM and AM tuning

sections, special multiplex circuitry that auto-
matically switches to sterco. dual preamps for
records and rapes, and a fult set of controls and
mputs.

The sensitivity of the M section is 2.5 uv.
for 20 db of quicting. Sensitivity of the AM sec-
tion is 4 uv. for 20 db signal-to-neise ratio. Fre-
quency response ot the amplifier is 20-20,000 cps

b db at full vaved power. Harmonic distorion
is less than 0.6% at Tull rated p()wu

1 he veceiver measures 5%4” x 151544” x 157 A
waliut wood case or a brown metal case are
available as accessories.

COMPACT SPEAKER DESIGNS
2 The R.T. Bozak Manufacturing Co. is now

offering the “Concerto 11" and “Concerto
IIL"" 2onipact speaker systems which feature full-
size components in “bookshelf™ size. Both cabi-
nets are matte-finished walnut with natural linen
arille cloth. Both can be used either horizongally
or vertically.

INTERNATIONAL |
EXECUTIVE 750-HM2

Checks operating performance of
24 circuits including filament, plate
and input voltages, transmitter for-
ward and reflected power, modula-
tion, etc. This ‘years ahead' built-
in test feature makes tune-up and
servicing easy. Switch, located on
transmitter/receiver unit,
for selecting circuits. The 750-HM2
has 23-crystal controitled channels.
Operates on 115 vac or 6-12 vdc.

CB TRANSCEIVER WITH 24 BUILT-IN TEST CIRCUITS

is used

Stations writes, *

'

ARE YOU CASHING-IN
ON THE PROFITABLE ¢
2-WAY RADIO SERVICE BUSINESS ?

% Motorola will train you for this rewarding, elite profession

% Send for our FREE EVALUATION EXAM. Prove to yourself that
you are rrady to learn FM 2-way radio servicing.

Opportunities in 2-way radio servicing are virtually unlimited.
B Just one of the hundreds of successful Motorola Service
we would be pleased to interview any graduate
of your school that has received some training in 2-way radio
maintenance. We are an established firm, 10 years old, with

a promise of expansion governed by our ability to obtain com-

petent technicians.”” B Get all the facts today. There is no
obligation and no salesman will call.

@ & ¢

|
\..._.

1
1
MOTOROLA TRAINING INSTITUTE .
4545 West Augusta Blvd. « Chicago 51, lllinois « Dept. AEFS9 1
] 1
: [] Ssend me FREE entrance exam. :
: Send full details on Home Study Course on FM 2-way Radio |
® WRITE FOR THE i Servicing {
NAME OF YOUR : D Send me details on how you can help me prepare for an FCC |
NEAREST DEALER i REEs i
: Name. _ _ __ Occupation =
: Address. = e == :
1 . 1
18 NORTH LEE « OKLAHOMA CITY, OKLA. | +__Gty——— — —————————lone___State_____________ 7
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The Models B-312 and B-313 both measure
2412” x 174" x 124" deep. The B-312 is a 1wo-
way system based on the B-207A coaxial speaker
having a response from 45 to 16,000 cps with a
6 db-per-octave crossover at 2500 cps. The B-313
has an added midrange speaker and crossover net
work. This three-way system has a range of 45-
16,000 cps and crossovers at 6 db-per-octave at
800 and 2500 cps. Both units are rated at 8 ohms
impedance. Recommended amplifier power is 20
watts r.m.s. or move. The “Concerto 11" can bhe
converted into a threc-way system at a later date,
if desired.

TAPE RECORDER
26 Bell Sound Division is now oflering a com-

plete audio tape recorder as the 1-67\. The
unit includes tape deck, motors, and cabinet.
The new unit features an exclusive tape duplica-
tion feature. It can play back 4-track sterco or
mono pre-recorded tapes, record t-track stereo or
mono, record stereo or mono with echo, record
dno-sound, and record sound-on-sound (mono).
With the DK-l accessory, it can duplicate sterco
and mono tapes and record sound-on-sound in
stereo. The recorder will accommodite up to
10v%” reels.

DICTATING/TRANSCRIBING UNIT
ITT Distributor Products Division has added
27 the “"Miniton Office” 10 its line of compact,
lightweght tape recorders.
The new unit features a 60-minute veusable

1

tape cartridge. The device is fully transistorized
and includes automatic word repetition, rapid-
crase facilities, and fingertip conirols.

A full line of accessories, including dictating
microphone, foot and hand controls. carphone
sct, telephone pickup, and monitoring loud-
speaker, is also available.

CB-HAM-COMMUNICATIONS

CB SIGNAL GENERATOR
Ferris Instruntent Company is currently in-
2 troducing the Model 24FS§ Microvolter. a
high-precision signal generator designed espe-
cially for production checking and servicing of
receivers operating in the CB service and/or

frequencies from 35-36 and 43-44 mc. allocated
to paging svstems. Twenty-seven frequencies are
supplied with five additional positions available.
Each fvequency is controlled by individual crys-
tals opcrating on fundamentals aud multiplied.
Frequency accuracy is 0.002% and stability is
0.001%

Quiput is metered from 0.1 gv. 1o 1 volt. into
50 ohms. Internal and extermil modulation is
metered and adjustable from 0 10 100%

The instrminent is housed in a cabinet 16%4”

92

wide x 10%4” high x 1314” deep. A rack version
is 19”7 wide. The unit operates from 115 volis
10%, 60 cycles and draws 60 watts.

CB TRANSCEIVER
Mctrotek Electronics. Ine. is now marketing
2 a low-cost CB transceiver which has been
tradenamed the “Mustang.” The new unit has
six crystal-controlled transmit channels and is
tunable to receive all 23 CB channels.
In the transmit mode, plug-in crystals,

mounted on the chassis, can be changed to give
any desired frequency. Power outpul is 3 watts
minimum. High-level 95% speech clipping is
built in.

‘The receiver is a superhet with a tuned r.f.
stage lor a seunsitivity of 0.3 uv. usable. The crvs-
al receiver local oscillator is 455 ke. above chan-
nel frequency while the tunable veceiver oscilla
lor is 455 ke below channel frequency. Audio
output is 3.5 watis maximum.

I'he it which mmeasures 5%” high x 11744”
wide and 6% deep can be powered cither by 117
volt a.c. or from i [2-volt d.c. external power
supply for mobile applications.

CB TRANSCEIVER TESTER
3 Lafayette Radio Electronics Corporation has
introduced a CB wransceiver and antenna
performance tester as Siock No. 12-0126.

Designed for the in-civeuit testing of transcei:
ers by CB operators, technicians. and servicemen.
the instrument permits normal antenna con-
nections during tesis. Full 1esting facilities in-
clude measurement of r.f. power output, relative
fictd strength, standing wave ratio, percent modu-
lation. and relative crystal activity. 1 genevates
a crystil-controlled v.f. signal, modulated audio.
and I-kc. audio signal. There are froni-pancl
jacks for aural and visual transmitier monitoving
with a scope.

An casyv-to-read d’Arsonval meter gives dircc
measurciments of transmitters up to 6 watts. The
instrument is 778”7 x 538" x 278" and comes com-
plete with 9-volt battery and 30" tclescoping
antenna.

U.H.F. PORTABLE

Motorola luc. is now oftering a single-picce,
3 lightweight poriable two-way radio operat-
ing in the 450-470 mc. band. Designed to provide
conmmunications 1o supervisory. construction, and
maintenince personnel on f(oot, the fully wan-
sistorized “lFlandie- Talkie” can also be adapted
for low-power mobile use.

Weighing only 35 ounces. the radio is com-
pletely self-contained and includes the trans-
wmitter. receiver, speaker, antenna. and bauery
within a single case measuring 348” x 8”7 x 154",

Power for the wunit is supplied by a single
rechargeable nickel cadmium batteiv or an in
terchangeabte mercury cell. Transmitter r.d.
power is 0.7 witt and veceiver sensitivity is 0.8
microvolt. A full 0.5 watt of audio power enuables
reception of inessages in high-noise-tevel arveas.

CB CONVERSION MODULE
Pearce-Shmpson is now marketing the “Sea-B-
32 Mate.,” a sell-contained CB module 1hat
couverts the firm’s “Catalina’™ 68-watt marvine
radiotelephone to a dual-systemn marine/CB two-
way radio.

According to the companv. this provides an
extra margin of satetv by doubling the number
of clfective commmunications channels for im-
mediate use—-a total of 11 channels (5 marine
and 6 CB).

Fhe unit is salt- and fungus-prvoofed and
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housed in an “Iridited” aluminum cabinet and
chassis lor maximum corrosion protection. Over-
all dimensions are 3Y4¢” wide x 64” high x
1214” deep. 1t weighs 3 pounds, |1 ounces and
comes complete with noise-canceling. push-to-
talk microphone and crystals.

HAM ACCESSORY
3 Kahn Research Laborateries, Inc. is now

offering a new version of its “"Echoplex™ de-
signed especially for use by radio amateurs and
in low-cost communications systems.

The system is an audio processing device which
encodes the speech wave by separating it into six
frequency segments with six  bandpass andio
filters. T'wo of the filter outputs are fed directly
to the associated transmitier, two of the filter
outputs arc passed through a one-second time
delay, and the remaining (wo frequency segments
are fed to a two-second time delay. The inverse
is accomplished at the receive end

lhe system offers a power gain of 7 db, a diver-
sity gain in that redundant information is trans-

mitted at three diflerent time intervals, and a
re-arrangement ol the delavs 1o px'ovnle privacy
for non-amateur applications.

TUNABLE NOTCH FILTER
Delta Electvonics, Inc. has vecently intro-
34 duced the TNF-2 consisiing of 1wo passive
tunable notch filters for use in the 2-30 mc. fre-
quency vange. The fhilters wre designed for use
between a receiving antenna and a recciver or
multicoupler at locations where transmitters

operated in close proximity 1o the receiving an-
tennas may ciuse overloading. intermodulation
products. or damage to equipment. The unit
provides a rejection of as much as 50 db at an
undesired frequency and at the same time at-
tennates other frequencies less than 1.5 db.

FM TWO-WAY RADIO
3 The Hallicvafiers Co. is now marketing the

MT-20, an FM (wo-wav radio designed for
mobile and fixed-station operation in the 148-
174 mc. band.

The veceiver/trans-
mitter chassis and
spcaker are housed
in a cabinet which
measures only 4148”
10%4” x 107 deep in-
cluding control knobs. The 12-volt d.c.-powered
mobile unit is especially suited for underdash
mounting in cars. trucks. and buses. A 117-volr,
50-60 cps a.c. mode!, BT-20. for basc-station use,
is also availabte. The wmobile version mav be
used with cither negative oy positive systems.

Both models are shipped tuned and aligned
to existing purchaser frequencics when the units
are bought as "add-ons” to a currently operating
system: or to the allocated frequency when the
system is an initial installation.

62-WATT MARINE RADIOTELEPHONE
3 Sonar Radio Corporation is now oflering the

‘Challenger™ Model 62, 4 62-wittt (ransistor-
ized marine radiotelephone which meets FCC re-
quirements for commercial charter boats which
carry six or more passcugers.

ELECTRONICS WORLD
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I'he unit covers six marine channels as well as
the broadeast band. Tt features Tront-pance! tun-
ing with antenna r.l. current indicator and r.f.
sensitivity control. T'he plug-in microphone and

plug-in power cable are gnickly detachable. There
are also provisions for remote control of the
cntire unit.

Power input is 62 watts and ourput is 34 watts

into a standard FCC dwmuy load. Frequency
range is 2000-6000 kc. for both transmitiey and
recciver. The basic nnit measures 132”7 long x
1034” wide x 6Y4” high. Crystals, remote control,
antenuas, and a detnixe dial-type remote are all
extra.

RADIO PAGING SYSTEM
Round Hill Associates has devcloped a low
3] cost tone-plus-voice radio paging system for
limited-range  communications  within a build-
ing or surrounding arca.
Known as “Page-Mate,”” the system consists of
a compact transmiticr, microphone, antenna,
control unit, and any number of receivers which
are transistorized and so compact—they are the
size of a cigarette pack and weigh onlv 4V
ounces—they can be comfortably carvied in a
shirt or jacket pochket.

MANUFACTURERS' LITERATURE

NICKEL-CADMIUM BATTERIES
3 Sonotone Corporation has vecently published

a hooklet for the general reader describing
the care and maintenance of rechargeable nickel-
cadimium batierices.

Entitled “How to Use Nickel-Cadmmium Bat-
tevies,” the pamphlet is illustrated in cartoon
fashion and explains technical matters in a light
vein.

D.C. VOLTAGE STANDARD
Cohu Elecironics, Kin Tel Division, has
3 made available a 4-page, 2-coler technical
data shect on its “Kin Tel”” Model 304 d.c. volt-
age standard.
Iustrated with charts and block diagrams,
the brochure provides complete technical specifi-
cations and calibration procedures.

SWITCHING TRANSISTORS
4 The Bendin Corporation has published a
new §-page applications note describing the
SOAR (Safe Operating ARea) principle for sclect
ing the proper transistor 10 use in switching for
d.c. applications,

Tables are provided showing the application
of this principle to the company’s linc of dittused-
alloy power and germanium “p-n-p’' transistors.

OSCILLOGRAPHS
4] Honeywell Inc. is now distributing a scries
ol case histories that describe how direct-
writing oscillographs can be applied by industry
1o record highsspeed phenomena for immediate
readout.

ANTENNA EQUIPMENT
2 Andiew Corporation is now distributing its
4 Catalog 23, a 96-page publication covering
complete product information. performince data,
and engincering information on antennas, an
tenna cquipment, and transmission lines.

Fully illustiated. the catalogue presents the
latest in anteuna positioncers. llexible elliptical
wavegnides. miciowave and telemetry antennas.
coaxial switching nuuvices, and  high-powered
ftexible coaxiul cables.

SONIC TRANSDUCER MATERIALS
Commander Laboratories, Inc. has recently
4 pubtished a 10-page illusirated brochure de-
scribing  the company’s line ol piczoclectric
ceramic compositions and a new magnetostrictive
ferrite materiat for solid-state sonic transducer
applications.
Complete electrical and mechanical specifici-
tions ave provided for all materials discussed.

PHOTOELECTRIC CONTROL
Tung-Sol Electric Inc. is now making avail-
4 able a comprehensive brochure  discussing
the company’s new SL 1120 photoelectric control
which is suitable for use in highway, street, arel
and residential lighting applications.
Brochure T-406 covers the construction of the
unit and outlines the various veliability tests to

which the device is subjected.

Hallete Manufacturing Company has pub-
45 lished an illustrated 24-page booklet describ-
ing the problems and solutions of r.f. interference
on mobile rigs. Topics discussed include the
sources of enginc electrical noise, as well as
pulse noiscs and their elimination through the
use of suppression Kits. filtering. and compleie
shielded ignition systems, with particular atten-
tion (0 the automotive and marine fields.

R.F. INTERFERENCE

VIBRATOR REPLACEMENT

Cornell-Dubilier Electrouics is currently of-

4 fering an 8-page vibrator replacement cuide

for vibrators used in communications and Citi-
zens Band equipment.

Listings are by mannfacturer’s name or trade

name and part number, and the corresponding

Cornell-Dubilier type number. Included are 24

POTENTIOMETRES -

e CHOOSE FROM HUNDREDS
OF FACTORY MODELS

e CUSTOM MADE TO YOUR

SPECIFICATIONS

e WORLD RENOWNED
RELIABILITY

automatic record changers
manual record players a.c. & d.c.
portable phonographs

tape recorders

fractional power motors

LESA COSTRUZIONI ELETTROMECCANICHE S. p. A. — VIA BERGAMO, 21 — MILANO — ITALY
LESA OF AMERICA CORPORATION — 32-17 61st St., Woodside 77, New York (212) YE 2-9330 — U.S.A.
LESA DEUTSCHLAND GMBH — Wiesentalstrasse 1 — Freiburg
LESA FRANCE SRL — 19 Rue Duhamel — Lyon — FRANCE
LESA ELECTRA S.A.— Via Portone 27 — Bellinzona — SWITZERLAND

. Br.— DEUTSCHLAND
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manufacturers of communications vibrators and
50 muakers of vibrators for use in a large number
of Citizens Band transceivers.

DIGITAL VOLTMETER
4 Non-Lincar Systems, Inc. has issued a 5-page

illustrated bulletin describing its new Model
2917 integrating digital volumeter. Operating
principles. advantages, and applications of in-
tegrating digital volumeters are fully explained,
and complete specifications for the Model 2917
arce provided.

PHOTOELECTRIC CONTROLS
4 General Electric Company has published a

10-page illustrated brochure describing the
firm’s line of transistorized photoelectric controls.
Complete clectrical and mechanical specifica
tions are given, as well as information on seusing
heads and accessories, scanners, and optional
equipment.

RELAY CATALOGUE
4 Universal Relay Corp. is now distributing its

1965 relay catalogue, a 60-page illustrated
publication. Included are plne circuit relays,
high-voltage relays, stepping swilches, telephone-
type relays, timing devices, and multiple-contact
relays.

LOGIC CIRCUITS
5 CBS Laboratories is making available a

4-page technical bulletin  describing  its
Series A standard logic circuits which operate
in the wmicrowatt range rather than the standard
milliwatt range.
Bulletin 1000 discusses cight circuit types, giv-
ing logic description, circuit schematic, and
power dissipation for each type.

POWER SEMICONDUCTORS
General Electric Company’s Rectifier Com-
5 ponents Department has made available an
8-page brochurc which abstracts 47 technical ap-
plication notes, manuals, and reprints involving

THE ALL
NEW ALPHA
SOLDER AND

@ HELPS SOLVE
SOLDERING PROBLEMS!
SPEEDS RESEARCH
& DEVELOPMENT!

@ MINIMIZES
EXPERIMENTAL WORK! ‘
@ SAVES TIME,
ENERGY,

the selection, application, and testing of power
semiconductors.

Subjects covered include the new “Triac™” a.c.
switch, gate turn-off switch, and light-activated
SCR.

WIRING BOARD CATALOGUE
5 Vero Elcctronics, Inc. has announced the

availability of a new 2-color. 21-page cata-
logue featuring complete ordering information
and technical data on “Verohoard” and its ac-
cessories.

The booklet, illustrated with photographs and
line drawings, explains the selection, design
method, and lavont procedure for this universal
wiring board.

RESISTANCE VALUES
5 Metavac, Inc. is now offering a chart which

supplics 1esistance values for symmetrical
T-pads with a characteristic impcdance of 50
ohms. Covering the attenuation range of 0.1
to 40 db, the chart simplifies specification of
thin-film resistance clements required for termni
nations and attenuators.
The reference guide is aimed for circuit engi-
neers involved in high-frequency design work.

TRANSFER LETTERING
54 Chart-Pak, Inc. has issued an illustrated

folder describing the specifications, alphabet
samples, and uses of “'Deca-Dry”’ transfer lettering.
Draftsmen, technical illustrators, and designers
can choose trom 16 styles available in four colors
in a wide range of sizes. Capital and lower-case
letters as well as numnbers are available,
Uses include statistical graphs, work-flow and
data-processing charts, and sciale models.

POWER TRANSISTORS
55 Motorola Semiconductor Products Inc. has

published 4 new 6-page power-transistor se
lection chart and cross-reference guide. Chart
PP 102 R8 contains information on the sclection
of germanium and silicon transistors for con-

sumer, industrial, and military applications.

Closc to 1000 device types are described, with
references 1o EIA registered numbers and closest
available company cquivalents.

CARTRIDGE REPLACEMENT
5 Sonotone Corporation has ade available

a new cross-reference crystal-cartridge re-
placement chart listing 146 competitive models
which the company’s line will replace. Intended
for dealers, the cross-reference guide (No. SAC-28)
inciudes both mono and stereo cartridges.

INDICATOR LIGHTS
Dialight Corporation is now making avail-
57 able a 12-page illusivated catalogue present-
ing its complete line of subminjature indicatov
lights that meet or exceed the requirements of
MIL-L-6723 and MIL-L-3661. Complete speci-
fications and mounting information arc given
for neon and incandescent lights.

V.L.F. COMPARATOR

Hewlett-Packard Company’s ‘‘Journal”
58 (Vol. 16, No. 2) is devoted to a description
of the firm’s Model 117A v.L.{. phase comparator.
Hlusirated with photographs and diagrams, the
publication discusses the use of the device for
relating local frequency to United States fre-
quency standards.

Complete specifications for the unit are pro-
vided, as well as a brief section on the company’s
“Dymec” Model DY-2365B tunable v.If. com-
|)ar;|lon

ZENER DIODES

Motorola Semiconductor Products Inc. is
5 now distributing a new 12-page illustrated
brochure containing the latest information on
the companv’s line of zener diodes. Manufactur-
ing. process control, test and high-reliability
assurance procedures and facilities are discussed

inn this brochure.
Device sclection charts are included, as well
as a section on application hints. A

MONEY!

o
[
| friend or foe?
® Alpha’s compact Solder & Flux Kit contains 19 soldering chemicals— | ™

fluxes, flux cleaners, protective coatings; 14 kinds of solders—including
paste solder, solders meeting Fed. Spec. QQS-571d, and unusual solder
alloys for high and low soldering temperature applications; spools of
solder foils; and a box of assorted preforms. Use it to help speed R & D
. select compatible materials for a new design,
correct and solve pre- and post-soldering

pre-soldering jobs . .
process or assembly . .
production problems.

® Built into this all-in-one R & D Kit are Alpha's Flux Finder Guide and
Solder Selector Chart, Special Soft Solder Alloy Diagrams, Solder Alloy
Chart and other valuable data on solder alloys, fluxes and chemicals. ‘
Complete Kit price: $24.00, including shipping. Price slightly higher out-
side the Continental USA. Start saving time, energy, money . . . |
For more information write for Bulletin A105.

get your Kit now!

Solders, fluxes, preforms, special alloys, lead and tin products,
ultra-high purity metals for semi-conductor devices.

® Alpha Metals, Inc.,, 56 Water Street,

Jersey City, N. J. » (201) 434-6778
« Aiphaloy Corp. (Div.) Chicago, 11, !

Los Angeles, Calif.
Alpha Metals, Inc. (U.K.) Ltd. London, England

SEE US AT THE I.E.E.E. SHOW
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.. even when you're out . . .
. or taking a deserved afternoon off.
For pennies a day, you protect your 'phone.

And look for the answering service
displaying this seal.

?‘
g W
ATAE\ 3

CIRCLE NO.

If business callers can't reach you,
they can't do business with you. Telephone
| answering service enables you to receive

or busy

or write ta Associated Telephone
Answering Exchanges, Inc.,
777 14th Street, Washington, D. C.
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MARINER IV PASSES 92-MILLION-MILE MARK |

N Januvarv 20 this vear, NASA’s
“Mariner IV” spacecratt had passed
the 92-million-mile mark on its 325-
million-mile Hight to the planet Mars.
Ever since December 17th, the space-
craft has been locked on the star Cano-
pus after a ground command. During its
first 29 days of flight, Mariner IV made
nearly 10 million scientific and engineer-
ing measurements in space outside the
Earth’s orbit. It had been transmitting
33 bits of information per second since
launch on November 28th, but on Jan-
uary 3, 1965 the bit rate was switched
to 8% per second because of the increas-
ing distance between the Earth and the
spacecraft,
At 9 p.m., January 20th, the straight
line distance between Earth and Mariner
1V was 9,855,315 miles. This was about

one-tenth the distance the spucecmftl
had actually traveled in its arcing inter- |
planetary orbit (see diagram below). It
was moving at a velocity of 10,519 miles
per hour relative to the Earth and 68,381
miles an hour relative to the Sun. The
actual distance traveled was 92,219,961
miles as of 3 a.m. EST on Wednesday,
January 20. I

The Earth and Mariner IV are moving,
in their respective orbits, in essentially
the same direction around the Sun. Later |
in the mission, the Earth will begin to |
pull away from Mariner, rapidly in-|
creasing the Earth-Mariner transmitting |
distance.

On July 14th, when Mariner has trav-
eled some 325-million miles to fiv by |
Mars, the transmission distance will he
about 140-million miles. A

Mariner IV's trajectory on its 325-million-mile flight to Mars.
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sogner
later...

you will demand the extra
quality and precision of
Nortronics tape heads! All
Nortronics heads feature:

laminated core structures
and deposited quartz gaps
for superior high fre-
gquency response, and . . .

hyperbolic, all-metal faces
for intimate tape-to-head
contact—longer wear with
minimum oxide loading.

Replace worn
tape heads with
Nortronics laminated
core replacement heads
—available from your
Hi-Fi Dealer, Radio-
TV Serviceman or
Camera Store!

Write today for your FREE copy of Nortronics
Tape Head Replacement Guide.

N\
-
o

8127 Tenth Ave. N.. Minneapolis, Minn. 55427

|
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13 Heathkit Values... See the other
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$] 2 95 Deluxe All-Transistor

AM/FM/FM Stereo Tuner, AJ-43C
Up to the minute AM, beautifully quiet FM, thrilling, natural FM
stereo . . . all reproduced in the exciting new dimension of “tran-
sistor sound.” Features 25 transistor, 9-diode circuitry, automatic
switching to stereo, AFC, filtered outputs for direct, beat-free
stereo recording, and new walnut cabinet styling. 19 Ibs.

Deluxe 21”7 All-Channel Hi-Fi Color TV, GR-53A ... $399.00

Compares to sets costing up to $200 more! Only color TV you can build
yourself, only color TV you can adjust & maintain yourself with exclu-
sive “built-in service center,” only color TV you can install 3 ways . ..
wall, custom cabinet, or either of Heath factory-built cabinets. Tunes
all channels, 2 thru 83, to bring you 21" of true-to-life color and black
& white pictures, plus /i-fi sound. Features 24,000 volt regulated picture
power; deluxe Standard-Kollsman VHF tuner with push-to-tune fine
tuning & new transistor UHF tuner; 26 tube, 8-diode circuit. All critical
assemblies prebuilt & aligned . . . goes from parts to picture in just 25
hours. GR-53A, chassis, tubes, VHF & UHF tuners, mount. kit, speaker,
127 Ibs. . .$399.00 GRA-53-7, deluxe wainut cabinet, 85 lbs...$115.00
GRA-53-6, economy walnut-finished cabinet, 52 1bs.......... $49.00

New! Deluxe Heathkit/Thomas

“Coronado” All-Transistor Organ, GD-983. . .%$849.00

No extras to buy! Easy to build & play! Saves up to $400! Every organ
feature you've ever dreamed of...17 true organ voices; 28-notes of
chimes; built-in Leslie, plus 2-unit main spcaker systems; 13-note hecl
& toe pedalboard, C thru C; two full-size 44-note keyboards; attack,
sustain & repeat percussion—the only organ with all 3; stereo chorus
control for exciting “stereo” effects; reverb; 5-year warranty on tran-
sistor tone generators; 75-watt EIA peak music power amplifier; and
hand-crafted, hand-rubbed, full-bodied walnut-finished cabinet & match-
ing bench. Hear it yourself'—Send 50c for demonstration record GDA-
983-2, 77, 33Ya rpm. 242 Ibs.

All-Transistor AM/FM/FM
Stereo Receiver, AR-13A

$]95llll

Just add 2 speakers for a complete stereo system! 46 transistor, 17
diode circuit for cool, instant operation, plus the quick, uncom-
promising beauty of “(ransistor sound.” Compact, yet houses two
20-watt power amplifiers (33 watts each, IHF music power), two
preamplifiers, and wide-band AM/FM/FM Stereo. Attractive
new “low-silhouette” walnut cabinet styling. 34 lbs.

Matching Deluxe All-Transistor
70-Watt Sterco Amplifier, AA-21C

$‘I4995

Enjoy the quick, unmodified response of ecach instrument with
its characteristic sound realistically reproduced. No compro-
mising! Enjoy 100 watts IHF music power at = 1 db from 13 to
25,000 cps. Enjoy cool, instant operation from its 26 transistor,
10 diode circuitry. Unusual value. 29 Ibs.

GR-53A

394

(less cabinet)

GD-983

‘849"

New! Heathkit
4-Band Shortwave Listener’s Radio, GR-64. . . $39.95

96

Covers 550 kc to 30 mc in 4 bands to bring you international,
ham, weather, marine, Voice of America, and AM broadcasts.
Features built-in 5” speaker; lighted bandspread tuning dial, rela-
tive signal strength indicator, and 7" slide-rule dial; 4-tube super-
het circuit plus 2 rectifiers; simple circuit board construction;
“low-boy” cabinet. 13 Ibs.,

Deluxe SSB Amateur Radio Receiver, SB-300 . .. $265.00

Covers 80 through 10 meters with all crystals furnished, plus pro-
vision for VHF converters. 1 kc dial calibrations—100 kc per dial
revolution. Crystal-controlled front-end for same tuning rate on
all bands. Prebuilt Linear Master Oscillator. Matching transmitter
and KW linear amplifier also available. Less speaker. 22 lbs.

ELECTRONICS WORLD
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237 in your FREE Heathkit Catalog!

World's Largest Selling Vacuum Tube Voltmeter, IM-11. .. .. $24.95
A versatile performer anywhere in elecfronics! Boasts single AC/Ohms/
DC probe; 7 AC, 7 DC, & 7 Ohms ranges; easy-to-read 42" 200 UA
meter; 1% precision resistors for high accuracy; and an extended low
frequency response of + 1 db from 25 ¢ps to 1 mc. Functions include
AC volts (RMS). AC volts (peak-to-peak), DC volts, resistance & db
measurements. Simple circuit board assembly. 5 Ibs.

Assembled IMW-11...... .. $39.95

Deluxe “Service Bench” Vacuum Tube Voltmeter, IM-13. .. .. $32.95

Mecasures AC volts (RMS), DC volts, resistance & db. Separate 1.5 & §
volt AC scales for high accuracy; “gimbal” mounting bracket for easy
bench, shelf or wall mounting: meter tilts to any angle for best viewing;
smoother vernier action zero & ohms adjust controls; large, easy-to-read
6" 200 UA meter; and single AC/Ohms/DC test probe. 7 Ibs.
Assembled IMW-13........ $49.95

New! Heathkit FM Sterco Generator, IG-112 . . . $99.00

Produces all signals required for trouble-shooting & alignment of multi-
plex adapters, FM tuners & receivers. Generates mono FM or composite
stereo FM signals. Switch selection of 400 cps, 1000 cps, S000 cps, 19 kc,
38 ke, plus 65 kc or 67 ke SCA test signals for complete alignment
capability. Simple to assemble & use. 10 Ibs.

New! Heathkit/NELI Transistor Ignition Kit, GDP-134 . .. Only $34.95
Save $35! Fcatures 4-transistor, zener-diode protected circuitry; built-in
conversion plug for switching to conventional ignition. Operates on 6 or
12 v. DC pos. or neg. ground system—installs easily on all cars, foreign
& domestic. Completely sealed against moisture, corrosion, etc. Simple
to assemble & install . . . all parts included. 7 Ibs.

New! Motor Speed Control, GD-973 . . . $17.50
Reduces power tool speed without loss of operating efficiency. Ideal
for use with drills, saws, mixers . . . any power tool with a universal
AC-DC motor rating of 10 ampercs or less. Prolongs life of drill bits,
blades and other attachments. Features Silicon Controlled Rectifier with
feedback circuit that slows motor, yet maintains high torque power!
Adjustable speed control lets you dial desired motor speed. 3 lbs.

$GDP-1:§15 i
da

. - Low Cost 4-Transistor “Walkie-Talkie,”

GW-31 ... $19.95 ea.

Only $35 a pair! Operates Y4 mile and more;

crystal-controlled transmitter; superregenera-

tive receiver; 75 hour life on 9-volt battery (not

included). No license, forms, tests or age
limit. Crystals for 1 channel (specify). 2 lbs.

p= e PGBy —————————————————————— : s —
-

. .. Buy Now—Use This Order Blank ...

1

HEATH COMPANY, Dept. 15-3, Benton Harbor, Michigan 49023

In Canada: Daystrom, Ltd., Cooksville, Ontario

[] Please send FREE 1965 Heathkit Catalog.

I Model Descriptian Weight Price }
| smip via: Free {
’ [J Parcel Post (X X ] I
| O Express Collect 108 colorful pages packed with over !
| O Freight 250 Heathkits! Over 250 ways to have |
| O 20% tncluded, C.O.D. Neme B - fun & save up to 50% by doing the [
l (] Best Wa (Please Print) easy assembly yourselfl Use coupon i
I 4 Address opposite & send for your free 1965 I
I - T Heathkit catalog now! |
l City. State. ip == I
l All prices & specifications subject to change without notice. CL-203 l
s S S — =Sy = -~ Sy o e s e e o e e ]
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ELECTRONICS

MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services.
must accompany copy except when ads are placed by accredited advertising agencies.

Frequency discount:

60¢ per word (including name and address).
5% for 6 months;

Minimum order $6.00. Payment
10% for 12 months paid in advance.

READER RATE: For fndividuals with a personal item to buy or sell. 35¢ per word (including name and address). No Minimum! Payment must accompany copy.
GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10¢ extra per word. All copy subject

to publisher's approval. Closing Date:

ELECTRONICS WORLD, One Park Avenue. New York, New York 10016

ELECTRONICS ENGINEERING
AND INSTRUCTION

FCC LICENSE in six weeks. First class radio telephone.
Results guaranteed. Elkins Radio Schooi, 2603C, In-
wood, Dallas, Texas.

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

HIGHLY-EFFECTIVE home study review for FCC com-
mercial phone exams. Free Literature! Cook's School
of Electronics, Box 10682, Pittsburgh, Pa. 15235 (Es-
tablished 1945, jackson, Miss.)

REI First Class Radio Telephone License in (5) weeks
Guaranteed. Tuition $295.00. lob placement free.

Radio Engineering Institute, 1336 Main Street, Sara-
sota, Fla.

[olumBiA GEMS!

COLUMBIA HARD-TO-GET SPECIALS!
All Recond:honed! Al lnke new! All guaranteed!
“9, or -10 WA E-TALKIE. Com-

pleln uls with \C('l‘s‘i()lle:' Euch set. $250 00
BC- GlOE RADIO TRANSMITTER:

At values ... 485.00
R-391 'URR COMMUNICATIONS RECEIVER Auto

tuited version of the R-390 URR. PUR

T-368A URT RADIO TRANSMITTER: Re l)l 14y
Frequency: 1.5-20 M
AN/GRT-3 UMF SINGLE-CHANNEL GROUND TRANS.
MITTER., Frequency: 223 4tk Me, 00 W, PUR
T-195/GRC-19 RADIO TRANSMITTER: PUR
R-388/URR RADIO RECEIVER: PUR
AN./GRC-27 UHF MULTI. CNANNI’.L GROUND THANS
CEIVER: 225.400 Mc. 100 W PU

ARC-5 COMMAND RECEIVERS

190- SSIO ) I(c Thl Is the famons Q- : ‘er: $‘|4 95
g Mo $1495 Ny $14.95
1ob- Me SUelwill 22.50
COMMAND TRANSMITTERS
23 $7.95 3N $7.95
e 8.95 s:3;7 Me 495
HEADSET & MIKE BARGAINS
HS:23 WEADSET: 4.000 onms. $4.95
i 5555
ns'ggmé;x';t‘aou MIKE: With coil card and :ggg
«<B8 Plug, Wrana new ang harzain buy! .

COLLINS ART-13 RADIO TRANSMITTER
2-18 de. 100 W. outhut. This is the famous onc!
‘I;Z‘\,::e_l'l‘n m. condllhm A territic

ARB COMMUNICATIONS RECEIVER

l\mz h; RCA. I bamls, 105 Ke-9 e $24 95
BC-348 COMMUNICATIONS RECEIVER
200-500 Ke. AN IR Me. in 6 bamis? $89 50

Like new. (lllL]\ ' mn and Ruaranteed!

R-105_/ARR -15 RECEIVER
1508 Mo Has 2 Colling 10 Oscillatorst €50 §()

RECEIVER SPECIALS! PRIDE OF THE NAVY!

Checked ount! Guar. w AC Power Subblies!

RBA: 15-600 Ke. Direct reading freq. dial. $95.00
RBB: H00 Ke-—d Me. D t reading

agse irec ding trea ¢35 0
RBC: 4 Me. Dnexl Il,l(l!llg freq. di .4| $95.00

WE NEED EQUIP.—HIGHEST $$% PAID!
We will pay top dollar if vou will write us IMME-
DIATELY! We urgently want: BC-610_(models H
and | preferred), SP-600, R-388, R-390, TED, TCS,
TRC, CV43/APR-9, TN-131/APR-9, ARC-34,-52.
Test Eaquipment, Aircraft Comm. Eauip., GRC,
PRC, ALL SG Signal Generators. We pay freight!

COLUMBIA riecrronics

4365 WEST PICO BLVD. LOS ANGELES 19, CALIF.

CIRCLE NO. 167 ON READER SERVICE PAGE
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LEARN ELECTRONIC ORGAN SERVICING at home.
All Makes including transistors. Experimental kit—
trouble-shooting. Accredited NHSC. Free Booklet.
NILES BRYANT SCHOOL, 3631 Stockton, Dept. A,
Sacramento 20, Calif.

ELECTRONICS—F.C.C. License Training—correspond-
ence, or resident classes. Free details, Write: Dept. 6,
Grantham, 1505 N. Western, Hollywood, Calif. 90027.

DRAFTING, Blueprint reading, schematics. Send $2.00
first lesson. Complete home course $25.00. Prior Inc.,

23-09 169 St., Whitestone 57, N. Y.

FOR SALE

FREE! Giant bargain catalog on transistors, diodes,
rectifiers, components, valuable parts, equipment.

Poly Paks, P. 0. Box 942V, Lynnfield, Mass.

ELECTRONIC IGNITION gives you Rellablh’ty, Perform
ance, and Economy! You get stronger spark, far more
point and plug life, extra power and mileage; fewer
tuneups! Complete instructions and hardware. Very
easily installed. For 12 volt U.S. cars. Guaranteed.
Send $8.95 with your order to: Electronic Ignition, Box
405, Syosset, N.Y. 11791. ORDER TODAY.

TRANSISTOR Ignition coils, components, kits. Advice
Free. Anderson Engineering. Wrentham 5, Mass.

JUST starting in TV service? Write for free 32 page
catatog of service order books, invoices, job tickets,
phone message books, statements and file systems.
Oelrich Publications, 6556 W. Higgins Rd. Chicago,
I11. 60656.

GOVERNMENT Surplus Receivers, Transmitters, Snoop-
erscopes, Radios, Parts, Picture Catalog 20¢. Meshna,
Nahant, Mass.

TRANSISTORIZED Products importers catalog. $1.00.
Intercontinental. CPO 1717, Tokyo, lapan.

DIAGRAMS for repairing Radios $1.00. Television $2.50.
Give make mode!l. Diagram Service, Box 1151 E, Man-
chester, Connecticut 06042,

INVESTIOATORS._free brochure, latest subminiature
electronic surveillance equipment. Ace Electronics,
11500-1 NW 7th Ave., Miami 50, Fla.

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

RESISTORS precision carbon-deposit. Guaranteed 1%
accuracy, Y2 watt 8¢. 1 watt 12¢. 2 watt 15¢. Rock
Distributing Co., 902 Corwin Road, Rochester 10, N.Y.
CONVERT any television to sensitive, big-screen oscil-
loscope. Only minor changes required. No electronic
experience necessary. lllustrated plans, $2.00. Relco,
Box 10563, Houston 18, Texas.

TIITAMERAS, —traﬁiﬁers, converters,
factory prices. Catafog 10¢. Vanguard,
Ave., Hollis, N.Y. 11423.

WEBBER Labs. Transistorized converter kit $5.00. Two
models using car radio 30-50Mc or 100-200Mc, one
Mc spread. Easily constructed. Webber, 40 Morris,
Lynn, Mass.

ACHTUNG! Das machine is nicht fur Gerfingerpoken
und mittengraben. |s easy schnappen der Springen-
werk, blowenfusen und poppencorken mit spitzen-
sparken. Ist nicht fur gewerken by das Dummkopfen.
Das rubbernecken sightseeren keepen hands in das
pockets. Relaxen und watch das Blinkenlights. This
attractive, engraved metal plague only $2.00 ea. ppd.
Southwest Agents, Dept. E, Box 12283, Fort Worth,
Texas 76116.

CANADIANS, transistors, all semiconductors and com-
nonents. Free catalogue contains reference data on
300 transistor types. J.&1. Electronics, P.O. Box 1437,
Winnipeg, Manitoba, Canada.

etc. Lowest
190-48 99th
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1st of the 2nd preceding month (for example, March issue closes January 1st.) Send order and remittance to: Hal Cymes

DETECTIVES! Free brochures! Electronic intelligence
devices for your needs and budget. SILMAR ELEC-
TRONICS, 3476 N.W. 7th Street, Miami, Fla. 33125.

DIAGRAMS Radios $1.00 Televisions $1.00. Schematics,
618 Fourth Street, Newark, N.J. 07107.

NEW supersensitive transistor locators detect buried
gold, silver, coins. Kits, assembled models. $19.95 up.
Underwater modeis available. Free catalog. Relco-A22,
Box 10563, Houston 18, Texas.

FLIP-FLOPS: Transistorized circuit mounted on a
printed ciicuit board with plug-in connector. Operation
up to 10,000 cps in set-reset or trigger mode. Can be
used in counters, shift registers, and memories with no
additional circuitry. $3.87 complete. Send for free lit-
erature. KOMTRON, Box 275, thtle Falls, NJ 07424,

JAPAN & Hong Kong Electronics Directory. Products
components, supplies. 50 firms—just $1.00. Ippano
Kaisha Ltd., Box 6266, Spokane, Washington 99207.

INVESTIGATOR'S Electronic Surveitlance De;/ices. 1965
Subminiature Professional Models. Free Details. Trol
Electronics-EW, 342 Madison Ave., New York, N.Y.

TRANSISTORIZED Intercom Kit Complete with 50 Feet
Cable, Two Speakers, Solder, Switch, Wire and Ampli-
fier Board. lust $4.95, Include postage. General Sur-
plus Sales, 10 Alice Street, Binghamton, N.Y. Draw-
ings Included.

FREE catalog: Wholesale electronic parts and equip-
ment. Western Components, Box 2581, EI Cajon, Calif.

“TAB”, SILICON 750MA* DIODES  [ocon
NEWEST TYPE! LOW LEAKAGE Gtd.1
Piv/Rms Piv/Rims Piv/RmS Piv/Rms
50 35 100/70 200/140 300/210
o9 A
= Ev,'mE' “Piv/R Piv/Rms PIv/Rms
400/280 500/350 600,420 700490
ST C S e C Mg M- gl s AN
Piv/Rms Piv Rms Piv/Rms Piv/Rms
8 560 900,630 1000, 700 1100/770
5

-3 -45 Query
ALL TESTS AC & DC & FWD & LOAD!

1700Piv/1200Rms @ 750Ma$1.20 @,10fors10
same 1100Piv/770Rms 75¢ @. 16 for $11

SILICON POWER DIODES STUDS & P.F.**

Piv 100 | 150 Piv 200 Piv

Rings | 35 fms | 70 Rms | 105 Rms | 140 Bms
3 .08 .14 17 .24
12 .30 .55 70 -85
18%*+ .20 .30 .50 .75
35 .70 2.05 1.35 1.50
100 1.65 1.00 2.50 3.15

240 3.75 _ 1;7_5__I _5_.15_ _8._75_
D.C. 300 Piv 400 Piv 500 Piv €600 Piv

Amps 210 Rms | 280 Rms | 350 Rms | 420 Rms

3 .29 .30 . .4
12 1.00 ' 1.35 | 1.45 1.70
18%% i.00 | 1.50 query Query
35 2.15 2.45 2.75 3.33
100 3.75 l 4.60 5.50 8.00
240 11.70 19.80 27.90 Query
Battery Charger 6 & 12 V charges up to 5 Amp
with Circuit Breaker $8 @, 2 for $15.

D.C. Power Supply 115v/60 to 800 Cys ompm
330 & Tap 165V up to 150Ma $5 @, 2 %9

3000Piv/2100Rms @ 200Ma $1. so@, 6 tor $lO

6000Piv/4200RMs @ 200Ma %4 tor $15
12000Piv/8400RmMSs @ 200Ma 510 @ 3 tor $25
5U4 Silicon Tuhe Repl. $1.90@. 6 for $i1

“TAB" % SCR'S A TRANSISTORS « DIODES!!!
Full Leuds Factory Tested & Gitd! U S.A. DMfg.

PNP Diamon'd,‘sA-znxss. 24
T Y T I E L 4@ .

PNP/S al u; to 350Mw _TOS ¢25
, N 3 @ 6 Ion Sl

NPNSignal IF, RF, 05C, 705, OV5, ¢2
PNP 2N670/300 mw 635@ 4 for $1
PNP 2N671/1watt ¢50@, 3 for $1
Power Heat Sink Finned lOOSﬂ $1@. 6 for $5
STABISTOR Diodes Fwd Regulators. .. 1watt 5 for $1
Zener Diodes up to One Watt 6!0200\/ c10@ 3 for 52
Zener Diodes Ten Watt 610150v $1 4 for $5

S1I Presstit 18A up to 100 Piv -4 for 31
Micra or MuSwitch CSD 35 Amp/AC-DC .3 for $1

“‘SCR"’ SILICON CONTR.OLLED RECTIFIERS'
74

PRV RV 25A
25 .30 . -85 250 1. 85 2.25 2.60
50 .50 75 1.00 300 200 2.45 2.80

100 .90 l 35 1.60 400 2.50 2.90 3.35

150 1.00 .65 2.00 500 3.25 3.60 4.00

200 1.30 l 90 2.30 600 3.50 4.35 4.60
“'Volt-Tah'' 600 watt speed control & light dim-
mer, 115 AC $4.50 @, 2 for $B.

MS: Money Back Guarantee!
order

“T B” EE:’ zom year, $2 Min.
N.Y.C. Add shpg charges
A or Ior €.0.D. 25°% Dep. Prices
shown sub;ect lo change
111-WM Liberty St.,
SEND 25¢ Phone: REctor 2- 6245 for CATALOG
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15 DISTANCE One-tube plans—25¢. “‘One Tube Hand-

book’'—50¢. Includes Data sheets, catalog. Labora- FAMOUS B(-645 ]’RANS(E[VER

‘Po P’ tories, 1131-H Valota, Redwood City, Calif.

The NEW RESISTORS, NEWEST TYPE METAL-FILM, COPPER CIR- l?,,Té‘eb?fw‘f;’?d tf?)rszoe'\mc
K]

RiveTool .

CUIT BOARD, CAPACITORS, TERMINAL BLOCKS. FREE | || communication.  voice or

CATALOG. FARNSWORTH ELECTRONIC COMPONENTS, 88 e ﬁ‘é.‘:f“:‘,;*‘%‘.‘.‘;b?.‘é":‘jé‘
Berkeley, Rochester, New York 14607. 460 mc. television experi-
EO-S — - mental  470-500 me. 135
ANTIQUE Edison Cylinder Phonographs. Released From tubes (tubes alone worth

: ; I le pri 4—
Storage. Each machine complete. Horn, Cylinders, By e, Gl LGOS

K (u-‘o -_——9 % G e
Interchangeable Heads JSSuSrRCEIREIRCETIERETN Fit s .
c Xl"\l nc w ubes,

Erewer' Malne; — lsess pmower sl’\pplyo‘:r'l factorg carton. $1950‘
for T" SEMICONDUCTOR supplier for electronic projects in A e e =
RI 20.000 KC with Crystal check points in all ranges.

Excel. Used with original Ca!fbra(ion Book. Crystal,

EW, RE, Used test equipment. 5-tube AC-DC Radio UHF Antenna Assembly.
e NO ANVIL OR HAMMERING 4 { TUBES—TV, Radio Transmitting And Industrial Types and all tanles cussgcgsn ouT

c te Sef of Plugs. . ... .. gl 5 ed 5.5
Kit $10.95. Brandwein Co., 306 W. 100 St, N.Y.C. GO ROTE B0 AU e AR s 18 o sl 3:32
10025 SPECIAL ‘“‘PACKAGE" OFFER:

° RC.-843 Transcelver. Dynamotor and all accessories
above. COMPLETE. BRAND NEW,
wWhile Stocks [LaSt - oo oo

TUBES BC-221 FREQUENCY METER

EquipPed with original calibration charts. 125 Kc to

At Sensibly Low Prices. New, Guaranteed, 1st Qual- unmodutatet  $89.50 Modulated ... .P.U.R.
® NO SPECIAL SKILL REQUIRED ity. Top Name Brands Only. Write For Free Cataiog AC P'ower Supply for RC221, checked out. . . .s;g.;g
e A STRONG NEAT FASTENING - or Call WAlker 5-7000, Barry Electronics, 512 Broad- S T e e e N e o) B
EVElY "ME ! an,_Ne_w !grl:N‘Y‘ 10012. iy re. supbly. Shock mounted. BRAND NEwW $2.95
] : RADIO & TV Tubes—33¢ each. Send for free list. BC-929 3-Inch Scope, with all tubes,
Cornell. 4215-W University. San Diego. Calif. 92105 LIKE NEW $14.95
| BEFORE you buy receiving tubes, test equipment, Hi-fi /(\:Sng;gfg??m:nsfr.u.cltuons W'th. .d'a.g""”‘“ for 1$106§
components, kits, parts, etc....send for Giant Free | E——
Zalytron Current Catalog, featuring Standard Brand TS-126/AP TEST 'SCOPE ;l‘:m)g:‘;wll)g\“-l_’t'l"%
Tubes; RCA, GE, etc.—all Brand new premium quality ositioninir. fuet g and Intensity control
| individually boxed. One year guarantee-—all at biggest R R S ro:’cle’él\‘v‘\"‘ﬁnﬁ'
discounts in America! We serve professional service- "V"'l"" e ':‘ S Ij:.l:;:l BRAND NEw. complete $24 50
Cadmium men, hobbyists, experimenters. engineers. technicians. As above. like new condition. complete with all_tubes,
Plated Steel Why pay more? Zalytron Tube Corp., 469-W Jericho demllitarized ... e $13.7
. Turnpike, Mineola, N.Y. 11502. TS]/ARR] TEST UHF OSCILLATOR GOLD
scrmvset;o]r:spl::ﬁ ELECTRONIC TUBES—Top Brands SOLD at substantial | [} speGiaL: with two wan tubes and cavity.” §4 5(
dering. etc. in savings! (Minimum Order $15.00) Authorized GE, Am- S T N T R alon s PRRAR LY :
ering, etc. in re- perex, DuMont and Eimac Distributor. Send for FREE BC1206-C BEACON RECEIVER
pairs or workshop) | Buyers' Guide for all your Tube Requirements. TOP 195 t0/430 Ke. rnade Ty STichar —
projects. Use on ap-| | CASH PAID for your excess inventory (New ONLY--Com- Carlson. " Works on 24.28 volts
pliances, TV antennas, | | mercial Quantities). Metropolitan Supply Corp., 443 S unas. "Size T4 CNMATI B
gutters and downspouts Park Avenue South, New York, N.Y. 10016. 212-MU ;‘:A:D“;:Ew $]]95
toys, bicycles ductwork, 6-2834. UsED. less tuhes 4903
y ) y — - - — L
chassis -virtually anythin CASH for following tubes having good filaments: All
from hardwoodsyto p);asticg types DeForest, Arcturus “blue glass,”” and Daven SCR-625 MINE DETECTOR
leather. metal t ’ brands. Sodion D-21, S-13, S-14. Speed 291, 293, 295. Complete portable outfit in origi-$ 50
Ifiielals, etc. McCullough 403. Raytheon “BA" rectifier. Emerson nal packing, with all accessories. 32
multivalve. For Private collection. Earle Young, 450 Brand New .....................

Magee Ave., Rochester, N.Y. 14613. AN/APR-4Y FM & AM RADIO RECEIVER
— ——— High precision lab instrument, suitable for
monitoring and measuring frequency and relative

ONLY$ 595

I WANTED snggalt s rengthtof signals from 38 to 4000 Mc.,
in uning unit ranges. For 110 V 60 cycle AC
COMPLETE KIT WITH “POP" RIVETS operation, built-in power supply. $79.50
. el | QUICKSILVER. Platinum. Silver, Gold. Ores Analyzed. LIKE NEw, SPECIAL .. ............. 0
DELUXE GIFT KIT in metal box with $Q)9 Free Circular. Mercury Terminal. Norwood. Mass. e B B TR e

extra large supply of ‘‘POP"’ rivets _— _ o
. CASH Paid! Sell your surplus electronic tubes. Want

unused. Clean radio and TV receiving, transmitting IMPORTERS — EXPORTERS
special purpose. Magnetrons, Klystrons, broadcast _ of Electronic Equipment
types. Want military and commercial lab/test equip- Catipment for_ export g domeatic._customers
ment. Want commercial Ham Receivers and Trans- Huge stocks, immediate shipment from N.Y.C..
mitters. For a Fair Deal write: Barry Electronics., 512 / rices. Your inguiry invited!
Broadway. New York. New York 10012 (Walker 5-7000). SCR-274 COMMAND EQUIPMENT
S — ————— S ——. ALL COMPLETE WITH TUBES Like BRAND
BI: e ‘?escrlm.ou Used New EW
eceiver
1. Insert rivet in tool. (HIGH FIDELITY 8 454 Rocever 3.6 mc. | 61098 T'8°% PUR
. . 8- : [UR.
2. Place rivet in hole of Boae Recarver 5501 )(¥O$ll\cgscon?px9e!:°\\'i'i,hu i
NOW N \ — tuhes. Brand New. in original backing <. . P.U.R.
materials to be fastened. LOW, LOW quotes: ail components and recorders. Hi-Fi, 1.5 10 3 MC. Receiver Brand New PLUR.
for the first time! \_3. Squeeze handles to | | Roslyn 9, Penna. e Ak 2o Cefvere Coril e Wi et o 5B g8
: set rivet. HI-FI Components, Tape Recorders, at guarantee 2 tructions
New interchangeabte . “We Will Not Be Undersold” prices. 15-day money-back s:ﬁ‘.‘:;;‘:ﬁ" .Leé'e.fNJ?i:,,w_,:m"fm s,:.zlcs'f
heads allow use of IT'S THAT guarantee. Two-year warranty. No Catalog. Quotations EUERIVERS. Fits nC-457. BC-454 ana
light and heavy Free. Hi-Fidelity Center, 1797 (L) lst Avenue, N.Y, n 3
2.1t T s 3 ’ B 2.
duty rivets. Order form for LU 2 N.Y. 10028 ._ S "v?;.?gf {“.“”Sr";"'?,'?gm I:,gmd“]: complete $s116 733
additional rivets (available | HI-FT components, tape recorders, sieep learn equip- | [ fike New oo 1o Soo TRAND NEW $7.95
in six sizes) enclosed with kit ment, tapes. Unusuat Values. Free Catalog. Dressner, iCs “‘u’,?,.:”f,‘fd”z,";,'s'[f“_“ BN D R, C°“"""i‘ -
: | 1523 fericho Turnpike, New Hyde Park 10, N.Y. AANE NI LT POR—— $12.95
| FREE! Send for money saving stereo catalog HE3W DR ??@Jff"csrwtqzﬁu“e@;” Compiete with ¢ g§
fannannnaaneaaeeaneuaunenannannaanentng | and lowest quotations on your individual component. BC-458 Modulator NEW 5.95
. . ALT. ACCESSORILS :\V\HAHIF II)R AROVE
. CONSUMER SERVICE COMPANY . tape recorder or system requirements. Electronic —-ﬂ—-—.
B 160 Mercer St., New York, N. Y. 10012 g | V2lues: tnc. 200 West 20tn Street, NY., N.Y. 100LL | J tuherdiagon 'avgsy ™ 20U He @iy
Enclosed is $___- . Please ship me FBEE—$1-OO VaIU_e ‘“‘Miracle’’ Record cleaning cloth 31{(\(INI:v?lT|‘!I‘\x::’e‘;h Eulbzg“SO—U\ed less tubes. _55._95
B the foltowing: B | with every quotation on HIFI EQUIPMENT. Our “ROCK | f§ AR 5,,,"423,‘"sfgf;xggw,;“egg'rm;;g;;'Qg;mmn 5150
B _  RiveTool kits at $5.95 ea. plus 35¢ ea. [ BOTTOM'' prices on NAME BRAND amplifiers—tuners— 10 fubes. Excellen: Used g . $24.
. for postage and handling. 5 taperecorders—speakers—FRANCHISED—59 YEARS IN —— R ey ]
___ Deluxe Gift Kits at $5.95 ea. plus 35¢ ea. BUSINESS. Write for this month's specials—NOW! 234-258 MC RECEIVER AN/ARR-2
l for postage and handling. [ | Rabsons 57th St., Inc., Dept. 569, 119 W. 57th St, glcl}‘:?r\“I:"é\F(\)lel‘}:hc [U(x]n;‘ Tunavie Hecelver it
N. Y. C. residents please add 4% sales tax). New York, New York 10019. Tomptete with® tubes, e usei 5895
. forei 3 l:'dd' ional E .
B Foreign orders $1.00 additional. ' ] - Please include 25% Deposit with order—Balance
1 C.0.D., or Remittance in Full. S0¢ Handling Charges
l Name l | MUSIC on all orders under $5.00. All shipments F.0.8. Oun
B (pLease PrINT) EW-35 l sWall'elm:S;. .N.Yél':‘. All Merchandise subject to Prior
Address - ale an rice ange.
[ ) | ACCORDIONS, GUITARS, BAND INSTRUMENTS! Save V2. G & G RADIO SUPPLY CO.
(] City. State Zip Code. . Famous makes, free home triai. Easy terms. Trades. Telephone: CO 7-4605
Sorry-—No charges or C.0.D. orders. Free Discount catalogs. Mention instrument. Interna. 77 1 ds . Y 3
Bieeeaasaansannnnnnesnsneasnnsnnnnnnn @ ' tional Music Mart, Dept EW, 5535 Betmont, Chicago, 41 | foz teonard St New York 13 N_ ¥ |
CIRCLE NO. 183 ON READER SERVICE PAGE
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GET IT from GOODHEART!

BROADCAST BAND COMMAND RECEIVER: ARC Type

22, Late 1vhe! 5310-16D0 ke, 6 tubes: RF
converler 2 F s & /\V( det. & Noise Limiter
AF. 2 uv sensit. Needs external pwr sply

control ckts & has no tuning dial. With spline tun
ing knob, schematle. pwr sbly schematic 7
electrically checked OK
l\(m %3 lor exira-clean selecied unit.
ARC-S QS er Levr 190- 550 ke w/835 ke l o Use
as 2nd converter for ahove or other revrs Cky
electrically. w/lots of tech. data. w, plme 14 95

knob. 9 |bs fob Los Ang
(Add £3 for extra-clean selccted _unit.)

TIME PAV PLAN Any purchase tol: lllng ]0%

‘%lm) 0() or more. down pay ment un]\
ALL BAND SSB RCVR BARGAIN: Il l erafters R-d
ARR-7 ke to 43 ine conllmmus Voi (\\
\IL\V 2 KF’ 2 1F's: S-meter; 435 ke Xtl: 6 =
lect. choices. Ready to use, w/80 cy pwr 199 50

Sply & honk. aligned. fob LOx Angeles

Unmoaitied. hui aligned, and with kit & ]84 50
instructions for adding Product Detector .
Aligned. w pwr =ply. but less the SSB kit. . 179.50
_Aligned. less the k kit and iess pwr sply. 149.50

AN APR-4 RECElVlNG SET: Tune 38 to 1000 mec. in
cludes TN-16. | 18 /APR-4; pilug: hand 179 50
artd OK. fob Los Angeles .

2200 mei add 8125 for

0ook; cherkel,
ﬂd *(.n for TN-1%, 07
N-31 75-4000 me.

LM FREQ. METER 125 ke (0 20 mc ls cumbln hou
1 w el sowree. CW oor )%
LN Clean, Uxecke(l 1()(
LW plllg. data. 16 1bs fob LA. .. .. ... 57 50
ply w/ plugs. data. ov $10 for EAQ
d

data. include

20-480 me. Crystal. 001 % . W/handbook
supplement giving supplementary xtl check points
& instruct clo«ely approdch cryvstal aceuracy.
hen nstruet., pwr sply data, cleun. Igg 50
checked (1% ertd. fob Los Ang. . . -

TEKI’RON!X =545 w D Ply ug-i 95.00
iso sve Jan, ad page LU0 fm olllm 'lek\ )
HkWL -PACK. No. 400AB AC 89.50
Al 400D AC \'rv a .. .150.00
And =3308R l)uu);(lun Anaiyzer.
And :6083 VHEF

for LM
vnverts for LA wparts,

TS-323,/UR,

TS-419, <im
Gen. 900-2100 e, 5.00
ROLLIN =20 ¥ Slgnll (un 1295.00
ROLLIN 30 VHF Signal Gen. 1295.00
L S KINYEL 1-digit DVM ac ‘de -475.00
source of EXACT DC \olluges 225.00
BROADCASY BAND COMMAND RCVR, A.R.C. 7.95
BOONTON CB (20-28 mc) Microvoiter 7 .00

EVERVYHING we sell is UNCONDIYIONALLV GRYD'

& \IU( il MORE! S0 please TELL US WHANT \()U \
I‘or (, u\ mum(lm other Bnugxs \olx g0

viders I RajioTrans. see Sepi v,
1INE VoL 1 \( i RL(;[ LATORS. <ee Oct. m ()I( WRITE

FOIl DATA! We have the widest assortment of DE-

SUEABLE mat of this nature In the U.S.A

WRITL WIRE or PHONE your needs.

E. GOODHEART CO. INC.

Box 1220-A, Beverly Hills, Calif. 90213
Phones: Area 213, office 272-5707, messages 275-S342

CIRCLE NO. 243 ON READER SERVICE PAGE

| POEMS Wanted for songs and records. Send poems.
Crown Music. 49-RB West 32, New York 1.

TAPE AND RECORDERS

| RENT Stereo Tapes—-over 2,500 Different—altl major
labels—free brochure. Stereo-Parti, 1616—E. W. Ter-
| race Way, Santa Rosa, California.

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

BEFORE renting Stereo Tapes try us. Postpaid both
ways—no deposit—immediate deiivery. Quality—De-
pendability — Service — Satisfaction -— prevail here. f
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, Fia. 33012.

TAPE RECORDER BARGAINS. Brand new, latest models,
$10.00 above cost. Arkay Sales, 22-02 Riverside Ave.,
Medford, Mass. 02155.

STEREOD TAPE. Save up to 60% {no membership fees).
Wwe discount recorders, batteries, accessories. We
mail prerecorded tape, prepaid, anywhere that United
States rates prevail. Free 60 page catalog. Saxitone,
1776 Columbia Road, Washington, D.C. 20009.

ToP quallty Sarkes Tarzian’s Galaxie tensilized Mylar
tapes: 1800'—$1.56, 2400'—$2.59, 3600'—$3.69, plus
postage. Moneyback guarantee. Free Price list, Hand-
| book: “Fun with your tape recorder.” Pofe Electronics,
1716-EW Northfield, Muncie, Indiana.

|
GOVERNMENT SURPLUS

JEEPS $64.50 . .. Boats $6.18 ... Typewriters $4.15
Airplanes, Electronics Equipment, 100,000 Bar-
gains Typically like These Direct from Government in
Your Area. For Complete Directory and Surplus Cata-
log Send Only $1.00. Surplus Service, Box 820-K,
Holland, Michigan.
| JEEPS—$62.50, Transmitters—$6.18, Typewriters—
$4.15, Walkie-Talkies, Oscilloscopes Multimeters.
Typical Surplus Prices. Exciting Details free. Enter-
prises, Box 402-B9, Jamaica 30, N.Y.

EQUIPMENT

WALKIE-TALKIES Communicate with Friends and Busi-
ness Associates. Great for Hunting and Boating. ldeal
for Police, Fire Dept., Construction and services.
Range to 5 miles. Buy the Best for Less. Write for free
detaifs now. Sheirr Electronics Lab., 1422 Tamarind
Ave., Los Angeles, Calif. 90028 Dept E.

MC GEE Radio Company. Big 1965 176 page catalog
sent free. America’'s Best Values. HiFi—Amplifiers—
Speakers—Electronic Parts. 1901 McGee Street (Dept.
EW), Kansas City, Mo.

FREE electronics catalog. Tremendous bargains, Elec-
trolabs, Department C-112E, Hewlett, New York 11557.

REPAIRS AND SERVICES

TV Tuners Rebuilt and Aligned per manufacturers spe-
cification. Only $9.50. Any Make UHF or VHF. We ship
COD Ninety day written guarantee. Ship complete with
tubes or write for free mailing kit and dealer brochure.
JW Electronics. Box 51B. Bloomington, Indiana.
METERS—Multimeters Repaired and Calibrated. Free
estimates—Catalog. Bigelow Electronics, Box 71-F,
Bluffton, Ohio.

PATENTS

INVENTIONS: Ideas developed for Cash Royalty sales.
Raymond Lee, 1606G Bush Building, New York City 36.

RECORDS

DISCOUNT Records, All Labels—Free Lists. Write Cliff
House, Box 42-E, Utica, N.Y.

BOOKS

AUTHORS! Learn how to have your book published,
promoted, distributed. FREE booklet '‘ZD,’”” Vantage,
120 West 31 St., New York 1.

| C RO

EVERY DEAL A FAIR DEAL

LARGE, SELECT STOCK!

and Iule te:

FREE repl

conditions.
Advertised tubes not necessarily new.
fect tactory or used tub

EW6CT
€ X4
6

" MICRO TUBE FABULOUS LOW PRICES!

Every tuhe testcd in our own laboratory for mutual conductan

e 3 for one year of any tuhe purchased
tro rn us which fails to function c#iciently under any or all operating
Prompt refunds on any defective merchandise

fo HUNDRED

ANY TUBE LISTED

New at MICRO!
25-WATT POWER
{ TRANSISTORS
N tonrty w0 maeed. ¥ e YOUR 79° 3 $2
7E8 128Y7 CHOICE ea cl
130 2N155 [ 2N301 | 2NT136A
12te 2N156 | 2N301A | 2N1136B
Lo 2N157 | 2N307 | 2N1137
12567 2N157A | 2N307A | 2N1137A
12347 2N158 | 2N325 | 2N1137B
125M7 -] 2N158A|2N350 | 2N1138/A/B
1257 2N176 | 2N350A | 2N1245
12véar | 2N178 | 2N351 | 2N1246
12W6CT | 2N179 | 2N351A| 2N1291
1223 2N234 | 2N352° | 2N1293
taa7 2N234A | 2N353 | 2N1297
1282 2N235 |[2N376 |25B25
13Q7 2N235A | 2N376A | 25B26
19 veer| 2N235B| 2N386 | ARS
19898ST| 2N236 | 2N387 [ AR
1346 2N236A | 2N399 | ARS8
1978 2N236B | 2N400 | AR9
o EEEREC A
25BQ6 2N 250
25DN6 2N251 | 2N555 | ET-6
| N BN | CRI
SZ5 2N255A
2526 N256 2N1022 | MN25
2 2N256A | 2N1033 | MN29
3383 2N257 [2N1038 | SYL-109
5C5 2N288 | 2N1039 | WTVPwr2s
R 2N268A | 2N1040 | WTVPwrI12
5w4
Syd 2N285 | 2N1041 | WTVPwré
Biier | e Bt | WRASEL
39/44
a2’ 2N297
43
Balhs EXTRA SPECIALS:
5085 6,12 volt VIB 89¢
29¢2ar | 612 volt New VIB §1.49
X6 50 watt 25K Sprague Resistors 30¢

DEPENDABLE, FAST SERVICE!

P.0. Box 55 Park Sta. WRITE DEPT..BTIEXFOR OUR FREE

ELECTRON TUBE CO.

Not Connected With Any
Other Mail Order Tube Co.

102

Paterson 3, N. J..

LOMPLETE LIST OF TUBES &

SPECIAL PURPOSE TUBES

ALL TUBES SENT POSTAGE PA!D. Please send 35¢ handling for orders under $5. Send
25% dep. on C.0.D. orders. Send approx. postage on ‘Canadian and foreign orders.

CIRCLE NO. 198 ON READER SERVICE PACE
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ATTACH
LABEL
HERE

If you've recently changed your address or
plan to in the near future, be sure to notify

us at once. Place magazine address label

here and print your new address below.

NEW ADDRESS:

NAME
PLEASE PRINT
ADDRESS
CITY. STATE ZIp
MAIL COPIES TO NEW ADDRESS STARTING
WITH . ISSUE.

If you have any questions about
your subscription be sure to include
your magazine address label when
writing us.

Mail to: ELECTRONICS WORLD,

1255 Portland Place, Boulder,
Colorado 80301

ELECTRONICS WORLD
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FREE Catalog

OF THE WORLD‘S FINEST
GOV’'T. SURPLUS
ELECTRONIC BARGAINS

TEST EQUIPMENT:

0S8-26/USM-24 Oscilloscope (Special)....Used: $59.50
TS-147B Signal Generator—8500-9600 MC..U: 59.50
TS-117 Wavemeter—2400-3400 MC. .. ... Used: 18.95
UPM-19 Pulse Generator—2650-2950 MC.Used: 39.50
URM-23 Attenuators—1000 to 4000 MC...New: 14.95
TS-102B Range Calibrator ......... ..... New: 18.95
UPM-1 Scope-Osciliator-Wavemeter—

155-580 MC ... ................ .Used: 99.50
BC-1277 Signal Generator—2400-3400 MC. U; 22.95
1-193 Polar Relay Tester ... ... ...... Used: 16.95
LAF-2 Signal Generator—90 to 700 MC..Used: 75.00
TS-118/AP RF Wattmeter ... ... . ... .. Used: 39.50
15-28/UPN Synchroscope . ............. Used: 50.00
1S-34/AP Oscilloscope . ... ........... Used: 39.50
TS-375 vacuum Tube Voitmeter......... Used: 65.00

RECEIVERS:
R-316 Receiver—162.25 to 173.5 MC FM Used: $22.95
RAX-1 Receiver—200 to 1500 KC........ Used: 29.95
BC-348 200 to 500 KC—1.5 to 18 MC. .. . Used: 89.50
R-23/ARC-5 190 to 550 KC ............ Used: 14,95
R-25/ARC-5 1.5 to 3 MC . A EARE New: 19.95
R-77/ARC-3 100 to 156 MC.. ... . ... Used: 22.50
BC-1206 Receiver—200 to 400 KC..... Used: 9.95
BC-229 200 to 400 KC—2500-7700 KC...Used: 8.95
R-5/ARN-7 100 to 1750 KC............. Used: 18.95
MN-26C 150 to 1500 KC............... Used: 9.95
MN-26 LB 200-410; 500-1200 KC—2.9-6 MC.U: 9.95
TRANSMITTERS.
ART-13 2 to 18 MC . .... - $59.50
BC-604 21 to 27 MC FM : 1.95
BC-684 27 to 38 MC FM 6.95
BC-191 1.5t0 12.5MC ... .. .. 34.95
BC-230 3000 to 7000 KC . 8.95
T-18/ARC 2.1 to 3.0 MC . ... ¢ ;. 8.95
T-20/ARC 4.0 to 5.3 MC. .. New: $9 95 or Used:  6.95
T-21/ARC 5.3 to 7 MC. .. .. New:$8.95 or Used:  5.95
T-23/ARC 100 to 156 MC .. ... ... ... .. New: 24.95
T-67/ARC-3 100 to 156 MC . ........... Used: 22.95
GP-7 350 to 9050 KC ................. ew: 29.95
RECEIVER—TRANSMITTERS'
LINK 1905-1906 152 to 172 MC FM. .. .. Used: $59.50
RT-19/ARC-4 140 to 144 MC AM . ... ..., Used: 22.95
BC-1335 27 to 38.9 MC FM. .. ... As is—Used:  6.95
BC-645 (Converts to: 435 to 500 MC)....New: 14, 95

Address Dept. EW o Prices FOB Luma, 0.
25 % Deposit on C.O.D.’s ® Minimum Order $5. 00

FAIR RADIO SALES
2133 ELIDA RD. - Box 1105 - LIMA, OHIO
CIRCLE NO. 181 (_)E READER SERVIQ§ PAE_E_

PLANS AND KITS

PLANS for building tape eraser out of used TV. Trans-
former crossover network with values given, both
$1.00. Jef Enterprises, Box 968B, Los Altos, Calif.
94022.

PERSONALS

ONLY $35.92 Monthly repays $800.00 (thirty payments).
Borrow $100-$1,000 entirely by airmail. Write today.
Bankers Investment Company, 92-A, Hutchinson,
Kansas 67501.

FACTS, Any Subject-Products. Confused-Worried-Prob-
lems. Information 25¢. Surveys, Research, Special
Assignments, Reports. EW, Box 1431, Greenville,
South Carolina 29602.

PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES

MEDICAL FILM—Adults only—*Childbirth’" one reel,
8mm $7.50; 16mm $14.95. International W, Greenvale,
Long Island, New York.

SCIENCE Bargains-—Request Free Giant Catalog “‘CJ)’
—148 pages——Astronomical Telescopes, Microscopes,
Lenses, Binoculars, Kits, Parts, War surplus bargains.
Edmund Scnentmc Co., Barnngton, New Jersey

PRINTING

BOOK PRINTING. Lowest cost. Paperbacks or hard cov-
ers. Catalog free. Addams Printers, 30 W. Washington,
Chicago, I1l. 60602.

AIRCRAFT RADIO

WANTED Aircraft Radio Sets—Collins: 51R3-51X—51Y
—51v—>51Z, Bendix: T-21; R21; DFA-70; RA-18C; MK-7;
GSA-1, Test Sets: ARC—Boonton—Collins—Hewlett-
Packard. Highest prices paid. ). Lee, Box 105, New
Haven, Conn.

March, 1965

MAGAZINES
ELECTRON is A Brand New Electronics Hobbyist
Magazine. Free Sample Copy, Electron, Box 796,
Montreal, Canada.
HYPNOTISM

FREE Hypnotism, Self-Hypnosis, Sleep Learning Cat-
alog! Drawer H400, Ruidoso, New Mexico 88345.

REMAILING SERVICES

PRIVATE ADDRESS, Personal-Business. Information 25¢.
Remails 25¢, from Baltimore, Richmond, Charlotte,
Atlanta, Tampa, Dallas, EW. Horton, Kensmgton Rd.,
Greenvnle South Carolina 29609.

REAL ESTATE

FLORIDA water Wonderland—Homesites, Cottagesites,
Mobilesites, Established area. $390 full price, $5.00
month. Swimming, fishing, boating. Write, Lake Weir
38be, Silver Springs, Fla. Ad 6-1070 (F-1)
FREE!—ALL NEW! SPRING CATALOG Thousands of
properties described, photos galore—Land, farms,
homes, businesses—recreation, retirement. 472 of-
fices coast-to-coast, ‘‘World’s Largest.” Mailed FREE!!
STROUT REALTY, 50-ZD East 42nd St., N.Y. 17, N.Y.

EMPLOYMENT INFORMATION

FOREIGN Employment. Construction, other work proj-
ects. Good paying overseas jobs with extras, travel
expenses. Write only: Foreign Service Bureau, Dept. D,
Bradenton Beach, Florida.

FOREIGN—U.S.A. High-paying, steady employment. All
occupations-professions. Family relocation. Transpor-
tation. Sixth successful year providing fast, direct
placement. Global, Box 286-W, Oroville, Calif.

SILICON RECTIFIER SALE

DELIVERY
NEWEST TYPE
FULLY TESTED

IMMEDIATE
FULLY GUAR'NT'D
AMERICAN MADE

750 MA-SILICON ‘‘TOP-HAT'' DIODES

LOW LEAKAGE FULL LEAD LENGTH

P1V/RMS PIV/RMS PIV/RMS PIv/ RMS
50/35 100/70 I 200140 300/210
.05 ea .09 ea _ .12 ea -16 ca

P1V /RMS PIV/RMS PIV RMS | PIV/RMS

400/280 500/350 6007420 700/490

_ _:20ea .24 ca .32 ea I 40 ea

PIV/RMS | PIV/RMS | PIV/RMS 2MS

800/560 | 900/630 1000 700 | 1100 770
.48 ea -55 e | 75 e

ALL TESTS AC & DC & FWD & lOAD
SILICON POWER DIODE STUDS

D.C. 50 PIV 150 PV 200 Piv
AMPS 35 RMS 70 RMS 105 RMS 140 RMS

3 12 18 22 30

12 45 65 .75 90

35 1.15 1.50 1.70

30 1.60 1.90 2.30 2.8

100 1.75 2,15 2.55 3.15
D.C. 300 PIV 400 PIV 500 PIV 600 PIV
AMPS 210 RMS 280 RMS 350 RMS 450 RMS

3 .40 .45 <55 .65

12 1.10 1.35 1.50 1.70

35 2.35 2.55 3.00 3.50

50 3.50 4.20 5.25 7.00

100 3.75 = 4. 60 5.65 8.00
“SCR' SILICON CONTROLLED RECTIFI'ERS ‘‘SCR""
16 25 25
PRV AMP AMP  AMP PRV AMP AMP amp
25 -50 .85 1.20 § 250 2.30 2.65 3.10
50 .85 1.20 1.40 § 300 .60 3.00 3.40
100 1.35 1.80 2.20 Q<00 3.00 3.40 4.15
150 1.60 2,10 2.65 @500 3.75 4.25 4.75
"()0 1.75 2.40 2. 600 4.00 5.00 5.25
Mon«y Back guarantee. %$2.00 min. order. Orders

CY. Include check or money order Shpg.
chargcs plus. €.0.D. orders 25% down.

Warren Electronic Components
230 MERCER ST. N.Y. 10012 N.Y. OR-3-2620

—_—

GREGORY ELECTRONICS
Reconditioned FM

2-Way Radio Savings
THIS IS A PARTIAL LIST—
WRITE FOR NEW 1965
E-X-P-A-N-D-E-D CATALOG

NEW LOW PRICE!

148-172mc
RCA CMC
60B
6/12vdual
dynamotor
60 watt

(a) Fully
narrow
banded
complete
with all accessories,

less crystals $1 78

& antenna ..

(same unit without accessorles $148 00)
(b) Same unit tuned tc your frequency in.
ciuding brand new antenna . ......... . . . $213

Extra Special Purchase
Recgnditioned General Electric

Voice Commander

Personal FM
Transmitter-Receiver

132 to 172 MC, 1 W
9.5"x5.3"x1.7"

The General Electric
VOICE COMMANDER
I Personal Transmit-
ter-Receiver is a

I high performance,

; completely self-con-

- ‘ tained two-way FM

i Radio. Extremely

- - compact and light-

TN T weight, the VOICE

== ® ———— COMMANDER is sim-

== "= ple to operate and

—————"—— easily hand carried.

B~ | Except for the final

l stages of the trans-

} "\ mitter, the VOICE

.y COMMANDER is com-

i) e . e Pletely transistor-
i ized.

PRICE,including
Brand New recharge-
able Nickel-Cadmium
Battery Pack

$178

1t crystats and tun-
ing is desired. add
$40.00.

We also have the
proper chargers
for these units, GE
Model #4EP27A10,
Price: $18.

1t additiona) nickel
cadmium Battery
Packs are required,
they are available

at a price of
525 00 each.

-

R Tl
Te - EERE e 5

ppt| w2 PN

.

. b4

LINK 6000 NW SERIES

25-50mc 20F3 Emission TX narrow banded 12
volt, 50 watt. Complete with all ac- $]28
cessories, less crystals and antenna.

Add $40 for crystals, tuning and brand new an-
tenna—ready to go on your frequency, also avail-
able in dual frequency Tx & Rx add $30 for tuning
of second frequency

SURPLUS
ELECTRONIC BARGAINS

Transmitters, Receivers, Radar, Loran Test Instru-
ments, Mikes, Headphones, Var. & Oil Capacitors,
Plate & Fil. Xfmrs, Dynamotors, Blowers & many
?ther items. For Industry, Schools, Labs, & Ama-
eurs

WRITE FOR BUL *41—-Loads of Bargains

R.W. ELECTRONICS, iINC.
2244 So. Michigan Ave.

Dept. 373
Chicago, |llinois 60616 Phone 225-128)

www.americanradiohistorv.com

We Buy Late Model Equipment for Cash
—Write; Wire or Phone!

GREGORY
ELECTRONICS
CORPORATION

Phone 773-7550
Area Code 201

- GREGORY =

ELECTAONICS ison

249 Rt. 46
Saddle Brook, N.J. -«

CIRCLE NO. 185 ON READER SERVICE PAGE
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Rectifiers & Transistors

750 ma. Silicon Dlodes Silicon Power Diode

“Epoxy™ or “Top Hat" Stud 3 amps.
PIV PIV PIV PIV
50 5¢ 600 21¢ 25 6¢ 300 25¢
100 7¢ 700 25¢ 50 8¢ 400 28¢
200 10¢ 800 32¢ 100 14¢ 500 35¢
400 14¢ *900 40¢ 150 16¢ 600 40¢
500 18¢ *Top hat only | 200 22¢ All tests
Fili Leads. Tested. Guaranteed. American maac.
10 watt Sil. Zener stud, 5-130v... .... .. $1.25 ea.
1 Watt Zener Diode Axial leads 6v-200v....50¢ ea.
Sil. diode stud 1500piv 300 ma........... 50¢ ea.
Hi-voltage—Silicon epoxy diode, 2V2"x38"x1/2",
HOFFMAN—3000 piv—200 ma. . s $| 95 ea

HOFFMAN—6000 piv—200 ma.
Thermister, glass bead, 1200 ohms 600° F 2/$1 00
Siticon Power Transistors—

2N1724 $1.50—2N1936. . .. ....... .$2.00 ea.
20 Watt Germanium (internal heat sink)
2n1038 ....8 for $1.00|2n1042 . . .6 for $1.00
2n1039 ....6 for $1.00 [2n1043 ... .4 for $1.00
2n1C40 ... .4 for $1.00 | 2n1044 ... .2 for $1.00
2n1041 .2 for $1.00 [ 2n1045 . ... ... 70¢
150 watt Germanium Hi-Freq Power
100 voits, 10 amp 2n1046 . ... .. ...$1.50 ea.
100 volts, 20 amp 2n1907 ... .. ¢ $1.95 ea.
150 watt Germanium Power
2n250 ........3/%$1.00
2n251 Lo....2/%1.00
2n456 .. ... E _.70¢ | 21022 ... ...

2n1022 .$1.2
HF Silicon—2N702100mc 40¢. 2N703— 150me eoc
Germanium switching transistors 2N1300
series assorted, tested, PNP or NPN.10 for $1.00

Philco Sil. NPN, 2N2479, new...... 3 for $1.00
Ger. Mesa transistors. PNP. ! ...10 for $1.00
HF Silicon tetrode, 3N35 ... . ...... .. 75¢ ea.
Sil. diodes 1N200 series, assorted,

MeW .. ..........2...%..-.:3:% 15 for $1.00
Ger. diodes, glass new....... .15 for $1.00
Mickel-Cadmium Battery 9% oz. & amp~

hrs, 2% 7x342"x4Y2" ia 151295 eas
10 different Precision Resistors . ... ... ..%1.00

Varicap-——voltage variable capacitor-

7 piatdv., 4:1, new .. .. ..$1.25 ea.
SILICON CONTROLLED RECTIFIERS
RV 7 16 PRV 7 1
amp amp amp danmp
25 .28 .48 200 1.05 1.70
50 .48 .70 | 300 1.60 2.20
100 .80 1.20 | 400 2.10 2.70
150 .80 1.50 | 500 2.80 3.30
ALL TESTS STUD TYPE 600 3.00 3.90

Money hack cuarantee. $2.00 min. order. incluace
postane. Catalogue 25¢.

Electronic Components Co.
Box 2902 Baton Rouge. La. 70821

CIRCLE NO. 140 ON READER SERVICE PAGE

| EDUCATIONAL
| OPPORTUNITIES

| LEARN While Asleep, hypnotize with your recorder,
phonograph. Astonishing details, sensational catalog
free! Sleep-Learning Association, Box 24-ZD, Olympia, |
Washington. |
LEARN while asleep. Remarkable, scientific. 92% ef- |
fective. Details free. ASR Foundation, Box 721, Dept.
e.g.. Lexington, Kentucky.

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

FREE Education! Greater Success! Learn how to get |
it. Information Free! Cameo, Carrolitown 10, Pa. 1

INVENTIONS WANTED l

INVENTORS. We will develop, heip sell your idea or
invention, patented or unpatented. Our national manu-
facturer clients are urgently seeking new items for out-
right cash sale or royalties. Financial assistance avail-
able. 10 years proven performance. For free informa-
tion. write Dept. 42. wall Street Invention Brokerage,
79 wall Street, New York 5, N.Y.

PHOTOGRAPHS

PHOTOGRAPHS and transparencies wanted, to $500.00
each. Valuabte information free—Write intraphoto-EW,
Box 74607, Hollywood 90004.

HELP WANTED

EARN CASH Commissions plus free gifts. Sefl match-
book adve:tising. Sales kit furnished. Matchcorp, Dept.

| MD-35, Chicago 60632.

STAMPS

FREE-—Mint British Colonials from Antarctic Territory,
Borneo, Brunei, St. Christopher, Nevis, Caymans, Treng-
ganu, Pitcairns. Free with approvals. Viking, Great
Neck 50, N.Y.

|
| CLASSIFIED ADVERTISING ORDER FORM |
| Please refer to heading on first page of this section for complete data concerning
| terms, frequency discounts, closing dates, etc. ‘
| i ) 3 a 5 ]
% 6 b] 8 5 10
% il 12 13 14 15
} 16 17 18 19 20
; 21 22 23 24 25 -
26 27 28 29 30 B
l 31 32 33 34 35
Words | @ .35 Reader Rate ! $
. — !
| @ .60 Commercial Rate §
Insert —__ time(s) Total Enclosed $
| NAME
ADDRESS
| CITY ZONE___STATE
SIGNATURE
I WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one
word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does
not permit.) Count each abbreviation, initial, single figure or group of figures or letters as a word. Symhols
such as 35mm., COD, PO, AC, etc., count as one word. Hyphenated words count as two words. EW-365
104
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NEW PORTABLE

Ifcu

®

I1SE

WITH FRE_E GIFT

‘ T0 HOLD:
Lightly hold Vacu-Vise

in place.

NO CLAMPS! NO §

ATTACHES INSTANTLY—HOLDS SECURELY

Will not mar furniture

or table tops!

Vacu-Lever with finger-tip.

Turn down

TO RELEASE:
Release Vacu-
Lever with
finger-tip. Vacu-
Vise lifts off.

CREWS!

For The DO IT YOURSELFER"
For The REPAIRMAN

For The MAN WHO NEEDS
A THIRD HAND

You’ll wonder how you ever got
along before you had the new
VACU-VISE with ‘‘Super Vacu-
um"'* Power that HOLDS . . .

Holds firmly in
any position.

it's like having a third hand

. anywhere . . . on the
job . . . right where you need
it. No Clamps—No Screws—the
Super Vacuum base does it
all for you! Just one turn of a
Vacu-Lever (use your finger-
tip . . . no strength need-
ed) and VACU-VISE holds
firm and fast to any smooth
non-porous surface such as
Formica, Linoleum, metal, glass,
ete. Large 215" jaws — with
‘¥’ grooves hold your work
firmly to table top—bench. Com-
pletely portable — weighs only

CONSUMER SERVICE COMPANY

160 Mercer St., New York, N. Y. 10012

FREE
GIFT

Order imme-
diately and
receive FREE
a set of

Vacu Vise
slide on Rubber
Jaws for use
when working
on fragile or
delicate
materials.

®

Enclosed is § for Vacu Vise ®

at $6.95 ea. plus 55¢ ea. for postage and handling. @

(N.Y.C. residents please add 4% sales tax) :

Foreign orders $1.15 additional. 4

Name. — — :

(please print) °

Address. L__* :
W-35

City. State. Zip Code [ ]

Sorry—No Charges or €.0.D. orders. :

ELECTRONICS WORLD
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L X%

6ATE

U[ |

L
With” every $10 Order

per tube

{No Limit} from this list.

Tube Tester

0 5w exarg
Practicat home study courte wil tea
Bar 31 adko ves taster and bette
Cover 2

InE handrens o1
compiete ¢
10 pay L.

i
¢ N traiming to ,n nead g
your siroduct.on to T wor

CORNELL mcmomcs )

4217 University Ave., San Dlggo . Calif.
CIRCLE NO. 172 ON READER SERVICE PAGE

Dept EW 3

6A6S5 6SNT
6AU6  6J6 6¥6 3
6AQ5 6K6 (1. 13 FOR CORNILL CUSTOMERS ONLY by
special arrangement with the publisher, these
amozing bargeins ore ovailable
Cansole
SO0 COMPLETE RADIO SERVICING AND

BASIC ELECTRONICS couns{ ONLV $3.00
280

65C7
183 6AT8 6CFS Gy
145 6AU4 6CGT 6H6 6547
1J3  6AUS 6CG8 615 65K7
1ls 6AUE 6CMT  6J6 6517
174 6ave
e oave IlNol Shlpped
| 1x2 sax4 4 hrs.
| 3¢B6 6BAG
SUs 65CS v u R
Svi 6BOG
SY3 6BGS
6A6 6BHSE -
6AB 6BJS
per | 5484 s8L7
6ACT 6BNY
TUBER ¢.c5 cans
" A5 6806 6Cz5  oKe | 65NT
100 TUBES OR M 6CZ5
OR MORE: B cals 6826 606 o7 6307
30‘ PER TUBE J 6ANSGCH DAt Q7  gspy
6ACS 6C6  ¢DE6 654 U7
6ASS €CBS 6DQE  oSAT  6ug

e
and a5

6V6

W3
6w
6X4
6X5
A7
7a8
TB6
187
788

€5 3573
;:z 3525
12AD6 52:6

1AE6
ALE
2AT7

2AU7
12AX7
12BA6
12BD6
128E6

Mulual Conductance Lab-tested

Indie:dually Boueo. Brandeo
and Loge Dated

Tubes are mew,

or used and 5o e with Order
marked.

TUBE  #inest ELECTRONIC CLEANER

CARTONS B st
all purpose 1

ELECTRONIC

UB
CARTONS
HIGH GLOSS
Y coaten

WITH T

A GO L
PARTITIONS

12BF6

DPrestige & SUceess are yours (s an
ELECTRONIC EXPERT!

NIMS

MAIL SERVICE—

A PROGRAM

AND IMPROVING SERVICE
MAIL EARLY IN THE DAY

IT’S THE BETTER WAY!

NATIONWIDE IMPROVED

FOR REDUCING POSTAL COSTS

LETTERS READY? — MAIL THEM EARLY!

U150 25mmf-150mmf 23kv
U250 50mmf-250mmf 15kv

{Quantity prices on request)

UNION TECHNICAL MATERIALS CO.,

Tel. 212-962-2370

Vacuum Switch, S.P.S.T. (VS5) 24vdc coil ..

VARIABLE VACUUM CAPACITORS
..$64.95

64.95
6.95

INC.

24 Branford Place, Newark, N.J. 07102

March, 1965

Other tubes and CRY's at low prices. send for free list

Kandp 3ash comtamer cansement 1or viop ang home
" Thicharss anai for 1as) melng and vary tae 7
* Cattom tormulated to pecteonc oo <
+ Quany gusnan

TERMS: add 3c per tube
shipping. Orders under $5.00
add Jc per tube shipping
plus 50c handling. Canadian
orders add approximate
postaxe Send 25% deposit

n C.0.D. orders. No C.0.D.
orders under $5.00 or to
anada. No 24 he. free offer

on personal check orders
5-DAY MONEY BACK OFFER'

92105

BUSINESS OPPORTUNITIES

INVESTIGATE Accidents—Earn $750 to $1,400
monthly. Men urgently needed. Car furnished. Busi-
ness expenses paid. No selling. No college educa-
tion necessary. Pick own job location. Investigate
full time. Or earn $6.44 hour spare time. Write for

Free Literature. No obligation. Universal, CZ-3, 6801
Hillcrest, Dallas 5, Texas.
HIGH WEEKLY EARNINGS! Address-mail letters fea-

turing real merchandise. Receive $10 with every order
—keep $8 profit. Supplies furnished. Free particulars.
Modern Merchandising, Box 357, Oceanside, N.Y.

| Made $40,000.00 Year by Mail Order! Helped others
make money! Start with $10.00—Free Proof. Torrey,
Box 3566-N, Oktahoma City 6, Oklahoma.

SELL CB Equipment—Dealerships available to aggres-
sive people who can seil Citizens Band Radio full or
part time. Knox Electronic, Dept. 194, Galesburg,
I11. 61401.

$50 per 1000 possible. Addressing 1000 envelopes.
Longhand-typewriter. Home-spare time. Free particu-
lars. General Enterprises, Box 303, Island Park, N.Y.
FREE Book ‘990 Successful, Little-Known Businesses.'’
Work home! Plymouth-845W, Brooklyn 4, New York.
FREE! "'692 Business Opportunities.” Hurry 25¢. Nor-
man, Box 2-R4, Brooklyn 11212.

MISCELLANEOUS

SAVE $200 to $2,000 on European automobiles deliv-
ered at low, low factory tax-free prices by using our
direct shipment plan. Delivery guaranteed, references
available. Tourist and Military deliveries available in
Europe. Information on all models and makes Eurauto,
Postbus 333, Rotterdam, Holland.

RAISE money fast—easy proven sources—free partic-
ulars—Advisor, Box 48337—2ZD2, Los Angeles 90048.
FREE Catalogue! Have Fun! Be Party Livewire! Man-
del, 2912 Neptune Avenue, Brooklyn, N.Y. 11224.
DEEPLY in debt? Ciear credit—quick relief. Write Ad-
visor, Box 48337-ZD1, Los Angeles 90048.

FREE Wine Recipes and Home Brewing Supplies Cata-
log. Country Winemaker, Box 243W, Lexington, Mass.
02173.

www.americanradiohistorv.com

WORLD'S
MOST POPULAR

0000 000000000000000000C000000000000

FACTORY
TESTED

DO OO0 000000 0000000000C 000000000020

10 1000-MIL *‘CERAMIC’’ RECT, silicon.

DOUBLE
BONUS

[ WORTH OF

e Transistors

s Rectifiers

» Comlensers

e Knohs, Coils
s Heslstors

s Diodes. etc.
Ardd 25¢ for

1125

————PLUS FREf—m——

*1.0
$1 PARTS PAKS

BOTH
GIFT
PAKS
FREE

CHOOSE WITH

ANY

ITEM
FREE

25 AEROVOX CERAFIL COND, to -05mf........

5 NE51 BULBS, GE, mini ba\onel . s]
1 FILAMENTY TRANSFORMER 117 w0 6. lVEl 3A..97
1—$25 RELAY SURPRISE, sealed, tiny types. 5'

3 INFRA-RED DETECTORS with leads. . -
$25 SURPRISE PAK: transis mm rects, diodes, etc.§]
40 PRECISION RESISTORS, 12, 1. 2W: i % values §3
30 CORNING *'LOW NOISE" resistors, asst....§)
60 TUBULAR CONDENSERS, to .5mf. to 1Kv, asst §]
40 DISC CONDENSERS, 27munf to .05mf to 1KV. . §]
60 TUBE SOCKETS, receptacies. plugs. audio, etc. §
30 POWER RESISTORS, 5 to 50W. to 24 Kohms . .§]
50 MICA CONDENSERS, to .1mf. silvers too!...4]
10 VOLUME CONTROLS, to 1 meg. switch too! . .§]
10 ELECTROLYTICS, to 500mf. asst FP & tubulars §)
50 RADIO & TV KNOBS, asstd. colors & styles ... §
10 TRANSISTOR ELECTROLYTICS: !Omf to 500mf 43
50 COILS & CHOKES, !f, if. ant, osc, & more. .. .§]
35 TWO WATTERS, asst incl: A.B., 5% too! ....4]
75 HALF WATTERS, asst incit: A.B., 3% too! . 1
60 HI1-Q RESISTORS, Y. 1. 2W. 1% & 5% values §)
10 PHONO PLUG & JACK SETS, tuners. amps 1
50 TERMINAL STRIPS, ! to 8 ~older lug types ...¢]
30 SPRAGUE ‘“YELLOW-FILM"' MYI.ARS, asst 1
60 CERAMIC CONDENSERS, discs. npo's. to .05.4]
40 **TINY'® RESISTORS, ! "Tow, 5% toot -$1
5 TRANSISTOR IF's, 455kes. 127 =q. & Ioopcnck $1
30 MOLDED COND'S, mylar, pore, black beauty. .$]
3 GEIGER COUNTER DETECTOR, tubes, assorted. .$)
10 LOGIC TRANSISTOR, toroid transformers 1
1 PROXIMITY MAGNETIC SWITCH, with magnet §3
3 115 VAC NEON TESTERS, for shorts-n-opens. .. §}
4 TRANSISTOR TRANSFORMERS, input & outputs §
30 ENCAPSULATED PRINTED CIRCUITS, $25 vaiue §3
10 COPPER CLAD PRINTED CIRCUIT BOARDS: - -$1

SEMI-KON-DUCTORS

10 MICRODIODE STABISTORS, epoxy, silicon ...
4 1000 MIL 700V TOP HAT rect. by Transitron .
10 30-MC TRANSISTORS, w/=hietd, TOS, no test.
1 CONTROLLED SCR SWITCH, Transitron. TO18. .
3 10-AMP *‘CARTWHEEL’' rects 100 to 600V. ..
10 “*PIN HEAD'' TRANSTRS, 2N80O, pnp. 10 me..
15 ““QUICK-FIT'' TRANSISTORS, rf, audie, TOS
2 25-AMP SILICON RECTIFIERS, 1-50V. 1-100v
4 ZENER REFERENCES, 1N129. G-volt. silicon

1 “TINY'™ 2N1613 2W. !100MC, TO46 case, npn
2 500MC TRANSISTORS, 2N964, mesas, pnp, TO!8.
4 PIN HEAD 2N790 NPN SILICON transtrs, TO18
4 2N43 OUTPUT TRANSISTORS, by GE. pnp, TOS
4 2N333 NPN SILICON transistors. hy GE. TO5
10 2-6Amp RECT's, studs. silicon. 50 to 400V..
1 25-AMP SILICON CONTROL RECT, 100 PRV..
2 4-WATT PLANAR TRANSISTRS, 2N497, 2N498. .
4 2N35 TRANSISTORS, npn, by Sylvania, TO22 ..
4 ‘‘MICRO’’ TRANSISTORS, 2N131's, 1/187, uf.
4 CK721 TRANSISTORS, pup. ajuminum case . ...
3 TRANSITRON TRANS'TRS, 2N341, 42, 1W, npn.
6 ‘‘TEXAS'’ 20 WATTERS, 2N1038-—102, w/sink.
4 2N170 TRANSISTORS, by GE., npn for gen’l rf.
6 TRANSISTOR RADIO SET, osc-ifs. ariver-pp .. ..
25 GERMANIUM & SILICON DIODES, no test. ..
25 TOP HAT RECTIFIERS, s!licon. 750ma. no test
25 EPOXY RECTIFIERS, silicon, 750ma. no test
5 30MC TRANSISTORS, like 2N247, Syivania ... .
15 TEXAS PNP & NPN TRANSISTORS, no test...
2 4W. TRANSISTORS 1983, silicon nbn planar ..
10 PNP SWITCHING TRANSISTORS, 2N1305, TO5
10 NPN SWITCHING TRANSISTORS, 2N338. 440.
15 PNP TRANSISTORS, CK722. 2N35, 107 no test
15 NPN TRANSISTORS, 2X35.170.440. no test ..
30 TRANSISTORS, rf.if.audio. no test. TOS5 .
4 35-W. TRANS'TRS, 2N1434. CBS. TO10. stud...
50-100V
10 POPULAR CK722 TRANSISTORS, »np, no test
5 2N107 TRANS'TRS, by GE. pnp. pop. audio pak
1 40W. 2N1648 TRANS TR silicon mesa. BORVolts ¢
4 2N1059 TRANS'TRS, npn. by Sylvania. T022 . .43
6 1-AMP 400V EPOXY DIODES, Syivania. 5“’50" $1
2 2N718 NPN SILICON PLANARS, by Fairchild §3
3 2N329A NPN TRANS'TRS. worth s45. Raytheon §3

A A
o o h i ik il o ok —p s ik ot o kb ok ok i kit ot h ot et B BB

-IO FOR OUR SPRING CATALOG ON: [] Parts
¢|:| Zeners (] Rectifiers [] Transistors 7] SCRs
TERMS: send check. money

order. inciude postage—avg. wt.
ol ' per pak 1 1h. Rated. net 30
days. COD= 250 .

POLY PAKS INC.,

P.O. BOX 942W

LYNNFIELD, MASS.
KIT-KING'® OF THE WORLD

AKS

CIRCLE NO. 206 ON READER SERVICE PAGE
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Big
Wheel

small tag...

The 1965 CAR AND DRIVER YEAR-
BOOK is here . . . and there . . . and
everywhere you find men who really
love cars! This new edition is a true
gem, sparkling with 144 photo-packed
pages—a veritable International Auto
Show in print! Check all these exclu-
sive highlights . . .

& Road Tests on 58 imported and
domestic cars!

@® A comprehensive tech section on
racing cars, complete with cut-
aways and specifications!

@ Big Accessories Section!

& New portfolio of exciting racing
photographs!

plus « « « complete specifications
on all the 1965 automobiles . . . a
consumer's comparison of Ford,
Dodge, Pontiac . your own per-
sonal showroom to the dazzling auto
world of 1965!

Big wheel? You bet. Small tag? $1.25
is all. So don’'t miss it—fill in and
mail the handy coupon below today,
and we'll have your copy on the way
before you can shout ‘““Where's my
copy?'’!

Ziff-Davis Service Division / Dept. CDY
589 Broadway / New York, N. Y. 10012

What are you waiting for? My $1.25 (plus 15¢
shipping and handling: 25¢ outside U.S.A))
is enclosed for the 1965 CAR AND DRIVER
YEARBOOK. Send my copy at once, to-
day, Now!

name PLEASE PRINT
address EW-35
city state zip code

(Payment must be enclosed with order)
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216 Schober Organ Corp., The ...... 65
200 Scott, Inc., H. Hilssa.s: .ok as'ae 76
143 Sencore qutcm, jparer--:-awens 71
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10 WIDER RANGES
GREATER ACCURACY

RpE

FACTS MAKE FEATURES:

1
2

3

70 RANGES —nearly double those of conventional testers. Un-
breakable window. Mirror Scale.

HIGHEST ACCURACY—1%% DC to 1200 volts, 3% AC to 1200
velts; mirror scale and knife-edge pointer to eliminate parallax.

FREQUENCY COMPENSATED —Flat from 20 CPS to 100,000 CPS;

varies from ¥ tc 1% DB at 500,000 CPS. Temperature compensated.
Meter protection against overloads.

THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO

630-PL 630-APL 630-L 630-NA

L E OF V-0-M’S. AV ABLE F

Model 630-NA

PRICE $79S0

EXCLUSIVE PATENTED

Uses Unlimited:

FIELD ENGINEERS m APPLICATION
ENGINEERS = ELECTRICAL, RADIO,
TV, AND APPLIANCE SERVICEMEN
m ELECTRICAL CONTRACTORS =
FACTORY MAINTENANCE MEN =m
INDUSTRIAL ELECTRONIC MAIN-
TENANCE TECHNICIANS =
HOME OWNERS, HOBBYISTS

MODEL 630-NA-RM

RACK MOUNTED VOM
Sameranges as Model 630-NA, exceptfor
3000 and 6000 AC and DC volts. Heavy
etched aluminum panel 19” x 5}4”. Stand-
ard test leads come out the front. $109.50.

631 800 666.R

YOLT-OHM-MILLIAMMETER
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This engineer is studying final test
results of another production run of
RCA Receiving Tubes. Nothing sur-
prising here. .. except for one thing:
the production run had been com-
pleted only hours before!

A few years ago, a thorough
quality evaluation of a day’s produc-
tion run of a certain tube type took
days, even weeks. But now, at RCA,
it’s done automatically, with com-
puters, the same day.

Computers in conjunction
with the Special Tube Analyzing Re-
corder (STAR) accumulate and store
test data on every receiving tube type
we make.

Sample tubes from the pro-
duction lot are individually analyzed
on STAR. As many as 60 tests may
be made quickly and automatically on
each tube depending on the type. Test

results are recorded simultaneously
on a test sheet and on punched cards.
The computers compare the results
with predetermined standards, make
“accept” or “reject” decisions and
then add the results to the historical
record of the tube type.

Thus, in a mere half-hour of
running time each night, a full day’s
receiving-tube output can be evalu-
ated before it is released for ship-
ment. Equally important, the test data
for any day’s production of a particu-
lar tube type together with the his-
torical record for that tube type are
on the desks of the production, qual-
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ity-control and design engineers the
following morning. With these data,
the engineers can evaluate perform-
ance, analyze trends and quickly initi-
ate any corrective measures necessary
to assure the consistent quality of
RCA Receiving Tubes.
“Computerized testing” is
one more reason why you can depend
on RCA receiving tubes for your TV-
Radio-Hi-fi service jobs. RCA receiv-
ing tubes are available from your local
Authorized RCA Tube Distributor.

RCA Electronic Components

and Devices, Harrison, N. J.

‘I! =’ \ The Most Trusted Name in Electronics
®
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