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e Hi-Fi rectangular color tube with 295 sq. inch viewing area, and
anti-glare safety glass

Rare earth phosphors for brighter pictures, livelier colors
27 tube, 10 diode, 1 transistor circuit

25,000 volt regulated picture power

Automatic degaussing & mobile degaussing coil
Exclusive built-in self-servicing aids

Dynamic pincushioning correction circuit eliminates picture edge
distortion

Extra B+ boost for improved picture definition
e 3-stage video /F strip reduces interference, improves reception
Exclusive Heath “Magna-Shield”" improves color purity

e Gated Automatic Gain Control (AGC) for steady, flutter-free
pictures even under adverse conditions such as airplane traffic

e Automatic Color Control circuit reduces color fading

e Deluxe VHF turret tuner with “memory” fine tuning & long-life
nickel silver contacts

e 2-speed transistor UHF tuner for both fast station selection and
fine tuning individual channels

e Two hi-fi sound outputs . . . a cathode follower for play thru your

Deluxe
Heathkit
295"
Color TV...
479%

hi-fi system, and an 8 ohm output for connection to special
contained-field 6" x 9" speaker (included)

e Two VHF antenna inputs ... a 300 ohm balanced and 75 ohm
coax to reduce interference jn metropolitan or CATV areas

e Circuit breaker protection

e T-year warranty on picture tube, 90 days on all other parts
e Tubes alone list at over $277

e Liberal credit terms available — details in FREE catalog

Kit GR-295, all parts including chassis, tubes, mask, UHF & VHF
tuners, mounting kit and special extended-range 6" x 9" speaker,
131 ibs. {REA or motor freightonly).................... . $479.95

GR-295 SPECIFICATIONS — Picture size: Rectangular viewing area apprax. 295 sq. inches,
(23" diagonally, 20” horizontal, 16" vertical). Tube Size: 25" overall diagonal measurement.
Deflection: Magnetic 90°. Focus: Electrostatic. Convergence: Magnetic. Antenna input
impedance: 300 ohm balanced, or 75 ohm unbaianced (VHF). Picture IF carrier frequency:
45.75 MHz. Sound IF carrier frequency: 41.25 MHz. Color subcarrier: 42.37 MHz. Video
{F bandpass: 3.58 MHz. Sound IF frequency: 4.5 MHz. Tuning range: VHF channels 2-13,
UHF channels 14-82. Sound cathode follower: Output impedance; 3 K. Frequency response;
=1 db, 50-15,000 Hz. Harmonic distortion, less than 1%. Output voltage; 2 v. Audio output:
Qutput impedance, 8 ohms. Output power, 2 watts. Frequency response, =2 db, 50.10,000 Hz.
Harmonic distortion, less than 3%. Power requirements: 110-130 v., 60 Hertz AC, 330 watts. Wall
mounting: 20" D x 21”7 H x 26” W inside. Control panel assembly, 64" W x 7% " H x 7" D.

Install In A Wall Or These Assembled Heath Cabinets

Contemporary Styled Walnut Cabinet

Factory assembled of fine walnut veneers and solids
with oil-rubbed walnut finish. GR-295 speaker and
convergence panel mount behind tilt-out grllle
cloth on right side. Aslim 19 D x 31" H x 34%"” W
Assembled GRA-295-1, 56 Ibs. (Express or motor
fTRIGNE) 5 DR fele o] BEne n: Gl o= a2 S $62.95

19%” D x 33%"" H x

Contemporary Styled Deluxe TV Cabinet

Constructed of the finest walnut veneers and solids.

GR -295 speaker and convergence panel mount

behind speaker gnl!e clolh on right side. Measures
41" W,

Assembled GRA-295-2, 65 Ibs. (Express or
motor freight).......... $94.50

Deluxe Early American TV Cabinet

19%"” D x 31" H x 36"

Assembled GRA- 295 3, 67 Ibs. (Express or
motor freight) .. ................. ... $99.95

WwWWWwW.americanradiohistorv.com

Made of a special combination of maple veneers and
solids . . . all beautifully finished in popular salem-
maple. GR-295 speaker and convergence panel
mount behind grille cloth on right side. Measures
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Regardless

Of What You Pay
For COLOR TV,

It Can’t Perform
As Well As These

Two ‘Models..
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Hi-fi rectangular color tube with 180 sq. inch viewing area and
anti-glare safety glass

o Rare earth phosphors for brighter, livelier colors
e Extra B+ boost and smaller dot size for improved picture definition

26 tube, 10 diode, 1 transistor circuit

24,000 volt regulated picture power

Exclusive built-in self-servicing facilities

Exclusive Heath “Magna-Shield” improves color purity
Automatic degaussing

Automatic Color Control circuit to reduce color fading

Gated Automatic Gain Control (AGC) for steady, flutter-free
pictures even under adverse conditions such as airplane traffic

2-speed transistor UHF tuner for both rast station selection and
fine tuning individual channels

Deluxe VHF turret tuner with “memory” fine tuning and long-life
nickel silver contacts

3-stage video IF strip reduces interference, improves reception
Two hi-fi sound outputs . . . a cathode follower for play thru your

hi-fi system, and an 8 ohm output for connection to special
limited-field 4" x 6° speaker (included)

Deluxe
Heathkit
180"
Color TV...
379

e Two VHF antenna inputs . . . a 300 ohm balanced, and a 75 ohm
coax to reduce interference in metropolitan or CATV areas

Circuit breaker protection

1-year warranty on picture tube, 90 days on all other parts
Tubes alone list at over $245

Liberal credit terms available — details in FREE catalog.

Kit GR-180, all parts including chassis, tubes, mask, UHF & VHF
tuners, mounting kit, and special limited-field 4" x 6" speaker,
102 Ibs. (REA or motor freightonly)..................ot. $379.95

GR-180 SPECIFICATIONS — Picture size: Rectangular viewing area apprax. 180 square
inches (18 diagonally, 16" horizontally, 12* vertically). Tube Size: 19* overall diagonal meas-
urement. Deflection: Magnetic 90°. Focus: Electrostatic. Convergence: Magnetic and Dy-
namic. Antenna input impedance: 300 ohm balanced, 75 ohm unbalanced VHF. Picture IF
carrier frequency: 45.75 Meg. Hz. Sound IF carrier frequency: 41.25 Meg. Hz. Color sub-
carrier frequency: 42.17 Meg. Hz. Video IF bandpass frequency: 3.58 Meg. Hz. Sound IF
frequency: 4.5 Meg. Hz. Tuning range: VHF channels 2-13, UHF channels 14-83. Sound cathode
follower: Output impedance 3K ohm, frequency response =1 db, 50-15,000 Hz. Harmonic
distortion less than 1%, output voltage 2V. Audio output: Output impedance, 8 ohms. Qutput
power, 2 watts; Frequency response, =2db, 50-10,000 Hz. Harmonic distortion less than 3%.
Power requirements: 110-130 V., 60 Hz AC, 330 watts. Wall mounting {mask): 15%¢" H
x 24%s" W. Chassis room: 17%" H x 26* W x 18" D (This is with %" clearance on both sides
and the top).

Install In A Wall Or Either Assembled Heath Cabinets

Contemporary Walnut Cabinet

Factory assembled of beautiful walnut solids and
veneers with an_oil-rubbed walnut finish. The
GR-180 speaker is mounted behind right side of
one-piece picture-control panel mask. Measures a
compact 18%" D x 28%" W x 29" H.

Assembled GRA-180-1, 41 Ibs. (REA or motor
freight) ... .o $49.95

Deluxe Early American Cabinet

Factory assembled with a special combination of
maple veneers and solids, finished in popular Salem-
Maple. GR-180 speaker mounts on right side of
one-piece face mask. Measures 18%" D x 28%" W

x 31%" H.
Assembled GRA-180-2, 48 Ibs. (REA or motor
FrOIGRT) .+ v e $75.00
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Exclusive Features That
Can’t Be Bought In Ready-Made
Sets At Any Price!

All color TV scts re-
quire periodic con-
vergence and color
purity adjustments.
Both Heathkitcolor
TV’s have exclu-
sive built-in servic-
ing aids, so you can
perform these ad-
justments anytime ., .without calling in a
TV serviceman . . . without any special skills
or knowledge. Just flip a switch on the built-in
dot generator and a dot pattern appears on
the screen. Simple-to-follow instructions and
detailed color photos in the manual show you
exactly what to look for, what to do and how
to do it. Results? Beautifully clean and sharp
color pictures day in and day out . . . and
up to $200 savings in service calls through-
out the life of your set. No other brand of
color TV has this money-saving self-servicing
feature!

;
© Vertical

Swing-Out
i Chassis!

All parts mount on a single one-picce chussis
that’s hinged to make it more accessible for
casier construction, care and installation.

Here’s Why!

Your Choice Of Installation!

Another Heathkit
exclusive! Both
color TV’s are de-
signed for mount-
ing in a wall or
YOour own custom
cabinet. Or you
can install either
sct in a choice of
factory assembled ‘ m E m
and finished Heath contemporary walnut or
Euarly American cabinets (see opposite fold-
out).

————- Order Now

F

World’s Largest
Electronic Kit

Describes these and over 250 kits
for stereo/hi-fi, color TV, amateur
radio, shortwave, test, CB, marine,

Exclusive
Heath
Magna-Shield!

-k
This unique metal shicld surrounds the entire
picture tube to help keep out stray external
magnetic fields and improve color purity. In
addition Auatomatic Degaussing demagnetizes
and “‘cleans’ the picture everytime you turn
the set on from a “cold™ start . .. also permits
you to move the sct about freely without any
manual degaussing. A mobile degaussing coil
is included for mitial set-up.

Convergence
Control
Board

... for fust, casy dynamic convergence and
gray scale adjustments any time you decide
color purity needs it. If you install the GR-295
model in any of the 3 optional cabinets, this
board is mounted behind the special “tilt-out™
speaker grille section. If you install the GR-180
model in any of its optional cabinets, the
board can be temporarily mounted on the
bottom of the cabinct underncath the tube
face when making adjustments. In either case,
there’s no awkward reaching around the back
of the set, or mirrors to set up. In addition,
the GR-295 has a Uaiversal Main Control
Panel that can be mounted at the bottom, top
or right side of the picture tube for more
flexible in-wall installation,

F8F mls #8 B 5R

From Parts To
Programs In Just
25 Hours!

And no special skills or knowledge needed.
All eritical circuits (VHFEF and UHF tuners,
3-stage TF assembly and high voltuge power
supply) are prebuilt, aligned and tested at the
factory. The assembly manual guides you the
rest of the way with simple, non-technical in-
structions and giant pictorials. It's like having
a master teacher at your clbow pointing out
every step of the way. You can’t miss.

Use This Form-—-

HEATH COMPANY, Dept. 15-4
Benton Harbor, Michigan 49022

] Enclosed is §

Please send model (s)_

REE!

Catalog!

educational, home and hobby. Name

Save up to 509 by doing the easy

assembly yourself. Mail coupon

or write Heath Company, Benton Address

Harbor, Michigan 49022 o
City

Prices & sDeuflcatlons subject to change without notice.

CIRCLE NO. 108 ON READER SERVICE CARD
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[7] Please send FREE Heathkit Catalog.

But Don’t Take Our Word For It.
Read What The Experts
And Owners Say!

Hubert Luckett, Exccutive Editor, Popular
Science Magazine: “‘Building your own color
TV from a Kit is not as outrageousiy imprac-
tical as you might suppose. For those who
tremble at the thought of tackling something
so fantastically complicated, let me enconrage
vou with a borrowed quote: ‘The culy thing
you have to fear is fear itself”.”

“The second most impressive thing about the
hit is the instruction mamual (the most impres- . ;
sive thing is the viewing quality of the color e
picture), If you can read and understand ordi- :
nary English, the manual is like having a
master teacher at your celbow poiating out
every step.”’

“— the circuitry, features and performance
match or exceed those of sets selling at twice
the price. Some of the features, such as the
built-in servicing aids, can’t be bought in ready-
made sets at any price.”

“With the iustructions supplied, your experi-
ence inassembling the kit, and the self-servicing
features built-in, you’ll be able 1o do most
servicing yourself.”

John  Drummond, Technical Editor, Popular
Electronics Magazine: . . . we simply had to
know how well a 25 hours-to-build color TV
kit would stack up against the more expensive,
well-udvertised wired sets people are gobbling
up. It dida’t take us long to find our that the
Heath GR-295 compares favorably with the
best of them.”

Radio-TV Experimenter Magazine, Dct-Nov.

'66: “Over the life of a color set, repair and
service call costs can exceed $200. Eut, build
the color set yourself and you will save several
hundred dollars in repairs plus wind up with
better color as you'll align the color reception
to what you — not a serviceman — thinks is
good to look at.”

Robert F. Scott, Radio-Electronics Magazine:

“Friends who've scen my Heathkit GR-295
generally ask, “Why can’t I get a good picture
like that on my color set?"”

Audio Magazine, May ’66: ‘. . . sets similar
i appearance seem to run arotind S70G, with-
out the built-in service features like the dot
generator. Add to this the saving ir service
costs which the average set would require, since
the builder would undoubtedly service his own
set throughout itslife, and the Heathkit GR-295
is a real bargain” “*Besides that, it is capable
of a great picture”

Mr. Robert D, Taylor, Sacramento, Calif.:
oL L 0rs the best TV on the wmarket, nothing
compares with it (I have been looking at and
cheching TV's over 2 years). The wmanual
(service) is a “gold mine’ of savings.”

Mr, C. A. Petrarca, West Caldwell, N, J.:
“We are still getting oohs, ahhs, ‘best I've
ever seen’, ‘how bright the colors are’, etc,
Srom our friends and neighbors ™
Mrs. Joseph Gesswein, Bethesda, Md.: “/f a
housewife with 3 children wnder 4 years old can
successfully build it in her few spare monents,
it has to be good.”

, plus shipping.

State_
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Tips for Technicians /|||, -

L

1

Choosing electrolytic capacitors
for color TV

When you need to replace an electrolytic capacitor in a
color television, it pays to select the best. Your customer
has a lot of dough invested in his color set, and he
won’t settle for less than top performance. And his eye
can see sub-standard performance in color that would
go unnoticed in black-and-white.

Color TV is tough on electrolytics. Ambient temper-
atures run hotter, because of the greater number of
tubes and resistors inside crowded cabinets. Ripple
currents are higher, so the capacitor has to do a better
job of getting rid of internally generated heat. Voltage
ratings are higher, too; most electrolytics in color TV
are 400 volts or higher.

It’s no surprise that leading color TV makers are pretty
darn particular about the electrolyties that they use as
original equipment. They demand a true high-voltage,
high-temperature, high ripple capacitor...not one
that’s simply made to sell at bottom price. And meeting
these demands is the way Mallory got to be the top
supplier of electrolytics for color TV. We're the guys
who pioneered the 85°C capacitor, who have consist-
ently increased ripple current capacity, and who have
| the reputation of leadership in high voltage ratings.

Here’s our tip of the month. To save yourself time, get a

copy of our new cross reference, “Exact Replacement .
Metal Can Electrolytic Capacitors for Color TV”. It
lists the original part number and the catalog number
of the corresponding Mallory replacement for 38 leading
color TV manufacturers. To save yourself costly call
backs, use only the best...and that’s one of the
Mallory FP-WP series, made to original equipment
specs. To get everything you need for color TV service,
see your Mallory distributor. He stocks Mallory power
resistors, circuit breakers, carbon and wire-wound con-
trols and Discap® ceramic capacitors.

For a copy of the Color TV cross reference, ask your
Mallory Distributor, or write to Mallory Distributor
Products Company, a division of P. R. Mallory & Co.
Ine., Indianapolis, Indiana 46206.

CIRCLE NO. 106 ON READER SERVICE CARD
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THIS MONTH'S COVER
shows a grouping of repre-
sentative relays of various
types that tie in with our
special section on ‘Re-
lays'’. Several of these relay
samples have been cut
away in order to show de-
tails of coil or contact con-
struction. For example, the
relay in the center of the
photo is a mercury-wetted
contact type in a metal case
with an octal plug. The unit
at the very bottom of the
photo is a sealed-contact
reed relay with four of the
reed capsules showing. Our
thanks to the following re-
lay manufacturers who sup-
plied samples for our cover
photo: Automatic Electric
Co., C.P. Cilare, Cornell-
Dubilier Electronics Div.,
Guardian Electric Mfg. Co.,
Magnecraft Electric Co.,
Potter & Brumfield Div., and
Sigma Instruments. ....... .
...(Photo: Bruce Pendleton)
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Electronic Eavesdropping rRobert M. Brown

This shadow land of electronics has become a booming business. Here,
for the first time, is a complete article on these '‘bugs”, how they
work (with circuit diagrams), how used, and how they are detected.

Resistor-Selection Nomogram  Sylvester Saiva
Recent Developments in Electronics
New Q-Band Marine Radar  Richard Humphrey

Integrated-Circuit Used in New FM Receiver D. R von Reckiinghausen

Four IC's are used as i.f. amplifiers and limiters in the new Scott steres re-
ceiver. The result is greater sensitivity and selectivity, more stereo separa-
tion and AM rejection, and better capture ratio—all with a simpler if. strip.
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60 Checklist for Ordering Relays George C. Underwood

Laser Modulators
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For the Record (Editorial)
Computerized Servicing

EW Lab Tested
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Coming Next Month Book Reviews
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Thinking of college
and a
space age career in
electronics?
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Send for this booklet 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, metallurgy, microelec-
tronics, and advanced aerospace
research.

MSOE offers residence study pro-
grams leading to these degrees in
engineering technology 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 obligatiort.

Programs approved for veteran training.

MSOE

Milwaukee School of Engineering

Dept. EW-467 1025 N. Milwaukee St.,
Milwaukee, Wisconsin 53201

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

Electrical fields Mechanical fields

Name e B - Age

Address .................. o

City State zZIP
Ms.289
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SPECIAL FEATURE ARTICLES ON: 4

Automotive Electronics covering New Ideas on Automotive Safety Devices, the Electric Car
and its Future, D.C. and A.C. Motor Drives for Electric Cars, and New Applications of Solid-
State Devices in Cars. Also . . .

The Automobile Diagnostic Center—the new look in service techniques—automatic devices
provide complete, accurate analysis—eliminating guesswork.

IC Engine Tachometer and “Red Line” Indicator—interesting application of integrated cir-
cuits to automotive electronics. The circuit, which can be constructed by the reader, turns
on a red warning lamp at some predetermined value of engine rpm, enabling the driver to
shift gears at the correct rpm or warning him that his engine is now hitting its rpm limitations.

FET CIRCUITS

Six simple, low-cost circuits which can
be built to demonstrate many of the
principles of FET operation. Included
are a source-follower, amplifier, oscil-
lator, stretcher, and lincar gate.

SELECTING AND USING PULSE GENERATORS
Basically a lab cersion of the square-
wave generator, but with adjustable “on-
off” times, a pulse generator has many
applications in deceloping digital cir-
cuitry, in cheeking diode and transistor
switching times, as a klystron modula-
tor, and for impulse testing. This article

explains the bmportant applications.

RADIO MEASUREMENTS IN SPACE
Scheduled for an early launch is a new
satellite which will be used exclusicely
for astronomical purposes. An array of
space antennas, with 750-foot clements,
is an interesting feature of this new
vehicle.

SELECTING FREQUENCY

AND TIME STANDARDS

The important standard specifications—
including stability—are cocered in depth
in this article on precision oscillators.

| Walter S. Mills, Jr.

All these and many more interesting and informative articles will be yours
in the May issue of ELECTRONICS WORLD . . . on sale April 20th.
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You are now in Radar Sentry Alarm’s r.f. microwave field.

Don’t move a muscle!

This security system is so sersitive, it can be How about it?

adjusted to detect the motion of ycur arm turning Do you want to start a business of your own...
this page. or expand your present business with a pro@upt tt_lat in

And H this Portable Model Unit ware within 35 feet 8 years has become the world wide leader in its field?
of you and you moved. . . people up to a half-mile away Do you want to earn up to $5,000 a year in

your spare time? .
Do you want to earn $20,000 and more full time?
We'll show you how.

could hear the siren. Plus with optional equipment,
it can detect fire...turn on lights...even notify police.

What dces a burglar alarm have to do with you? 0.K., now you can move.
Just this: Radar Sentry is no ordinary alarm. It is  Fill out the coupon and get complete Dealer/Distributor
the most modern and effective security system avail-  information... free.

able. And it's also electronic.

That's why we need you. We need Dealers with 1 v, 10. RADAR DEVICES MANUFACTURING CORP.
technical knowledge. For the most successful Dealers 1 22003 Harper Ave., St. Clair Shores. Michigan 48080
for Radar Sentry Alarm are men who know electron-
ics. This is a product that sells itself when demon-
strated properly.

It's been prover time after time. In fact, many of

1

: Please tell me how | can have a business
]
T
| A

the more than one thousand readers of electronics : .
1
1
1
1
1
1

of my own distributing Radar Sentry Alarm
Systems. | understanc there is no obligation.

magazines who became Dealers in the past year —

sold a system on their first demonstration. Name- e
And that's why we need men with technical know!- ‘
n Address R
edge and experience, EW.5
Men like you. City ___ State & Code
April, 1967 CIRCLE NO. 99 ON RZADZI,, JEXVICE CARD 5
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Number 16 in a series of discussions
by Electro-Voice engineers

OF TUNES

AND TONES

DANIEL J. TOMCIK
Chief Engineer, Organs

AMost “non-pipe” organs currently on the market
can be casily and neatly classified into types. hased
on the type and number of oscillators used, and
the philosophy with which they are employed. The
Electro-Voiee Series D7 organs dely such ¢lu-si-

lication. They have no oscillators at all.

The E-V Series “D™ organs produce their tones
from twelve synchironously driven rotor wheels. one
for cach note of the scale. Each rotor serves 1o
electrostatically scan two stator plates on which
are engraved the exact complex waveforms that are

proddueed by organ pipes of outstanding timbre.

There is no mixing. adding of harmonics or over-
tones, or simulation of organ sound. The principle
involves the simple storvage of the electroamechani-
cal equivalent of the original waveform itself. ready

to he veleased at the touch of a stop 1ah and key.

When these stored waveforms are compared visually
or naturally to the original. thes appear identical

inall respeets,

There are a number ot advantages. hesond the
purity of sound. to this system. It bheeomes possible
to provide un extensive choice of stops in a madest-
sized genevator cabinet. And it also means an in-
dividual waveform source is used for every note of
every rank of the organ, All staps are additive. 1o
further duplicate the effect of a fine pipe organ.
The electro-mechanical system i inherently <imple.
with no tuning required. There are no oscillator or
tone-shaping eircuits to maintain. the only tubes
and transistors being in the power amplifier. a unit

of straight-forward high fidelity  design.

Each wate of every rank can be regulated for
transient sound character and volume <o that each
relates musically to the overall effect. And finally,
ensemble effects are outstanding due 1o the addi.

tive nature of the design.

The unigque nature of the Electro N nice Sevies =D
organs refleets the ingenuity of Dr. ] Dereus,
plus the careful applicatbim o modern mechanica!

and electronic concepts by the Electro-\ oice team.

For technlcal data on any E-V product, write:
ELECTRO-VOICE, INC,, Dept. 473N
629 cecil St,, Buchanan, Michigan 49107

ElechoYoree
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WM. A STOCKLIN, EDITOR

COMPUTERIZED SERVICING

T is a well-known fact that the service

business is booming—yet to many it
may come as a surprise that quite a few
large  service organizations are  showing
less profit now than in previous years.
Whenever the volume of business goes up
and profits go down, something is wrong.
It seems that, as our technology advances
and consumer products become more so-
phisticated, service profits deereasce.

Good technicians are hard to come by
and service managers do not foresee any
immediate solution to the problem. In fact,
many  predict that the problem will get
worse as time goes on.

Statistics have shown that approximate-
ly 80% of all house calls on monochrome
sets require only tube  replacement.  In
these receivers, ceven the trial and error
method of tube substitution did not take
too long. Now that color-TV receivers be-
gin to represent an appreciable portion of
house calls, their greater number of tubes
plus the fact that antennas and color ad-
justment problems account for many addi-
tional troubles, has changed this percent-
age considerably. More time is spent per
house call and the number of call-backs
has also increased.

In addition, color circuitry is somewhat
more sophisticated than its black-and-white
counterpart and many service technicians
are finding that they are taking much
more time to isolate troubles. Even today’s
color sets are sufliciently complex to war-
rant a factory service engincer to solve
the more diflicnlt problems. Imagine the
degree of technical knowledge that will
be required when integrated cirenit de-
signs become commonplace.

Alert service managers are not only
aware of the present problem but realize
that the future looks pretty dim. It is in-
cvitable that in the not-too-distant future
all TV sets will be desiened around inte-
grated circuits.

Integrated circuits are supposed to last
indefinitely: therefore it is apparent that
there will be fewer service calls per set
but, on the other hand, cach call will pre-
sent a more difficult service problem. It
is possible that it the competence of the
service technician who goes into the home
does not improve materially, it may he
necessary to pull every service job into the
shop for repair. If we consider a house call
at the rate of $3 and an additional charge
of S10 for pulling the set into the shop,
the consumer is then faced with a mini-
mum hill of $15 before any work is done.
Even if technicians with a much higher
degree of technical knowledge could be
found, their pay rate would be beyond
that which the industry could afford.

There is no immediate fool-proof
tion, but during a recent meeting

solu-
with

wWwWWwW. americanradiohistorv.com

several service managers some ideas were
discussed.

Why not go back to an old idea of hav-
ing the set manufacturers bring out a
multiple array of test points and  then
have an automatic tester provide a com-
plete amalysis of the set’s performance.
RCA tried this uot too long ago. A special
run of sets which were designed specifi-
cally for installation in motels, hotels,
schools, etc., were built with various test
points easily accessible from the rear; the
idea being to save the RCA Sercice Co.
considerable service and maintenance time,
The Receiver Division obvionsly did not
want to be charged with this extra cost:
thercfore, the Service Co. agreed to a fixed
fee per set. The total cost amounted to
about $800,000. The entire iden resulted
i a financial loss since, as it turned out,
RCA Service Co. only serviced about 10%¢
of the sets.

It should be obvious that not many TV
set manufacturers will spend  additional
money simply to provide added conveni-
ence for the service technician,

Another thought came up regarding the
modularizing of TV sets. Although we
know of one manufacturer doing this, we
don’t expect others to follow, in view of
the additional cost.

The most promising idea is to com-
puterize servicing, Why not? The medical
profession is doing it now, at least in an
experimental way,  where  symptams  of
heart patients are fed into a computer.
What about the auto industry? Antomobile
diagnostic  centers are becoming  wide-
spread. So why couldn’t servicing of TV
sets be handled the same  way? Why
couldnt all the symptoms of a specific
color set be programmed into a computer?
This can be done to such a degree that
every component, even every resistor and
capacitor, could be isolated as a possible
source of trouble. A scervice technician
would then simply phone in all obvious
symptoms and the computer would give
him a complete list of possible trouble
sources and even go so far as to suggest
what would be the proper test procedure
to isolate the trouble.

There are computer centers in all major
arcas of the country and all of them are
willing to share time. Any TV service
technician, whether or not he is inde-
pendent, would then have the oppor-
tunity (on a fee basis) of availing hin-
scH of this service.

This idea, even though it may sound
rather far-fetched, is not so remote. One
service organization today is considering
allocating a sizable sum of money to in-
vestigate the practicality of this idea.

It seems that in time everything will be
computerized. Why not servicing? A

ELECTRONICS WORLD
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Be the man who’s always
first to say: “IPve got
the answer right here?
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OME DAY EVERYONE in electronics
S may have a slide rule like this. Till
then, the man who uses one will seem
like a wizard as he solves reactance and
resonance problems in 12 to 20 seconds
—without pencil and paper.

This is a professional slide rule in
every detail, a full 10” long, made exclu-
sively for Cleveland Institute of Elec-
tronics, to our rigid specifications, by
Pickett, Inc. It can be used for conven-
tional computation as well as special
electronics calculations. All-metal con-
struction assures smooth operation re-
gardless of climate.

Handsome top-grain leather carry-
ing case has heavy-duty plastic liner to
protect slide rule; removable belt loop
for convenient carrying. “Quick-flip”
cover makes it easy to get rule in and
out of case.

You also get four full-length AUTO-
PROGRAMMED™! Lessons, which
teach you how to use the special elec-
tronics scales on the slide rule. These
lessons have been carefully designed
to meet the same high cducational
standards as the electronics career
courses for which our school is famous.
Even if you’ve never used a slide rule
before, you’ll soon whiz through the
toughest problems with this CIE rule.

April, 1967

Deliberately underpriced. Many
men in electronics have told us that this
unique slide rule, leather case, and 4-
lesson course easily add up to a $50
value. But we have deliberately under-
priced it at less than $25. Why? Our
reason is simple: we are looking for
men in electronics who are ambitious
to improve their skills...who know that
this will require more training. If we
can attract you with the low price of
our slide rule and course—and impress

likely to consider CIE when you
decide you could use more electronics
training.

Send for free booklet. Sec for your-
sclf why this amazing slide rule and
course have made such a big hit with
busy electronics men everywhere. No
obligation, of course—just an cppor-
tunity to get in on the best offer ever
made to people in electronics. Just mail
coupon, or write Cleveland Institute
of Electronics, Dept. EW-137, 1776
East 17th St., Cleveland, Ohio 44114,

you with its quality—you are more
< .

c I E Cleveland Institute of Electronics

1776 East 17th Street, Cleveland, Ohio 44114

....................................................... - a0 e e

MAIL THIS COUPON FOR FREE BOOKLET

Cleveland Institute of Electronics
1776 East 17th Street Cleveland, Ohio 44114

Please send me without charge or obligation
your booklet describing CIE Electronics Slide
Rule and Instruction Course. ALSO FREE if
1 act at once: a handy pocket-size Electronics
Data Guide.

Wilh s Eletmrics Side Rubs and instrustor Caurse

Name
(please print)
Address.
City State Zip

Accredited Member National Home Study Council
A Leader in Electronics Training...Since 1934 LEW-137
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Learning
electronics
at home

is faster,
easier, more

GET A FASTER START IN THE
COURSE YOU CHOOSE WITH NRI'S
REMARKABLE ACHIEVEMENT KIT

When you enroll with NRI we deliver to your door
everything you need to make a significant start
in the Electronics field of your choice. This re-
markable, new starter kit is worth many times
the small down payment required to start your
training. And it is only the start . .. only the first
example of NRI's unique ability to apply 50 years
of home-study experience to the challenges of
this Electronics Age. Start your training this
exciting, rewarding way. No other school has any-
thing like it. What do you get? The NRI Achieve-
ment Kit includes: your first set of easy-to-un-
derstand ‘‘bite-size’ texts; a rich, vinyl desk
folder to hold your training material in orderly
fashion; the valuable NRI Radio-TV Electronics
Dictionary; important reference texts; classroom
tools like pencils, a ball-point pen, an engineer’s
ruler; special printed sheets for your lesson an-
swers—even a supply of pre-addressed envelopes
and your first postage stamp.

interesting with new achievement kit

Only NRI offers you this pioneering method of
“3 Dimensional’” home-study training in Elec-
tronics, TV-Radio ... a remarkable teaching idea
unlike anything you have ever encountered.
Founded more than half a century ago—in the
.-days of wireless—NRI pioneered the *‘‘learn-by-
doing’ method of home-study. Today, NRI is the
oldest, largest home-study Electronics school.
The NRI staff of more than 150 dedicated people
has made course material entertaining and easy
to grasp. NRI has simplified, organized and
dramatized subject matter so that any ambitious
man —regardless of his education—can effec-
tively learn the Electronics course of his choice.

DISCOVER THE EXCITEMENT
OF NRI TRAINING

Whatever your reason for wanting knowledge of
Electronics, you'll find the NRI ““3 Dimensional”’
method makes learning exciting, fast. You build,
test, experiment, explore. Investigate NRI train-
ing plans, find out about the NRI Achievement
Kit. Fill in and mail the postage-free card. No
salesman will call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington, D. C. 20016

8
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ELECTRONICS COMES ALIVE
AS YOU LEARN BY DOING WITH
CUSTOM TRAINING EQUIPMENT

Nothing is as effective as learning by doing.
That's why NRI puts so much emphasis on
equipment, and why NRI invites comparison with
equipment offered by any other school, at any
price. NRI pioneered and perfected the use of
special training kits to aid learning at home. You
get your hands on actual parts like resistors,
capacitors, tubes, condensers, wire, transistors
and diodes. You build, experiment, explore, dis-
cover. You start right out building your own pro-
fessional vacuum tube voltmeter with which you
learn to measure voltage and current. You learn
how to mount and solder parts, how to read sche-
matic diagrams. Then, you progress to other ex-
perimental equipment until you ultimately build
a TV set, an actual transmitter or a functioning
computer unit (depending on the course you se-
lect). It’s the practical, easy way to learn at
home —the priceless ‘““third dimension’’ in NRI's
exclusive Electronic TV-Radio training method.

SIMPLIFIED, WELL-ILLUSTRATED
"BITE-SIZE” LESSON TEXTS
PROGRAM YOUR TRAINING

Lesson texts are a necessary part of training, but
only a part. NRI's "‘bite-size'’ texts are as simpli-
fied, direct and well-illustrated as half a century
of teaching experience can make them. The
amount of material in each text, the length and
design, is precisely right for home-study. NRI
texts are programmed with NRI training kits to
make things you read come alive. As you learn,
you'll experience all the excitement of original
discovery. Texts and equipment vary with the
course. Choose from major training programs in
TV-Radio Servicing, Industrial Electronics and
Complete Communications.
Or select one of seven spe-
cial courses to meet spe-
cific needs. Check the
courses of most interest to
you on the postage-free
card and mail it today for
your free catalog.

Available Under
NEW
Gl BILL

I1f you served since
January 31, 1955, or
are in service, chack Gl
linein postage-free card.

custom training kits “bite-size”’texts

April, 1967

Actual size -
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TECHNICIANS

IBM's Components Division—the home of Solid
Logic Technology —has several immediate open-
ings for Technicians to support engincers and
scientists in the Development Laboratories and
in Manufacturing Engincering. Assignments will
involve responsibility in the following areas:

Chemistry: Assignments in semiconductor process development,
device fabrication, process manufacturing, or on chemical analysis
problems. Experience with processing, encapsulation, diffusion,
photo-resist technology, vacuum deposition or printed circuits is
preferred.

Electronics: Design, breadboarding, and testing of experimental
solid state circuits; development and fabrication of special test
equipment; calibration of electronic instruments; and in design
and debugging of manufacturing process equipment and controls.
Experience in clectronic test equipment, instrumentation, and/or
transistor circuitry is desirable.

Materials: For semiconductor materials preparation and failure
analysis. Experience in metallurgy and materials analysis, epitaxial
growth techniques or microfailure analysis is preferred.

Physies: Opportunities in semiconductor device development, de-
vice, materials and process characterization, and in making ultra-
precision measurements. Experience in device evaluation high-
vacuum technology or diffusion techniques is desirable.
Electromechanical Designers: Prepare designs and layouts of
electrical or mechanical tools, fixtures or devices with specific
attention to production systems, materials and costs. Provide tech-
nical guidance in the counstruction of models and test apparatus.
Design instrumentation to solve manufacturing problems; assist
in developing and design of manufacturing equipment.

Electromechanical Draftsmen: Prepare complex mechanical and
electrical drawings from engineering sketches, assemblies or lay-
outs. Should also have a working knowledge of design drafting
standards in proper tolerancing and dimensioning and be able to
prepare documentation for engineering (jmnges.

Tool, Die and Model Makers: Positions require experience in de-
veloping and fabricating laboratory apparatus, prototype tools and
fixtures, components for precise mechanical and electromechanical
equipment, or hew automatic production machinery.

These positions require two years of technical
school training, equivalent military service train-
ing and/or comparable industrial experience.
The Components Division is in Dutchess County,
approximately 65 miles north of New York City
and just off the New York State Thruway. Liberal
company-paid benefits, including relocation and
tuition refund.

Please write, outlining your interests and quali-
fications to: Mr. M. J. Mangiameli, Dept. 650-D,
IBM Components Division, East Fishkill Facil-
ity, Route 52, Hopewell Junction, N. Y. 12533.

IBM.

An Equal Opportunity Employer
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calls attention to a similar item pub-
lished by him in the February, 1966
issue of Elcctronic Design magazine.

The same modification of the paral-
lel resistance formula to adapt it for
slide-rule use, and the slide-rule proce-
dure for any number of parallel rve-
sistors, is developed on pp. 465-66 of
Elements of Mathematics for Radio,
Telecision and Electronics by Bernhard
Fischer and Herbert Jacobs, 1954, The
Macemillan Co., New York. 1 doubt if
Professor Fischer would claim discov-
ery; he probably picked it up from
some earlier source.

The above textbook reference is sub-
mitted with the thought that it may be
of some value in settling uncertainties
between Messrs. Loui and Chuao as to
relative priorities in the development
of this procedure.

PauL AN

Glendale, Calif.

To the Editors:

Concerning the method of calculat-
ing parallel resistance in vour October
issue, this method was shown to me
in 1957 by one of my students when 1
was at the electronics school at Keesler
AFB, Mississippi.

HeLymvur E. Fucus
Virginia Beach, Va.
* * *

THE DAMPING FACTOR DEBATE
To the Editors:

This is in reference to the article
“The Damping Factor Debate” in the
January, 1967 issue of ELECTRONICS
WonLp. The only point I would like to
accentuate is that if your table is cor-
rect (and it is), then your verbal de-
scription for computing the actual
over-all damping factor for a wide
range of generator impedances is not.

Mr. Augspurger stated just under
Table 1 on p. 47: “The actual damp-
ing factor values ave computed by add-
ing Ry and Ry, then dividing by the
rated load impedance.” It should be
just the other way around.

J. J. VaLeNTE
Western Electric Co.
Winston-Salem, N. C.

Reader Valente is right. It is just
necessary to change the word “by” in
the above sentence to “into” and the
statement as gicen is correct.—Editors

* * *

CRYSTAL-SAVING SYNTHESIZER
To the Editors:

With reference to my article “Crys-
tal-Saving Frequency Synthesizer” in
yvour December, 1966 issue, a patent
number was given incorrectly. The cor-
rect number is 3,233,192. The number
given was the file serial number.

F. PaTrersoN Sayuri, R & D
National Aeronautical Corp.
Fort Washington, Pa. A
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www.americanradiohistory.com

Eolitron amoces

A MAJOR BREAKTHROUGH
in Silicon Power Transistors:

[NOLIANIAL

PAT PENDING

%aﬁ'&/&hzy

V low leakage currents
‘\/ freedom from secondary breakdown
Vﬂat gain curve
‘/ 15 amp capabilities
V145 Wans @ 250C
\/Iow output admittance
VIow saturation voltages
high reliability

Now -— for the first time — a transistor has been developed with the
characteristics of low-leakage planar units, combined with resistance to
secondary breakdown offered by homogenous devices. The results are
Solitron’s ISOLTAXIAL NPN Silicon Power Transistors! The ISOLTAXIAL
transistors have special construction innovations and processing tech-
niques, and were developed with the high reliability standards associated
with Solitron. A few of their many applications include power supplies,
audio amplifiers, inverters, converters, relay drivers and series regulators.
ISOLTAXIAL transistors are low-cost and packaged in TO-3 and T-61 cases.

Type Pkg. Type | Pkg. DESIGN LIMITS ] PERFORMANCE SPECS
Number | Size Number Size %, | ]
[ BVeao | YSEO | BVeao lcex @ Vee ALL TYPES INCLUDE
 — THE FOLLOWING SPECIFI-
: | Volts Volts Yoits (Ves - 1.5V} CATIONS:
i I e il 1 Gain 20-60 @ 5 A
i | . ’

A | | Min . Min | Min. | u_A ( Max.) Volts_ VCE (sat) 0.5 V Max. @ 5 A
SDT9801 T0-3 SDT9901 T0-61 60 40 12 100 40 VBE (saf) 1.2 V Max. (2 5 A
SDT9802 T0-3 SDT9902 10-61 80 60 12 100 60 ft 1.0 MHz Min.

SDT9803 T0-3 SDT9%03 | TO-61 100 80 12 100 ' 80
SDT9804 | T0-3 SDT9%04 | TO-61 120 | 100 12 100 100

CONTACT US TODAY FOR COMPLLCTE INFORMATION AND SEE THESE

DEVICES IN OUR DISPLAY AT THE IEEE SHOW

TRANSISTOR DIVISION |y Olitrun DEVICES, INC
’ .

1177 BLUE HERON BLVD. / RIVIERA BEACH, FLORIDA / (305) 848-4311 / TWX: (510} 852-6676

teader in Germanium and Silicon Power Transistors, Cryogenic Thermometers, High Voltage Rectifiers, Hot Carrier Diodes, Temperature Compensated
Zeners, Voltage Variable Capacitors, Random/White Noise Components, Microelectronic Circuits. and Power-Sink Interconnection Systems.

April, 1967
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LAB TESTED |

HI.-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK LABS

KLH Model 12 Speaker System
Shure V-15 Type 1l Stereo Phono Cartridge

KLH Model 12
For copy of manufacturer’s brochure

O most audiophiles KLIT is known

as a producer of very fine miniature
and compact speaker systems. Some of
the earlier speaker designs, however,
were far from compact and, in line
with the cwrrent trend toward moder-
atelv Lurge floor-standing speaker svs-
tems, the company has recently intro-
duced its Model 12 acoustic suspension
speaker svstem.

In the Model 12, the manufacturer
has clearly aimed at bringing the high-
est possible level of sonic performance
into the home. The speaker is a 3-way
svstem  containing a 12”7 woofer, two
3” mid-range units, and a 1%" tweet-
er. The manufacturer states that the
efliciency of the system is such that it
can be driven by anv good amplifier
capable of delivering 25 watts into 8
ohms and our tests confirm this. The
relatively high efficiency, compared to
other acoustic-suspension  designs, s
made possible by the larger volume.

The system stands 29%” high, 224"
wide, and 15” deep and weighs about
85 pounds. Tt is handsomely finished
in oiled walnut and has a unique re-
mote contour control unit, quite unlike
anvthing we have seen on other speuk-
er systems. This is a small, flat box 97
wide, 107 deep, and 23%” high, fin-
ished in walnut to match the speaker

Speaker System

s cirele No. 21 on Reader Serciee Card

Tenee

enclosure. Tt contains the crossover-net-
work components, plus four switches
which allow a limited control of the
over-all system musical halunce in seg-
ments of about 1% octaves.

The frequency ranges affected by
the contour switches are 300-800 Hz,
800-2500 Hz, 2500-7000 Hz, and 7000-
20,000 Hz. The low bass response is
left fixed as a reference level. Euack
control allows a slight boost or cut of
the indicated frequency band. Anvone
operating the switches casually might
not detect any change in sound charac-
ter. However, listening to broadband
noise, such as M interstation hiss,

T T T T 17 g T 1 Kl H T3 T— 1 T T

| PEAKS CAU: e e CE] KLH 12 SPEAKER SYSTEM ~FREQUENCY RESPONSE —
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clearly reveals the effect of the con-
touring. This feature gives the dis-
criminating listener the opportunity to
tailor the system response to his own
taste. in a manner not possible with
conventional speaker level controls or
amplifier tone controls.

Recognizing that the subtle effects
of the contour control can onlv be
appreciated from the normal listening
position, KLIT has provided a 40-foot,
4-wire cable to connect the contour
control unit to the speaker system. The
controls can be located at the listening
position, where the speuker response
can be trimmed to suit the require-
meunts of the program material. If this
tvpe of installation is inconvenient, the
control unit can be mounted on the
rear of the speaker enclosure, where it
is held by Velero hook-and-pile strips.
An 18” cable is provided for intercon-
nection of the units when so mounted.
The amplifier output must be connected
to the contour control unit, never to
the speaker itself. Thus, the location of
the amplifier or receiver may influence
the position of the contour control unit
to some degree.

We measured the indoor frequency
response of the speaker by averaging
data from 8 nicrophone positions, with
all contour controls set to their mid-
positions. The over-all frequency re-
sponse was very smooth and free from
peaks or holes. Within each of the con-
trolled frequency segments, the re-
sponse varied less than =3 dB. From
300 Hz down to 30 Iz, there was a
+=3.5 dB variation, much of which
was due to a room resonance at 40 Hz.

The harmonic distortion was under
2% down to 50 Hz, at a l-watt drive
level, and rose gradually to a maximum
of 13% at 25 Hz. At 20 Hz the distor-
tion was actually less than at 25 Hz, but
the output fell off considerably. The
tone-burst response, like that of other
KLIH speakers we have tested, was
well-nigh perfect at all frequencies.

Good as these measurements were,
they gave only a hint of the sound
quality of the Model 12, which is noth-
ing less than superb. It has an airy,

(Continued on page 90)
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5881

~ Your Sylvania distributor can
SYLV AN[ analyze your electronic replacement
needs.To save you time and money.

He can do an inventory analys:s for you—at no cost.
5 8 81 You’ll learn which tubes to stick in quantity—and
which ones not to. You’ll prevent em.ergencies when
tubes and semiconductors need replacing.
Your Sylvania man is a tube and semiconductor ex-
pert. Because he’s always in “ouch with Sylvania
product and applications engir eering s-affs, so he’s
always kept up to date.
And we furnish him with detciled tect.nical infor-
mation about tube and semiconductor applications
—industry by industry. So he kncws your problems
—and has the answers.

» Help yourself to a free analysis of your replace-
LVAN IA ment needs. Call your nearby Sylvenia distributor
now. You'll save yourself some trouble. And money,
too.

Sylvania Electronic Tube Division, Electronic Com-
ponents Group, Seneca Falls, Nevs York 13148.

SYLVANIA

SUBSIDIARY OF
GENERAL TELEPHONE & ELECTRONICS GrElE

 SYLVANIA

COMMUIMICAYIO NS
GUALITY

6680/12AUTA B

/ SYLVANIA
YLVANIA | SYLVANIA

SYLVANIA SYLVANIA

6B-600%

GOLD BRAND GOLD BRAND

GB1232-

GCLD RRAND

SYLYANIA SYLYANIA

SYLYANIA SYR AT S

SYINVAN

68-6005 § GB-6005

GOLD BRAND W GOLD BRAND

e G8-6005
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“He's a good worker.
I'd promote him right now
if he had more
educationin
electronics” g
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| Could they
, be talking' about you?

You'll miss a lot of opportunities if you try to get along in the
electronics industry without an advanced education. Many doors
will be closed to you, and no amount of hard work will open them,

But you can build a rewarding career if you supplement your
experience with specialized knowledge of one of the key areas of
electronics. As a specialist, you will enjoy security, excellent
pay, and the kind of future you want for yourself and your family.

Going back to school isn't easy for a man with a full-time job and
family obligations. But CREl Home Study Programs make it pos-
sible for you to get the additional education you need without
attending classes. You study at home, at your own pace, on your
own schedule. You study with the assurance that what you learn
can be applied to the job immediately.

CREIl Programs cover all important areas of electronics including
communications, servo-mechanisms, even spacecraft tracking
and control. You're sure to find a program that fits your career
objectives.

You're eligible for a CREI Program if you work in electronics and
have a high school education. Our FREE book gives complete
information. Airmail postpaid card for your copy. If card is de-
tached, use coupon below or write: CREl, Dept.1126 E, 3224
Sixteenth Street, N.W., Washington, D.C. 20010.

Founded 1927 |
T e Y T |
UREI ! .
Accredited Member e u%
of the National Home Study Council e e W | Anamversary

The Capitol Radio Engineering Institute

Dept. 1126 E, 3224 Sixteenth Street, N.W., Washington, D.C, 20010

Please send me FREE book describing CREI Programs. | am em-
ployed in electronics and have a high school education.

NAME AGE

CITY STATE ZIP CODE

EMPLOYED BY

TYPE OF PRESENT WORK d GI BILL

| am interested in [] Electronic Engineering Technology
[J Space Electronics [] Nuclear Engineering Technology
[0 Industrial Electronics for Automation

r
|
|
|
|
|
|
|
|
|
| ADDRESS
i
)
)
|
|
|
|
|
{
: [ Computer Systems Technology

——— —— ———— — — ) ——————— —— — ]

APPROVED FOR VETERANS ADMINISTRATION TRAINING
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| et’'s talk sense
about color TV lead-in!

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

WHOWY3d

8285»

Color Guard
Twin—Belden
Permohm*

Use to get stronger signals in uncon-
gested fringe areas, like this . ..

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

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

You don’t need expensive transformers and connectors.

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

8290

Color Guard
Twin—Belden
Shielded Permohm*

Use to get cleaner signals in con-
gested or close-in areas, like this . . .
v

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

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

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

tPatent No. 3,032,604

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

CALL YOUR BELDEN ELECTRONIC DISTRIBUTOR.

Belden

8-8-6

BELDEN MANUFACTURING COMPANY « P. O. Box 56070-A « Chicago, lllinois 60680
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electronic
eavesd

“Bugs” in phones, furniture, cars, offices, and shirt pockets have become
commonplace. Here is a survey of the field with detailed descriptions of
what is currently available, how they work, and how they are detected.

By ROBERT M. BROWN*

N a sensational eavesdropping disclosure last Julv, U. S.

officials charged two Communist Czechoslovakian dip-

lomats with attempting to “bug” the offices of Under
Secretary of State George W. Ball using the syvstem shown
in Fig. 1. In this approuch, the receiver portion of the bug
Lept the trunsinitter [rom operating by allowing the power
relay to remain normally open. \When the receiver picked
up a wh.f. unmodulated carrier of a certain signal strength,
the relay would close, thus supplving power to the trans-
mitter. In this way, the useful operating life of the mercury-
cell power supply was appreciably extended. To prevent
interaction between the bug transmitter and the external
trivger transmitter, the bug unit operated about 40 NIz
higher in frequency.

Interestingly, the plot was foiled not because of superior
American  countermeasure techniques (debugging meth-
ods) but because of the lovalty of & $9000-per-unnum De-
partment worker who informed on the Czechs to the FBL

Similarly, U. S. Anibassador Henry Cubot Lodge shocked
the civilized world in 1960 when he displayed the now-
famous Great Scal (or Eagle) bug at the UN after reveal-
ing that it had been in operation, surreptitionsly relaving
confidential top-level conversations to the Russians, since
the Soviets had presented it to W. Averell Harriiman, then
United States Ainbassador to the Soviet Union, back in
1945. Like the recent Czech attempt, however, it was not
alert American personnel who “found” the bug, but instead
astiute British technicians who accidentully tuned ucross its
frequency one day.

Operation of this bug is shown in Fig. 2. Behind an open-
ing concealed in the carving of the Great Seal was a silver-
plated, high-"Q” resonant cavity coupled to a %-wave an-
tennit that was also concealed within the carving. A metal
diapliragm divectly behind the opening closed one end of
the cavitv. When this diaphragim wuas moved by changes
in air pressure due to speech within the room holding the
Seul, it would change the resonunt {requency of the cavity.
Thus, if the cavity was supplied with r.f. at its resting fre-
quency, when the diaphragm moved, the cavity in essence
became a modulated oscillator. The beauty of this system
was that it required no maintenance, batteries, or other in-
ternal power supplies and it operated only when the cavity
was supplied with an wccurate source ot r.f. which could
come trom wlmost anv point.

_Mr Brown is the author of the hook. *'The Electronic Invasion™ which will
be issued this month by John F. Rider. Publisher, New Y ork
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Outside the Embassy, a 330-MIz signal source located
within an ordinarv-looking van was aimed tvia a narow-
beam gain antenna at the Scal so as te excite the cavity.
Another innocent-looking van, also equipped with a narrow-
beum gain antenna aimed at the Seal, would then tune in
on the bug and detect the now-modulated signul for record-
ing.

After months of research and investigation, the British
uncarthed the cavity built into the wooden Seal and turned
the mutter over to the U.S. (Incidentally, the British tech-

40MH: FREQUENCY DIFF.
BETWEEN XMTR AND REC.

v

XMTR REC. RELAY
| MIC
XMTR. [—JAMP./MOD —@
|
POWER
Be= SUPPLY

L]

Fig. 1. In this bug, the u.h.f. carrier from a remote trans-
mitier turns on the bug which operates about 40 MHz higher
in frequency, thus extending the battery life considerably.

Fig. 2. The ""Great Seal’’ bug concealed a delicately tuned
v.h.f. cavity requiring no wires, maintenance, or batteries.
| CARVED WQODEN EAGLE DESIGN
SRV '—=i RAISED ON THIS PLA s16
FRONT OF SEAL [

i Ny -
| .

I y .. SOFT INSULATING ANE |
1 ) “SUPFORTING RIN I
1 Qa MIL METAL DIAPHRAGM |
I ] : i
|

1

I

i .
NON-CONDUCTIVE INSU-
LATOR AND SUPPORT

! | CAPACITANCE COUPLING 10 |

! 7 "TUNING POST" | 174 WAVE WHIP AT 330MHz
SILVER PLATED COPPER L D /(coppzn ROD)
CYLINDER-HI G CAVITY, |
w(ooucmucs APPROX. | o o 1
100mH

CLEARANCE BETWEEN |
POST" BOTTOM AND -
CYLINDER BOTTOM |

| CAREFULLY HCLLOWED
~AREA TO RESEMBLE
FREE SPACE"

BACK OF SEAL
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Experimental transmitter {bottom) is reworked for mounting
around conventional phone carbon mike (center), then potted
(top) to make direct substitute for phone mike. This does
not impair normal phone operation. Both sides of the phone
conversation are radiated a distance of approximately 300 ft.

Three units by Security Electronics. (Upper left) Battery-
powered parallel phone tap operates when phone is picked
up. Both sides of conversation transmitted about ; mile.
(Upper right) Self-powered wireless mike picks up sounds
within 35 ft. R.f. range about Y4 mile. (Bottom) Phone-pow-
ered series phone tap operates when phone is used. Trans-
mits both sides of conversation V2 mile. All of these units
are used in conjunction with specially modified FM set.

nicians also found 60 hidden microphones in the American
Embassy building in Moscow while looking for the Seal
bug.)

To veduce the future possibilities of illicit r.f. intrusion,
in some of our Embassies overseas use is made of elab-
orate “silent rooms” whose walls also contain lavers of r.f.
screening material. These rooms are thoroughly tested for
acoustic and r.f. tightness in the United States, then dis-
assemibled and shipped to the required Embassies where
they are reassembled within the confines of a normal room
(of sufficient size to accommodate the silent room), and
retested once more. Anv power lines entering the silent
room are thoroughly bypassed to remove the last vestige of
possible r.f. exit. Even the doors ure double-screened and
have numerous electrical contact “fingers” to assure abso-
lute r.f. screening. There are no phones or other electrical
devices within the room, thus ensuring that confidential
discussions can be carried on without the probubility of
electronic snooping.

Bernard Spindell, renowned New York electronic eaves-
dropping expert, publicly stated at a symposium last No-
vember that key American government officials are “back-
ward to the sophistication of modern electronic espionage
and at least 10 years behind the (eavesdropping) industry”.
To make matters worse, though, Spindell added that “the
government is afraid to admit to its faults in this area, and
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will almost never call in outside ‘experts’ for fear that this
disclosure of technical incompetence might work to the
advantage of the civilian professional.” This might well
explain the revelations of 1960 and 1961.

The Electronie Eavesdropping Industry

Electronic snooping in various stages of technical sophis-
tication is today a big business for a relative handful of
U. S. companies (their number approaches 30, although
less than 10 capture most large industrial and governmental
sules). Some, like Mosler Research Products (Conn.), Kel
Corporation (Mass.), and Fargo (Calif.), concentrate on
“aiding” such Federul branches as the Bureaus of Custois
and Narcotics, while the rest do an estimated $20 million
amnually in the industrial and  personal market areas.
Headed by such nwmes as Continental Telephone & Supply
Co., Miles Wireless Intercom Co., Security Electronics.
R. B. Clifton, L. N. Schncider, and Silmar Electronics, these
companies specialize in equipment that often surpasses that
offered the government through conventional channels vet
is legally available to anvone with enough money. Although
the suppliers are geographically headquartered in New
York and Miami, the vast majority enjoy mail-order sales
that are heavy in the Midwest and South and strongest in
Southern California.

In addition to oflering a diverse selection of electronic
snooping devices {one even offers a mail-order course on
modern eavesdropping), several have made the plunge into
antibug or “countermeasure” equipment, which generally
consists of r.f. field detectors and white-noise generators.
Although the market for this type of apparatus is extremely
small, it aflords the intelligent distributor the opportunity
to “go legitimate” in its advertising while at the same time
creating convenient tax losses.

Bugging the Telephone

While there still exist such antiquated devices as the
phone pickup coil and other induction contraptions found
in almost every electronic parts supplier’s catalogues, to-
day’s telephone “listener” prefers a more professional ap-
proach. It should be pointed out, however, that because
these high-impedance inductive pickups do not make an
actual metallic contact to the phone line, they draw no cur-
rent from the line, thus making them very diflicult to detect
by conventional telephone line monitoring equipment.
Though the government still leans toward the direct wire
taps and “third-wire” techniques (it is possible to rearrange
the wiring within a desk telephone so as to render the mi-
crophone circuit active even when the phone is on the
hook), the civilian eavesdropping establishment is busy
with the not-so-dangerous all-electronic r.f. gadgets which
are infinitely simpler and less costly to install.

Reverting to induction in some instances, one type used
primarily by private investigators and industrial exccutives
employs a modified induction coil operating from the mag-
netic field that exists around the hybrid transformer in the
teleplione to modulate the transmitter. With a stage of
amplification after the coil, it is possible to disguise the
FM transmitting device in a number of ways, permitting
normal proximity to the phone without having the device
spotted. Two such items, for example, operating in the stan-
dard 88- to 108-MHz FM band are a “diary” sold by New
York’s L. N. Schucider and an “ashtray” marketed by Tri-
tron of Duallas, Texas. Powered by Mallory “Duracells,”
these 100-milliwatt bugs can run for weeks, continuously
relaving both sides of a conversation to the remote receiver.
A variation on this theme consists of the same device with
a subminiature Sennheiser microphone element added to
take up the slack (normal room conversations) between
phone calls. Thus, the eavesdropper has a combination
room bug and telephone device.

By far the most popular, however, are the insertion bugs
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—r.f. devices hooked directly to the phone line in one way
or another. The most convenient of these consists of a tran-
sistor oscillator centered on 89 MHz and mounted on the
backside of a standard carbon phone button. Carefully bal-
anced 5o as not to disrupt the impedance of the telephone
circuit, in practice the eavesdropper merely unscrews the
regular mouthpiece cap from the phone and replaces the
carbon button with the bug. Thus, both sides of all calls can
be monitored. Since it is powered entirely by the phone cur-
rent, the device can theoretically run forever on an auto-
matic basis. See the upper photo on page 24.

The only drawback is its distance capability, restricted
by lack of a suitable antenna. Normally, the device is cou-
pled to the phone wires for an r.f. range of 200 to 2500
feet. An example of such a device is shown in Fig. 3. In
this circuit, note that the rectifiers do not use filters of wny
description. Therefore, the transmitter is modulated by a
d.c. voltage that is an instantaneous function of the voice
frequencies existing on the line. Such equipment costs from
$199.95 to $250, depending upon the distributor.

Most insertion devices, however, are priced between $70
and $200 and are identical to the unit just described ex-
cept that they must be concealed in the phone base, at the
terminal, or elsewhere on the line. These are frequently
more practical, since a small length of wire cut in wave-
length multiples can be employed effectively as the anten-
na, although they necessitate a somewhat more time-con-
suming installation. Typical of these is Sccurity Electronics’
SE-419 which measures only 1.5” x 0.7 x 0.7” but which
can put out an 89-MHz signal for up to one mile. A series-
coupled unit, it sells for $150 and employs another r.f. lin-
ear amplifier stage.

The most publicized phone bug, however, uses no r.f.
field whatsoever yet achieves remote monitoring without
the necessity of tapping the line. Dubbed the “harmonica
bug,” this ingenious configuration stands as the ultimate in
bugging devices. Consisting of a subminiature resonant-
reed decoder relay (such as the Bramco Controls model)
and a miniature single-stage a.f. amplifier, the umit (see
Fig. 4) is wired into the base of the victim’s phone or at
his terminal block on the premises.

Operation of this bug is about as state-of-the-art as eaves-
dropping suppliers can provide today. Essentially, the bug
consists of two sections: one is a remote source of 500 Hz
(either a blow-in harmonica-type device or an electronic
audio oscillator) to be used by the remote eavesdropper,
while the other portion contains & subminiature high-speed
multi-pole relay activated by a frequency-sensitive decoder,
and an audio amplifier, all contained within a package ca-
pable of being concealed within the telephone housing.

When this local decoder picks up a 500-Hz signal, the
relay is activated, simultaneously opening up the bell-ring-
ing circuit and transferring the microphone line to the
audio amplifier which in turn feeds its output signal into
the line that is returning to the eavesdropper.

In use, the eavesdropper dials the rigged remote tele-
phone. However—and this is important—just after dialing
the last digit, there is a time lapse of 2 to 3 seconds before
the remote phone bell rings. During this period, the eaves-
dropper transmits his 500-Hz trigger tone down the line.
The remote bell is deactivated before it can ring, and the
remote microphone signal is now amplified and fed back
to the eavesdropper. If another party dials the number
during a period of surveillance, he will get a normal “busy”
signal. In most cases, this does not arouse suspicion.

The VOX circuit shown below the resonant-reed circunit of
Fig. 4 is presently being developed and should be available
shortly. This circuit continuously monitors the voice cir-
cuit on the phone line, and if it “hears” a strong sound,
such as when the phone is lifted from the cradle, the VOX
circuit takes the bug out of the line, causing the phone to
vapidly drop back to a normal operating condition.

April, 1967

VOX, as used here and in other parts of this article. is
an abbreviation for voice-operated switch. In this type of
circuit, use is made of the charge/discharge time constant
of a large-valued resistor and capacitor combinalion when
it is charged by the input signal and discharged by an ac-
tive clement (such as a semiconductor or vacuum tube)
that in turn controls a switching relay. The relay, in turn,
controls an external circuit. The elements of the VOX are
wranged so as to operate the relay inmediately upon re-
ceipt of a signal, while the adjustable time delay permits
the relay to remain operative for some predetermined time
after the signal ceases. This can occur during normal hills
in the conversation. Thus, the VOX is operative during all
times that specch is tuking place.

Although others have attempted to duplicate the original
circuitry (e.g.. Continental Telephone’s “Infinity Trans-
mitter”), the original! is still the device emploved by pro-
fessional cavesdroppers. Price varies from $699 to $1000,
depending upon supplier.

As a defense against this type of bug, in some sensitive
areas use is made of a white-noise generator that saturates
the local phone line with a random noise signal (which
sounds like a loud waterfall) when the telephone is not ac-
tually on the cradle. This electrical noise effectively masks
any microphone signal being picked up if such a bug is
used. Of course, when the local phone is physically lifted
from the cradle, the white-noise signal stops, cnabling nor-
mal conversation.

Room Bugs: Microphones

Since room transmitters are more prone to visual detec-
tion than insertion telephone bugs, miniaturization has De-
come the vogue among modern keyhole listeners. Although
a variety of cute items flood the market today (the “cuft-
link,” “tie clasp,” “fountain pen,” etc.). their use is generally
restricted to the portable personal recorder set and they

PHONE LINE

]

4

Fig. 3. Typical insertion bug mounts directly within the
mike cavity of the telephone and derives both its power
supply and modulation from the phone as it is being wsed.

Fig. 4. The "harmonica’’ bug makes use of the fact that a
short time interval occurs just after dialing the last
digit and before the remote phone rings. The name was
coined because, originally, a harmonica was used to gen-
erate the trigger tone that caused the relay to operote.
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Fig. 5. A selection of tiny mikes commonly used in bugs.
The sizes can be established by comparing with the dime.

are not really practical for room observation. The primary
reason for this is that the same European microphone ele-
ment can be purchased retail for $3 while the mounted
cuff links and other devices generally cost anywhere from
$25 to $50 apicce.

By and large, the most popular miniature design is the
tiny rectangular model distributed in America by Tele-
phone Dynamics Corp. for the hearing-aid market (sece Fig.
5), although a few bug manufacturers use Astatic and
Electro-Voice clements. The preferred tyvpes are magnetic
designs which weigh less than one-fifth of an ounce; they
are rated at a —60 dB sensitivity or so at 1000 Iz under a
standard 2000-ohm load, since these preclude the need for
matching transformers and are fairly rugged in terms of
temperature variations and physical jarring. Most caves-
dropping  manufacturers  simply mount the microphone
atop an FM oscillator module and leave it at that, although
a few interesting exceptions exist.

One of these is the fastening of a slender, hollow, flex-
ible plastic tube to the front of the microphone element,
resulting in something that looks very much like a snake
(which is what it is called). This permits modem keyhole
listening in deluxe fashion, though the preferred method is
to drill a tiny hole through the wall, inserting the spaghetti
tube for proper acoustical pickup. (This same technique,
by the way, was what the Soviet technicians employved in
the U. S_ Embassy building in Moscow in some sixty placces.
The plastic tubing is extremely difficult to detect, since the
remote microphone/amplifier stages are sufficientlv far
from the front of the tube so as to preclude effective detec-
tion by means of metal locators, the most widely used tech-
nique employed by U. S. government departments.) Al-
most cvervone “home-brews”™ his own snake microphone,
although onc can be purchased commercially from Conti-
nental Telephone for about $30.

The spike microphone, another popular variation, is noth-
ing more than a vibration or conductance device (similar in
operation to a phono cartridge and attached needle) which
is constructed in such a way as to render the spike as the
extension of the normal contact snurface. This tvpe, too,
sells for about $30. Also of 2000-ohm characteristics, the
spike microphone has been used in emergencies by de-
tectives and police investigators but is not generally em-
ploved since the conductance theory has never quite proven
itself in the field. As one user explains, “Everything is fine
until someone on the third floor Hushes a toilet. That can
ruin the most rugged pair of eardrums”.

Room Bugs: Transmitters

Basically, these units consist of little more than a minia-
ture microphone and a minimum-performance v.h.f. oscil-
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lator, “modified” from wireless microphones found in many
electronic construction magazines.

On the whole, though, a wealth of comparatively sophis-
ticated circuitry can be found if one knows where to look.
Electronic rescarch and development shops often fill in dur-
ing slack periods with “custom-engineered” bugs for the
larger suppliers, many of whom use the latest in high-pow-
ered v.h.t. semiconductors to achieve sought-after minia-
turization and increased range capability. The general “min-
imum” range is 150 feet, although many transmit up to
onc-half mile from conventional transistor radio batteries,

I'ig. 6 shows an example of two typical designs. In the
first (A), FM modulation is produced by the varying audio
signal changing the anode bias of the tunnel diode. With
tunnel diodes, the characteristic curve is never perfectly
lincar in the negative resistance region, so the resonant
frequency of the diode is affected enough to create an FM
signal in step with voice frequencies. In Fig. 6B, the mi-
crophone output causes sufficient changes in the resistance
of Q1 to vary the bias of Q2. With Q2's hase-to-collector
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Fig. 6. (A) FM bug using a tunnel diode. (B} Another bug
using two transistors. (C) The basic idea of 'free power."

capacitance altered accordingly, once again frequency-mod-
ulated rf. results.

Still in the development stage is the so-called “free-
power” bug transmitter, widely publicized as the ultimate
in present-day eavesdropping. As indicated in Fig. 6C, in
theory it is essentially a tuned circuit followed by a diode
rectifier and hefty storage capacitor. When the circuit is
tuned to a high-powered local commercial broadeasting
station, sufficient d.c. power can be generated to operate
a very-low-power bug almost indefinitely. In practice, un-
fortunately, this proves to be less than enough for most FAI
transmitter circuits.

Bugging devices are available in a number of exotic
styles, although most buyers are concerned with the trans-
mitter element itself, leaving the concealment to individual
circumstances. A few exceptions, ho\\'o\'er, are worth not-
ing. Continental Telephone offers for S150 a “beautiful dec-
orator” bedroom lamp with a built-in FM transmitter that
uses the a.c. line cord as its inductively coupled antenna.

Mosler Rescarch Products makes uvailable an exquisite
framed reproduction of a church-in-the-valley scene. A tiny
hole drilled through the wooden frame permits voices to
reach the transmitter, which is ervstal-controlled in the 70-
to 72-MHz region. Large long-life batteries are strategically
clamped in place to help balance the weight throughout the
instrument, which is presented as a “gift” to the victim.

Of course, a radio or TV set can not only very casily
conceal a bug but can also power it even when the front-
panel “on-off” switch is turned off. In this case, the bug’s
power supply is connected to the a.c. line before the set’s
power switch. Also, in many cases it is possible to use the
set’s own loudspeaker as a microphone when the set is not
in use.
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In testimony before the Senate Judiciary Subcommittee
on Administrative Practices and Procedures in Washington,
D.C. on February 18, 1965, New York’s Manny Mittleman
revealed his “perfect bug”. (Sce Fig. 7.) Designed primar-
ilv to conserve battery drain, this modified room bug has a
built-in VOX circuit that can be adjusted for sensitivity and
delay.

Once installed, the device is activated by the first click
of the doorknob and operates whenever there is a sound in
the room. It does not operate when there is silence (such
as when the room is empty or at night when everyvthing is
quiet); therefore, it conserves battery capacity.

Note also that there is another VOX circuit used at the
remote receiver. The addition of this clement now muakes
the over-all system completely automatic, as the tape re-
corder will only start up when a signal is received from the
bug. This not only conserves tape but requires no human
nonitoring, thus saving expensive operative tine. Of course,
the tape recorder is transistorized so there is no warm-up
time und no loss of speech beginnings.

Mittleman remarked that “a private detective can install
this scveral davs in advance of whatever action he is in-
terested in (for exaniple, such as in an unoccupied motel
roomt ), and then when people get there it will turn itself on
the minute they put their hand on the doorknob and it will
stav on for as long as they continue to talk, walk around,
or what-have-you.” It can be purchased from Steckler Sales
Co. (New York) for $450.

The VOX Plienomenon

Since a great deal of clectronie eavesdropping is con-
ducted by private agencies and independent investigators,
it frequently becomes profitable for the client to “rent” the
equipment and do the job himself, thus avoiding payving
both the rental rate plus the $100-per-day-per-man fees im-
posed for the agents. Additionally, the agencies themselves
often find FM-recciver monitoring not only tedious and
time-consuming but also costly. The answer, quite natural-
lv, lies in automation.

Simple voice-actuated relay cirenit configurations  like
those sold for tape-recorder add-on applications are unique-
ly suited for this work. By coupling the VOX between the
monitor recciver and tape recorder (as shown in the receiv-
er portion of Iig. 7), virtually no manned listening is re-
quired except to periodically check [requency variations
caused by declining battery currents and to make sure the
tape hasn’t run out,

Professional systems of “double-VOX,” such as shown in
Fig. 7, command the top rental fees since they cannot or-
dinarily be purchased commercially hut rather must be cus-
tom-tailored. \With this arrangement, another VOX circuit
is added to the bug itself (as with Mittleman's “perfect
bug”), which is crystal-controlled in design. By careful trial
and error methods, current drain on the VOX is reduced to
absolute minimum, greatly extending the life of the system
and further reducing the likelihood of false starts at the re-
ceiving end.

Electronic "Tailing”

Two devices are currently sweeping the clectronic sur-
veillance marketplace: the bumper beeper and the high-
powered car bug, both of which are clementary in design
vet rugged and durable for practical use. Vehicular eaves-
dropping is generally split into two categories—“quick slap”
and “internal”—which are determined by the time one has
to make the installation and what distance requircments
must be met.

Naturally, the quick-slap packages are the most popular,
since they only necessitate the rapid affixing of a strongly
magnetized boxed transmitter to the underside of the vehi-
cle, letting the antenna wire trail as it mayv. Powered by
self-contained mercury (or often nickel-cadmium) cells,
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I Fig. 7. In this bug, noise in the room starts
MERCURY the transmitter. When the receiver “hears’’
CELL the room noise, it starts the tape recorder.
P.S. This system will run unattended by agents.

these transmitters are modulated by pulsed tones, generally
at 400 Hz, and are available in various frequency ranges
from 35 to 160 MIlz. A late addition, however, is the CB
channel 3 (27-MHz) bumper beeper. This has been widely
accepted for tailing because of its crystal-controlled design
and the easy availability of a compatible receiver. Fudalla
¢ Associates of Toronto offers a device for 875 that will
operate on any of the 23 available CB channels.

Quick-slap bugs are also easy to find, although applica-
tions for car intelligence-gathering devices are rare and
installation is somewhat niore complicated. Essentially,
these units consist of a simple room bug equipped with a
noise-canceling microphone hidden under the dash or be-
hind the glove compartinent. Antenna wire is <ropped
through the engine compartment (using shielded RG-38/U
en route) to the underside of the auto, where the wire is
exposed and left trailing.

The internal devices are much the same except that they
draw power from the car’s 12.6-volt d.c. syvstem and are
coupled directly to the car’s radio antenna for effective ra-
diation. Many operatives even readjust the car’s antenna
height for maximum power output (and minimum s.w.r.).

These same vehicle-buggers also make a point of adding
an “S” meter to their mobile monitor receivers, which they
find of great help in approximating distances. Others install
another radio antenna on the opposite (left or right front)
fender, phase the antennas correctly, and then take careful
note of the resultant null when the suspect’s car is directly
in front of or in back of the bugger’s auto.

Electronic Countermeasure Equipment

As indicated earlier, countermeasure {or debugging)
equipment is not used to the extent that the mass media
would lead one to believe, but it does exist and is interest-
ing at least from a technical viewpoint.

Certain design packages are on the market for bug detec-

Two examples of tailing beepers. (Top) Large high-powered
unit (shown uncased) is self-powered and attached to car
by strong magnets. Antenna trails under car. Bottom unit
is powered by vehicle battery and is mounted within car.
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Fig. 8. Examples of r.f. field detectors. (A) The audio
oscillator is triggered into operation by the tunnel diode.
(B) When the tunnel diode detects an r.f. field, the light
comes on. (C) The audio oscillator is turned on when the
transistor saturates due to operation of the r.f. detector.
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Fig. 9. R.f. white noise generators are supposed to flood
area with r.f. noise, jamming any radio bugs in the room.
The use of such devices is frowned upon by government
officials because they interfere with legal communications.
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tion which concentrate for the most part on r.f. transmit-
ting bugs. although a few exist for telephone direct-line
wiretaps. For example, for $250 one New York supplier has
a repackaged telephone lineman’s monitor meter, which
samples the load on the line. If this load exceeds the level
that the average phone in use actually consumes, a deflec-
tion past the clearly marked spot on the meter signals the
wiretap. For practical purposes, however, it is good to re-
member that very few professional eavesdroppers would
allow this to happen, since it would also trigger a “general
area” meter at the downtown business office and the vicinity
would soon be swarming with curious phone company in-
vestigators.

Metal locators also have their drawbacks, since metallic
wall studs, steel reinforcements, and even finishing nails
will register positively, necessitating a meticulous checkout
of every reading. Most industrial paranoids abandoned this
technique long ago.

This leaves detection up to r.f. field detectors, which
amount to little more than souped-up (two or three stages
of transistor amplification) field-strength meters. These
devices may be quite simple, but they do work in close
proximity to the concealed transmitter.

Tunnel diodes have also proved of use here. The circuit
shown in Fig. 8A, for example, uses a tunnel as a broad-
band (untuned) r.f. detector. Essentially, this circuit is
a normally quiescent audio oscillator that triggers into
operation when a low-level r.f. signal is presented to the
tunnel diode. In operation, the potentiometer is adjusted
until the device is just on the fringe of bursting into audio
oscillation. The detector is then moved around the suspect
area until the antenna picks up an r.f. field. When this
happens, the tunnel diode triggers the audio oscillator on,
creating the loudspeaker tone. The potentiometer also acts
as a sensitivity control and is adjusted so as not to trigger
on any local broadcast station that may be coming into the
same area. These detectors cost about 3230 and are a
specialty item of Houston’s Dee Co. (Similar units have
been sold for use as automobile sunshade-mounted devices
for detection of police speed radars.)

A flasher variation as shown in Fig. 8B is also available,
though few are in actual use. In operation, the actual indi-
cator unit is placed on a desk while the antenna is located
on the door jamb. When an operuting r.f. bug passes the
antenna (for example, carried within an innocent-looking
package or concealed in a (Continued on page 88)

Legal Aspects

Transmitting Bugs: On April 8, 1966 the FCC adopted certain
amendments to its Rules that were designed to prohibit eavesdropping.
Although entered as a specific regulation (Part 2, Subpart H, Section
2.701), the Commission also spelled out the same ruling in Part 15
in two separate instances.

"No person shall use, either directly or indirectly, a
device required to be licensed . . . for the purpose of
overhearing or recording the private conversations of
others unless such use is authorized by all persons or
parties engaging in the conversations.”
Additionally, this exception was entered:
”. .. this section shall not apply to operations of any
law enforcement officers conducted under lawful au-
thority.”
This, however, only affects the use of those devices already function-
ing on the frequencies already under direct control of the FCC. Ob-
viously, the Commission cannot apprehend all violators, since the vast
majority of such equipment is extremely low power and used only
for short periods of time.

On September 19, 1966 Congressmen Gallagher and Moss intro-
duced legislation (H.R. 17826 and 17827) aimed at the ultimate de-
struction of the eavesdropping industry:

A bill to prohibit the shipment in commerce of elec-
tronic eavesdropping and wiretapping devices.”
In essence, the legislation if enacted would give exception to law

enforcement agencies and “any department, agency, or instrumen-
tality . . . authorized to used such devices by Federal statute.” it
would take effect 180 days after passage.

The bills were promptly referred to the Committee on Interstate
and Foreign Commerce, where they remained as Congress closed in
November.

Telephone Devices: In this area no legislation is currently pend-
ing, although Sen. Edward V. Long’s (Dem.-Mo.) Senate Judiciary Sub-
committee is expected to propose drastic measures late in 1967.

Presently, the only agency which can become involved is the FCC,
which holds as a violation of Rules Section 605 the “unauthorized in-
terception’ of telephone communications by induction-coupled devices
or direct wiretaps. But for the FCC to take action there must be a
clear effort to divulge the information obtained by eavesdropping or
in any other way make evident its “’beneficial” value.

Although seldom enforced, many telephone companies have policies
that read similar to this one issued by the Wisconsin Telephone Com-
pany:

“No equipment, apparatus, circuit, or device not fur-
nished by the telephone company shall be connected
with the facilities furnished by the telephone company,
whether physically, by induction, or otherwise, except
as provided in this tariff.”
The tariff permits only connection of radio facilities of the Armed
Forces, the railroads, and mobile telephone systems.
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Resistor-Selection Nomogram

By SYLVESTER SALVA

Resistance values and power dissipations may be
readily determined by the use of a straightedge.

JOR the man involved in the electronics field, it frequently
] becomes necessary to determine the value of a resistor and
its wattage. The nomogram below was designed to give the resis-
tor value and its wattage simply by placing a straightedge from
the potential scale to the proper current scale and reading the
answer on the Resistor Value Scale or the Wattage Scale.

It will be noted that there are two current scales on the nom-
ogram. They are listed as Current (Milliamps) Scale No. 1 and
Current (Milliamps) Scale No. 2. Scale No. 1 is used only when
determining the value of the resistor. Scale No. 2 is used for
determining the wattage of the resistor.

Following are two examples illustrating the use of the nomo-
gram.

Example No. 1: It is found that a cathode bias resistor is
burned out and no schematic is available. Total current of the tube
is rated at 60 mA. Grid bias is —18 volts. Determine the value,
in ohms, and wattage of the resistor.

Solution: Extend a straight line from 18 on the Potential Scale
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to 60 on the Current Scale No. 1. Read the value of the resistor
at the intersection of this line with the Resistor Value Scale as
300 ohms. To determine the wattage, extend another line from
18 on the Potential Scale to 60 on the Current Scale No. 2. At
the intersection of this line with the wattage scale, read the
answer as slightly over 1 watt. Since the value is higher than 1,
use the next higher value, namely 2 watts,

Example No. 2: Determine the value, in ohms, and wattage of
a resistor under the following conditions: Voltage is measured at
117 volts, current at 10 mA.

Solution: Extend a straight line from 117 on the Potential Scale
to 10 on the Current Scale No. 1. At the intersection of this line
with the Resistor Value Scale read the value as 11.7 kohms. To
determine the wattage, extend another line from 117 on the Po-
tential Scale to 10 on the Current Scale No. 2. At the intersection
of this line with the Resistor Wattage Scale, read the answer as
just over 1 watt. Assigning the next highest value, the answer
then becomes 2 watts.
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RECENT
DEVELOPMENTS
IN ELECTRONICS

Intelsat Communications Satellite. (Top left) One of these

two satellites, shown here undergoing final checkout tests,

should be in full commerical service over the Pacific Ocean

by the time this is being read. The satellite was launched
successfully for Comsat in mid-January, and it achieved a
synchronous orbit some 22,000 miles above the equator. The

xé,‘;&m satellite is available for commercial telephone, teifevision,
and teletypewriter communications 24 hours a day. The De-

fense Department is expected to use 40 of its 240 communica-

tions channels. The 192-pound satellite has joined a sister

satellite that's been hovering high above the Pacific and

; ; relaying signals since last fall, although the earlier satel-

L lite failed to achieve a synchronous orbit. The new orbit-
ing microwave relay station, built by Hughes, links North
America with the Far East through earth stations located at
Brewster Flat in Washington, Hawaii, Australia, and Japan.

300-Foot Quick-Erect Microwave Tower. (Center) This micro-
wave tower, compactly arranged on a trailer, can be un-
telescoped quickly to restore service to a microwave system
that has been disrupted. The tower can be raised to a
maximum height of 300 feet or to any lesser height to match
the tower it replaces. Four 6-foot parabolic antennas and
associated waveguide, all for use at 6000 MHz, can be mounted
on the structure. Erection requires the services of five men.
Guy wires are stored on a reel so they can be unrolled
quickly. An associated gas-driven generator provides suffi-
cient power to erect the tower and to provide lights for the
tower and working area. The structure is being completed
by Andrews Towers, Inc. for a major telephone company.

Stock-Price Display Uses IC’s. (Left) A new display system
with a semiconductor electronic *‘brain’’ will soon give in-
vestors and brokers a better picture of the stock market.
The display, the very end of which is shown here with its
electronics exposed, is legible in any light and is able to
keep pace with the busiest market. The system, built by
Trans-Lux Corp., links directly to the nation-wide stock ex-
changes’ communications networks to instantly display mar-
ket quotations. It uses neither ticker nor tape because the
brain converts network signals into quotations by means of
pneumatically driven, high-contrast luminescent discs fixed
to a conveyor belt. Solid-state components used are: IC's
for control and logic, small-signal transistors for interfac-
ing, SCR's and power transistors for character generation
and motor drive, silicon light-sensors for readout and syn-
chronization, diodes and unijunction transistors for timing
and control. These semiconductor components are all from
Texas Instruments’ industrial line of epoxy-packaged devices.
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Morse Code Trainer. (Right) An electronic system which will
provide individual audio-visual instruction in Morse code for
24 students simultaneously is shown here. Consisting of
computer-controlled training consoles, the system was de-
signed to speed training in the traditional ‘‘dot-dash’ meth-
od of communication. A letter is transmitted to the student
through earphones and then flashed on an illuminated key-
board. When the student recognizes the letter, he depresses
the proper key on his typewriter. A computer, which
controls each console separately, analyzes every response
and adjusts to the learning ability of the individual. The
system is being built for the U.S. Army by Sylvania Electric.

Computer-Controlled Coke Oven. (Center) Electronic controls
for one of the largest coal chemical process-control systems
are now undergoing final simulation testing. To be installed
at U.S. Steel's Clairton Works, near Pittsburgh, the sup-
porting system will monitor the production of anhydrous am-
monia and the extraction of other chemicals from coke-oven
gas produced by the large coke oven installation at the plant.
Fuel gas will also be produced. A constant check on the in-
stallation will be provided by electronic analog instrumen-
tation and eight huge graphic panels (background) totaling
400 feet in length, along with five Westinghouse computers.

Jet Dual-Cockpit Flight Simulator. (Below left) The instruc-
tor's console in the Boeing 707 simulator allows the in-
structor to throw any one or combination of 160 malfunction
problems at the student during a simulated training flight.
Built to Pan Am specifications by Link, the simulator uses
a new type of digital computer which can be programmed to
operate two cockpits simultaneously but independently. Cost
of the system is $2.5 million. It has already gone into
operation at New York's J. F. Kennedy International Airport,
and two similar systems have been ordered for use in Miami
and San Francisco. The simulators will be used 17 hours
a day, 7 days a week training and requalifying flight crews.

Ultrasonic Eye Measurements. (Below right) A new precise
measurement instrument for the eye specialist that uses
ultrasonic waves to determine eye-length intraocular dis-
tances to an accuracy of 0.03 mm, or 0.0012 in, is shown.
The patient wears rubber goggles which act as liquid-
couplant reservoirs for the ultrasonic energy. Measure-
ment of the ultrasonic beam, which is not felt by the
patient, enables the system to detect and display both
front and rear surfaces of the cornea, both surfaces of
the lens, and the retina, choroid, and sclera interfaces.
The instrument was developed by Automation Industries.

April, 1967
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Transmitter-receiver unit and double antenna of Q-band radar.

Indicator unit of the Philips marine radar uses a 12-in CRT.

New Q-Band Marine Radar

By RICHARD HUMPHREY

Radar operating at 8-mm wavelength (about 35,000 MHz) is now
being used on crowded European waterways. It provides better
resolution, will pick up smaller targets and show their shapes.

N talking with many users of radar—Coast Guard, com-
mercial, and military—the author found that the em-
phasis in marine navigational radar is on close capa-

bility and performance. In many cases, existing equipment
{operating maiuly in the 9000-MHz range) sometimes is
just not good enough in this regard.

A distance potential of 200 miles or more is necessary
in search radar or that used by the U.S. Weather Bureau
(the radar used by the Bureau’s New York office has a
range of 250 miles), but a cargo vessel steaming at 15 to
17 knots on the open sea or 3 tv 7 knots in inland waters

has little interest in a radar contact on the extreme range
of its instrument unless the course and speed of the target
vessel can be seen as constituting a converging course with
its own. Even then, if the speeds involved are not too
great, another bearing and range check will not usually be
made for some time.

What the captain or pilot of a freighter or tanker is in-
terested in are the near targets, the ones that he might
hit or that might hit him. Here, minimum-range capa-
bility, high bearing resolution, and high range resolution
are essential.

{Left) Radar display produced on equipment installed in vessel traveling along the Rhine. The vessel’s position is at
the dot at the center of the inner range ring. These rings are about 1000 feet apart. The river banks, which are about
500 feet from the vessel, ns well as other ships can be clearly discerned. (Right] Same display taken about 6 minutes later.
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These three factors become more and more important
as the ship progresses from port area to port proper and
are vital when the vessel enters certain inland waters
where channel width and congestion are considerations.

There is increasing need for radar which will have bet-
ter range and bearing resolution, pick up smaller targets,
lhave faster picture recovery, and actually present the shape
of the target on the viewing screen as well as be capable
of much closer work than heretofore possible.

All these requirements are said to be found in the new
S-millimeter wavelength radar (approximately 33,000 MHz)
now coming into use on narrow, crowded European rivers
such as the Rhine where traffic sometimes reaches a count
of 35 vessels per kilometer.

This S-millimeter or Q-band radar, in its upward ex-
cuwrsion in frequency, has gained many advantages for
navigational radar.  [Actually, there are two frequency
bands involved in millimeter-band radar. One of these,
34,500 to 35,200 MHz (nominally 8 mm), is in use in
Europe, and the other, 31,800 to 33,400 MHz (nominally
9 mm), is not permitted in Europe].

First, Q-band radar has increased small-target recovery,
since higher frequency waves are more readily reflected
by smaller targets.

Second, since high bearing discrimination or resolution
is a function of antenna Dbeam width, and beam width in
turn is a function of antenna size, it becomes possible for
sinall antennas to have very narrow beam widths at these
higher frequencies.

This physically smaller antenna, also being lighter, can
be given a higher rate of rotation (typically 40 rpm in
Q-band use) which leads naturally to better close-range
capability and faster picture recovery.

Unfortunately, there was a bad side effect resulting from
this small-target advantage gained by using higher frequen-
cies. Since smaller targets are reflected much better at
these 8- and 9Y-millimeter wavelengths, the interference
from rain and drizzle is also increased.  This was a
major problem with Q-band radar, A radar which is inop-
crative during drizzle and rain cammot be classified as
useful navigational instrument.

This rain- and seu-clutter interference problem. accord-
ing to one maker (Philips), is now solved by a refinement
of the basic r.f. sensitivity time-coutrol circuit used in
most radar equipment for suppression of clutter.

With marine comumerce becoming ever more sensitive to
“man-howr” figures, the need to keep cargo vessels (espe-
cially in port and inJand water use) moving in all sorts of

weather is assuming vitul importance. The ability of a
radar to allow the master or pilot of a ship to thread a nar-
row, constricted, and usually well-traveled waterway s
probably the most important factor in judging a radar’s use-
fulness. This capability seems to be quite high with Q-
band radar.

Possibly the most significant contribution to marine navi-
gation offered hy Q-band radar is in very quick determina-
tion of any change of course of the target vessel. With
optical observation, the changing silhouette of the ship
will immediately tell the captain that the vessel is alter-
ing course. On centimeter radar, the target ship must pro-
gress a certain distance along the new course before the
radar operator can detect that such a change has in actu-
ality been made.

In some cases, 8-millimeter radar will make a course
change apparent even before it is possible by visual ob-
servation because the actual outline of the ship is pre-
sented on the display screen. The swing of the target vessel
is seen in an instant, and for this reason 8-millimeter
radar is often used in clear-weather navigation.

Among captains and pilots of commercial craft on in-
land waters and harbors, the true yardstick of a radar’s per-
formance is its minimum-range capability. With milli-
meter radar’s ability to “see” as closely as 35 to 40 feet,
with its better delineation of small targets, and with its
high range and bearing discrimination, close-in navigation
in sticky situations is no longer the nerve-wracking job it
once was, The only factor preventing quick acceptance in
America is its price, and the fact that the only major manu-
fucturer (to come to the author’s attention) is a European
concernn.

The Philips 8GR260 marine radar shown in the photos
is transistorized (with the exception of the magnetron,
video output tube, klystron, and CRT). It has a peak
power output of 20,000 watts on 35,000 MHz, with a pulse
length of only 0.04 ssec.

This unit uses the “double-cheese” tyvpe of antenna (0.6°
horizontal beam width by 17° vertical) since a duplexer
and T/R uuits for the frequencies involved are too expen-
sive and prone to failure. This small antenna has solved
one difficulty associated with larbor-monitor radar which
is mounted in many instances on lighthouses. The larger
cross-section presented to the wind of centimeter radar
often sets up a vibration in the optical system of the light
and mukes it impossible to maintain focus. The small
cross-section of u millimeter radar antenna makes it espe-
cially well adapted to this service. A

{Left) Radar display shows small portion of an airport. Runways are clearly visible and, if you look to the left of the bright
dot near the center of the display, you can see a small aircraft moving along the ground. (Right) Another view of the airport
but taken at somewhat reduced range. Above and to left of the bright dot, you can see a large plane near maintenance hangar.
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These stereo

receivers (from left),
Models 388, 348, 344B, incorporate
the integrated-circuit i.f. amp-limiter,

Integrated-Circuit I.F. Amplifier
Used in New FM Receiver

By DANIEL R. von RECKLINGHAUSEN
Chief Research Engineer, H.H. Scott, Inc.

Use of four IC’s as i.f. amplifiers and limiters in new
Scott stereo receivers results in improved sensitivity
and selectivity, more stereo separation and AM rejection,
and better capture ratio—all with a simpler i.f. strip.

URING the past few years the electronics industry has
converted a large portion of its products from tubes
to transistors. The desire to reduce the size, weight,
and temperature rise, combined with an improvement in
reliability provided the major impetus to the development
of transistors. New circuit design methods and new circuits
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Fig. 1. The basic two-transistor emitter-coupled pair circuit.

(Left) Photomicrograph of the yA703 IC. On a silicon chip only
20/1000-in sq. {less than 1/32nd in) are deposited 5 trans-
istors, 2 resistors, interconnections, and terminals. {(Right)
The 6-lead epoxy-packaged integrated circuit is actually
the same size as the single transistor which it replaces.
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were developed, but not all goals were reached successfully.
A new generation of integrated circuits promises the solu-
tion to many of the remaining problems.

In the manufacture of transistors there has always been
considerable variation in performance from one transistor
to another; however, transistors which were formed close
to each other on the same silicon wafer are remarkably
similar in their characteristics. Since the individual transis-
tors on an integrated circuit are adjacent to each other,
they are closely matched. This permits the design of in-
tegrated circuits containing circuit functions which would
not be practical in circuits employing individual transistors.

The first major use of integrated circuits was in digital-
computer circuits, where size and cost reduction were im-
peratives. A linear circuit is an amplifier by definition and
the tolerance requirements of its components are substantial-
ly greater than those in digital circuits.

Emitter-Coupled Pair Limiter

The most common building block in a linear integrated
circuit is the emitter-coupled pair. (See Fig. 1). Here the
emitters of transistors Q1 and Q2 are connected together
and the emitter currents for both transistors are supplied
from a common current source. If the two transistors match
each other and are supplied from identical voltage sources
V1 and Vi, the two collector currents I, and I, will be
identical and equal to one-half the current supplied from
the current source.

If the input voltage Vj;; to transistor Q1 should increase,
the collector current of transistor Q1 would also increase.
Since the total of the two collector currents must be equal

Table 1. Comparison between a silicon planar transistor and
the integrated circuit when employed as i.f. amplifier stage.

Typical Characteristic

at' B4+ = 12V, Silicon Planar Integrated

f =107 MHz Transistor SE 1001 Circuit uA703
Transconductance, Gm 90,000 umhos 30,000 umhos
Phase Angle of Gu 34° 17°

Feedback Capacitance 2 pF 0.05 pF

Input Resistance 360 ohms 3000 ohms
Input Capacitance 15 pF 7 pF

Output Resistance 1500 ohms 35,000 ohms
Output Capacitance 3.5 pF 2 pF
Gain/Bandwidth Product 400 MHz 900 MHz
Available Power Gain 32 dB neutralized 41 dB unnevutralized

ELECTRONICS WORLD

www.americanradiohistorv.com


www.americanradiohistory.com

to that supplied by the current source, the collector cur-
rent I, of transistor Q2 will decrease. This process can
continue until transistor Q2 is cut off. Similarly, if the input
voltage V,;; of transistor Q1 should decrease, the collector
current I of transistor Q2 will increase and will reach as
a maximum the current supplied by the current source
when transistor Q1 is cut off. The maximumn currents in the
transistors are not accomplished by saturation of one tran-
sistor or the other; consequently an cemitter-coupled pair
can be used as an eflective current limiter in an FM tuner.
A good limiter should also be able to act as a good ampli-
fier up to the point of limiting and should then clip sym-
metricallv when driven by a large signal.

It is difficult to construct a high-performance emitter-
coupled amplifier with individual transistors because of
transistor tolerances. For clemp]e, due to variations in the
base current of a given transistor of the same tyvpe operating
at the same collector current, the normal base operating
voltage can vary by 100 mV. When the two bases are
connected to a common bias voltage, the collector currents
may vary as much as 30 to 1. In an integrated circuit,
the base voltages of a transistor pair will be within a few
millivolts of each other and the collector currents will be
matched to about 10%. Consequently, an input signal to
the emitter-coupled pair can be applied between the bases
of transistors Q1 and Q2 with the base of transistor Q2
effectively grounded for alternating voltages. The resulting
transfer curve of output current to input voltage is shown
in Fig. 2.

The Complete Integrated Circuit

A complete diagram of the integrated circuit used in the
if. strip of the new Scott receiver is shown in Fig. 3. Here,
transistor Q3 acts as the current source for transistors Q1
and Q2 becausc its collector impedance remains very high
for collector voltages as low as 0.3 to 0.4 volt. Transistors
Q4 and Q5 are connected as diodes and are identical to the
other three transistors in the circuit. Since all transistors
are identical, the collector currents of transistors 3 and Q4
will also be identical. Consequently, the current through
current-source transistor 03 will be approximately equal to
the current through the 2000-ohm resistor connected from
the filtered “B+” terminal (1) to the diode-connected
transistors Q05 and Q4. The current through transistor Q3
will be equally divided between transistors Q1 and Q2.
Since all current is supplied from the “B4” supply, the
idling current through transistor Q2 will be approximately
one-fourth of the total supply current, or 2.3 mA out of
9.2 mA total.

The “collector curves” of the integrated circuit of Fig.
3 are shown in Fig. 4. Thev look very similar to normal
transistor curves except that collector current does not begin
to flow unless the voltage at the second transistor collector
is greater than 1.5 volts and maximum second transistor
collector current occurs for zero first-transistor buse cur-
rent.

Other Advantages

Aside from the ability to perform as a good current lim-
iter, the emitter-coupled pair in an integrated circuit has
other advantages. Q2 is a common-base amplifier driven
by the emitter-follower transistor Q1. It therefore operates
with a substantially wider bandwidth than a common-
emitter-connected transistor. Also its collector impedance
will be that of a common-base amplifier, i.c., very high,
thereby causing very little damping on the tuned output
circuit. Furthermore, the use of the emitter-coupled amp-
lifier pair reduces the coupling between input and output.
This integrated circuit is capable of having an unneutralized
power gain in excess of 40 dB at 10.7 MHz. The individual
transistors have a gain-bandwidth product of more than
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Fig. 2. Collector current of second transistor in emitter-

coupled IC pair with respect to differential input voltage.
Circuit is linear up to point of symmetrical limiting.

OUTPUT

+250

Fig. 3. Circuit diagram of the tA703 integrated circuit.
Transistor @3 acts as the current source for Q1 and Q2.

Fig. 4. Collector current and voltage of second transis-
tor as function of base current of the first transistor,
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Fig. 6. Signal-to-distortion ratio with respect to antenna
signal level for an FM tuner with an integrated circuit i.f.
strip compared to one using a discrete-component i.f. strip.

Silicon Planar Transistor

IHF Usable Sensitivity 1.7 uv
Capture Ratio 3dB
Selectivity 45 dB
AM Rejection 46 dB
Stereo Separation
400 Hz 35d8
15 kHz 19 dB

Integrated Circuit

1.5 pv
13 dB
46 dB
52d8

41 dB
30 dB

Tabie 2. Comparative characteristics of the tuner section with
tegrated circuits.

silicon planar transistors and with the new in

S |

o e
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y 4
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TO MULTIPLEX
CIRCLIT

900 MHz and consequently useful amplification is possible
to 150 Mz,

Table 1 shows the relative performance of the integrated
circuit compared with a transistor used as a typical if.
amplifier stage. Although the transconductance of the in-
tegrated circuit is only one-third that of the silicon transis-
tor, the input and output resistances are about 8 and 23
times larger, respectively, and the internal feedback capaci-
tance is one-fortieth that of the silicon transistor.

The wide bandwidth of this integrated circuit results
in a phase shift of only 17° per circuit, which varies less
than 5° between normal weak-signal amplification and full
limiting. This causes no more than 1% distortion of a stereo
signal, which has 30% incidental amplitude modulation
and substantially less distortion than a mono signal.

The data of Table 1 shows that an FM if. amplifier-lim-
iter can be designed so that no neutralization is required.
This has been accomplished previously with silicon planar
transistors (see the author’s “Silicon Transistor LF. Ampli-
fier,” October 1965 issue). Here the loaded “Q” of the i.f.
transformers was held to 75% of the unloaded “Q”. Be-
cause of the higher impedance and higher available gain of
the integrated circuits, the loaded “Q” of the if. trans-
formers can be increased to 83%. This causes the band-
width of the 1C i.f. amplifier to change less than = 5% if
the characteristics of the integrated circuits vary as much
as two to one between units.

The Tuner Design

A high-quality FM tuner should have a power gain of
approximately 115 dB so that limiting just occurs from
off-station random noise created by the Ist r.f. amplifier.
Approximately 10 dB more gain must be provided for al-
most complete limiting on off-station noise—bringing the
total to 125 dB. An I'M front-end usually has a gain of at
least 35 dB. Thercfore, at least 90 dB guin at 10.7 MHz
must be provided by the i.f. amplifier/limiter combination.

In an if. amplifier using discrete components and sili-
con planar transistors, the required gain of at least 90 dB
was achieved using a 3-stage if. amplifier and a two-tran-
sistor limiter. In the present design with integrated circuits,
a minimum gain per stage of 26 dB is obtained with each
integrated circuit operating into a load impedance of 3300
olms, which is lower than the critical load of 4000 ohms.
Four such stages have a gain (Continucd on page 72)
(—

Fig. 7. Top views of discrete-component (above} and integrated-
circuit i.f. amplifier-limiter strip. Note simplicity of IC strip.
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Special Section-RELAYS

The author is presently empioyed as Solid State Products Sales Manager.
Prior to this, he did circuit design in the Solid State Switching Group.
He hoids a BSEE from Evansville College, Evansvilie, Ind. and has done
graduate work ot Purdue. He is a member of IEEE and Sigma Pi Sigma.

Time-Delay Relays

By JERRY E. ELPERS

Solid-State Products, Potter & Brumfield (Div. American Machine & Foundry)

Factors to consider in selecting a relay that
produces a predetermined delay. Included is data
on thermal, motor-driven, pneumatic, RC, slugged,
liydraulic, escapement, and solid-state  types.

HIE fantastic growth of the field of automatie indus-

trial control has inereased the demand for new and

more versatile deviees to perform the basic clectrical
switehing funetions required. The use of time-delay relays
has grown rapidly to keep pace with the demand Jor the
basie funetion which they can periorm: that of obtaining
a predetermined delay from one switelt operation to an-
other,

Time-delay relays perform in a maner quite similar to
a standard relay in that they have contacls that open and
close when power ix applicd and removed crom the mpat
lermimals, The basie difference is that a de.ay is inecor-
porated inlo the contact opening or closing. Time-delay
relays are used noa wide range ol applications: from de-
lermining how full your coffee cup witl be when you put
a dime in a vending machine, to shutting off the cutting
o on a mitling machine.

The most popular time-delay velay is the delay on oper-
ale, or cnergization, m which the normaliy open load
switehing contacts transter at a predetermined time after
pawer is applied to the mput, The contacts drop out nm-
mediately upon removal of the input power (Iig. 1A).

Often a time delay on release, or de-energization, is
required. In this case the normally open load switching
contacts operate immediately when the input power is ap-
plicd and remain in this position as long as the input
power remains “on”. Upon removal of this power the tim-
ing begins, and after a predetermined delay, the contacts
drop out (IFig. 1B).

Several variations on these two basic timing modes are
used, sueh as interval “on™, automatic reeyele, combined
“on”and Tofl” timers, and sequence timers. Many of these
an be made by simple connections of the two basie types.

Factors to Consider

There are many types of time-delay relays available
which will provide the timing action desired. including
thermal, motor-driven, pneumatic, RC circuit, solid-state,
slugged. hydraulie, and eseapement.

There are many factors which must be considered when
chooxing one of these time-delay relay types. Considera-
tion should be given to how cach fulfitls the following
eriteria: accuracy, resel time, repeatability, load-switehing
apabilities, price, life, mounting configurations, size, length
of delay, temperature effeets, and adjustable or fixed time
delay.

Also. various time-delay relays have certain peculiarities
i their operation which should be determined in order to
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seleet the type that will do the job reliably and cco-
nomically. Some of these peculiarities are covered below,

Thermal Time Delavs

The basic operation of this timer takes advantage of the
difference in the thermal expansion of two metals. A bi-
metallic element ix placed in close proximity to a heating
clement. and when power is applied the bi-melal deforms
and closes or opens a contact. The time required for the
conlact to operate is generally determined by the physical
characteristics of the bi-metallic strip and the amount of
power applicd to the heating element.

Thermal time-delay relays are usually nsed where a time
delay on energization is required and the accuracy of the
time-delay period is not eritical, One manufacturer stales
an over-all accuracy of £ 300 Jor a miniature or octal
plug-in timer, with delays available from 2 to 180 seconds.
Another manufacturer gives accuracies of = 209, from 0.75
to 1 second, = 157 from 1 to | seconds. and #= 10¢; for
delays up to 360 sceonds, This is also an octal phig-in
type time-delay relay.

Contacl forms are usually limited to spst.. N.O. or
N.C. with ralings that normally do not exceed 3 amperes,
115 volts ae. resistive (100,000 operations) . Since the
thermal time defay uses the FFR healing effect, the device
is somewhal sensitive to input vollage variations, Voltage
ariations of = 107 will change the delay period approxi-
mately = 59,

The biggest drawback to the thermal time-delay relayvs
is their long reset tme (the time required for the contacts
to open and Lo achieve an appreciable pereentage of the
nominal delay time on the suceeeding cycele of operation) .
This reset can be as long as 30 to 200 percent o the
operale delay in order to achieve 80¢; of the nominal
delay period on the next eyele.

One thermal-delay relay manufacturer recommends the
use of an auxiliary relay to overcome this reset time prob-
lern, This unit uses two sets of contacts, one that closes at
the end of the healing interval which pulls in the auxitiary
relay and mterrupts the input power. The cooling interval

Fig. 1. (A} Delay on energization. (B) Delay on de-energization.
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A selection of typical solid-state time-delay relays, many of which provide an adjustment for the amount of delay provided.

then begins, after which the second set of contacts drop
out completing the Toad-switehing eirenit. Using this meth-
ol approximately 839 of the nominal operate lime s
achieved on the suceceding eyele.

Most of the better kuown thermal time-delay relays are
of the plug-in type and range in price from $2 1o %20,

Prneumatic or Air-Operated

The term “pnenmatic”™ (meaning air-operated)  imme-
diately indicates the basie principle of operation of this
type of time delav. A mechanism is used in which a con-
trolled amount of air under pressure iz displaced from one
place Lo another. (This can be o unit izolated from the
surrounding aiv. in whiclt the air i~ displaced from one
chamber to another, or where the air s drawn from or
dispelled into the atmosphere) A typical unit uses a
diaphragim, a coil. a plunger. and an orifice. When power ix
applied to the cail, the plunger (which is mechanically tied
to the diaphragm) ix drawn into the coil. The rate of
plunger movement is controlled by the rate of air escape
from the diaphragm. which is controlled by the orifice ad-
justment. When a predetermined position is reached, a set
ol contacts operale as a result of the plunger movement.

The pneumatic time-delay rvelay hax been i use for 25
vears and has a well-established reputation in heavy in-
dustrial applications. Several manufacturers have units
available which lend themselves to these types of applica-
tion. They are available for control-panel mounting, have
serew Lerminals, and are designed for use in severe indus-
trial environments. This type of time delay is available ax
an adjustable wnit: some with time-ealibrated dials and
some with screwdriver-slot adjustments. The repeat aceu-
raey ix usually = 1097 and the resel time is approximately

5 milliseconds (this reset alzo applies in case of power
interruption) .

Uuits are available in both time delay on energization.
delay on de-energization, and also with both of these func-
tions packaged in the same enclosure. Some can be con-
verted in the field from delay on energization to de-energi-
zation by a simple mechanical change. Contact ratings are
available up to 20 amperes, 120V oae. 60 Hz, resistive
(100,000 aperations life) .

Time-delay periods are available from 0.2 second up to
30 minutes from one manufacturer and 0.050 second to 3
minutes from another. The temperature range of operation
is in the area from —30° C to +65° C. Supply voltages of
6V oac. to 530 Voae., 60 Hz and 6 V die. Lo 250 Ve, are
available, Input power requirements range from 5 to 8
watts, Prices range from %18 to $100,

Many of the pneumatic units are fairly large due to the
space reguired for the mechanical mechanisni. although
some smaller versions are also available with lower contact

Js

ratings (10 amperes) and shorter delays (180 seconds) at
a higher cost. Pneumatic delays can cause a problem in
application where a dirty atmosphere exizt=. Any clogeing
of the orifice will cause changes in the delay period.

Motor Driven

A svnchronons motor ix normally nsed in motor-driven
timers 1o drive a gear train whieh controls the load-switeh-
ing contact=. When power is applied. the movement fune-
tions until a predetermined time has elapsed. at which
time the ontpnt contacts are switehed. Thix timing method
depends upon the input line frequency for it basie accu-
raey, in a manner similar to a standard 12-hour, 120-V a.c,
60-117 clock. The majority of these timers use a magnetic
cluteh in conjunction with the clock movement which
serves the funetion of engaging the movement when power
ix applicsl. and allowing it to reset when the power ix
removed, The unit is reset by a return spring when the
cluteh is released.

The time-delay period is set on these units by a pointer

on the front or top of the relay (this may he continnously
adjustable or in increments) . A xecond pointer s usually
used 1o dicate the elapsed time. The setling accuracy of
the continuously adjustable timers ix generally = 0577 of
fnll-seale, and the repeat accuraey is = 177 of full-scale.
or better. The reset time is proportional to the time re-
quired 1o reset the spring-loaded mechanism and will be

less than 500 milliseconds, depending on time setting rela-
tive to full-seale.

Motor—driven time-delay relavs are available in both
delay on energization and delay on de-energization. The
load contacts of the delay on de-energization operate im-
mediately when power ix applied to the eluteh and removal
of ¢luteh power starts the timing interval. When this in-
terval is completed, the contacts drop ont. The delay on
de-energization will reset when a momentary power loss
oceurs.

Delay lengths of 5 seconds to 60 hours are available
from one mannfacturer and 5 minntes to 5 hours from an-
other. Life ratings of these timers range from 500,000
operations for one manufacturer to a contact life rating
of 3 million operations for another. Life is usually limited
by cluteh failure rather than contact life. Inpul power
ranges from 3 to 15 VAL including cluteh eail and motor,
Contact switching ratings up to 15 amperes continuous
are available. Most of the units available are for 120/240-V
... 60-11z operation. D.e. units are not generally available.
The temperature range of operation s —20°C to +50°C.
Prices range from $5 to %50,

The majority of the motor-drive time-delay relays have
some kind of adjustment feature, some of which are for
front-panel mounting, with a knob to set the time-delay
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period and are intended for mdustrial control-panel use.
Others are available with pointers that can be set to adjust
the timing in increments and are not intended for appli-
-ations requiring front-panel mounting,

Delay Slug Relays

A time delay can be produced on a telephone-type d.e.
relay by placing one or more shorted turns around the
magnetic circuil (nsually the core) so ax to produce a
counter-nim.f. which retards the build-up of the operating
flux. and upon de-energization provides an m.an.f. to retard
the collapse of the flux. This shorted turn. or turns. is
called a slug. Usually it consists of a copper collar on the
core of the relay. In some designs. a copper sleeve is used
over the full length of the core. and the coil is wound
on the sleeve.

The principle of operation of the slug is as follows:
When the relay coil is energized. the Hux build-up passes
through the slug and by self-inductance produces an nif
that opposes the coil mand. This opposing man.l. delays
the build-up of the magnetic field in the air gap lo a
strength that will cause the armature to close. The time
delay on drop-out oceurs in the opposite manner. When
the relay coll is de-energized. the field starts to (ollapsc,
thus inducing a curreant in the slug that provides an m.n.t.
oriented so as to sustain the magnetic field and thus delay
the drop-out.

Pickup delays up to 120 milliseconds and drop-out de-
lays up to 500 milliseconds can be achieved by the use of
slugs. The delay time will vary due to mechanical wear
over life and ambient temperalure and this type is not
intended for high-accuracy  applications. Slugged reiays
are not generally an ofi-the-shetf item and are available
only on a special-order basis irom most manuacturers of
telephone-type relays.

RC Circuit

Various methods have been used to devise time delays
using combinations of resistors, capacitors, and relays. All
0. these circuits use the basic princip e of charge and dis-
charge of a capacitor and one of the simpiest cirenits using
this principle is shown in Fig. 2.\.

When the switeh is closed. the capacitor charges toward
the appiied voitage and, ader a period of time delermined
by tae resisiance and eapacitance (assuming the relay coil
resiscance to ce very farge compared to the resistor) . the
relay puils in. when the power is interrupled the capacitor
discharges througn the relay at a rate controlled by the
size 0. the capacicor, the inductance. and Lhe resistance of
the relay coir. This eircuit does not produce an aceurate
time delay since the time is dependent apon many .actors,
Variations in the resistance, the capacitance. the input
voltage, and rewy puil-in voltage will cause changes in t e
time-deiay periow. Delay-period aceuracies of = 309 are

be expected. The reset time is also long. due to the
high-resistance. capacitor-discharge path. In practice these
timers can be purchased with delays up to 30 seconds and
in both a.c. and d.e. versions.

Variations of this basic circuit are available which use
additionai components to increase the accuracy and speed
up the reset time. One popular circuit uses a neon bulb to
sense the voltage level on the capacitor and a pholo-
resistive cell to drive the relay. The photocell offers a Tow

inpedance i series with the relax when the neon bulb
fires and causes the relay to pull in (Fig. 2B) .

This cirenit has several advantages over the previocus
cirenit in that the neon bulb senses an accurale voltage
level and does not rely on the relay pull-in voltage for the
aceuracy of the delay. Aiso. the relay drops out immedi-
ately when the power is removed. and the timing can he
reset with another sct of contacts across the capacitor
il desired.

This cirenit is used in several commercially available
time-delay relays. The units are generally adjustable (a
potentiometer is used in series with the resistor) . and the
enclosure is an octal plug-in type. The accuracy of this
unit is nxually stated as = 109, over a limited temper-
ature range. Relay outputs on these timers are usually
dopdit. S-ampere. 120-V ac. resistive.

Solid-State

The latest entries into the time-delay relay field are the
solid-state types. There are presently two basic tvpes avail-
able using entirely different principles of operation. One
manu.acturer is marketing a relay that uses an accurate
oscillator and a counter to perform the timing function.
An oulput from this oscillator is initiated when power is
applicd and is Jed into an amplifier eircuit. This amplifier
shapes the pulses and feeds them to a magnetic-core
counter. When a predetermined count is reached, the oul-
put load switching contacts are operated through a logie
circuit. The time delay period is determined by the l()“l(.‘
and by how mauy counters are used after the oscillator.

This time-delay relay is intended for applications where
a high degree of accuracy is required (= 2¢4) . The stan-
dard operating voltage is from 18 to 82 V (I.c. It has either
a relay or a solid-state output and requires 0.4 sec to
reset the delay to the stated aceuracy, Enclosures are
available with the popular plug-in feature or with hook
solder terminals and a side mounting bracket. This unit is
expensive as time-delay relays go and sells for $100 or
nore.

The most popular circuit used in solid-stale time- delay
relays employs the RC' charge principle. mentioned previ-
ously. The reason for the popularity of this method stemns
from the use of the unijunction transistor.

The unijunclion transistor has the inherent ability to
offer a high input impedance to the capacitor volte age until
a predelermined voltage is reached. At this point the
device fires and discliarges the timing capacitor.

The circuit of Fig, 2C can be used to illustrate this
operation. When the switeh is closed, the capacitor charges
at a rate controlled by the RC product. At a voltage level
controlled by the unijunction transistor, the capacitor dis-
charges through the relay coil and causes the relay to
operate. This pnlse is only momentary and a set of relay
contacts serves to lateh in the relay.

The unijunction eivenit has several advantages over the
neon-bulb circuit in that the firing level is proportional to
the input voltage. Therefore. any input voltage variations
are compensated for by a proportionate change in firing
voltage. Otlier deviees ean be added to this ¢irenit to over-
cone some ol the deficiencies of the previous eircuits.
Zener diodes are added for better compensation of time
changes due to inputl voltage variations. An SCR can be
added to give the relay more pull-in and hold-in power.

Fig. 2. (A) RC circuit may be used to provide time delay. (B) Neon bulb and photocell or {C) unijunction transistor may be used.
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The circuit shown in Fig. 2C also has the drawback that
the capacitor will discharge through the relay coil hnne-
diately if the power is interrupted and this canses the relay
to pull-in momentarily. The addition of an SCR eliminates
this problem.

c s .
Linc Transients

Oue problem peculiar to the solid-stale lime delays has
been that of line transients, particularly on lne-delay
relavs nsed on 120-V ace. line voltage, These lransients, or
momentary overvoltage conditions, are common on a 120-V
a.c. line. They can be produced from a0 wide variely of
conditions including lghtning striking the line. switehing
of inductive loads on the fine, or waking and breaking of
the transtormer input supplying  the time-delay  relay.
These transients are nsually not a severe problem because
they do not conlain much energy.

Solid-state hne-delay relavs used on a 120-V ac. line
normally employ a silicon reetifier al the nput i order
to produce the required d.e voltage Tfor time-delay oper-
ation. This veelifier is susceptible to the energy conlained
in these transients if the voltage is allowed to exceed its
reverse raling. Two methods are commonly used in better
solid-state units Lo suppress these transients. One methad
is the use of a controlled-avalanche reetifier for this input
rectifier. When the reverse input voltage exeeeds the reeli-
fier reverse voltage, Uhe device avalanches and dissipates
the transient energy. Special selenium breakdown devices
are also nsed which can withsland even wmore energy. Tran-
sienl problems are better understood now than in the past
and adequate prolection can be provided.

Since solid-state time delay relays use transistors in the
timing portion. and transistors have long life, a very
reliable timer can be built nsing these devices. Many of
the units available lave an integral relay for load switch-

ing: typically, d.p.dt. T0-ampere, 120-V a.c. resistive. In
thix case the life is limited to the life of the relay. usually
10 million mechanieal operations.

Several manufacturers market an all-solid-state timing
module to drive an external load-switching relay. In this
case, the thner life is neavly infinite and is very useful for
applications where high cyele rates are experienced.

Types Available

Solid-state units are available in fixed delays, internal
potentiometer adjustable delays, and external resistor ad-
justable delavs. The external resistor can be a potenti-
ometer mounted remotely and wires run to the delay unit.

A wide range of mounting configurations ix available,
including scerew-terminal dust covers. plug-in types, her-
metically sealed military types, and panel-mounted types.
Units are available m d.e. voltages from 12 to 100 Vo d.c.
and 21 1o 2KV ae. 60 Hz and reguire approximalely
3 watts of power. The timing range is usually limited to
delays rom (.10 second to d minutes on commercially
available units. Delay accuracy varies from one manufac-
turer to another and can be ax good as = 3%, over the
temperature range from —4+0°C to +33°C, and a voltage
range ol =10¢¢.

Several manufacturers are marketing knob-adjustable
time-calibrated  dials.
The reset lime varies, but is vsually fast—f{rom 0 milh-
seconds to 100 milliseconds—depending upon the circuit
configuration. Time-delay relays are available in both delay
on energization and on de-energization. (The delay on de-
energization requires an auxiliary source of power during
the delay period to hold in the load switching relay and
cannot be used for a momentary power failure delay.)

The solid-stale time-delay relays are available in small
enclosures and range in price from abovt %10 to $60. A

solid=state  time-delay relays with

HERE are two types of driving mechanisms used in stepping relays

(often called stepping switches): the indirect and the direct.
When the armature-pawl comhination acts directly on the ratchet
under the power of the electromagnet, the device is said to be
directly driven, as shown in Fig. A. When the pawl acts on the
ratchet wheel from force stored in a drive spring, the mechanism
is said to be indirectly driven. An example of this method is
shown in Fig. B. The indirectly driven system is the most commoniy
used. The spring-driven system is more consistent in performance,
more efficient, and capahle of faster stepping than the directly
driven type, besides having a longer operational life.

In an indirectly driven unit, when the proper voltage and power
is applied to the motor magnet coil, the armature is attracted and
holds the drive spring in the “cocked" position. When the coil is
de-energized, the energy stored in the drive spring pushes the pawl
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against a ratchet wheel tooth, causing the wiper assembly to take
a step. Repetitive pulses will cause the switch to take as many
steps as the number of discrete pulses received. The length of
time the circuit is closed (and opened) in a series of fast pulses
is critical.

Self-interrupted operation, such as shown in Fig. B, is used to
step the switch rapidly from one point to another without the use
of discrete pulses from outside sources. In this method, a circuit
is closed to the coil through a set of interrupter contact springs
that are opened Ly an arm of the armature before it is fully seated.
Breaking the coil circuit causes the armature to fall away, driving
the wiper assembly one step and simultaneously reclosing the in-
terrupter contacts. The armature is again attracted, re-cocking the
switch and thus causing a re-opening of the interrupter contacts.
The switch runs self-interruptedly until the circuit is again opened. A

ARMATURE

(8)
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Reed Relays

By ROGER L. ROSENBERG /Systems Project Engineer, C.P. Clare & Co.

Long clectrical life resulting from precious-metal contacts scaled
i ert atmosphere and absence of wearing mechanical parts are the
most important advantages of this increasingly popular relay type.

I'THIN the last len years the reed relay has be-

come recognized as a reliable, low-cost switching

device. The apparent simplicity of the reed re-
lay probably influenced some designers to use it. but its
more subtle features have inereased its popularity. Long
clectrieal life resulting from precions metal contacts sealed
in an inert atmosphere and absence of wearing mechanical
parts head the list. The relatively high speed and varied
package configurations give il advantages over conven-
tional relays. The price of a reed relay begins in the %2
lo $7 bracket, varyving with the quantity, the number of
contacts, the coil size, and the manner of packaging. Ils
low cost, high cirenit isolation, and insensitivity to noise
make it an ideal replacement for clectronie switehes in
many applications.

The heart of the reed relay is the reed switeh, Discus-
sion of reed relays must begin with the switeh since the
former can be no better than the switeh it contains, To
meet the demand. reed-relay manufacturers have had to
aulomale their production,

Automation of reed-switeh manufacturmg has required
much tighter control of all components and a better under-
standing of what s required to make consistently  good
swilehes. As designers found new applications, manufac-
Lurers had to develop both new design and uew proeesses.
The pressurized reed  switeh and  mercury-wetted reed
switch, along witht varied contact material. have resulted.
The simplicity of the switeh belies the sophisticated tech-
nology required to manufacture switches with consistent
cleetrical and mechanical properties. A deseription of the
reed switeh and its operating parameters will help illus-
trate the need for this control and teehnology,

The Reed Switch

The basie reed switeh is a normally open contact. Tt
consizts of two ferromagnetic reeds, cach of which is sealed
i an end of a glass tnbe. The reeds are positioned so that
their free ends are overlapping (typically Vs in) and are
separated by a gap (between 0.005 and 0.012 in). These
reeds constitinte the magnetic circuit of the switeh., When
@ magnetie field is mtroduced to the switeh. the reeds be-
come flux carriers. The overlapping ends assume opposite
polarities and attract cach other. If the attraction is strong
enough Lo overcome the deflection characteristios of the
reeds, they will wove logether and touch, making elee-
trical contact.

For consistenl conlact resistanee the overlapping ends
of the reeds are precious-metal plated. The contact plat-
g must be thin and uniform so that the magnetic prop-
erties of the switeh are not adversely affected. B the
plating ix Loo thick. the magnetic gap will be too great Lo
insure suflicient contact pressuve and will vesult in a high
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release characteristie. The field strength required to close
the switeh depends on the size of the reeds, the effective
gap (atmosphere and plating) between them, and the
amount of overlap. Small changes in any of these para-
meters can stgnificantly alter the operating characteristics
of the switch. These factors must all be controlled to in-
siire the consistent characterizties necessary for designing
the switches into relays. Other factors which must be con-
trolled to obtain consistent and reliable operations arc
blade alignment. contaminants in the gas, and seal -
tegrity.

The amount of power required to operate a reed switeh
1s typically 125 mW. The more power applied. the faster
the reeds will elose. until the saturation point of the reeds
is reached. The maximum speed is typically 0.8 ms, but
this is usually impractical in most eirenit applications be-
catuze of the power requirements, Contact bounce is also
inereased when the switeh is driven hard. so speed should
never be considered alone,

Contact life is affected by contact bounce. the load
switeched, and the repetition rate. End of contact lfe,
however, can only be determined by the circuit require-
ments. The load which can be handled by the reed switeh
depends on the contact material, the number of operations
expected, and the failure criteria.

The most common contact material is plated and sin-
tered gold. This contact hax a relatively high rating of
15 VX and a life in excess of 20 mithion operations, Plated
bright gold contacts can perform well with low-level loads
because of their low and constant contact resistance.
Bright gold presents a hazard. however, in that the closed
contacts may fail to release because of a phenomencn
spoken of as “particle migration™ or “cold welding™. Rho-
dium contacts appear good on both high- and low-level
loads. Difficulties in controlling the plating can result in in-

Fig. 1. (Top) A standard dry reed switch. (Center)
Miniature or micro dry reed switch. (Bottom) Mer-
cury-weited reed switch. These mercury-wetted types
of switches, because of a pool of mercury at one
end, must always be used in vertical position.
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Fig. 2. An assembly
of reed relays on a
printed-circuit board.

consistent switches. Tungsten contaets are good performers
in switching high loads suclt as lamps and solenoids,

Mereury can be used to coal one of the reeds so that it
becomes a fluid contact. Tt eliminates operate bounce and
maintains a constant, low contact resistance. The switch
hecomes position-sensitive sinee the merenry is fed up the
lower reed by capillary action from a mercury pool at the
hottom of the switeh, (Note that one of the reeds is dry
as contrasted to the mercury-wetted contact relay. dis-
cussed elsewhere, i which all contacts are wetted by
mercury —Editor)

While the basic switch is a normally open contaet, other
forms are available. The normally closed contact ix made
by affixing a permanent magnet of sufficient strength to
close the switeh. The operating flux must oppose the mag-
net sufficiently so that switeh will open and remain open
as long as the operating flux ix present. “Break” and
“make” can be accomplished by combining a normally
open and a normally closed switeh in the operating coil.
The normally closed conlact can be adjusted by mag-
et biasing =0 that break-before-make operation can be
achieved. Break-before-make is also available in a single
apsule. The break contact ix accomplished by magnet or
spring biasing the armature or swing contact to one of
the stationary contacts. The most commonly used reed
switehes are:

Ntandard Dry Reed Switehes. The standard reed switeh,
Fig. 1 (top). is approximately 8%4 in long by "2 in in
diameter. Tt has plated and sintered gold contacts and is
sated at 15 VA resistive (250 V maximum, 1 .\ maximum.
Contact resistance inttially is less than 30 milliolims. The
standard switeh will withstand shocks of 11 milliseconds’
duration o 0 G peak without false operation.

Micro Dry Reed Switeh. The micro. or miniature. recd
switeh, Fig. 1 (center), is approximalely 135 in long and
0.10 in in diameter. It is rated at 10 VA resistive (200 V
de. maximum, 7530 mA maximum) . Tnitial contact resis-
tannee ix typieally 100 milliohms. The micro reed can with-
stand shocks of 11 ms duration to 50 G peak without
false operation.

Mereury-Wetted Reed Switeh, The mercury-wetted reed
switeh. Fig. T (bottom), is approximately the same size as
the standard reed switeh. Tt is rated at 50 VA resistive
(HO0 V maximum, 2 A wmaximum) . It is position-sensitive
and must be mounted within 30° of vertical.

High-Voliage Reed Switch. The high-voltage reed switch
has the same dimensions and contact rating as the standard
reed switeh. It is pressurized to achieve the high stand-off
rating of 1500 V r.ans. Special reed switches with stand-
off voltages to 3000 V peak are available.

Reed Relay

The reed relay is made by enclosing one or more reed
switches in an operating coil. The coil 15 usually wound
on a bhobbin made of nylon or other similar material. The
bobbin may also have anchors or pins for attaching the

coil leads and reed switches. The mumber of capsules to
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be placed within the coil determines the hobbin size. Most
manufacturers limit the coil to handle 12 of the standard
reed switehes. Above this size proper operation of all
switehes ix limited by the efficieney of the coil. Different
contact forms can be combined in the same operating coil
so that contact configurations such as 12X, 8B, or +C or
combinations of these are possible ina coil.
Because the coils are wonnd on bobbins of a certain size.

12-switeh

the resistance and Lirms of coils offered are determined by
IFor a given bobbin, the turnx and resistance
will vary with cach wire size and thus the operating volt-

WIre sizes.

age of the relay will change with each wire size for
switehes with the same operate characteristies. For ex-
ample. a one-swilteh bobbin wound with #29 wire has 1200
turns and a resistance of 10 ohms while the same bobbin
wound with #F 82 wire has 22200 turns and a res
3730 ohms.

The coil power required to operate the relay is deter-
mined by the number and configurations of contaets and
by the operating speed required. A typical single form A
relay will require approximated 125 mW,. a 5 form A relay,
approximately k30 mW. Mot open-type relays will dissi-
pate b watts in 23° € ambient. The maximnm dissipation
of the relay will depend on the coil wire insulation and
conztruction materials.

No matter what package configurations the coil and
reedd awitehes acquire, there should be no stresses on the

stance of

reed blades. Stresses can fracture the glass-to-metal seal on
the switeh and result in an ecarly failure. Another factor
which should be considered in the final package is shield-
ing. Shiclding of the relay can improve its characteristics
and eliminate s influence on other relays or avoid its
heing influenced by them, Magnetic flux of one relay
might actuate an adjoining relay. This can be significant
when sensitive relays are packed closely together.

Relay-Application Considerations

The load to be switched must be evaluated so that the
proper reed switeh can be chosen. Loads such as lamps
which have a high in-rush cwrrent can reduee life. Such
sehemes ax having a resistanee in the lamp cireuit to keep
it ot but dim can add millions of operations to the reed
swileh. Suppressing an inductive lToad also extends contact
life. Contact protection such ax an RC network can be
applicd. but is required only when the load exceeds the
published ratings or when life expectaney must be ex-
tended.

After the proper switeh has heen chosen, the next con-
sideration is to seleet the best package for application.
The reed relay may be potted in a can and fitted with an
octal-type base for chassis mounting. Other special pack-
ages are made.,

The most popular means of mounting the reed relay is
on printed-cirenit boards. Hts low profile and contaet ter-
mination adapt it very well to such mounting. The cail
bobbin is usually fitted with terminals which make the
relay casy o install and give protection to the reed
swilehes. A typical example of a reed relay printed-cirenit
2. This t14” % 107" board.
having five connting stages. can be mounted on %2 cen-
ters. The reed switches are replaceable in this type of
assembly if a change is required. For severe environments
the relay may be potted or molded into special configira-
tions. An epoxyv-molded assembly is available for printed-
¢ircuit board mounting. The open-construetion relay is
quite adeguate for most industrial applications.

These relays will operate over a lemperature range from
—65° (' to 85° C. Special assemblies are made to operale
to 125° C. The minimum breakdown voltage is typically
500 V ran.s. 60 Hz, and the insulation resistance is greater
than 100000 megohms. Magnetic shields are supplied on
the relays in most cases. Even with shields, the relays

board assembly ix shown in Fig
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should not be located close to any device which can gen-
erate a strong magnetic field. The reed relay, if properly
chosen. does not require a close-tolerance power source.
One with a tolerance of =10% is adequate for most ap-
plications.

Wihen choosing a relay for an application, the worst-case
power and temperature conditions must be considered to-
gether with the most unfavorable coil-manufacturing toler-
ance. If under worst-case conditions the available power
diminishes to approach the just-operate value of the
switches, the operate time will increase. Reed switehes re-
lease in less than a millisccond in most relay assemblies.
If the coil is shunted by a diode or by an RC network,
however. the release time may reach several milliseconds.

High insulation resistance requires special materials and
handling during the manufacture of the relay. Relays with
insulation resistance greater than 500,000 megohms have
been made i different configurations. Higher break-down
voltage requires special assemblies.

Circuit Considerations

After the relay has been chosen it must funection in the
circuit. The fast operate-time of reed switches can become
a problem unless care is taken to insure that the drive
pulse is free from “grass” or discontinuities. If the discon-
tinuities are long cnough to allow the reed switch to re-
lease, random faults can occur. Tt is recommended that
reed-switch counters, shift registers, cte., be driven by a
mercury-wetted contact relay which has been buffered
against possible discontinuities.

When the coil is de-energized and the reeds move apart,
they swing through their neutral position and oscillate at
their resonant frequency until all their energy is dissipated.
Unless the switches are damped, the application of a hold-
ing voltage during this oscillating period can cause the
reeds to reclose. An “off” time sufficient to insure the set-
tling of the reeds is required to provide proper operation
and repeatable timing.

To get the maximum number of operations from the
reed switch every opportunity to first establish the path

and then switeh the load with a single heavy-duty contact
should be explored. The most reliable circuits are those
which use a combination of coil and switeh logic. An ex-
ample of this is the binary-coded decimal counter in which
none of the contacts switeh a load; they only perform the
steering function for the count pulse. The output contacts
can also be comnected so that they can be strobed iy a
single contact thus insuring the same long life for them.

The addition of RC networks can make reed relays
slow-release or slow-operate and slow-release. If the relay
which is to be slowed has several switches, staggered op-
crate and release can occur. The interposing of a single
form .\ contact relay, having the proper delay network, to
drive the multi-contact relay will solve the problem. Sinee
the relay which now has the delay has a higher resistance,
lower capacitance is needed.

Special Relays

Reed relays with multiple wound coils yield all of the
basie logie functions and numerous special deviees. Reed-
relay two- and four-state flip-flops can perform all of the
standard counting functions at speeds more than adegmate
for most industrial applications.

Oue of the most popular speeial relays is the magnetic-
ally latching or bi-stable rvelay, the windings of which are
connected to oppose cach other. A magnet is adjusted to a
level not sufficient to close the reed but strong enough to
hold it closed. The winding which aids the magnet is the
“set”™ winding. The one opposing is the “release™ winding.
Voltage applied to the “set” winding causes the reed to
close. When the voltage is terminated, the magnet holds
the reed closed. Voltage applied to the “‘reset™ coil opposes
the magnet fux causing the reed to open.

Reed relays are used in a variety of industrial control
devices. i telephone switching, materials handling, and in
manufacturing automation, They provide the true isolation
hetween input and output of a contact device, yet perform
faster than conventional clectro-mechanical relays. They
permit multiple inputs, thus enabling logic to be performed
by both the coils and contacts. A

ONTACT life expectancy is based on the use of proper contact
protection, usually in the form of an RC network installed as

close as possible to the relay terminals. Three methods of apply-
ing this protection, and means of calculating the capacitor and
resistor values, will be covered here.

In the following discussion, the value of the capacitor (in micro-
farads) can be found from € = I3/10, where | is the current in
amperes immediately prior to contact opening. The value, in ohms,
of the associated resistor can be found from R = E / (101)a. where
E is the source voltage just prioi to contact closure and « = 1
+ (50/E).

Where E is less than 70 volts, R may be three times the cal-
culated value; where E is greater than 70 volts, but less than 100
volts, R may be = 50% of the calculated value; where E is greater
than 100 volts but less than 150 volts, R may be = 109% of the
calculated value; and where E is greater than 150 volts, R may
be + 59 of the calculated value. In all cases, the minimum value
of R is 0.5 ohm, and the minimum value of C is 0.001 F.

The arc suppressor shown in Fig. A is suitable for most load
switching demanded of mercury-wetted contact relays. If desired,

MERCURY-WETTED RELAY CONTACT PROTECTION

- -
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the value of the capacitor may be increased as much as 10 times
to help reduce voltage transients of inductive loads.

When contact load current is 0.5 A or less, and the source voltage
is 50 volts or less (peak values for a.c. circuits), the resistor may be
eliminated as shown in Fig. B. The capacitor value must not exceed
the calculated value.

For certain extreme loads, such as highly inductive a.c. loads at
voltages above 100 V a.c, it may be desirable to place the main
RC arc suppressor (R1-C1) across the load as shown in Fig. C.
This alleviates the problem of a.c. leakage current through an RC
arc suppressor in parallel with the contacts, but may result in a
condition which exposes the contacts to voltage transients having
a rate of rise in excess of 5 V/us maximum, due to the inductance
of the lead wires. A secondary arc suppressor (R2-C2) must then
be included across the contacts. However, a.c. leakage across the
contacts is markedly reduced since C2 need only be one-hundredth
of the calfcufated value.

Both resistors should be the calculated value although the value
of C1 may be increased up to 10 times tie calculated value to
further reduce transients. A

3

m

T

(A}

(B} (c)
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Relay Coil Considerations

By M. S. STEINBACK
Chief Engineer, Magnecraft Electric Co.

In order to specify type of coil input for a given relay, the

basic considerations covered here must be taken into account.

HE primary objective of a relay ix to provide reliable

closing of contacts that serve to open or close external

circuits with a reasonable expenditure of remotely
controlled eleetrical power. To effect thiz objective. there
are many mechanical. electrical, and magnetic techniques to
be considered.

Basic Operating Principles

Fundamentaliv, electromagnetic relavs consi=t of a coil
to provide the necessary crergy and a perimeable ron cir-

cuit. The iron circuit contams a fimed porlion represented
by tne heelpiece and coll core and o movable member or
armalure. e armaiure responds Lo the magnelie atirae-
tion seneraied by coll encrgisation so a~ lo conpliete or
cose the mage fie coeuits i this nomer @ reay converts
ecvtrical enevey bt mer” anieal cnergy whicho throngh
wechanical il eoos actuates Clectvical contacts or con-
dvetors oo L tarn, conlrols ¢l ctrieal elrenits,

!
Fig, 1 it trates Uhe basic mechanism of a clapper-style

relay which will adhin comvert eleclromapuetic energy inte
a conlacl-actiation ~yalem. b we can ~ceo Lhe araatere

musl be mounted ina manter which wics alow 1t Lo pivol
properly and at the same time provide the necessary con-
straints ~o that its movement wii be converied into use-
ful work cificientiv, The armature return spring will pro-
vide the stored energy required to return the armature to
i~ unenergized position when coll power is removed. Fhis
relurn spring is also responsible for maintaming contacts

in the closed position, when the relay is in the unener-
gized condition.

A.C. Relays

Fig. 1. together with the above dizcussion, is basie to
d.e. electromagnets. Alternating-current  relays  provide
additional problems in obtaining quiet. chatter-free oper-
ation due to the fact that the energizing current will pass
through zero twice caclr evele. Providing a shaded-pole
magnetic structure (Fig. 2) is one method of overcoming
this problem. The a.c. shaded-pole relavs are similar to the
d.c. electromagnetic relay shown in Fig, 1 excepl a separa-
tion 1x provided in the core pole Tace. A portion of this pole
face is enclosed in a copper loop. generally referred to as a
shading ring. The shading ring act: ax a shorted tumn
around that portion of the core thereby producing a lag
or delay in the change of magnetic flux. Thiz will tend to
hold the armature in the energized posttion, even though
the energizing current continues its periodic eyeling through
zero. The abiiity of the armature to maintain its energized
position is also dependent on the forces provided by the
contact systems, return spring. gravity. ete. These forces
are attelmpling to restore the armature to its unoperated
position.

One begins to understand that the a.c. relay cannot pro-

a4

vide the same “working-foree™ efliciency associated with
the e, relay with its constant, non-varyving magnetic field.
Therefore, a.e. relays shonld not normally be considered
for complex switching circuits or for those applications re-
guiring precise pickup and/or drop-out or where eritical
timing is imporlant. Despite their inherent limitations,
accoperated relays are quite popular due to the always
convenient supply of a.c. power and, when properiy used,
they can ofler exceltent reliability.
Auother method of providing ace.
cmpioy ac. reelifeaiion ahicad of a conventional dues velay,

relay operalion is to

However. care musl be taken. in terms of providing proner
fittering. to eiiminate any pulsating dues elteet. Onee this is
. - 6 N TN
accompii-hed, the inhorent duesrelay characteristies will Te
avadiabie Lo the nser.
- S .
Power Considerations

In general. the relay uwer is concerned with “how nerh
pover do T have to provide to do the job?™ The relay. on
Uie other hand, is concerned with ampere-turnas, This s
the product of curient tinamperes) multiplied by Gie nom-
her of turns of magnet wive in the coil. This product de-
termine~ the electromagnetic energy developed whicir,
Lurn, dictates the amount of work the relay struclure can
accompilsl,

The ideal relay would convert all the power applied into

the uscful work of switehing contaets. To approach this end

the mechanical structure of the relay must provide low re-
luctanee and an eflicient armature-movement svstem. The
photo of Fig. 3 illustrates a clapper-style relay featuring an
armature hinge-pin bearing system capable of providing
stable. low-friction movement over long life.

Relavs certainly can be considered as excellent amplifiers,
It this term scems somewhat strange in this context. con-
sider that it is possible with several milliwatts of coil input
power to switeh several kilowatts of power with the con-
tact system providing an “amplification factor™ approach-
ing several hundred thousand to one. The photo of Fig. 4
n

shows a small power relay which is capable of switching
excess of 10,000 walts on the contacts with less than one
wall of coil power. General-purpose. conmmercially avail-
able relavs will require approximately one to three watts of
coil power. Sensitive relays. operating in the 100- to 200-
milliwatl range are also readily available, The amplifica-
tion Tactor associated with electromagnetic relays makes
them compatible with the reduced sizes and power needs
afforded the equipment designer by the advent of solid-
state devices.

Coil Rating Considerations

Relays are obtainable with a wide range of both voltage-
and current-operated coils. In particular, 6,12,2448.110,
and 230-volt (both ae. and d.c) relays are commonly
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available. When considering whether to specify a coil rat-
ing for etther voltage or current operation. the user should
keep the following in mind. If a relay is to be operated in
parallel with a power source where there are no other com-
ponents in series with the relay coil. it is proper to specify
the performance characteristic in terms of voltage. If there
are other items i series with the coil-winding circuit, it is
better to spectly relay operation in terms of current.

It must be remembered that most power supplies associ-
ated with equipment designs will allow sonie voltage and
cwrrent floetuation depending on the degree of their regula-
tion. The minimum value of voltage and/or current which
will be provided in the circuit must be made part of the
specification so that the relay manufacturer can assure
operation of his produet at that value. The above common
voltage values are provided by most manufacturers so that
the relay will “pick-up™ or operate satisfactorily at a value
which is 859 or less of the nominal coil voltage. At the
other end of the seale the maximum variations must also
he made known so that the relay coil design can properiy
dissipate the additional heat generated by the voltage or
current excesses.

The ambient temperature range over which the relay 1=
required to operate must alzo be stipulated. The resistance
of the coil winding is proportional to the temperature in
accordance with the formula: R2 = R1[1 + a1 (T2 — T1)]
where 11 = resistance at the initial or standard tempera-
ture (71) . in ohms; N2 = resistance at a temperature (72).
in ohms: Tl = initial or standard temperature, in degrees
C. 72 = temperature at which resistance B2 is desired. in
degrees Coand ol = temperature coefficient of resistance
corresponding to temperature T'1 and to correct conduetiv-
ity of the wire whose resistance is R1,

For further simplification and casier use, this formula
can he expressed as: R1/R2 = (T1 4 284.5) /7 (T2 4- 234.5) .
In thix formula the 2345 represents that temperature (in
degrees C) below zevo at which copper has zero resistance,

Therefore, we must consider that if the relay is to oper-
ale from a fixed voltage source with a fixed coil resistance.,
It will produce a given amount of current at room tempera-
tire (about 25° C) T the temperature ambient associated
with the relay rises due to self-generated heat of the
cquipment or other external <ources, the coil resistance
will increase and the coil current will decrease. This will
result in a lower ampere-turn product and the relay will
not operate as reiiably or perhaps not at all. This inherent
eflect cam be compensated for by designing the relay to
pick up at a properly reduced value at room temperature
and thereby maintain correet operation at elevated tem-
pertures.

Special Coil-Rating Considerations

There can be many “specials™ associated with coil-oper-
ating paramelers that may he required by the equipment
designer. Some of the more common ones are hest explained
by the following definitions:

L. The relay is required to operate within a specifie
range of vollage or current which is defined as follows:

a. Non-operate or non-pick-up is the voltage or current
at or helow which the ammature shall not move from its un-
operated position and all contacts will remain in their
unoperated position,

b. Operate or pick-up is the voltage or current at or
below which the armature should assume its operated posi-
tion and open or close all the required contacts.

2. The relay is required to release or drop out within a
specified range which is defined as follows:

a. Hold is the value of voltage or current at or above
which the armature shall not move from its operated posi-
tion and all contacts shall remain in their operated position.

b. Drop out is the voltage or current at or above which
the armature shall restore to its unoperated position and
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Fig. 1. Basic mechanism of conventional clapper-style relay.

CORE SEPARATION GAP «Fig. 2. Use of shading ring for

alternating-current operation.
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/3

L)

Fig. 3.
purpose clapper-style relay.

Typical general-

“Fig. 4. This small power relay
is able to switch in excess of
10,000 watts of power with
less than 1 watt of coil power,

all contacts shall retwrn to their unoperated condition,

For most applications where the voltage or current is
cither completely on or totally removed, it is only exsen-
tial to specify pick-up requivements. Applications that
provide slowly changing input to the relay coil or wheve
the relay s being vsed to sense a given level of eirenit
voltage or current may require the non-pick-up specification,

Many relays now operate in conjunction with transizlor-
ized cireuitry which does not provide a true “off™ or enm-
plete removal of voltage or current. This is due to an in-
herent “idling™ or leakage current associated with most
transistors. A relay operating in a circuit of this sort ~hould
have its drop-out requirement specified to insure that the

relay will nol remain in its operated position when the
transistor is supposedly “off”, Precise relay adjustinents, as
described earlier. are primarily associated with d.c.-operated
relay=. As previously stated. e, relays are hest used in
those applications providing true “on-off” coil inpuls.

The importance of shock and vibration requirements as
related 1o coll input considerations is that enough power
be provided for coil operation o that the moving parts
of the relay can be kept “stift™ and thus be more resis-
tant to unwanted movement. In general. the more sensitive
a relay of a given design is made, the less resistance il
will have to shock and vibration effects. Certainly. the
packaging and mounting of the relay by the user will he
important factors in vibration and shock resistance.

For additional information on this and other related
relay subjects, the author recommends the “Engineers’ Re-
lay Handbook™ sponsored by the National Association of
Relay Manufacturers (NARM) and published by Hayden
Bool: Company. Inc., New York, New York. A
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Arc, Surge, and Noise Suppression

By R.M. ROVNYAK?* / staff Engineer, Product Design Section, Automatic Electric Co.

When relays are used in switching circuits, conducted and radiated r.f.
interference as well as contact erosion may occur. Here are some of the
techniques that are employed in order to minimize these harmful effects.

HIS article will discuss the suppression of interfer-

ence associated with a relay. The entire system con-

tributes Lo the noise problem and all factors such
as grounding. shielding. bonding, wiring and component
layouts, and choice of inter-system connection points must
be adequately engineered to minimize noise.

Switching electrical loads may:

1. Develop voltage and/or current transients of suffi-
cient magnitude to damage or destroy components within
the system. rendering it inoperable.

2. Produce unwanted electrical disturbances which can
cause circuit malfunction either within or external to the
system.

3. Deerease the useful life of the system and its relia-
bility by excessive wear and tear on its components.

The high-magnitude transients are associated with break-
ing inductive loads such as the coils of relays. The problem
is most severe when the inductor is rapidly switched to the
“off”” state. Under these conditions the voltage can be very
large and is of opposite polarity to the supply voltage. This
presents a hazard to polarity-sensitive devices or it may
initiate a high-encrgy discharge across a set of contacts or
the insulation between windings on the coil or elsewhere.

Load switching may also generate coincident parasitic
electrical disturbances or RFL (radio-frequency interfer-
ence). This broad classification spans a frequency spec-
trum of about ten decades and can be classified into three
types: induced, conducted, and radiated. The bandwidth
associated with these are approximately: induced—10 Hz
to 10° Hz; conducted—10" Uz to 10" Hz; and radiated—
10* Hz to 10" Hz.

Disturbances by conduction are derived from such things
as dynamie regulation from the supply or down the line
within the system. loop imbalances, recirculating currents
from induetive loads, and poor connections. They are not
particularly associated with any one type of load but are
more dependent on the magnitude of the current being
switched. Such disturbances are minimized by applying
good techniques in inter-circuit connections, component
layout, wiring practices, and the proper choice of hardware.

Inductive coupling between circuit loops or between an
inductor and a loop can result in more than sufficient
energy to cause circuit malfunction. Careful analysis of
normal eircuit current paths will pinpoint the need to
either inhibit the source or minimize the pickup. Physical
isolation between source and susceptible pickup points and
the use of twisted-pair leads to reduce the area included
within the loops are the principal cures although magnetic
shielding is frequently required.

Arcing whiclt occurs upon both make and break of a
load by a set of comtacts is a source of radiated electro-
magnetic interference, All load types (R, C, L) with open-
cireuit voltages above about 12 volts can initiate an arc
at the contaets. This oceurs in relay circuits as opposed

“The author is a 1961 graduate of Indiana Institute of Technology with
a B.S.E.E. degree, His efforts have been in design and development
of electro-magnetic switching devices. He has published several
papers on related subjects and holds one patent, with another pending.
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to semiconductor switehing, Suppression of some sort is
required, the tyvpe depending on the load. The objective
is to prevent or minimize the energy in the are.

The final area of concern is the erosion of the contacts.
We first choose a contact material which is optimum for
the load and limit the are energy by the application of
suppression clements.

If we putl a series R(C' network across the contacts and
make R small, the impedance under the transient condi-
tion may keep the switch voltage (which includes applied
and self-induced voltages) small immediately after the
contacts break. This arrangement is preferred for most
inductive loads. the contact voltage at the instant of open-
ing being limited to I, R, where I, is the load current just
prior to the break. In the case of the load being substan-
tially removed from the switch., however, it may be best
to suppress at the load unless the sole objective is to pre-
vent contact erosion.

Two other factors associated with inductive load switch-
ing are interwinding capacitance and magnetic flux leak-
age. The capacitance is effectively in shunt with the coil
and will draw high, short-duration charge currents. It is
occasionally necessary to include a small inductor or re-
sistor ahead of the load to limit the surge. The leakage
flux will induce a voltage in a coupled loop and, if intoler-
able, magnetic shielding must be used.

Capacitor in-rush currents st be limited to reasonable
values or high-energy arcs will be snstained on contact
closure. Intense RFI will be generated unless the contacts
weld first. Capacitive loads per se are routinely taken
care of in the design: however, lead and winding capaci-
tance, often overlooked, can play havoc with a system
susceptible to such occurrences.

With any type of suppression scheme it is necessary to
first establish the main circuit suppression requirements—
such as to protect a solid-state device, mimmize contact
erosion, etc.—before deciding which technique represents
the best compromise.

Arc-Suppression Practices

The sclection of a suppression technique depends on the
objectives to be obtained and the price one is willing to
pay. The objectives can be categorized in three main areas:
protection of components from destruction or abuse due to
the transient; reduction of the erosion rate of the contact
to increase the useful life of the contact; and reduetion
of the electrical disturbances produced by switching a
load. The relative ease with which each may be accom-
plished is in that order and, as a general rule, one that
satisfles the more difficult requirement will also take care
of the less difficult ones, e.g., a suppression scheme that
inhibits RFI will also provide long life and protect asso-
ciated components.

The price paid for achieving the required degree of sup-
pression may be any one or more of the following: cost
including component and installation; more power con-

Table 1. Various suppression techniques used in relay cir-
cvits along with comments on their general characteristics.
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RELEASE- | (oo
DESCRIP POWER PRIMARY COMPATIBLE EFFECTIVE FOR SUPPRESSING TIME TIME
ol CIRCUIT DIAGRAM | Advantage WITH Trans.  Contact Conduct- Radiated | RANGE [ ..o .o COMMENTS
o de (Note 1) Disadvantage [SOLID-STATE? | surge  Erosion ed RFI RFI AVAIL- ED?
ABLE
“u H o Low cost; non-polanized; power dra.n,
Shunt L ‘ Low cost Yes X Limited Short No peak be.m.f. = (V) (R./Re). Releose
Resistor X . il "-g B.e.m.t. has fasi time is proportionat to 1/(R;, + R.).
T j dV/ds (Note 2} Typical vatues of R, are 3R to 7R,
"'—:—- Polarized; peak b.e.m.f. = diode Vy-.
Shunt I Ll 1Vbhemf R Yes X X X Long Na See Note 3. Frequently used with
Diode X o a3 o ik Lang release lime transistor switch because max. switch
| 5 voltage is aboul 1 volt above V.
i
“E- i Medium to Polarized; peak b.e.m.f. = diode V)
. = 13 No power drain Yes X X Long No + (V} {R./R\). Release time approx.
Shunt Diode, . : = .
Resistive X Lt 3 Added cost propartienal to 1/{R;. + Ra). Typical
Han values of R. are 0.2Rw. to 5Ri.
A S|
Palanzed; peak b.e.m.i. = diode V).
L. Release time approx. proportional fo
. I "-mj. 1Vbem.f.; short Short to Yes 1/(Rr, + R4). Used for short release
Sh“'f' Diode, S - ? . release time Yes X X Limited Long {faster) time when b.e.m.f. must be minimum.
Series Res. X ] R : ‘L More power in cki, Typical values of Ry are 0.5R; to
L : 5Ry. Works well on sensitive relays
because R. may be large.
. Shorlest release Polarized; <ostly, pecx b.e.m.5. =
Shunt Tener I 2 'Iﬂ i 3 4 time per V Medium to diode Y- + V,. May obtain moderate
and X = .| b.e.m.f. Yes X X Long No reduction in release time compared
Diode LA | Added cost to shunl resisior-diode for same peak
st b.e.m.f.
Shunt Yoristors and thyrites; non-palerized.
un ey i i
Non-Finenr I 3 Low cost; short Bexlv r?xullx obhlmnezdsoll ple'uk sb.e.m.f.
Voltage- |,II release fime Ne X Limited Short No I less then o volls. Juppres-
Sensi h g i o i - - sion for 115 ¥ a.c. circuits is odequate
ED'"'!'VE X X J. High b.e.m f. for many applications. Peak b.e.m.f.
evice = is typically 150 to 250 V.
") ;=7 | No external ele- Not Yes .
Shorted Skt ment required Recommended X X Limited  Limited Medivm {slower) Non-polarized. Moy have advantoges
G v, X at environmenial temperoiure ex-
Bifilar LI 3 L1 Sacrifice coil tremes.
Winding X - . power
Across contocts preferred but may be
“ . Good contoct Not g:;;xx load. (Fo! load h(unen.h above
RC X Lo protection Recommended X X Limited Shot? Ne -4> amp, .R indele QU B LR IE
i mended. First opproximation values:
4 h .f ; Large b.e.m f. ( l nuF per omp lood current, Ry
= - peok . Contact peok voltage should
be Ilmlled to 250 volts. Non-polarized.
Best suppression scheme, any lood
current. Recommended for Iy, > 0.25
RC, Good all-around omp. Re == Ry, (moy be lorger),
Diode X suppression SCR's only X X Limited X Short Ne chosen to limit peok contact voltage
Added cost ta-250 volts max. Diode roting: I =
In.. Vp.r.v. > peak voltoge across
Rax.
b Long Yes
Shunt Dicde B I % ko | Suppresses con- {deliber- | (slawer) Locate filters at switch, diode ot coil.
and -i- = G ducted RF| Na X X X X ate) {deliberate) Polarized.
. . | L -
LC Fitter X T -~ | Cost, weight, size
ad—d. b ]
Best RFI suppression. Two stages re-
quired for heavy loods. (ircuit voria-
Long Yes tions are many. Object is to reduce
Transistor Excellent RFI {deliber- {slower} current switched ot contacts (5 mA er
Driver X suppression - X X X X ate) (deliberate) | less) ond prevent obrupt changes in
-4 Added cost lood current. Rl = R2 and as lorge
os circuit may tolerate (50-100 ohms,
min.}). C small but sufficient to slow
tronsistor furn-off.
Shunt Limits b.e.m.f. No X Limited Will suppress moilerule' nrfi.ng. R, ==
" - Ri; € = L/Ry™. Object is to make
RC X Power drain isti
the load more resistive.
Double lowbemf No X X X In general, a.c. re- :j'mmw“hhd.f. I"I"Y sllru:;urex with
Diode X Long release fime lay timing is fost but| 9 mechanical spring load or arma-
. 5 ture chatter may occur,
varies depending on
- which part of the cy-
Double Du.)de, cle the switch opens| Used for moximum mechanical spring
Two-Section Max. mog. me- ond closes. Diodes| load with d.c. reloy structure and
Coil X chanical efficiency No X X Limited X across  the coil will| two-section coil (not bifilar). Unlike
Long release time increase release time| convenlional diode bridge, one side is
os in d.c. reloys. line-connected.
Locate ot the cortacts. Diode Vp ¢ «.
RC, Good-all-around = 3 times supply peak, It = Ir. R
Diode X suppression No X X Limited X == 100 k, 1 W. { should be such that
2 - contact voltage is less than 250 volts
ost A
peak. Switch bypass current must not
be prohibitive for application.
;}‘O’i:ES: 1. Iy, = Coil inducttweds thenrysic Ry, = Coil d.c. resistance (ohms); Ij, = Coil steady-state current (ampsi: R in ohms; C in microfarads; V in \olts t m seconds.
2. B.eemt oback electramat oree omunon terminology for induced reverse voltige transient. 3. Dinde rating unless otherwise indicated: Vv VoL © Iy = max.
toad current. siheon generslly preferred. Aaximum release time is obtained with germanium diodes with Jow Ve ! '
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sumption; increased space or weight requirements; or
longer release times, in the case of relays. The circuit de-
signer should approach the selection of a suppression tech-
nique by: first, deciding the objective: second. determining
the effectiveness of the various teclmiques to accomplish
the objective; and finally. resolve the best technique. based
on a trade-off in parameters. including the reliability level
of the suppression elements themselves.

Table 1 shows various suppression techniques used in
relay circuits, with comments on each regarding general
characteristies. It shonld be pointed out that. except for
meeting elementary objectives. the final determination of
values and suppression schemes is empirical.

Testing Suppression

Evaluation of suppression is a two-phase operation. ob-
servation of the transient magnitudes and degree and na-
ture of the arc and then testing under operating conditions
for the performance characteristic desired. A fast oscillo-
scope and a probe that does not load the circuit are
required to observe the transient and arc. A small resistor,
suitably located. may be needed in order to observe the
current in some circuits.

The nature of the load characteristics will determine
the approach and interpretation of the results to arrive
at the most suitable suppression scheme: i.e.. the prime
factor in an induetive load is the surge voltage. in a ca-
pacitive load it is the surge current. and in an arc it is
its power level and energy content. If the load is a relay.
the effect on timing may be important.

A common method of measuring this effect is to trigger
the scope at the instant the coil is de-energized either
from the decay slope of the energizing pulse or the induced
transient and measuring the time until contacts change
state by displaying the voltage drop across a resistive
load switched by the contacts. It is good practice to use
a dual-trace preamp and to display the trigger because
false triggering can lead to confusing results.

Switching electromechanical deviees with semiconductors
presents no particular hazard if the transient voltage. cur-
rent, and time dependency (dV/dt rate in the case of
an SCR) are maintained within rated limits. Three basic
things should be kept in mind: 1. The peak voltage across
the switch is the static off-voltage plus the transient peak
when the suppression is across the load. 2. The peak turn-
off current will be the load current at time of switching.
3. The decaying current must recirculate decaying to zero,
and will seek the part of lowest impedance which should
be. by design. the suppression elements.

Testing the effectiveness of RFI suppression involves a
fairly complex approach. Relative estimates can be made
for conductive disturbances by monitoring with an oscillo-
scope. for radiated interference by observations of arc
characteristies. and the coupling interference must be built
into the circuit as previously deseribed. Beyond this,
standard apparatus and measurement schemes must be
employed. and the reader is referred to the following
Military Specifications for further guidance in this
area  MIL-1-26600, MIL-1-6051C, MIL-S-10379, MIL-I-
11748B, and MIL-1-6181D. A

HEN designing circuits using relays it is often necessary to know

the relay’s operate and release times. Because of certain circuit
conditions, the times given by the manufacturer will not always hold
true. The method to be described will help establish these parameters
and requires only a regulated power supply, a single-trace oscilloscope,
and two simple circuits—as suggested by the National Association of
Relay Manufacturers. This article illustrates the standard s.p.d.t.
break, make Type-C relay under test. This type of relay is frequently
used and the circuits employed can easily be converted to test other
types of relays.

Operate time begins when the energizing voltage is applied to the
relay coil and ends when the wiper arm has reached the energized
(N.0.) position. See Fig. 1. Release time starts with the removal of
the energizing voitage from the coil and ends when the wiper arm
has returned to the deenergized (N.C.) position. See Fig. 2.

The checks should be made under conditions closely approximating
actual operating conditions. These include temperature, mounting posi-

Fig. 1. Circuit used to find operate time of relay along
with oscilloscope display that is produced with setup.

| —= 100k
o—0" o — 1 ;
! s | EXT
| CLR 6.9t
coiL
VOLTAGE : + SCOPE
| ve _; O VERT,
| g
-0 3 -0 6D
RELAY UNDER TEST ve
To— 5 1S CLOSED, SCOPE 1S TRIGGERED,
DISPLAY APPEARS ON SCREEN,
OPERATE TIME BEGINS. N —————
| OPERATE TIME
T, — WA (WIPER ARM) TRAVELS FROM
N.C. TO N.O. AND OPERATE TIME | \
IS COMPLETE. To 1,

FINDING RELAY OPERATE
AND RELEASE TIMES

By DONALD LUDWIG

tion, use of arc suppressors, and any other circuit conditions that may
affect operate and release times. !t should also be remembered that
the accuracy of the test is dependent on the accuracy of the scope,
if all other precautions are taken.

If the relay being tested has more than one set of contacts, the op-
erate and release times of each set being used should be checked. The
time required for each set of contacts to function may differ from one
set to another. An increase in coil temperature due to repeated oper-
ations of the relay may cause the resistance of the coil to change and
affect the time elements of the relay. Each set of contacts should be
checked several times before calling the test conclusive.

When determining relay operate and release times, the scope’s
sweep speed should be set with a time base which will permit view-
ing of the waveforms and still allow accurate readings to be made.

This method requires no elaborate equipment to establish the relay’s
operate and release times. Using an oscilloscope also permits contact
bounce to be examined. A

Fig. 2. Circuit used to find release time of relay. The
values of CLR and V¢ depend on particular application.
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ciated with Fansteel for 17 vyears
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neering, field sales, sales manage-
ment, and engineering management,

Electrical Contact Considerations

By ARTHUR O. CAPP, Jr./Engineering Mgr., Electrometals Group, Fansteel Metallurgical Corp.

Specifying the best contact material for a relay requirves a knowledge
of what materials are available and their operating characteristics.
The various design factors that must be taken into account are covered.

PECIFYING the best contacs material for a relay,

switch, or other such device is one of the essentials

for the desiguer in his initial design considerations.
A wide variety of materials is available, cach developed
to provide certain specific electrical and mechanical advan-
tages for the particular application. Also, beeause precious
or semi-precions metals are often mmvolved, cost is a very
mportant factor which must be considered. An under-
standing of the influence of electrical and mechanical char-
acteristies of the device upon the selection of the proper
contact material for the application is a “must”.

Know Your Requirements

The designer must first consider what is expected of the
contacts in his device, In general. they must: 1. conduct
the maximum current to which they will be subjected;
2, dissipate the maximum amount of heat: 3. remain suf-
ficiently clean so that uniform contact surface resistance
will be maintained: t. resist sticking or welding, even
after long service: 5. resist corrosion in any atmosphere
to which they may normally be subjected: 6. be sufficiently
hard to withstand expected mechanical wear: and 7. be
capable of withstanding expected erosion,

Factors to be considered include: expected current load,
type of current (a.c. or d.c)), type of load (inductive,
resistive, capacitive, ete.) . expected operating voltage, peak
make and break cuwrrent, peak make and break voltage,
arc suppressing methods, contact bounce or chatter, con-
tact closing force. contact opening force, horizontal or
vertical plane contact action, frequency of make and break,
wiping or rotary action, snap action. maximmum contact
separation. physical dimensions of contacts and backings,
material for backings, methods of contact assembly, me-
chanical wear. foreign matter (oil, dust, other contami-
nation), heat generation and dissipation, surrounding
atmosphere. and ambient temperature. There is much to
be gained by giving careful consideration to all these fac-
tors, plus any special factors that are peculiar to the
device that is being designed.

Know Your Contact Materials

In any device electrical contacts are required to perform
three basic functions: 1. make the electrical circuit,
2. break the electrical circuit, and 3. carry the contact
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current required by the particnlar application. Success or
failure of a contact 1s controlled by the clectrical char-
acteristics of the circuit. by the mechanical characteristics
of the device, and by the properties of the material itself.
Failure of the selected contact material to perform satis-
factorily can be recognized visually as indicated in Fig. 1.

Unfortunately, there is no “universal” contact material
which answers the requirements of every situation. Such a
material would have to function under electrical conditions
ranging from dry circuitry to heavy current without weld-
ing, overheating, eroding away, or corroding hadly enough
to cause an open circuit. Each application must be evalu-
ated and a material selected which most closely meets
its particular parameters. At best, each material selecied
represents a compromise of one property for another de-
pending upon the set of conditions for that parficular
application,

The materials used for this highly specialized funetion
are metals which either in themselves demonstrate desir-
able properties or when alloyed or combined with others,

Fig. 1. Symptoms of electrical contact failures. (A) In d.c.
circuits arc erosion sometimes causes metal to migrate, re-
sulting in a pit or depression in one contact and building a
cone on the other. {B) An abraded or deformed appearance
on contacts otherwise clean. (C) Irregular pits, roughening
or discoloration, often mistaken for oxidation or arc ero-
sion. (D) A roughening or pitting of the contact surfaces
usvally accompanied by blackening or discoloration, some-
times showing spots actually melted. (E) Overheating may
cause contacts actually to weld to each other. {F) A dis-
coloration over the entire contact face, generally black, bluish,
brownish, or yellow, accompanied by increased resistance.

]
|
il

(A) TRANSFER (8) MECHANICAL WEAR (C) FOREIGN MATERIAL,

DIRT, DUST, ETC,

[/
il

{D) ARC EROSION {E)WELDING OR STICKING {F) OXIDATION
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assume new compromise properties Lo suil the need. Im-
portant properties for consideration range all the way from
the high conductivity of pure fine sibver to the mechanical
wear and are-resisting properties of pure tungsten. They
mclude the low contact pressure materials such as the
platinum group metals to some of the relatively inexpen-
sive base metals and oxides used in small alloying amounts
to achieve selected specifie properties.

Table 1 is a listing of the most used contact metals or
alloving elements arranged in descending order of eleetri-
cal conductivity, Also shown are the specific heat. melting
point. boiling point, and density of cach element—informa-
tion which iz often helpful in considering what material to
speeify. A comparative cost column is provided to judge
the economies involved. Tt should be noted that although
the relative operating forces are not listed. some contact
metals, because of their inherent resistance to surface cor-
rosion or contamination. can operate at very low pressures
and therefore compensate for a lower conductivity as com-
pared to another metal which has a higher conduetivity
but reacts with the surrounding environment, forming high
resistance oxides or other compounds.

Classification by Groups

All metals, alloys. and powder metallurgy compositions
used for clectrical contacts may be grouped into the fol-
lowing general classifications:

Refractory Metals. Tungsten and molybdenum are typi-
cal of this group. Both have high melting points. low vapor
pressures, and high resistance to welding, pitting. and arc
crosion. They are usually employed in applications where
operation is contimwus or very frequent, where closing
forces are relatively high, and where there are appreciable
peak voltages due to inductance. Although they resist oxi-
dation and atmospheric corrosion at room temperatures,
their tendency to form highly resistant oxides at clevated
temperatures and under severe arcing conditions is a dis-
advantage. This, however, 1s overcome by any one of
several methods. such as using higher closing force, a ham-
mering or wiping action. proper arc suppression, or a
properly balanced circuit. The advantages of the refractory
nietals are retained and their disadvantages minimized by
combining them with highly conductive metals such as
silver or copper.

Highly Conductive Metals. Fine silver has the highest
clectrical and thermal conductivity of all the metals used
in electrical contacts. Although it forms an oxide, the oxide
15 conductive and decomposes at relatively low tempera-
lures. so that a low contact swrface resistance 1s main-
tained. The disadvantages of silver are its low melting
point, its softness. and its tendency to form resistant sulfide
surfaces when exposed to sulfurous atmospheres. However,
fine silver is used for a great many contact applications.
It is also combined with many other metals, including
copper, nickel, cadmium, cadmium oxide. iron, palladium,
and others to reduce metal transfer and give greater resis-
tance to sticking, welding. or atmospheric corrosion. Obyi-
ously. the less expensive alloying elements also tend to
reduee cost.

Non-Corroding Metals. Platinum, palladium, and gold
are used in eleetrical contacts because of their high resis-
tance to corrosion and tarnish, even when subjected to
chemically contaminated atmospheres. Contacts of these
nietals are used in sensitive devices, employing extremely
light contact forees, in which clean contact surfaces are
essential, These metals are seldom used in their pure state.
however. Because of their inherent softness, they are usu-
ally alloyed with iridium or ruthenium. For economy. they
are sometimes alloyed with silver.

In most applications, the same contact material is used
in both contacts of a pair. but sometimes better performance
is obtained by making use of dissimilar materials.
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Design Factors to Consider

Conductivity, Even though the vollage and current in
the eircuit may be of only nominal value, the amonnt of
heat energy generated at the contacts often altains star-
tling proportions. The effective conduetivity of the operat-
mg surfaces, especially after considerable use, is therefore
of much greater importance than the nominal condnetivity
of the material of which the contact iz made. Whatever
contact material is used. the contact mass and surface area
must be ample to conduet the maximmn eurrent and pro-
vide sufficient heat dissipation. The designer must realize,
too, that inadegnate removal of heat greatly increases the
resistance of any contact material whicl,, in tur, generates
ore heat.

Are Erosion, When the potential difference between a
pair of operating contacts exceeds certain minimum voltage
levels (see Table 2), an arc or electrical discharge takes
place. This arc 1s an electrical path of considerable con-
ductivity whereas the gascous materials surrounding the
contacts, such as air or nitrogen, are normally non-con-
ducting.

The energy released upon the contact materials due to
arcing is violent and extremely erosive. This energy is dis-
sipated rapidly by several means: the surfaces where the
arc strikes are mmstantly increased i temperature to the
melting point and often to the boiling point: energy is
conducted through the metal away from the hot spot by
thermal conduction: and energy is dissipated by radiation
from the glowing hot spot. If the energy generated by the
arc is at a rate that exeeeds the rate of dissipation by
conduction and radiation, then evaporation of metal
occurs.

This evaporation and expulsion of molten metal from the
arce area due to the explosive forces released are the prin-
cipal means of erosion. Other more subtle phenomena also
occur. However, it can be seen that the lowest erosion rate
for a given arcing condition i1s obtained from contaet
materials with the highest boiling point, highest density.
and highest thermal conductivity. These properties at
onee indieate the suitability of metals like platinum, irid-
jum. and tungsten. Again, though, a compromise is often
mdicated because of other design considerations. In any
case, contacts should be designed with sufficient thick-
ness to allow for expected erosion during the life of the
device.

Mechanical Factors. The mechanical operation of a cur-
rent-interrnpting device should be made as favorable to
the contacts as possible. To maintain low contact surface
resistance. every effort should be made in designing the
operating mechanisim to assure that the contact surfaces
retnain smooth, clean, and free from contamination.

Troubles artsing from dirt on contact surfaces will be
minimized if the contacts operate with their surfaces in a
vertical plane. Tightly fitting covers over contact mech-
ant=ms are also helpful. Rubbing action against insulators
i~ a common cause of dust and this condition shoukl be
avolded.

Surface contamination is an extremely eritical factor in
premature contact fatlure, especially at dey-cireuit and
low-duty levels. The search for and elimination of such
contaminants has become a very serious and sophisticated
function in relay design. Aside from the obvious atino-
spheric and industrial sources, research has shown that
some benign and inert electronie materials are sources of
organic and corrosive vapors aud insutating filhms, For ex-
ample, Teflon. even at fairly low relay operating temper-
atures, gives off small amounts of acid vapors ncluding
minute but corrosive hydrofluoric acid. Another insulating
material exudes silicone vapors which under certain condi-
tions react to form a glass-like imsulating film on the
mating contact surfaces.
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Hermetically scaling the entire device has be-
come a fact of life today to insure ultimate
reliability. However, a false sense of security is
frequently obtained when devices are hermetically
sealed. Serious problems can develop, undetected
until too late, by careless processing and inade-
quate seals. Before the mechanism is enclosed
and sealed. every precaution must be taken to
insure absolute cleanliness. Frequently after a
failure such contaminants as lint, dust, metallic
particles, flux residues, ete., which could have
been avoided. are found inside the device.

Perhaps the most common contaminants in
sealed relays are organic materials and their de-
rivatives. One such example is “frictional poly-
mer.” a brown amorphous deposit believed formed
from organic vapors at the contact rubbing site.
especially in the presence of a metal of the
platinum-palladium group. Exclusion of organic
materials is one obvious solution. Until recently
very little was known about this mysterious sub-
stance. However, studies now indicate that the
contact material itself is the catalyst. The organic
or hydrocarbon source can be almost anything:
phenolie structural parts, eellulose acetate. poly-
vinyl chloride, or Mylar insulators. Work being
done in several areas suggests certain additive
agents will poison the reaction process. However,
any source of organic or hydrocarbon contami-
nants should be questioned and eliminated, if
possible.

The inert gas selected for filling sealed devices
should have good heat transfer, arc suppression,
and other desirable characteristies. Moisture can
be a very serious contaminant factor. In most
instances dry nitrogen with a dew point below
—100°F is used and traces of helium are added
to simplify leak detection by mass spectrometer
techniques.

Contact bounce is often a significant factor in
excessive arc crosion and striking. Bounce is
caused by the inertia of the contact masses mov-
ing together rapidly and hitting each other with
such force as to cause them to deform elastically
and then rebound, thus re-opening the circuit.
This re-opening of the circuit usually restrikes the
arc, often increasing the tendency to stick. This
may be minimized by redueing the mass of the
contacts or increasing the closing force. A com-
mon design approach on sensitive devices, or
where the economics of the design allow, is to
provide the current a dual, parallel path through
which to flow. This is often referred to as a
bifurcated design.

Bifurcated contact points distribute the current
through two pairs of contacts which are somewhat
smaller in mass and rarely bounce at exactly the
same time or frequency, thus reducing substan-
tially the tendency for either contact pair to open
the circuit. Another method of reducing bounce
is to close the contacts on an angle, thus reduc-
ing the force vector perpendicular to the contact
face, and also employing surface friction to slow
the movement while the circuit is being made.

The force with which contacts open and close
should be carefully established and, in all cases,
the closing force must be sufficient to insure good
contact and minimum contact resistance.

Table 3. Contact material selector chart. Recommendations
are intended as guide only. In selecting material, devia-
tions may be required due to circuit or operating conditions.

April, 1967

Conductivity Specific | Melting Boiling
Elec'l. | Thermal Heat Point Point Density Comparatwe

Element % IACS (%) (%) (°C.) °c.) (9/¢c) Cost
Silver (Aqg) 106 100 100.0 960.5 1950 10.5 $ 1.293/tray oz
Copper (Cu) 101 94.1 164.5 1083.0 2310 8.94 .36/1b
Gold (Au) 75 7 55.2 1063.0 2600 19.3 35.00/troy oz
Aluminum (Al) 64.9 53 405.0 660.0 1800 27 25/1b
Magnesium (Mg) 38.0 36.7 446.2 651.0 1100 1.74 37/1b
Rhodium (Rh) 374 21 107.1 1966.0 2500 12.44 200.00/troy oz
Molybdenum (Mo) 34 34 115.9 2620.0 3700 10.2 35.00/kg
Iridium {Ir) 3.9 14 51.7 2454.0 4400 224 170.00/troy o1
Tungsten (W) 30 39.7 60.9 3410.0 5900 19.3 20.00/kg
Zinc {In) 28.6 27 161.1 419.4 907 7.14 .16/1b
Codmium (Cd) 24.7 2 98.0 320.9 767 8.65 2.75/1b
Nickel {Ni) x) 2 200.7 1452.0 2900 8.9 .85/1b
Ruthenium (Ru) 22.2 - 101.7 2500.0 4900 12.2 $5.00/troy o1
Iron (Fe) 17.75 18 240.5 1539.0 3000 7.87 03/1b
Platinum {Pt) 16 16.5 57.0 1773.5 4300 21.45 100.00/trey oz
Palladium (Pd) 16 16.8 105.0 1554.0 2540 12.0 35.00/tray oz
Mercury (Hg) 1.7 1.96 59.0 38.9 357 13.55 6.58/Ib
Graphite (C) 12 $.7 295.7 3700.0 4200 2.25 1.25/1b

Table 1. Physical properties of materials used for contacts.

MATERIAL VOLTAGE {in volts) CURRENT {in amps)

Cu 13 0.43

Ag 12 0.4

Au 15 0.38

w 15 1.0

Pt 17.5 0.9

Pd 15 0.8

Table 2. Minimum arcing voltage and current of common contact
materials at room temperature and at 35-60% relative humidity.

AUTOMOTIVE RELAYS

Headlight 75 Ag,24.5 (u,0.5 Ni
Horn 75 Ag,24.5 (u,0.5 Ni
Starter 90 Ag,10 (dO
Vibrator

Power Contacts Tungsten

Driver Contocts 90 P1,10 Ru

Voltage Regulators
Voltage Contacts 90 P1,10 Ru {+)
vs W ()

90 Ag,10 Ni {+) vs
97 Ag,3 Pd ()

Coin Silver

Current Contacts
Cut Out Contacts

AVIATION EQUIPMENT RELAYS

Light Duty Fine Silver
Medium Duty 90 Ag,10 (dO
Heavy Duty 85 Ag,15 (d0

BUSINESS MACHINE RELAYS

Light Duty Fine Silver
Medium Duty 90 Ag,10 (dO
Totalizing Fine Silver

COMMUNICATION EQUIPMENT RELAYS

Telegraph Palladium
Telephone Palladium
Voice 72 Au,26.2 Ag,1.8 Nj

ELECTRONIC EQUIPMENT RELAYS

Choppers 90 P1,10 Ru
Computers 90 P1,10 Ru
Relays, Photoelec. Fine Silver
Vibrators, Pwr. Sup. Tungsten

IND'L. & POWER EQUIPMENT RELAYS

Light Duty Fine Silver
Medium Duty 90 Ag,10 (dO
Heavy Duty 35 Ag,65 WC
Time Delay Fine Silver

RAILWAY EQUIPMENT RELAYS

Block Signal 90 P1,10 Ru

Highway Crossing Fine Silver vs
Silver Graphite

Automatic Gate Fine Silver vs

Silver Graphite

RECOMMENDED

ALTERNATE
Coin Silver
Coin Silver
85 Ag,15 (dO

Moly vs Fine Silver
75 Ag,19.5 Cu,5 d,0.5 Ni

72 Pd,26.2 Ag,1.4 (v,
0.4 Ni (+) vs W (—)
77 Ag,22.6 (d,0.4 Ni {+)

vs 97 Ag,3 Pd (—)
75 Ag,24.5 (u,0.5 Ni

90 Ag,10 (dO
75 Ag,24.5 (u,0.5 Ni
60 Mo,40 Ag

90 Ag,10 Pd
90 Ag,10 Ni
85 Ag,15 Cd

72 Pd,26.2 Ag,1.4 Cu.
0.4 Ni

72 Av,26.2 Ag,1.8 Ni

90 Pt,10 Ru

90 Ag,10 Au
92 Pd, 8 Ru
90 Ag,10 Pd
Moly

Coin Silver
85 Ag, 15 Cd
85 Ag,15 (dO
Coin Silver

72 Au,26.2 Ag,1.8 Ni
90 Ag,10 (4O

85 Ag,15 Cd
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CONDUC-
TIVITY HARDNESS CLOSING
(%IACS)  (Rockwell) DUCTILITY  FORCE
DRY-CIRCUIT AND LIGHT-DUTY APPLICATIONS
Platinum Alloys:
90 P1-10 Ir 7 15767 Poor Light
85 P1-15 Ir [ 15788 Very Poor  Light
90 P1-10 Ru 4 15790 Poor Light
73.4 P1-18.4 Pd-8.2 Ru 4 15790 Poor Light
Gold Alloys:
68.8 Au-25.9 Ag-5.3 Pt 14 15774 Good Light
72 Au-26.2 Ag-1.8 Ni 14 15761 Good Light
Palladium Alloys:
92 Pd-8 Ru 8 15791 Very Poor  Light
72 Pd-26 Ag-2 Ni 4 15782 Very Poor  Light
40 Pd-30 Ag-30 Cu 8 50781 Poor Light
72 Pd-26.2 Ag-1.4 Cu-4 Ni 4 15785 Poor Light
MEDIUM-DUTY APPLICATIONS
Coin Silver 92 15770 Good Med-Light
Eutectic Silver 87 15177 Good Medium
75 Ag-24.5 Cu-.5 Ni 79 15778 Fair Medium
85 Ag-15 (d 34 15756 Good Medium
90 Ag-10 (dO 79 F 50 Fair Medium
77 Ag-22.6 Cd-.4 Ni 30 15768 Good Med-Light
90 Ag-10 Au 47 15748 Good Med-Light
97 Ag- 3 Pd 59 15755 Good Med-Light
90 Ag-10 Pd 29 15764 Good Med-Light
80 Ag-20 Pd 14 15770 Good Med-Light
97 Ag- 3Pt 47 15756 Good Med-Light
90 Ag-10 Ni 90 15756 Poor Medium
85 Ag-15 Ni 85 15760 Vew Poor Medium
HEAVY-DUTY APPLICATIONS
85 Ag-15 (dO 77 F 50 Poor Med-Heavy
83 Ag-17 (d0 67 F 50 Very Poor Med-Heavy
80 Ag-20 Ni 81 15761 Very Poor Med-Heavy
60 Ag-40 Ni 65 15175 Very Poor Med-Heavy
Tungsten-Silver {20-50) 42-65 B102-77 Brittle Heavy
Tungsten-Copper {20-50) 28-55 898-70 Brittle Heavy
Tungsten-Carbide-Silver (50-65) 45-60 B50-89 Brittle Heavy
Tungsten-Carhide-Copper (35-50) 3343 B90-105 Brittle Heavy
Molybdenum-Silver (35-50) 42-55 B92-72 Brittle Heavy
Silver-Carhon (1-5) 92-60 H 80 Fair Medium

Table 4. Typical contact materials for various applications.

The required closing force varies with different contact
materials, The noble metals (platinum. palladium. gold)
and their alloys, highly resistant to tarnish, are generally
used with lTow closing forees, Silver and its alloys require
low to medium force, with greater forces at higher current.
Tungsten, molybdenum. and .dg-refractory materials re-
quire medium to high forces. depending upon current,
voltage, and contact protection. X safe procedure is to use
the greatest closing foree which the contact material will

Fig. 2. Current-carrying capacity of a pair of fine silver
contacts of various diameters. One contact employed had a
flat face while the other contact employed had radivs face.
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withstand without excessive echanical wear or bounce.

Even under normal operaling conditions, contacts often
become coated with resistant oxide or sulphide films. This
is especially prevalent in low-voltage, high-current circuits
where low contact forces are used. A slight rubbing or wip-
ing action as the contacts close will help remove surface
films and keep surfaces clean.

The opening force is just as important as the closing
force. In general, mechanisms should be designed to open
the contacts as rapidly as possible so that there is no
lingering are. and with sufficient force so that the contacts
will open even under tendencies to stick or weld.

Are Suppression. Arcing of contacts may be due to the
clectrical characteristics of the circuit. the characteristies
of the make and break mechanism. or the properties of
the contact material. Changing the electrical circuit by
the melusion of proteetive devices will reduce arcing ap-
preciably. or eliminate it altogether. The protective devices
most frequently used are capacitors, rectifiers, or resistors.
These devices should be used. however, only after a
thorough study of the circuit and actual tests which show
the arc suppressor to be of the correct value. A capacitor
of incorrect capacity, for example. is often worse than
none at all.

Rating Elcctrical Contacts. How large a contact of a par-
ticular shape or material 15 required to carmry a certain
current load? This is a natural question. but not easily
answered. A review of the many lactors influencing con-
tact performance veveals the complex phenomena which
occeur as contacts make and break a circuit. It is readily
secen that one is unable to state definitely. even knowing
such fundamentals as operating voltage. contact force,
frequency of operation. ete., that a contact of a certain
diameter made of a certain material will perform adequate-
ly. It is equally impossible to state that a certain size and
type of contact made of a specified malterial will handle
the same voltage and current load under all conditions,

However. by reducing the number of eclectrical and
mechanical variables to a very small nuber, it is possible
to obtain some fundamental information concerning the
load-carrying capacity and current rating of various sizes
of electrical contacls. To this end, extensive tests were
made in one contact laboratory under controlled values of
voltage and current and under as nearly uniform mechani-
cal conditions as possible, using contacts of various sizes.
Fine silver was used as the contact material because of its
wide general usage. Solid-headed rivets were used in all
tests. the moving contact having a radius face and the
fixed contact a fiat face. The contact opening force was
10 to 12 oz. the closing foree about 1 oz.

All tests were made with 28 volts d.e. or a 113-volt, 60-
Hz a.c. supply. From the vast amount of data taken, it
Las been found possible to establish approximate relations
between contact diameter and current rating. This in-
formation is presented graphically in Fig 2. It must be
understood that this data was taken from tests with one
set of conditions and must be used as a guide only for
other conditions and materials,

Keep Your Contacts Clean

The clementary rule to follow in cleaning contact ma-
terials is to prevent them from getting dirty, oily, or con-
taminated in the first place. It is a simple procedure to
acid elean or vapor degrease an unassembled metallie con-
tact. However, once it is assembled it 1s another story.
Many different materials become involved, some of which
are attacked by cleaning solutions. Also. cleaning solutions
or solvents are frequently not removed completely espe-
cially from small crevices and areas where they are held
by capillary action. These. then. become the source of
organic vapor contaminants or other corrosive fumes.

The importance of manufacturing cleanliness in the re-
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liability of sensitive devices cannot be overemphasized,
Assembly equipment should be kept clean at all times, the
assembly area should be free from dust, Tint, and gascous
vapor contaminants, and the components should be stored

in clean, covered containers,
Select the Best Material

When all of the requirements of a parlicular application
are understood and the properties and design parameters
of various conlact material classifications known. the de-
signer 1s ready to consider seleclion of one specific ma-
terial, Thix selection, as staled before, is mvariably a com-
promize lo atlain an optimum balance of properties which
together will provide the performance characteristic re-
quired ol the deviee,

Fine silver is the most important of all contacl malerials
becanse of its conductivity, ductility, and reasonably good
resistamnee to tarnishing, Tungsten is probably the second
most used pure metal because of ils wear and arc-erosion
resistance, ifowever, between these two extremes there are
literally hundreds of combinalions from which to choose.

There are few general rules to remember. Any alloying
metal added to the base metal usually reduces its condue-
tivity and duetility but probably improves its wear and
erosion resistance proportionally. Some materials. netably
cadmium oxide, also reduce sticking and assist in quench-
ing the are. Refractory malerials which are not soluble
in the more common contact metals retain their own prop-
erties I proportion to the percentage used and reduce the
cffective properties of the other component accordingly.

Table 3 is a list of the more Lypical compositions avail-
able and separated into typical categories of end use.
Pertinent eleetrical and physical properties are shown for
comparison and aid iu fabrication,

Table tis a gmde to the material usually reconnuended
for specilic applications. In selecting any malterial, it is
important to remember that the design mechanies, elec-
trical paramelers, and operaling conditions vary from one
device to another and consequently such data can only be
used as a guide. Contact malerial specialists are as close
to vou as the telephone and should be consuited vor
specific applications, A

RELAY TERMINOLOGY

THE contact spring combinations available on a relay are defined
in terms of nuraber of poles, number of throws (singie or double),
normal position (open or closed contacts), and the sequerce of make
and break. The various combinations have been given form letier sym-
bols, as shown below, to simphiy over-all identification.

The abbreviations used te deline the cxsct rnature of the ccntacts
are: Sh—single po.e, DF—csubie pels, Si—sing.e lhrow, Di—doubie
thriow, NO—noimaly opan, i.C—nericaily ciosed, B—Dbreak, CB—double
breas, Wi—rnake, ard Dihi—doutie made.

When abhreviatens sre ustd {o ¢acoanale a contact assembly, the
fohowing order is used: {1) pola, (20 4 A3 e don
(4) daube maxe ¢r bical i), hanip
1o S0g.c-poic, SRgie-thicy, L2, maty epern, dolu.e-maie coniacss,

Sitgee tirow typ.s have i . G Cuniulls 0gEN i cne position
end ciosed in the cther. vho poiv of contatis net ciosed are the NO
{natally openy pair, while o vosd oonlacts are the NC raw

Douhle-*hrow combinations have three conlacs, one that is in con-
tact with the second, but not with the third in cne position, and the
reverse in the other position.

The heavy arrow indicates the direction of operation. Armature
contact springs, indicated by the long spring in each exampie, move

a poLL o

b T

downward. In Forms D and E, some electrical discontinuity may be
caused by contact chatter.

In this tabie of relay terminology, Form D is often calied a *‘conti-
nuity transier’, while Form M is pecui.ar to MilL-R-5757.

it is significant in the symboiic pres2ntat'on of coniact combina-
tions, that althcuzh Form A comes before formi B aiphabauicaily, in
a normal rolay coniact asscmbly the closed contacts are ciozer to
the armawute tian the cpen coniacis. This preveats any arnoiure
spring teasion irom foing o wasie by keeping the back contacis
cinscd with as much pressure as pessible. Thus, an order Cansi.g ior

a relay havine 1A 28, and a 10 ¢ " aation will wsualy e
ravsad an b ey o IC, en 1es othanwise s d
If an “earty makc' Iv rog crg an
assnciated woih a mahe comb.anation indicoles that the circut iequines

one A comapalion to be prcliminary.

a

It is rotahle that the 2B, 18, and 1A rontect assembly desiznation
refe;red to abeve appcars to be simpier and less likely of being
misundirstood than the equivalent . . . “one DPSTNC, one 5PDT, and
one SPSINO.”

The terms “slow"” and “fast” are reiative, and the degree of rapidity
is not to be inferred by the repetition of the symbol on the relay. A

Form Description Symbol Form Description Symbol Form Description Symbol
Make or v Break, break, make, 4& oy *,—O
A SPSTNO o H or SPDT (B-B-M) V \V/ Double break, contact RALE
L_o (IS on arm, SPSTN(DB 8‘7
v .
B Break or v I Make, break, make, D‘"Lble bre'uk,' double 1V
SPSTNC 1 or SPDT (M-B-M make, contact on arm, A
( ) STDTNC-NO (DB-DM) S (LLO

c Isl;e[JuTk,(;j;I;e,‘):Jr * J Make, make, break, o Double make, or *

tran.fer t o or SPOT (M-M-6) =S X SPSTNODM ot |t
Single-pole, double-

D Mu:e,hb;euk, Mk Lo K throw, center off, _(_J_Z v
make-before-break, SPDTNO Lo Y Double break, or
or SPDT (M-B) SPSTN(DB
Break, make, break, Break, make, make, * Double break, double

E or break-moke-before- or SPDT (B-M-M) —‘{:g Z make, or v
break, SPDT (B-M-B} [ SPDTNC-NO (DB-DM) ot | Lo

Single-pole, dauble- ¢ Spec. <,
F 'Sﬂ::;!(f';ﬂ':f; or M throw, closed neutral A Timed «lose “"I I
Spec.
6ty || v e Slo| B e e

April, 1967
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Operate and
Release Times
of Relays

Since graduating from the engineer-
ing school at the University of Ken-
tucky in 1937, the author has held
supervisory positions in just about
every production and engineering
department at Guardian Electric.
From 1960 to 1963 he served as
Chief Design Engineer and has been
Assistant Chief Engineer since 1963.
He is a Registered Professional En-
gineer and holds many patents on §
relay, switch, and stepper designs.

By W. WARREN WRIGHT / Asst. Chief Engineer, Guardian Electric Mfg. Co.

Definitions of these important characteristics and
methods that are used to modify these parameters.

LL too often relays are placed in control and logic
circuitry without enough consideration being given
as to whether or not the relay operational time

characteristics will assure proper functioning of the circuit
under various operating conditions. A working knowledge
of which factors affect relay operating time can give the
circuit engineer or technician confidence in his design.

In general, relays are electro-mechanically operated
switches, thus there are two items which must be evalu-
ated when considering the time elements of relay function.
These are the electrical characteristies and the mechanical
characteristics.

But first, let’s define the terms and then consider their
relationship to total relay function.

Definition of Terms

The operate time of a relay is the time interval from the
instant of coil-power application until completion of the
last contact function.

The release time is the time interval from the instant of
coil-power cut-off until the completion of the last contact
functionn. (See Fig 1.) Note that the operate and release
times do not include contact-bounce tines.

When coil power is applied. coil energizing current in-
creases until the magnetic flux is sufficient to move the
relay armature and its contact-actuating members. Upon
removal of the coil power. magnetic flux does not collapse
mstantly. but decreases for some period of time—depend-
ing on the circuit, the coil, and the magnetic structure.
When the magnetic flux drops below the “hold-in™ value
for the particular relay, the armature and its contact-
actuating members return to the normal or de-energized
position.

With these fundamental characteristics in mind, we can
now consider the various relay designs and the effect of
circuit characteristics on operate and release times.

D.C. Relays

For d.c. relays, the operate time of a specific relay design
may be reduced by three niethods, First, we can overdrive
the relay. This is done by increasing the control voltage,
decreasing the coil resistance. incereasing the control voltage
and adding a series resistance, discharging a capacitor at
an over-voltage charge into the coil, pre-energizing at some
value below pickup voltage (the lowest voltage at which
the relay ablways operates), using dual-wound coils—one
coil for overdrive, the other to hold the armature in the
operated position, using a series resistor shunted by a
capacitor, using a positive temperature coeffictent resistor
in series with the coll, and using a series resistor shunted
by an N.C. switch—the switch being operated by the relay
being econtrolled.
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Sccond, we can reduce the pickup voltage of the relay by
mechanical means, such as by reducing return spring pres-
sure, reducing the armature gap, or reducing contact pres-
sures and gaps.

Third, we can decrease the mechanical inertia by redue-
ing the mass of the moving elements such as contacts, arm-
ature, and contact actuators.

For d.c. relays, the inherent release time of a specific de-
sign may be increased by using a parallel capacitor and
series resistor, a parallel shunt resistor or switch, parallel
diode, or by reducing the residual magnetic air gap.

Relay manufacturers produce many varieties of relays
with operate and release times ranging from minimal values
of less than one millisecond to some of the more exotic
solid-state relays with maximum times of 30 minutes or
more.

When specific time characteristics are needed. the relay
manufacturer can usually provide relays to match the cir-
cuit requirements either from “standard” relays or as
“specials” designed for a specific function.

The National Association of Relay Manufacturers
(NARM) has not set standards with respect to fast or
slow response. In general, relays which have operate and
release times under 3 milliseconds are considered fast-oper-
ate and/or fast-release. Relays with function times of 50
milliseconds or more are usually considered slow-operate
or slow-release. Relays with function times between 8 and
50 milliseconds are mediun-operate and release and this is
the range into which most general-purpose relays fall. Re-
lays which are purposely designed for slow function time
are classified as time-delay relays. These are covered in
another article in this special section.

Relay manufacturers produce a bewildering range of re-
lays for use in over a hundred "usage” classifications, with
thousands of varieties and modifications in each classifica-
tion. It is obviously impractical to analyze all of these
types, therefore we will only cover some of the most popu-
lar general-purpose relays.

The graphs of Figs. 2 and 3 show the effects of ambient
temperature changes on the attract and release times of
some typical general-purpose, d.c.-powered relays. From
this we can see that the attract or operate time increases
with temperature and the release time decreases with tem-
perature rise (although circuit components may modify
this) .

When we consider that relays heat up cither under ex-
tended energization or repeated cycling, we can expect a
relative shift in operating time characteristics, depending
upon the frequency of operation.

Relays from different manufacturers, but of the same
type, generally have similar operating-time characteristics.
It will be noted that some relay types change more with
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Fig. 1. Typical d.c. operation of —>» o T
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the circuit. Resistance in the power- B I
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supply line will tend to decrease the NAL
operate time. Relays which are wired
in parallel would aggravate these effects. Are suppressors operational tince range rather than a specific operation
or coil shunts will increase the release time of relays. time. The manufacturer generally specifies the average
Basically. d.c. relays are reasonably consistent in their function time for a.c. relays,
timing characteristics under the same operating conditions, Madification of operational time for a.c. relays may be
but this is not the case with a.c. relays, accomplished in a manner similar to that for d.c. relays,
AC. Rel but the actual time of operation will vary because of the
.C. Rela . . . '
M sine-wave voltage applied. We must conclude. therefore,
Other variations in both attract and release times are that straight a.c. relays should not be used in cireuits
due to the added factor of the instantaneous (turn-on or where precise repeatable narrow-range operational times
turn-off) voltage change. The source voltage varies from are required,
zero to peak 120 times per second, thus any voltage from The mechanical characteristies which affect operational
zero to peak may be applied across the coil at the instant time apply to both d.e. and ace. relays and what affects
of either “turn-on™ or “turn-oft”. one type will usually affect the other type in the same
Exanmination of a typical 60-Hz sine wave will show that manner.
most of the time the instantancous voltage at “turn-on” or Increases in mass. whether it be in contact actuators,
“turn-oft™ will be higher than the pickup voltage of the the contacts, or armature will slow the operational time.
relay, so that the time characteristies are usually with- Release time will be increased by minor contact welding
i a reasonable range. Frequently, however, the probability or sticking, mechanical wear. and residual magnetism,
of turning on or off at lesser voltages catches up with us We have not attempted to give charts showing precise
and the operating time suddenly changes. This voltage operating characteristics of relays because the timing is
variation is further complicated by the magnetic flux dis- subject to =0 many variables from relay to relay tvpe. de-
tribution between two or more functional pole faces. Re- pending upon adjustment. type and number of contacts,
member that a.c. relays generally have one core face voltage variation, source impedance, line resistance, wear
shaded by a copper ring to cause a phase displacement in factors. ete. Information on timing characteristics is avail-
the magnetie flux. This phase shift is necessary to provide able from the manufacturer and should be used whenever
relay hold-in during current reversal. Thus, we have an operate and release timing is eritical. A
Fig. 2. Variations in operate or attract times at various am- Fig. 3. Variations in the release times at various ambient
bient temperatures for six general-purpose d.c. relays. temperatures for the same six general-purpose d.c. relays.
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Mercury-Wetted Relays

By ARTHUR J. KODA/Senior Development Engineer, C.P. Clare & Co.

Virtually eliminating contact wear, bounce, and chatter
and permitting an almost limitless number of operating
cycles, these relays have many important applications.

HE mercury-wetted contael relay 1s an extremely

long-lived, highly reliable, and stable relay. The

scheme for supporting a thin film of mercury on the
surface of solid metal contacts was perfected at Bell Tele-
phone Laboratories. 1t virtually eliminates contact wear.
Fault-free life under full-load conditions is extended to
billions of operations. Contact bounce or
climinated and the closed-cireuit
low level.

When mereury-wetted contacts close. the area of mer-
cury that forms around them is actually larger than that
of the contacts themselves. The measured countact resis-
tance is the total for the entire switeh assembly, Soldering
the contacts together would nol reduce circuit resistance.

The mercury-wetted contaets are attached to magnetic
conductors which are sealed in a glass capsule. The free end
of an armature is arvranged to move between the fixed
contacts and deliver mereury to them. A mercury reservoir
maintains the mercury svstem. A high-pressure hydrogen
atmosphere prevents oxidation, aids in contact cooling. and

chattering 1is
resistance is fixed at a

Fig. 1. High-speed mercury-wetted contact switch capsule.
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permits high-voltage gradients to exist within the capsule.

The electrical and magnetic circuits are identical. When
the switch is placed in the center of an operating coil.
the armature moves in response to the preseribed input
current,

The armature fecds mereury from the pool al the lower
end of the capsule to the contacts by capillary action. Tt
is a characteristic of two separating welled contacts that
the mercury is drawn into the shape of a thin filament
before it ruptures. The surface tension of mereury causes
a double break to occur which isolates a portion of the
bridge. The bridging mereury guickly snaps into a spheri-
cal shape and falls back to the pool. Sinee the equilib-
rinm of the capillary system has been disturbed. more
mercury flows up the armature to replace the amount lost.
It the load being switched causes some vaporization of
mercury, this amount is also replaced. In either case, it is
clear that a new contact surface is presented for each op-
cration of the swileh. Since the base metal is never ex-
posed, the life of the contact ix independent of the load
applied. within the maximum ratings, and contact resis-
tance remains constant within two milliohms.

Incidentally. the configuration of mercury on two wetled
conlacts that are opening causes an extremely fast break
action. The relative acceleration of the
estimaled to be 1500
this figure.

The msulation resistanee of the capsule can be 10,000
megohms or more. The stand-off is a minimmn of 1000

two surfaces is
i'5. No solid conlacts approach

volts, ras.

Two precaulions are necessary when using a mercury-
welted contact relay. First, it is position-sensitive. The
mereury will short-cireuit the contacts if the switeh is
mverted, so it is not satisfactory for airborne or satellite
applications. The capsule should be mounted within 30°
break  action
causes unusually high voltage transients to be generated,

of vertical. Second, the extremely rapid

To protect the switeh and associated eireuitry, a series
resistor-capacitor network. chosen for the particular load
conditions, must he placed across the contacts,

Two basie switches are available: a high-speed transfer
capsule (Fig, 1), rated at 100 volt-amperes: and a larger,
heavy-duly  swileh,  employing “make” and  two
“hreak” contacts, rated al 250 volt-amperes. Fach s ca-
pable of permanent-magnet biasing lo operate single-side-
stable (always returns to the “break™ contact when de-
cnergized) or bistable  (magnelically latches 1o the last

two
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position to which it was operated). Both switches are
about 2y inch in diameter.

There are single and mnltiple capsule packages for plug-
i and printed-cirenit board monnting (Fig, 2).

The relays are extremely sensitive. An input power of
one milliwatt ix sufficient to drive a bistable relay cap-
sule capable of switehing a 100-watt load. This represents
a power gain of 100,000,

The selling price of sueh relavs starts in the rnge of
58 to 510, depending on quantity and packaging—a small
price to pay for billions of miss-free operations or a
single operation after noiy months of standby service.

The normal operating temperature range is from —38°F
(the Treezing point of mercury) to 225°F. The relays can
withstand shocks of 30 G5 and vibration of (.06 inch or
10 G's. whichever is less. from 10 to 500 g,

The relays are ordinarily enclosed in a metal cover
which prevents magnetic interaction with adjacent relavs.
Eleetrostatic shielding between the coil and the switel is
provided to reduce the influence of the coil nput signal
on the controlled load. when required.

Applications

Special package forms are available for particular ap-
plications requiring low noise generation, high-fregueney
signal handling. teletypewriter (pulse-code) switehing, and
pernzment-magnet actuation for limit-switeh use,

The process of seanning transducers for data acquisi-
tion and control requires relay contacts that are fast and
free from bounce. Distortion of the low-level signal by
thermal or contact noise cannotl be tolerated, A two-switch
deviee, in which simultancous motion of both armatures
is necessary. is conmmonly used for two-wire svstems.

A series of coaxial relays, useful at frequencies up to
700 MHz, is available. Most of the popular characteristic
impedances and conueetor styvles are provided, Low v,
msertion Joss, and crosstalk ave featured, along with the
Inghest reliability.

Polar relays that ave precisely adjusted for balanced
dwell on the fixed contacls and that never require read-

Fig. 2. Relays are available in a num-
ber of different packages, including
plug-in can styles and modular types
(bottom right}) for printed-circuit boards.

justment or maintenance have long been sought for tele-
typewriter and telegraph application. The mercurv-wetted
contact relay solves these problems with improved effi-
ciency and reduced size and cost.

It is possible to mount mercnrv-wetted contact relay
assemblies  divectly in apertured  printed-cirenit hoards.
The boards are covered with a vacuum-formed vinyl sheet
that provides mechanical protection and excellent electri-
cal solation. A minimum build-up in size and weight s
possible with this configuration. Associated drive cireuitry
can be placed adjacent to the relay area for improved
continuity of design.

The mereury-wetted contact relay has become the stan-
dard switching device for test equipment. check-onl sys-
tems. and low-frequency pulse generation. It is often used
in cquipment made to life- and miss-test other types of

relays. A

RESONANT-REED RELAYS

ESONANT-reed relays permit the transmission of a number

of different control signals over a single wire, carrier, or
radio circuit. This type of relay is designed to respond to a
given frequency of coil input current and consists of an elec:
tromagnetic coil that, when energized, drives a mechanically
vibrating reed having an electrical contact at its end. When the
coil input current frequency corresponds to the resonant fre-
quency of the reed, the reed will vibrate and cause its end
contact to touch a stationary contact and thereby close an
electrical circuit once each mechanical cycle. Otherwise, the
reed will not respond.

Since the vibrating reed closes its contacts only for a por-
tion of each mechanical cycle. it is often necessary to provide
an output circuit that will store these pulses long enough to
operate a conventional relay. This auxiliary relay, in turn, is
used for control purposes.

As shown in the diagram, a sensitive relay is used together
with a resistor-capacitor comhbination to produce a steady closed
contact. The supply voltage (Ex) should be approximately three
times the normal operating voltage of the auxiliary relay. The
auxiliary relay should have a resistance of from 5000 to 10,000
ohms and a sensitivity of better than 50 mW. A

RESONANT-REED
RELAY CONTACT

Es AUX,

| T

METER RELAYS

HESE relays use conventional d’Arsonval meter movements

as the actuator for performing the switching function. There
are two variations in the method of closure: those in which
the meter pointer carries an electrical contact that can be
made to engage a stationary contact that is preset to the de-
sired high or low metered levels; and those that use the me-
ter pointer to break a light beam, thus actuating the switcher
at either high or low level.

In the contact types, a flexible pigtail is connected to the
meter pointer for current-carrying purposes. However, the con-
tact pressure between the meter pointer and the stationary
contact is often so small that some auxiliary means is usu-
ally provided to exert greater pressure. One way of doing this
is to attach a small permanent magnet to the stationary ad-
justable contact arm which will cause the meter pointer to close
the contacts quickly and firmly as it nears the stationary con-
tact. The contacts are released either manually or by some
auxiliary means. Another method of quick closure is to add a
pair of very light contacts on both arms to energize an
auxiliary coil on the meter motor to provide a surge of torque
just before the main contacts engage.

The light-controlled switching meter consists of a light source.
focussed on a photocell which, in turn, controls the external
signal contacts.

Some meter relays (Simpson 332 4XA) use an integral solid-
state switcher which in turn controls a mechanical relay. In
another type (Beede Optical Meter Relay), a vane mounted on
the indicator pointer interrupts a beam of light as the indicat-
ing pointer passes the set pointer. This changes the output
of a photoconductive cell, triggering an electronic cireuit that
operates an output relay. A
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Trade-Offs in Relay Selection

By GEORGE C. UNDERWOOD / Cornell-Dubilier Electronics Div. (Federal Pacific Electric Co.)

Understanding design compromises in relay selection can reduce ultimate
prodict costs or represent significant gains in product performance for
dollar expended. Here is how the most common pitfalls can be avoided.

N seleeting relays for a particular application or ¢lass

of appheations you must consider the circuit design

and the operating environment as well as the relay.
This article is intended as a general guideline in selecting
the optimum relay for a particular cireuit and thus provide
the basis for suggesting cirenit changes to
formance or cconomy.

gain in relay per-

Cost and relay sensitivity. swiltehing capability, relay
performanece. and mechanical arrangement represent  the
primary trade-ofts in relay seleetion. But the particular ap-
plication may place a preminm upon other considerations
that ordinarily wonld be ol secondary importance, For ex-
ample, interchangeability  (standardization or availability
when two or more sources of =upply must be considered) :
operaling characteristies such as pull-in, drop-out. or the
ratio of pull-in to drop-ont: operate or rvelease time: and
contacl bounce may be very important. For appliance de-
sign UL or CSA construetion may be controlling. Each of
these trade-offs should be examined withe reference to the
paranieters that have the greatest mfluence upon them.

Cost and Sensitivity
Cost 15 an important constderation in any design but is

Fig. 1. Adjustment time vs required sensitivity for typical relay.
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becoming an even more important factor in relay selection
with the advent of inexpensive and widely available solid-
state devices and integrated circnits. The cost of a relay ix
a function of sensitivity (coil watts or milliwatts disstpated
to reliably perform the switehing function) . relay adjust-
ment time. mechanical complexity or enclosure. wire cost,
and production volhume.

For a given sensitivity vange. a relay type that can be
adjusted to operate properly must be selected. Extra cost
will be involved if the relay selected is more sensitive than
required or if it is required to operale very near its limit
of sensitivity. The graph of Fig. 1 shows adjustment time
expected for a typical relay versus vequired sensitivity.

Fig. 2 shows two relays designed to operate in different
d.e. sensitivity ranges, Note that although the short-frame
relay (left) appears less costly, it will be more expensive to
produce in the 25-milliwatt class because the relay will be
very difficult to adjust to provide reliable operation.

A, relavs (Fig. 3). when low volt-ampere operation is
desired, may require a unit utilizing components specially
designed for low core losses or particularly advantageous
pole shading arrangements. The relay on the right in the
fignre, although it ix basically more costly, may be the most
economical selection where we. sensitivity ix paramount.

The next most important cost trade-off 1s coil cost. For
a given bobbin, a 10.000-0hm coil always costs more than a
2000-ohm coil. Wire sizes smaller than Z 43 or 2 £5 usually
require special winding techniques. Fig, + shows typical coil
cost rersus coil resistance for a given relay bobbin,

It is seldom economical to buy increased inpedanee by
specifying high-resistance coils when other eirenit changes
would accomplish the saume purpose. Relays may often be
obtained at a lower cost by specifying a lower coil resis-
tance, provided that the impedanee loss can cither be made
up elsewhere or can be ignored withont overheating the
coil. In this way operating voltage ntay often be traded oft
against the cost of higher coil resistance. The same relay
wiill have a mueh less expensive coil to operate on 24 volts
d.e. than 100 volts d.c.

On the other hand, production volume alone may be
traded oft against the cost of an otherwise expensive relay.
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Use of specially tooled components, automatic winding
equipment, and automated assembly techniques will reduce
costs. Operator skill in adjusting a particular high-volime
relay results in lower costs.

Production volume may he traded off against a complete
redesign, tooled specifically for the application. Other trade-
offs, e.g switching eapability, are very important.

Switching Capability

Switching capability 1s another fundamental cirenit con-
sideration. Up to ecight-poles. double-throw with isolated
contacts are commonly available in various relay tvpes and
the need for multi-pole operation must be traded off against
cost to perform a given function, with a given interchange-
ability. reliability, and mechanical configuration. Sometimes
several single-pole relays are less expensive than a single
multi-pole relay. although this may call for more power and
space for the switching.

PCl'fO rmance

Primary performance factors are pull-in and drop-out
and the spread between them. Other factors to consider are
tyvpe. size. material of contacts, mechaniecal life, use of ma-
terials, and noise or hum in a.e, relays.

The abxolute amount of pull-in or drop-out current or
voltage is closely associated with performance and cost and
may be traded-off for each. Performance will be improved
by specifying characteristies applicable to the particular
relay. A too close ratio of pull-in to drop-out  (less than
2/1) or too wide (greater than 8/1) a ratio will result in
cither increased cost or deereased performance.

When very close ratio or high drop-outs are required.
this may be traded off against high contact forces on the
normally open contacts. Adjustable residuals or non-mag-
netic separators to hold the armature a controlled distance
fromn the pole face can be incorporated. The use of these
materials usually must be traded-off against higher cost and
a loss in performance.

The use of contact material is fundamental to relay per-
formance. Contact trade-offs must be used in the light of
three general switching classes: dry-circuit switching, where
the current and voltage are so low that practically the same
contact performance can be obtained from switching no
load: low-power switching from about 100 mA up to 3 to
5 At and power switching from about 53 A and over,

Dry-circuit switching generally requires precious metals
such as gold, palladium, platinum. or alloys of such metals.
The use of silver or silver alloys is usually a poor trade-off.
Oceasionally it is possible to trade-off higher gram pressure,
extra contact wipe, short required life. or less severe oper-
ating environental against the higher cost of more expen-
sive contacts. Sometimes contact configuration may  be
traded for material when it is possible to get localized high
pressures. Crosshar contacts are an example—they also help
with contact alignment problems and are generally a good
trade-off for dry cireuits, But the ability to stay clean. to
resist mechanical wear, aud to exhibit low contact re-
sistance usually overrides other trade-offs for dry-circuit
switching. Sometimes the nse of gold plating or contacts
made by bonding a surface material to a base material may
reduce cost withoiit degrading performance.

Low-power switching is more subject to trades because
there are so many types of relays available in this class and
because such a wide variety of contacts is available. Silver
combined with cadmium oxide (usually 905.-10¢ or 857 ¢ —
13%) has become popular but fine silver, coin silver. and
other alloys should be traded off against cost and tested in
the application for performance. Usually the difference in
contact cost is such that a contact material compromise be-
comes a poor trade-off against superior perfornrance.

Power switching requires broader trade-offs when seleet-
ing contact materials. Never substitute paralleling poles for

April, 1967

Fig. 3. A pair of relays that are designed for a.c. operation.

licavier contacts or more suitable material. Double-break
(or make) nuiy be an excellent trade-off for a heavier con-
tact in single-break. especially for troublesome voltages. It
seldom pays to select a relay of a power class nol reconi-
mended by the nanufacturer to trade-off against cost. But
a given relay may have several ratings in a voltage class
and this can be turned to advantage when very long clec-
trical life is not required.

Four times as much a.c. voltage can be switched as d.c.
voltage for a given current rating. It may be an excellent
trade-off to substitute arc suppression external to the relay
but testing <hould always be done to verify this. Inductive
loads and tungsten incandescent lamp loads alway s require
derating of the contacts. Sometimes contact resistance can
be traded-off for a short duty evele in highly inductive
loads. For example. very inductive or high in-rush currents
can often be switched successfully by tungsten or silver
tungsten provided that the load is not left on long enough
to overheat the contact or provided that heat sinks are
used to dissipate the heat.

Mechanical life atfeets perfornance and mayv often be
traded for cost, for clectrical life in power relavs. and for
type of relay. Where very long clectrical life is required,

Fig. 4. Typical coil cost vs coil resistance for given bobhbin,
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mechanical life is a poor trade-oft against cost. For a given
expected electrical life, mechanical life will be a better index
to reliability than any other paranmeter provided that a
wise choice of contacts has been made. But a very long
mechanical life s a poor buy in a relay that can be ex-
pected to have a relatively short clectrical life in the ap-
plication.

Mechanieal life depends on design. wear. material de-
terioration with time. manufacturing process control. and
adjustment. Spring performance, hinge performance, and
Judicions use of plasties represent common factors affect-
ing mechanical life. Good design and proper process con-
trol can resnlt in mechanical life in the 107 operations
for proper adjustiments and correet applications, even for
the fairly inexpensive relay types.

Mechanical Configuration

A wide choice of trade-offs can be made in mechanical
configuration. Relays are available in many types, sizes.
enclosures, mounting arrangements. and terminations.

When trading cost against mounting style, the total pro-
duct assembly cost should be considered. A printed-cir-
cuil style might be somewhat more expensive than a similar
relay with solder lugs, but production volume with wave
soldering may justify the trade-ofl. “Quick-conneet™ ter-
minals  may be traded off in a  similar  manner.

Relay enclosures  (or open styles)  provide trade-offs
against cost, shipping damage. dust protection, and dam-

age in handling or dainage on the production line through
solder splash. Plug-in relays are available for faster as-
sembly, lexs costly  replacement  or troubleshooting  in
complicated cireuits. The cost of color-coding the enclo-
sures Lo indicate cireuit functions can often be traded
against faster assembly.

Sophisticated enclosures and sealing methods are avail-
able on all types of relays from the smallest erystal can
to the largest stepping switeh. The need for hermetic
sealing should be traded-off against cost and application
requirements and is not usually rvequired in commerecial
apphcations.

Other Trade-Ofl's

A double-throw contact 15 often required by the eircuit.
The most demanding switching should be accomplished by
the normally open contact whenever possible. This will
save sensitivity and adjustinent time and provide more
reliable operation. Other trade-offs which may be unique
to the application might have to be considered. It is im-
portant that communications be effective between the re-
lay designer and the circuit designer. It is not  difficult
to achieve this rapport.

Reputable relay manufacturers will provide the services
of their design engineers and ficld sales engineers at no
cost to the customer. They have a vested inlerest in the
performance of thetr relays and such services make sat-
isfied customers. A

CHECKLIST FOR ORDERING RELAYS

By GEORGE C. UNDERWOOD , Comell-Dubilier Electronics Div. (Federal Pacific Electric Co.)

EVERY engineer, technician, or circuit designer planning a new

project that will involve the use of relays must either
select standard relays or order special somples. The follow-
ing checklist is to serve as a guide in requesting samples for
prototyping. Some of the information requested herein may not
be known or may not be applicable for the paorticular circuit
involved. The circit may require certain other features and,

Engineer’s name [ Company address

Customer’'s part number Customer's drawing incuded
Number of samples and date required

General description of application {(when not proprietary)
Estimated annual volume {first and following years)

Date required for first production shipments

Applicable specifications:
Customer specs linclude)
Mifitary (specify number and sections that apply)
Other (UL, CSA, etc.)

Contacts:
No. of poles
Type of form {double-throw, break-before-make, etc.)

Contact rating if known

Switching load:
Amount: amps, volts
Type: resistive, inductive, incandescent, in-rush
Dry circuit: Is resistance important?
Electrical life required
Special requirements {such as sequence for steppers)

Forces required:
Normally closed . Normally opened

Minimum overtravel

Bounce specs

Contact gap

Vibration specs

60

if so, they should be indicated. Portions of the checklist may
be shown as desirable but not required. Emphasis should be
placed on the “C's"—Contacts, Coil, Configuration, and Cost.
But this checklist or any specification should not be consider-
ed as a substitute for personal contact between the circuit de-
signer and manufacturer. In-person consultation can make the
job easier for both designer and relay maker. A

Coil specs:
A.c. or d.c. {specify a.c. frequency)
Coil resistance required and tolerance
Coil protection requirements

Temp. rise requirements Continuous duty required

Adjustment:
Pull-in between and Nominal
Drop-out between _and Nominal

Operate or release time required
Over-all size required
Other (specify)

Mounting required:

Tapped hole Stud mount and size (anti-turn tab?)
Printed circuit {layout specified} Straps or brackets
Plug-in Attitude of mount [ Other
Enclosures:

Open

Dust covered (removable?)

Hermeticully sealed?

Terminations:
Solder lug
Printed circuit
Quick connects? Size? Type?
Mechanical life required
Test procedure that will apply to samples
Cost bogey or anticipated range. Cun some of the portions above

be sacrificed for lower cost?

ELECTRONICS WORLD
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This #ezrsasraqyserra PREMIER PORTABLE TYPEWRITER

WHEN YOU BUY THIS RGA WR-648
GOLOR BAR/DOT /GROSSHATCH
GENERATOR...THE ESSENTIAL
COLOR TV TEST INSTRUMENT

Here’s a deal you can’t afford to miss! A FREE Remington
portable typewriter—vours when you purchase the most
essential color-TV test instrument—the RCA WR-64B!

Just imagine how handy your new typewriter will be—in
the shop or at home. You'll use it almost as much as you use the
RCA WR-64B—standard of the color TV servicing industry.

Here’s how to get your FREE Remington Typewriter.
Mail in the warranty card plus the gold label from the
shipping carton of your new RCA color bar generator to
RCA Test Equipment Headquarters, Bldg. 17-2, Harrison,
N.J. We will ship your new Remington portable typewriter
to you direct, freight prepaid. But remember—this offer
covers only equipment purchased between February 1, 1967
and May 15th, 1967. To allow for postal delay, we will
honor cards postmarked up to May 31st.

Plan NOW to take advantage of this BIG offer—a FREE
Remington portable typewriter with your purchase of an
RCA WR-64B color bar/dot/crosshatch generator.

=g

OO BaR, DOT/ CROSSHAIEH
GENERRIOR

@
o Jelotnt

The standard of the Color-TV Servicing Industry. Gener-
ates all necessary test patterns—color bars, crosshatch,
dots plus sound-carrier. Only $189.50*

*Optional Distributor resale price. All prices subject to
change without notice. Price may be slightly higher in
Alaska, Hawaii, and the West.

Ask to see it at Your Authorized
RCA Test Equipment Distributor

RCA Electronic Components and Devices, Harrison, N.J.

The Most Trusted Name in Electronics
®

CIRCLE NO. 100 ON READER SERVICE CARD

April, 1967
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Modern electromagnetic relays—mechanical and static—can
perform many functions with a high degree of reliability.

A LOOK AT RELAYS

ARNEY was already at work when Mac, his emplover,
came in and deposited three books on the service
hench. Barney, always curious as a raccoon, walked

over and examined the titles. “The Relay Guide by Auger;
Engineers’ Relay Tlandbook by the National Association of
Relay Manufacturers; and Static Relays for Electronic Cir-
cuits by Blake,” he read aloud. “What brings on this sud-
den relay kick?”

“As you know, since that bad fire destroyed my favorite
cafeteria, I've heen taking lunch at Louie’s Place, the little
restaurant near the relay factory on the north side of town.
I figured I'd feel right at home there because it is patron-
ized by many of the engineers and production men from
the factory. [ even thought—rather condescendingly, I'm
afraid—I might be able to give the boys a helping hand
with their problems. After ull, I'm a hot-shot electronics
technician, and a relay is just a simple electrical device
whose operation is grasped by any high-school physics
student.”

“Did they talk about their work?”

“They did, but a fat lot of good that did me. They might
as well have been speaking a foreign language. T haven't
felt so frustrated and ignorant since the time, shortly after
we were married, T tried to buy my wife a complete new-
from-the-skin-out Easter outfit as a surprise. Neither 1 nor
those department store clerks have ever completely recov-
ered from that.”

“I don’t get it. What’s so hard to understand about a
relav?”

“In the first place, relays constitute a very large family,
and these guyvs called them by their first or second or third
names. The word ‘relay’ was always preceded by some-
thing like clapper, bimetal. crossbar-switching, ferreed,
telephone-type, plunger, general-purpose, rotary, motor-
starting, mercury-wetted, high-speed, miniature, subminia-
ture, high-voltage, sensitive, snap-action, latching, vacuum,
polarized, r.f., frequency-sensitive, time-delay, overload, se-
quential, stepping, marginal, wire-type, thermal, card-
pickup, ete.

“You see, there are lots of different ways of describing a
reluy. While it consists essentially of only two major parts,
an actuating motor and a set of contacts, you can talk about
it in terms of the type of motor, the signal current applied
to that motor, the mechanical linkage between the motor
and the contacts, the kind of current it is designed to make
and break, the arrangement of the contacts, its basic func-
tion, the equipment in which it is to be used, and so forth
and so on. This means that the same relay can be called by
any one of a dozen different names appropriate to the area
under discussion at the moment.”

“I see where that could muke things stickv. Do the
books help?”

“Yes. For one thing, thev muke me realize that my relay
knowledge is strictly pre-World War II. Until then there
had Dbeen only slight changes in performance and design,
and most relavs were of the simple clapper or telephone
type the word ‘relay’ still conjures up in my mind. But
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during the war, spurred by demands of the military who
were beginning to grasp what a powerful weapon elec-
tronics could be, major changes in the electro-magnetic
relay occurred and are still going on.”

“What do the fellows at that restaurant talk about?”

“Well, for one thing, there seems to be a continual good-
natured hassle going on between a group of the vounger
engineers and some of the older fellows about the relative
merits of static relays and conventional types. A static re-
lay, as a bright boy like you must have already guessed, is
a complete entity with no moving parts that performs a
switching function in a ‘relay-like’” manner. Most of these
employ solid-state devices such as unijunction transistors,
tunnel diodes, unipolar FET transistors, avalunche and
punch-through transistors, four-layer diodes, controlled rec-
tifiers, and thyristors.”

“What’s that ‘relay-like manner’ bit? I'd think if it per-
forms the switching job that’s all there is to it.”

“Not necessarily. If it is going to replace a relay, it must
provide isolation between the signal and load circuits; the
‘off” to ‘on” impedance ratio of the controlled circuit must
be high; a single signal must permit switching several
individual circuits simultaneously with a minimum of inter-
circuit coupling; and the switching must be of the snap-
action type in which transfer from the high-impedance
‘off” to the low-impedance ‘on’ state occurs without any
intermediate impedance appearing at the load terminals.”

“That last provision sounds tough. How do they achieve
it?”

“In two ways. With devices containing regenerative ele-
ments, such as the controlled rectifier, unijunction transis-
tor, four-layer diode, and tunnel diode, the action of the
state-changing signal is aided by the regenerative change in
the device initiated by that signal. Nou-regenerative de-
vices are simply connected in a regenerative circuit such
as a blocking oscillator, Schmitt trigger, or bistable multi-
vibrator to produce an abrupt change in impedance across
the load circuit.”

“How do the arguments go?”

“The young fellows, especially those whose engineering
training has been mostly in the electronics field, seem to
consider ‘mechanical’ a dirty word. They wunt to do every-
thing with semiconductors. They point out that the relay is
potentially subject to a host of mechanical failures: a coil
can open; springs can break; contacts can burn, stick, or
become misaligned; and actuating mechanising can break
or jam. Moreover, the relay’s action can be affected by
changes in the direction of gravitational pull or by shock
and vibration. A corrosive atmosphere can damage the
contacts, and even without this a thin film can form over
the contacts that prevents their passing a very low voltage
a.c. current in what is called a ‘dry circuit.” Arcing contacts
produce electromagnetic radiation that interferes with radio
and TV, and these arcs may ignite explosive atimospheres.
Relays are noisy in operation and are incapable of really
fast operation in terms of what can be achieved with static
relays. Finally, their ¢yeling life is short when compared

CIRCLE NO. 92 ON READER SERVICE CARD—>»>
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Be a Bright Guy. Get your name
into' TV Guide up to 4 times this year.

Your Sylvania Distributor will put your name, your
town and your phone number in TV Guide for your
area as many as four times this year. And to make
the most of it, we'll tie you into our big in-store dis-
play program. If you're a bright TV serviceman, you
carry the most advanced replacement parts:
Sylvania’s famous color bright 85% color picture tube
and receiving tubes.

Because you'rz an Independent, we're telling TV
Guide readers you're in the best position to make
an honest, unbiased recommendation on color set
repairs. We list your name right on the facing page.

That’s what our double-page, full-color ads in
TV Guide, and the display program, are all about.
Business for you. If you like the brightidea, see your
Sylvania distributor and ask him to include you in.

Sylvania Electronic Tube Divison, Electronic
Coemponents Group. Seneca Falls, New York 13148,

SYTVANIA

SUZSIDIARY OF

GENERALTELEPHONE & ELECTRONICS GVEIE

‘ﬁ >
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Model 65-3 VHF-TV ANTENNA AMPLIFIER

improves reception of WEAK VHF-TV signals
in FRINGE AREAS even where strong local
TV or FM signals are present. AMPLIFIES
UP TO 7 TIMES for Better Color and B/W

A two-transis-
tor —ampilifier.
Engineered to
provide the
lowest noise
and highest
amplification
with the most
desirableover-
load charac-
teristics.

Amplifier used
in conjunction
with dual out-
let power sup-
ply for one,
two, or multi-
ple set instal-
lations. 117 V
60 cycle input.
AC power up
Model 55 3VHETY ANTENAAMPLIFIER 30 1020 e ia
Let Finco solve your Color and B & W
reception problems. Write for complete
information, schematics and specifications.
Form #20-357.

THE FINNEY COMPANY
34 West Interstate 51, - Bedford, Ohio 44014 « Dept 410
CIRCLE NO. 113 ON READER SERVI

17TH EDITION
of the world-famous

RADIO HANDBOOK

Campletely revised and enlarged—the comprehensive
how-te-build communications monual. Presents design
data on latest amplifiers, transmitters, receivers, trans-
ceivers; includes sections on SSB equipment and de-
sign; semiconductors; extended coverage of r-f ampli-
fiers, special vacuum tube circuits, and test equipment.
Clearly explains theory involved in practically every
phase of radio. Broadest coverage; up-to-date; com-
plete. 832 pages; hardbound. Invaluable for amateurs,
electronics engineers, and designers.

OrderNo_ EE-187, 0nly. . .. ... coviiiane $12.95

Order from your electronic parts
distributor or send coupon below.

- EDITORS and ENGINEERS, Ltd. "1|

P.O. Box 68003 |
New Augusta,Ind. 46268, Dept. EWE-4 [

00 Send me EE167, the new 17th Edition |
of the RADIO HANDBOOK at $12.95. |

$_ ____encl. (0] Check (] Money Order |
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with that of a semiconductor device.”

“That sounds like « pretty potent
argument.”

“Yes, but wail until vou hear the
other side. Mechunical-relay proponents
suy that static relays cannot equal the
extremely high ‘off/on” impedance ra-
tios of mechanical relavs. Static relays
lack inherent isolation between input
and output circuits.  (Light-activated
switches are an exception that just
occurred to me.) Static relavs often
produce electromagnetic radiation that
interferes with other services. All are
more or less temperature-sensitive,
and many are affected by radiation,
Energy  requirements of their input
circuits vary widely. Multi-pole static
relavs, generally involving the repli-
cation of output circuitry with a com-
mon actuating element, are prone to
crosstalk problems between cirenits.

“Mechanical relays are casier to un-
derstand. A defective relay is quickly
spotted, even by w person with little
technical training. Multi-pole relavs can
be eusily designed to switeh several
tvpes of circuits simultaneously, or in
any desired  sequence, with w mini-
mum of crosstalk.”

“I've had experience with a couple of
those points.” Barney offered. "\We hams
learned  that  solid-state  or  vacuum-
tube T-R switches designed to transfer
an antenna back and forth between
transmitter and receiver often are dan-
dy little TVI producers. And my SSB
transceiver uses a mechanical  eight-
pole, double-throw relay to switch eight
different circuits containing high- and
low-voltage d.c., audio signals, and r.f.
currents every time I say ‘Boo!” in the
mike. And it does it most dependably.
But which side ure vou on?”

“Neither, 1 reckon,” Mac hedged.
“Those young fellows, though, remind
me of my father who, in his 80, built
what he called a ‘tractor’ from a Briggs-
Stratton gasoline motor, two old auto-
,mobile transmissions hooked in tan-
dem, and some automobile wheels.
This contraption, with its bewildering
choice of speeds forward and back-
ward, was the pride of his life, and he
wanted to use it to do everything—
scrape snow off the sidewalk, pick up
twigs in the vard, mow the lawn, and
plow his two-by-four garden plot. Ac-
tually, it didn't do any of these things
well, but he felt about it as did Dr.
Johnson about a dog's walking on its
hind legs. It was not that the dog did
really good job of walking, but the
marvel was that he could do it at all.
Finally Mom balked when Dad wanted
to use his tractor to carry u little paper
sack of trash buek to the allev, and he
sulked for a couple of hours.

“Those young fellows who want to
use semiconductors  for  switching,
even when a simple relay could do the
job casier, cheaper, and better, are act-
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ing like Dad with his tractor. On the
other hand, 1 well know static relavs
far outshine mechanical relays in many
places, especially in  computers and
data-processing  equipment. It seems
to me a good engineer should maintain
an open mind and keep himsell well
informed  of  developments in both
fields so that he may be able to choose
the besi type for u particular job.”

“Are there wany other basic types
hesides those two?”

Mac grinned as he replied, “They do
speak of a Cjackass”  type—hybrid’
would probably be a more polite term
—in which a transistor, thyratron, vacu-
um tube, or magnetic amplifier is used
to operate a conventional relay. Pos-
sibly calling  these “amplified” relays
would be more accurate.”

“Did you hear them sav anything
that we can use in our work with re-
lays?”

“Yes. I've seen a design  engineer
practically shed tears over a relay of
his that had been returned from the
field with twisted and mangled hook-
type terminals, with contact points that
looked as though thev had been filed
down with a wood rasp, and with
mechanisms  bent and  distorted by
obvious dropping of the unit. They
point out that a relay is a precision
device and that vou should no more
consider dropping it or vanking on the
terminals  than vou would think of
carelessly dropping your watch or wind-
ing it with a pair of pliers.

“A person asks for trouble when he
tries to use the wrong kind of relay
for a particular job, when he exceeds
its maximum ratings, or when he
abuses it mechanically or subjects it to
a hostile environment in which it is
not designed to function. On the other
hand, if a good quality relay is care-
fully selected or designed for doing a
specific job in a particular location and
is properly installed and treated with
respect, it can he expected to provide
hundreds of thousands of trouble-free
operations.”

“I'm convinced this is true,” Barney
mused. “Think about the things around
us that operate dependably vear after
veur with a minimum of attention, such
as the electric refrigerator, the fur-
nace controls, the telephone, and the
traffic lights. All of these use relays.”

“Yes, I suppose they provide a pret-
tv good testimouial to relay reliabil-
ity,” Mac agreed. A
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“"Watch him when | dial in 175 mph!"
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At 1/20th of an
inch square it’s

the biggest thing
in electronics

(And RCA Vlctor 15 using it now)

RCA Victor was first to use integrated circuits in home entertainment products. Why? Because the inte-
grated circuit is the most reliable circuit ever made for a consumer product. It's made in a room contin-
uously cleansed of microscopic particles - Computer-controlled tests assure that it functions properly -

Fach is firmly mounted and connected to leads by ultrasonic bonding to enhance @ Tne Most Trusied Name
reliability (and that's what helps you sell). See your RCA Victor distributor today. S y n Eectionies

------
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SPECIAL!

FROM ELECTRONICS WORLD

M DELUXE
b 3

dSBS that

hold a full

These decorative, yet sturdily con-
structed cases are just what you've
been looking for to keep your copies of
Electronics World in easy-to-find order.

Constructed of reinforced fiberboard
and covered in rich leatherette, these
durable cases guard against soiling
and tearing of your magazines while
lending themselves handsomely to the
decor of any room, whether it be a
library, study, den, music room or
pine-paneled garage. The magazine
cases are available with embossed gold
lettering in either an attractive maroon
back with black sides or black back
with maroon sides.

Specially designed to hold a full year's
copies of Electronics World Magazine,
the cases are only

$3.90 ea., 3 for $10, 6 for $19,

FULLY GUARANTEED!

Note: Magazine cases are also avail-
able for other of your favorite maga-
zine titles. For prompt shipment, use
the coupon below,

® 604 00000000 00000000

Zift-Davis Publishing Company, Dept. SD
One Park Avenue, New York, N. Y. 10016

Please send

Electronics World Magazine Cases.
Also send cases for the magazine titles in-
dicated below:

TITLE QUANTITY

Maroon backing/black sides
Enclosed is §__ _______ at $3.50 per case,
3 for $10. 6 for $19 (Quantity prices apply
for combination orders of more than one
title). Orders outside U.S.A. please add $1
additional for each file ordered.

Name.

Address.
City.
State. Zip Code

Payment must accompany order. EW-47

% 6000004 0000000000040
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ONE of the most fascinating devel-
opments of the past several vears
has been the hologram method of
creating three-dimensional images from
a photographic plate, using a laser
beam.

Now a scientist at IBM’s Research
Division has developed a method which
for the first time permits holograms to
be made of a scene illuminated by or-
dinary white light. In this technique,
use is made of a multi-faceted “fly’s
eye” lens in an otherwise conventional
camera. The image from this lens con-
sists of hundreds of tiny individual pic-
tures, each of them showing the scene
from a different angle. In this way, the
individual lenses sample and record not
only the intensity of the light hut also
the curvature and direction of the light
waves coming from every point on the
scene. This is similar to the informa-
tion recorded in a hologram by the for-
mer laser process. The flv’s eve lens
picture is thus a kind of coded holo-
gram.

To reproduce the photographed
three-dimensional image, a laser heam
is passed through a beam splitter, with
the reflected portion acting as the ref-
erence Dbeam and the renmaining light
then passing through the fly’s eve lens
and through the developed hologram
plate. The resultant picture can then
be seen in three dimension as in a con-
ventional hologram. (For further infor-
mation, refer to the article “True 3-D
Image from Laser Photography” by
Leith and Upatnieks in our October,
1965 issue.)

Electrostatic Salter

It nsed to be a case of just grubbing
a salt cellar and shaking. Now clec-
tronics does the job faster and provides
"an even distribution of salt over the
to-be-sulted product.

In this new concept in salters, de-
veloped for the Morton Salt Co., as the
salt drops from a hopper onto a varia-
ble-speed roller, it is given a negative
charge from a high-voltage (20-kV)
source. The salt then passes a control-
lable positively charged rod that canses
it to disperse into the desired salting
:putlcrn as the product passes helow on
| w convevor belt.

www.americanradiohistorv.com

The product, having a positive
charge, attracts the salt and forms a
static bond with it. This causes the salt
to cling firmly to the product. The
unique bond thus formed mukes it pos-
sible to salt even cold products while
achieving a high uniformity of salting.
The initial market is potato-chip pro-
ducers.

Rare-Earth Glass

Color-TV manufacturers introduced
the use of rare-earth phosphors to in-
prove the reproduction of color-TV pic-
tures. Now an optical manufacturer,
Chicago Dial Co., has developed “Op-
ticolor,” a new glass filter plate for col-
or-TV picture tube faceplates which
contain a rare earth. According to the
company, when laminated to the view-
ing surface of the color CRT the filter
plate improves the brightness and con-
trast of the pictures and produces richer
colors.

Conventional filter plates are Iami-
nated to the CRT to rednce glare and
protect the viewer against damage by
accidental implosion.

This new filter gluss, made in Eng-
Lind. contains neodyminm oxide, the
rare carth that improves the selective
absorption properties of glass.

Hot Cable

As w practicing ham with a mobile,
we have often worried about what hap-
pened to the r.f. signal after it left the
transmitter and went through a length
of coax to the rear-mounted antenna.
The worry was about deformation of
the coax interior insulator that could
result in changes of impedunce wlong
the line with the attendunt increase in
sw.r. These worries usually increased
in the summertime when the exterior
of the car was subjected to cousider-
able heat. It meant occasional check-
ing of the line to make sure all was OK.

Now it appears that in the near fu-
ture this worry won’t exist as the Elec-
tronic Specialty Co. has just anmounced
a4 coax \\'(‘iglling one owice per foot
and the diumeter of a pipe cleaner
that can withstand temperatures up to
1100 degrees without melting. At pres-
ent, this cable is available only to the
military, A
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DELUXE LEATHERFLEX-COVERED EDITIONS AVAILABLE

Here is a complete selection of annuals, yearbooks, directories
and handbooks available in Deluxe Leatherflex-covered editions
from the world’s largest publisher of special interest magazines.
These are complete editions (including the original covers)

which are bound in rugged leatherflex to provide long-time pro-

PHOTOGRAPHY
ANNUAL 1966

EPHETOGRAPRY

"BIHE[TDRV. Vo PHOTOGRAPHY ANNUAL

A selection of the World’s finest
photographs compiled
by the editors
of Popular Photography.
212 Pages—
24 in full color.
PHOTOGRAPHY 1966. 1
DIRECTORY 1965 =2
World's most complete 1964
photographic buying guide.
1966 .. . 722

TAPE RECORDER ANNUAL

Everything you need to know about
tape recording including a complete
directory of mono and stereo recorders.
1966 =30

ELECTRONICS INSTALLATION
AND SERVICING HANDBOOK

The only complete guide

for servicemen

and hobbyists to every major
phase of consumer
electronics servicing.

1966 32

FLYING ANNUAL

The most valuable aviation
yearbook ever compiled . . . Pilot
reports . . . Aircraft directory .
How to buy a used airplane . . .
Navcom directory . . .
Learn to fly section.

1966 327
%28 1966

. ELECTRONIC
EXPERIMENTER'S

tHA NI Y

ELECTRONIC
EXPERIMENTER'S
HANDBOOK
Many challenging
projects for the
electranics
hobbrist.
19€6
Spring Edition
%36

1965
Fall Edition
%9

POLAROID
STEREO/Hi Fi LAND
DIRECTORY

Complete buyers
guide for virtually
every Hi-Fi component
manufactured.

PHOTOGRAPHY

Complete guide and
only comprehensive
and up-to-date
handbook on

CAR & DRIVER YEARBOOK

A complete buyers guide
covering virtually every
car available in the United
States . . . Road tests . . .
Technical specifications
Accessories and
performance equipment
buying guide . . .

INVITATION
TO PHOTOGRAPHY

Guide to racing A unique 116 page guice
with action-packed to better picture taking by
photos. o ghe Ed;‘torsBof_P%pular
otography. Basic down-
1666 #15 to-earth advice that helps
you eliminate costly tria! ard
error, time-consuming guess work
20 complete, fact-and-photo
packed articles in ali.

1966 235

COMMUNICATIONS
HANDBOOK

The most complete and up-to-dale
guide to the exciting world

of specialized radio
communications.

1966 . . #18

FLYING TRAVELGUIDE

Here's the first really usefu! guide
to flying vacations. Everything you
need to know about: lodgings,
restaurants, resorts, sightseeing,
recreation, sports activities,
airport facilities,

childrens fun,

price information.

and much more.

SKIING 1966, *34

INTERNATIONAL
YEARBOOK

A luxuriously itlustrated
compendium of 1965°s
important events . . . A timely
forecast of the excitement.packed
1966 season—by the editors
of Skiing Magazine.

Photography.

L #29 Polaroid Land \ 1966 26

1966

-1
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tection and keep them looking like new even after repeated use.
The softly textured leatherflex, gold embossed for the look of
elegance, makes them handsome additions to your permanent
reference library. Take a moment to review the titles below.
You're sure to find many of your favorites.

$3.00 each.

|NV|T‘YIDN TO -
BH TOC

EOMBLETE EouspacEtT
SKiiNG INTERNAT

NOte: Deluxe Leatherflex-covered Editions
are $3.00 each, postpaid ($3.75 for orders out-
side of U.S.A.). The annuals listed above are also
available in regular editions at $1.25 each plus
15¢ per copy for shipping and handling ($1.75
for orders outside U.S.A.). To order your copies,
check the appropriate box and circle the numbers
of the annuals you wish to receive on the coupon
to the right.

* Available in Deluxe Edition only.

' Ziff-Davis Publishing Co., Dept. SD
One Park Ave., New York, N. Y. 10016

| am enclosing$ .
7] Send me the Detluxe Leatherflex-covered editions

1 2 3 9 15 18 22 24 26 27 28 29 30

circled below at

$3.00 each, postpaid ($3.75 per copy for orders outside U.S A}
[0 Send me the regular editions circled below at $1.25 each plus 15¢
shipping and handling ($1.75 per copy for orders outside U.S.A

(rLeace parnr)

Address

EW-47

I Name

April, 1967
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L

Thousands of well paid jobs for
Electronics Technicians are
unfilled now

RCA Institutes Can Train You —
At Home — And Help You Qualify
For This Work

It's a sad, but true, fact that today, with so
many men yearning for better jobs and better §
incomes, thousands of well paid jobs are un-
filled in the vast electronics industry.

Many of the men who could fill these jobs —
that is, men with the aptitude and native inter- &
est to enjoy a career in electronics—are handi-
capped because for one reason or another

they have not had the opportunity to train }§
themselves for these lucrative positions. E’

ELECTRONICS WORLD
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NOW-—
THANKS TO RCA
INSTITUTES
HOME STUDY —
YOU CAN TRAIN
FOR A CAREER
IN ELECTRONICS

Realizing that thousands of technical
jobs—well paid jobs—in electronics
are going unfilled each week, RCA
Institutes has done something posi-
tive about the problem. To benefit
the electronics industry, with its cry-
ing need for trained men...and to
help men who really want to move
into a well paid electronics job, RCA
Institutes offers an ideal home train-
ing program!

HOME STUDY CAN PROVIDE
CAREER OPPORTUNITIES!

To help meet the need for qualified
men in the electronics field, RCA
Institutes has created a wide variety
of Home Training Courses, all aimed
toward a profitable, exciting elec-
tronics career in the shortest pos-
sible time. Included are exclusive
‘““‘Career Programs’’ designed to
train you quickly for the job you want!
Your study program is supervised by
RCA Institutes experts who work
with you, help guide you over any
“rough spots’ that may develop
along the way.

OFF TO A FLYING START WITH
AMAZING RCA “AUTOTEXT”
METHOD

Each ‘‘Career Program' starts with
the amazing “AUTOTEXT" Pro-
grammed Instruction Method — the
new, faster way that’s almost auto-
matic! “AUTOTEXT"” helps even
those who have had trouble with
conventional learning methods in the

April, 1967

past. It is truly the “Space Age” way
to learn everything you need to know
with the least amount of time and
effort.

RCA INSTITUTES ENGINEERED
KITS SPEED YOUR PROGRESS

To speed you on your way to a suc-
cessful electronics career, your
““Career Program’ will include a
variety of RCA Institutes engineered
kits at no extra cost—each complete
in itself. As a bonus, you will also
receive and build a valuable Oscillo-
scope. You'll get the new Pro-
grammed Electronics Breadboard
for limitless experiments, including
building a working signal generator
and a fully transistorized superheter-
odyne AM receiver and Multimeter.

CHOOSE YOUR CAREER
PROGRAM NOW

To get a head start today on the elec-
tronics career of your choice, look
over this list of RCA Institutes
“Career Programs”, pick the one
that appeals most to you, and check
it off on the attached card:

= Television Servicing

= Telecommunications

s FCC License Preparation”
= Automation Electronics

= Automatic Controls

= Digital Techniques

® Industrial Electronics

a Nuclear Instrumentation

= Solid State Electronics

m Electronics Drafting

To meet other specific needs, RCA
Institutes also offers a wide variety
of separate courses which may be
taken separately from the “Career
Programs’. These range from Elec-
tronics Fundamentals to Computer
Programming. They are described in
the material you receive.

®
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ADVANCED TRAINING TOO

If you are already working in elec-
tronics or have some experience but
want to move on up, you may start
RCA Institutes training at an ad-
vanced level. No tedious repetition
of work you already know!

UNIQUE TUITION PLAN

With RCA Institutes, you learn at
your own pace, and you pay only as
you learn. There are no long term
contracts to sign...no staggering
down-payments to lose if you decide
to stop...no badgering bills. You pay
for lessons only as you order them,
and should you decide to interrupt
your training at any point, you may
do so and not owe one cent.

CLASSROOM TRAINING
AVAILABLE

RCA Institutes Resident School is
one of the largest schools of its kind
in New York City with classroom and
laboratory training available in day
or evening sessions. Coeducational
classes start four times a year. Just
check “Classroom Training” on the
attached card for more details.

FREE PLACEMENT SERVICE, TOO!

In recent years, 9 out of 10 Resident
School students who used the Free
Placement Service have been placed
before or shortly after graduation.
This Service is now available to
Home Study students.

ALL RCA INSTITUTES COURSES
AVAILABLE UNDER NEW GI BILL.

SEND ATTACHED POSTAGE PAID
CARD TODAY FOR COMPLETE
INFORMATION. NO OBLIGATION.
NO SALESMAN WILL CALL.

RCA INSTITUTES Inc. Dept. EW-47
A Service of Radio Corporation of America
350 West 4th Street, New York, N.Y. 10014

The Most Trusted Name in Electronics

n
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Whether you're a ham, short wave

listener or CB'er , . , a newcomer to
the fascinating world of radio com-
munications or an oldtimer who cut
his teeth on crystal sets . . .

You definitely need a copy of
the new 1967 COMMUNICATIONS
HANDBOOK!

It’s the world’'s most complete
guide to communications. 148 fact
packed pages of ‘‘how to do it—
how to do it better” features written
by the experts in each category.
From choosing your field . . . to get-
ting your license . . . to selecting
your equipment . . . to operating
your own station,

And we do mean complete. Not only
do you get valuable directories of
the latest equipment for both novice
and technician class. but also ex-
clusive listings of all code practice
LP's and tapes, SWL clubs, call-
books, program guides!

To repeat our coded message
above: You need a copy , . . of the
1967 COMMUNICATIONS HAND-
BOOK! Use the coupon beiow to
order yours today. It’'s just $1.25.

ZIFF-DAVIS SERVICE DIVISION « DEPT. CH

595 Broadway N. Y., N. Y. 10012
— — —+—1Send me the new 1967 COM-

MUNICATIONS HANDBOOK.

O $1.25 enclosed, plus 15¢ for shipping and
handling. Send me the regular edition.
($1.75 for orders outside the U.S.A)

{1 $3.00 enclosed. Send me the Deluxe Leather-
flex-bound edition, postpaid. ($3.75 for orders
outside the U.S.A.) Allow three additional
weeks for delivery.

name please print e

address

city

state tp

PAYMENT MUST BE ENCLOSED WITH ORDER

|
|

Integrated-Circuit I.LF. Amp
(Continued from page 36)

of 104 dB. A total tuner gain of 139
dB results and at least 24 dB of limit-
ing is availuble for even the weakest
FM signals encountered.

The larger amount of limiting avail-
able results in better weak-signal per-
formance.  Chunging nothing  except
the i.f. amplifier/limiter strip in an FM
tuner containing a high-quality field-
effect transistor front-end improved the
IHF sensitivity from 1.7 4V to 1.5 .V,
This is shown in Fig. 6.

The over-all circuit diagram of the
if. amplifier/limiter is shown in Fig.

!5 and photos of the integrated-circuit

and  discrete-component  versions  are
shown in Fig. 7. Under normal condi-
tions, the 1lst and 2nd integrated cir-
cuits operate as i.f. amplifiers and the
3rd and 4th IC’s act as limiters. The
wide-band ratio detector, unchanged
from previous designs, is the third lim-
iter. The first two i.{. transformers, along
with the if. transformer on the )M
front-end (not shown) provide most of
the selectivity.

The if. transformer Dbetween the
first and second limiter 1C’s provides
additional selectivity but has the major
purpose of improving capture ratio.
IE. Baghdadi in the “IRE Proceedings”
of January 1953 showed that the use
of a phase-linear filter between fast,
wide-band limiters actually increases
the effective bandwidth of the lust lim-
iter-detector combination. Consequent-
ly, the capture ratio of the FM tuner
was improved from 3 dB to 1% dB.
This and other performunce chunges
are shown in Table 2.

An improvement in AM rejection re-
sults from the use of integrated cir-
cuits. Here the small change in circuit

phase shift  with signal  amplitude
changes  causes o substantially  de-
creased amount of wmplitude modula-
tion Dbeing converted into incidental
phase modulation. Since the amount of
frequency modulation is the product of
phase modulation and frequency (this
incidental phuse modulation is a form
of distortion), the reduction of high-
frequency distortion components also
improves the separation of sterco sig-
nals, particularly at high modulation
frequencies.

Other improvements were also noted
with the use of integrated circuits as
iLf. amplifier/limiters although the re-
sults are difficult to express in numbers.
Particularly, pulse noise created by ig-
nition systems, etc. is less objection-
able. It is thought that for short-dura-
tion, large-amplitude  pulses, all if.
stages act as limiters and that these
circuits recover nnmediately after an
overload. A transistor if. amplifier,
when overloaded, can rectify a large
input signal and create a sclf-bias which
decreases its gain. Its recovery from
an overload is dependent on the time
constauts of its bias and “B+4” filter
networks. The integrated circuits do
not change current consumption with
overload and the bias supply (a diode
in this case) has an extremely low
time constant.

Although the number of components
in the if. amplifier/limiter has been
reduced, its cost has increased some-
what. However, the improvement in
performance justifies the expense. This
subassembly has been incorporated
all current new 1111, Scott FA tuners
and reccivers. The integrated circuit
type pAT03 is a joint development of
.11, Scott, Inc. and the Semiconduc-
tor Division of Fairchild Camera and
Instrument Corp., and the author grate-
fully acknowledges their cooperation. A

S.W.R. Parameter Table

The table below shows the various related parameters involved in using s.w.r.
meter readings. The table includes a correlation between the ‘‘return power loss’
term used in some antenna specifications and the more popular s.w.r. term. Se-

lected values are shown between the limits of s.w.r.

= 1:1.

= infinity : 1 and s.w.r.

Additional values may be obtained by performing the arithmetical opera-

tion indicated at the top of the column. The table was prepared by George A.

Philactos of the Installation Engineering Practices Dept.

of Western Electric Co.

S.W.R. Viax or Vi or Forward Reflected Pwr. Reflected | Return Pwr.
= Vax: Vs YRS Iniy or :(V,\l_\,\'—llz‘ Pwr. | Loss =

(when Voorl = 1.0 for Incident Pwr. | or (hi\x—12 porward Pwr. ‘Reﬂeded B

s.w.r. of 1:1) ! in % Forward Pwr.
%l 2.0 ‘ 0.0 1.0 ‘ 1.0 100.0 | 0.0 dB
5.83:1 1.707 0.293 1.0 | 0.5 50.0 —3.0dB
3.00:1 1.5 0.50 1.0 1 0.25 25.0 ‘ —6.0dB
2.00:1 | 1333 | 0.7 o | oan N1 | —9sde
1.50:1 l 1.2 0.8 1.0 | 0.04 40 | —14.0d8
1.222:1 1.1 0.9 1.0 | oo 1.0 —20.0d8
1.065:1 1.0316 ‘ 0.9684 1.0 ' 0.001 0.1 ~30.0dB
1.02:) 1.01 0.99 1.0 0.0001 0.01 —40.0 dB
1.006:1 | 1.00316 0.99684 1.0 ' 0.00001 | 0.001 —50.0 dB

100 | o 1.0 ‘ 1.0 I 00 | 0.0 e
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( and your audience, too! )

WITH VOLUME IX

SOUND FOR
~ APICTURE
EVENING

This superb 12-inch, 33V3 rpm record
brings you 30 selections of sparkling, mood-
setting off-beat music and hal;'d-to-find,
sound effects. For use ““as is” by playing
the appropriate tracks as your slide or movie
show proceeds or for editing your selections

and recording them on tape, “Sound For

[olo]olofolotolofofoloolotataletofolalefolalajolatoatatcratate otaray

A Picture Evening” adds another dimen-
sion to your photography—high
fidelity sound.

MADE WITH PHOTOGRAPHERS IN MIND

Photographers are travelers . . . are parents . . . are sportsmen . . . are
restless experimenters with the unusual. And so the editors of POPULAR
PHOTOGRAPHY have produced this second volume of unusual music and
sound effects expressly to match the activities and moods in the most
popular types of pictures shown in slide and home movie shows. These are
melodies and sounds selected from the vast resources of the Capitol Record
Hollywood Library to fit the special needs of photographers. The 30 bands
of “‘Sound For A Picture Evening, Vol. II"" supplement but do not duplicate
any of those in the first edition of this popular record.

A POPULAR PHOTOGRAPHY EXCLUSIVE

The “'Sound For A Picture Evening, Vol. 11" album has been produced by
the editors of POPULAR PHOTOGRAPHY exclusively for our readers and is
prepared by the Custom Services Division of Capitol Records. This outstand-
ing album, which cannot be purchased in any store, is available by mail
only to the readers of Popular Photography and other Ziff-Davis magazines.

YOU GET 30 SPECIAL MUSIC AND SOUND TRACKS

There are 19 bands of mood and special-situation music . . . 11 bands of
unusual, hard-to-find sound effects.

MOODS: Majestic, Backyard Nature, Experimental, Mysterious, Music of the
Spheres « NATIONAL PORTRAITS: Vive la France, German Village Band,
Soul of Spain, American West, English Countryside, Buon Giorno, Italia »

SOUND EFFECTS: Bass Drum, Bassoonery, Cathedral Bells, Galloping
Horses, Zoo Noises, Children at Play, Cocktail Party, Birds on a Spring
Morning, Outboard Motor, Oars in Water, Skis on Snow, Trumpet Fanfare,
Solo Violin « SPECIAL PURPOSE MUSIC: Music From Silent Movies, Music
for Slow-Motion Movies, Music for Speeded-Up Motion, Music for Stop-
Motion Movies, Underwater Music, Music for Old-Time Footage.

For photographers with wanderlust, you'll find the '*National Portraits'’ to be
authentic melodies to go with your vacation pictures of England, France,
Germany, Italy, Spain and the American West.

There are also those special bands to accompany the kind of pictures sports-
men take: The sound of galloping horses, of boat motors, of skis on snow,
of oars in the water. You'll even find other-worldly mood-music chosen espe-
cially to go with underwater pictures.

Experimental photographers will find the electronic music ideal accompani-
ment for abstract pictures. The music for stop-motion, slow-motion and
speeded-up-motion pictures is fanciful and imaginative in helping to present
the unusual scenes being portrayed on your screen. And there is even mood
music to convey the visual grandeur of ancient museum relics and photo-
graphs of the stars and planets.

To these add many other tracks of carefully selected music and sounds—
and you have '‘Sound For A Picture Evening, Volume II.”"

April, 1967
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COMPLETE WITH INSTRUC- F R E E l

TIONS AND BAND POINTER .
A comprehensive instruction booklet comes with your _record.
showing you how to make a successful sound-and-music tape
track for your slide or movie show, or to use the record alone as
background. even if you're a rank beginner. An ingenious band

pointer which fits on top of your record instantly locates any
band you want. No guessing, no wasted motion, no false starts.

This 12” long playing vinyl album consisting of selections from
the music masters of the Capito! Record Hollywood Library is

available to you for
Only $3 ?8 POSTPAID!

It's a must for every slide and film show impresario and an
album you will enjoy tor many years to come.

**Sound For A Picture Evening, Volume II"*
Popular Photography, Dept. SD
One Park Avenue, New York, N.Y. 10016

Please send _____ ‘'Sound For A Picture Evening, Volume 1"’
albums at $3.98 each, postpaid. My check (or money order} for
$_____is enclosed. (Outside U.S.A. please send $5.00
per record ordered.)

N.Y. State residents please add loca! sales tax.

Name

EW-47 1
Address

City State Zip Code.
Sorry—No charges or C.0.D. orders

“'SOUND FOR A PICTURE EVENING, VOLUME I’ still available.
I missed this first release containing 17 specific mood music back-
grounds and 8 tracks for special sound effects. Please send
“*Sound For A Picture Evening, Volume I'' albums at $3.98 each,
postpaid. (Outside U.S.A. send $5.00 per record ordered.)

_
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BOOK
REVIEWS

“THE INTRUDERS” Dby Senator Edward
V. Long. Published by Frederick A,
Pracger, Publishers, 111 Fourth Ave.,
New York, N.Y. 10003, 230 pages.
Price $5.95.

Senator Long, who heads the Senate
Subcommittee on Administrative Prac-
tice and Procedure. has drawn on testi-
mony presented before his committee
{or the bulk of Lis text. To the individ-
val American, there is no doubt that
Senator Long is “on the side of the
angels” and most readers will agree
with the Senator that bugging und/or
tapping have become so widespread
that they must be stopped lest our
“right to privacy” disappear entirely.

The author cites innumerable court
decisions and actual cases taken from
his committee’s records, He points out
strongly the dangers inherent in eaves-
dropping. including the possibility of
harassment of the innocent by the state,
by the police. and by private industry.
The book is especially recommended to
those who feel they have nothing to
hide and that “it can’t happen here”.

Some of the stutements in his chapter
on equiniment are technically naive, and
some of the bugs described are relatively
simple and outdated. (For a complete
summniary of the state of the eavesdrop-
ping art, we reler our readers to the ar-
ticle on “Electronic  Eavesdropping.”
which appeurs on page 23 of this issue.)

These weaknesses, however, do not
alter the fact that the Senator is correct
in seeking Congressional action to bring
such electronic espionage under control
so that the “rights” and “wrongs™ of
such privacy invasion can be established
by the courts. Under snch an imprima-
tur and with a forward by Vice Presi-
dent ITumphrey and in light of Presi-
dent Johnsou’s recent pronouncements
on the subject, it scems more probable
than ever that such legislation stands
a chance of passage in the near future,
and is less likely to suffer the fate of
previous legislation which died in com-
mittee or on the floor.

* * *
"ACOUSTICS” by Alexander Wood.
Published by Dover Publications, Inc..
New York. 575 pages. Price $3.50. Soft
cover.

The publication of this book in an
mexpensive, easily obtained form should
be good news to those seeking compre-
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hensive background material on acous-
tics. First published in England in
1940. this volume has attained an im-
pressive reputation as an “authority.”

Among the subjects covered by the
author are wave motion. forced vibra-
tions, resonators, filters, dissipation of
energy in sound waves, reflection and
refraction of sound waves. diffraction,
measurement of sound velocity, inten-
sity. of sound, pitch and frequency.
the car and hearing, recording and
reproduction of sound, microphones,
loudspeakers, and the acoustics of
buildings. Since the author’s treatment
is experimental as well as theoretical,
the book can be used as a classroom
text for students with the requisite
mathematical background.

The spelling and terminology are
British and. in most cases. the photo-
graphs accompanving the text are of
English equipment (circa 1940). Since
this book is a re-issue of the author’s
1940 edition, there are many develop-
ments in the field not covered in this
text. but since the material covered is
basic. this in no way detracts from
the value of this volume as a reference
work.

% % %
“APPLIED MICROELECTRONICS edited
by  C.F. ODonnell. Published by

America House, 1001 Vermont Ave.,
N.W., Washington, D.C. 20005. 265
pages. Price $6.00. Soft cover.

There are five authors of this book
with each man contributing a section
on his specialty. Under the over-all
editorship of Mr. ODonnell the book
maintains  a uniformity  of stvle and
approach unusual in a collaboration.

This volume is addressed to potential
users  of microelectronics  technology
and stmmarizes for this group the pro-
gress achieved thus far. There are
seven chapters covering the evolution
of microelectronics, elements, digital
svstems, electromechanical control sys-
tems, high-frequency analog  circuits,
and trends in microelectronics and re-
lated technologies.

Although it would be impossible to
eliminate all mathematics in treating
a subject of this complexity, the authors
have done an outstanding job in deal-
ing with their subjects verbally rather
than  mathematicallv.  Line  drawings,
partial schematics, tables, graphs, and

www.americanradiohistorv.com

photographs are used as veguired to
amplify the text.
i+ * *

“TRANSISTOR SPECIFICATIONS & SUB-
STITUTION HANDBOOK" compiled and
published by TechPress, Inc., Browns-
burg, Indiana 46112, 187 pages. Price
§2.95. Soft cover.

This 1967 edition lists over 6000
transistors by manufacturer and JEDEC
types  with  their specifications. 1In
addition, over 18,000 substitutes are
included to help those involved in ser-
vicing transistorized equipment. Transis-
tor type numbers are also cross-indexed
with general-purpose replacement tvpes
to speed substitutions.

* * *
""HOW TO BUILD SPEAKER ENCLOSURES’
by Alexis Badmaieff & Don Davis. Pub-
lished by Howard W. Sams & Co.. Inc.,
Indianapolis. 139 pages. Price $3.25.
Soft cover.

The authors are enthusiastic propo-
nents of the “do-it-vourself” trend—at
least when it comes to building en-
closures  for favorite speakers. Thev
cover the basic types of enclosures—
infinite baltle, bass-reflex, horn-projec-
tor, and hybrid—and explain the ad-
vantages and disadvantages of each de-
sign. Drivers and crossover networks
are also included in their analysis.

After initiating their readers to the
scope of possible choices, the authors
get down to specifics. Instructions and
drawings for building the various en-
closures are reinforced by practical
tips and detailed construction methods.
After the enclosure is successfully con-
structed, the authors explain how the
builder can test his job.

Photographs of various installations
plus nomograms, charts, graphs, re-
sponse curves, and construction draw-
ings make this an especially useful
handbook not  only for technicians,
engineers. and hobbvists but for dedi-
cated audiophiles as well.
“WESTINGHOUSE ELECTRONIC TUBE
GUIDE” compiled and published by
Electronic Tube Division, Westinghouse
Elcctric - Corporation,  Elmira. N.Y.
182 pages. Price $1.25. Spiral bound.

The Tth Edition of this guide covers
both receiving tubes and TV picture
tubes as used in communications and
industrial applications.

Designed for service technicians,
hams, and engineers, this volume con-
tains useful technical information, char-
acteristics, substitution Tists, and base
diagrams for all tube tvpes. The com-
prehensive interchangeability lists are
especially  valuable because they are
based on operational rather than static
tube characteristics.

An index to the contents of this
handy reference work is printed right
on the cover for the added convenience
of the user. A

ELECTRONICS WORLD
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Stereo Review | mobeL zn |

STEREO TEST RECORD

HOME AND LABORATORY USE

EXTRA: A3 A OERMWESTRATIOM (F THE FIGHENT PORSENE FCELITY, Fas HEGDSD WOLUOES A
PROGR AN OF RFUERE AEQOSDED DHRGCTL T Gy THE M TER WITH MO INTERYE MG EARE FecEss

Why We Make the Model 211
Available Now

Although there are many stereo test records on the mar-
ket today, most critical checks on existing test records
have to be made with expensive test equipment.
Realizing this. Hifi STEREQ REVIEW decided to produce
a record that allows you to check your stereo rig, ac-
curately and completely, just by listening! A record that
would be precise enough for technicians to use in the
laboratory—and versatile enough for you to use in your
home.

The result: the HiFi STEREQ REVIEW Model 211 Stereo
Test Record!

Stereo Checks That Can Be
Made With the Model 211

Frequency response—a direct check of eighteen
/ sections of the frequency spectrum, from 20 to
20,000 cps.
Pickup tracking — the most sensitive tests ever
available on disc for checking cartridge, stylus,
and tone arm.
Hum and rumble—foolproof tests that help you
evaluate the actual audible levels of rumble and
hum in your system.
Flutter—a test to check whether your turntable’s
flutter is low, moderate, or high.
Channel balance — two white-noise signals that
allow you to match your system’s stereo channels
for fevel and tonal characteristics.
Separation—an ingenious means of checking the
stereo separation at seven different parts of the
musical spectrum—from mid-bass to high treble.

N S

Stereo Spread

ALSO:

Speaker Phasing

Channel dentification

PLUS SUPER FIDELITY MUSIC!

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

April, 1967

NOW...GET THE FINEST

STEREQD TEST
R E COR D ever produced

for just « o .54. 98

Featuring Tests Never Before Availahle
Outside Of The Lahoratory

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

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

Warble tones used are recorded to the same level within = 1 db from 40 to
20,000 cps, and within == 3 db to 20 cps. For the first time you can measure
the frequency response of a system without an anechoic chamber. The frequency

limits of each warble are within 5 7: accuracy.
+ White-noise signals to allow the stereo channels to be matched in
level and in tonal characteristics.

* Four specially designed tests to check distortion in stereo cartridges.

* Open-air recording of moving snare drums to minimize reverbzration
when checking stereo spread,

All Tests Can Be Made By Ear

HiFi/STEREQ REVIEW's Model 211 Stereo Test Record will give you immediate answers
to all of the questions you have about your stereo system. It's the most complete test
record of its kind—contains the widest range of check-points ever included on one test
disc! And you need no expensive test equipment. All checks can be made by ear!

Note to professionals: The Model 211 can be used as a highly efficient design and
measurement tool. Recorded levels, frequencies, etc. have been controlled to very close
tolerances—affording accurate numerical evaluation when used with test instruments.

DON'T MISS OUT— ORDER NOW

he Model 211 Stereo Test Record is a disc that has set the new standard for stereo
test recording. There is an overwhelming demand for this record and orders will be
filled by ELECTRONICS WORLD promptly upon receipt. At the low price of $4.98, this
is a value you won't want to miss. Make sure you fill in and mail the coupon together
with your check (34.98 per record) today.

FILL IN AND MAIL TODAY!

-------------------------- ------~--dn-~‘n-g.u--—|

Stereo Test Record
P.0. Box 3110, Church Street Station

New York, New York 10008

1

]

1

1

1

1

)

)

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

)

1

]

1)

1

]

]

)

1

1

1

Name i
(Please Print)
Address
City Zone State

SORRY—No charges or C.0.D. orders!

www.americanradiohistorv.com


www.americanradiohistory.com

M

[0 Send me FREE entrance exam.

ARE YOU CASHING-IN

ON THE PROFITABLE 'y
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 ready to learn FM 2-way radio servicing.

Opportunities in 2-way radio servicing are virtually unlimited.
m Just one of the hundreds of successful Motorola Service
Stations writes, ‘‘we would be pleased to interview any graduate
of your scheol 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.

‘MOTOROLA TRAINING INSTITUTE

4545 West Augusta Blvd. o Chicago 51, lllinois « Dept. AEF717

D Send full details on Home Study Course on FM 2-way Radio

Servicing
Send me details on how you can help me prepare for an FCC
License.

Name Occupati —

Address.

City Zone. State.

CIRCLE NO. 103 ON READER SERVICE CARD

A SELECTION OF
ANNUALS STILL AVAILABLE

FROM THE WORLD'S LARGEST PUBLISHER OF SPECIAL INTEREST MAGAZINES

CAR & DRIVER YEARBOOK

A complete buyers guide covering vir-
tually every car available in the United
States . . . Road tests . , , Technical
specifications | . Accessories and
performance equipment buying guide

. Guide to racing with action.

T terae
oo bagure

ey
—

FLYING ANNUAL

The most valuable aviation yearbook

ever compiled , , . Pilot reports . . ,
Aircraft directory . . . How to buy a
used airplane . . , Navcom, directory

. . . Learn to fly section.

packed photos. 1966 — $1.25 ..#27
1858 — $1.25 LTS 1965 — $1.25.......228
1965 — $1.25 =17
BGBIRPEREEDMR

TAPE RECORDER ANNUAL

Everything you need to know about
tape recording including a complete
directory of mono and stereo recorders.
1966 — $1.25.. ... . 430
1965 — $1.00..... #31

STEREO/Hi Fi DIRECTORY

Complete buyers guide for virtuatly
every Hi Fi component manufactured.

1966 — $1.25 729
1965 — $1.00 =37

Order by number from Ziff-Davis Service Division, 595 Broadway, N.Y., N.Y. 10012.

Enclose add’l 15¢ per copy for shipping & handlmg (50¢ for orders outS|de U.s.A)

ELECTRONIC
CROSSWORDS

By JAMES R. KIMSEY

(Answer

on page 98)

ACROSS DOWN
1. Not *‘in living color” 1. The cgs unit of magnetic flux.

9. Important element. 2. Prefix meaning “‘millimicro”.

10. Rare gas used in some thyratrons 3. Unit of luminous intensity.
and other gas tubes. 4. The a.c. component arising from

312. Five-element vacuum tube. - :S'\(/J[lu'(‘ﬁ Wll-hlrl a dl.((‘. supply.

15. Court. a'. Metal-hearing rock. B )

) | 6. Radar method of determining azi-

16. Drop in plate current of a class-C muth and elevation angles simul-
amplifier as its tuned circuits are taneously.

, ;)‘e1-r1g adjusted to resonance. 7. Social insect.

17. Ax.lsted‘. 8. Peak.

18. Printer’s measure. o ) 11. Division of time.

19. A type of very sensitive micro- 13. Four-am a.c. bridge for meas-
phone. uring self-inductance in terms of

20. A crinkly material. capacitance and resistance.

23. Vase. 14. East Indian fiber plant.

. n n 20. Electrical energy stored in a ca-

25. Casual “hello”. pacitor or battery or held on an

26. Beverage. insulated object.

27. Addition to a letter (abbr.). 21. Outer edge, as of a turntable.

29. Pickup unit used in a TV system 22. Bolometric vacuum gage for
to convert into electrical signals B e SRDTESSUIEL
the optical image formed by the 24. Old time automobile.
st 27. Deep hole.

30. Pertaining to the speed of sound. 28. Instrument which automatically

33. Rare silver-white element having checks a number of measuring
properties resembling those of sul- points.
fur (abbr). 31. Compass point.

34. Greek letter that is employed to 32. Storing a component or device un-
designate intrinsic impedance, ef- til its desired characteristics be-
ficiency, or surface charge density. come essentially constant.

35. Instrument or means for measur- 33. Monogram for a Scottish essayist
ing or testing. and historian.

38. Large radio-TV network (abbr.). 36. Indefinite armc‘le‘ .

41. Switch tvpe capable of sensing 816 ()ne of the “big five™.
acceleration. shock, or vibration. 39. Unit of measure of nuclear cross-

42. Particle weighi t sections.

. Particle weighing more than an . .
¢ than - 40. Greek letter which designates
;:)ll%cti)r:n but generally less than a angles, coeflicients, phase con-
. stant.

44. Consumed. 49. Deface. )

45. Circuit or device used to produce 43. To place a logic storage device
one or more gate pulses. in a prescribed state,

] 2 3 4 S 6 7 8
9
10 1] 12 13 14
i5 16 17
18 19
20 |21 22 23 |24
25 26 27 |28
29 30 31
32 33 34
35 (36 | 37 38 |39 40
4l 42 4
44
45
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fl I I s /%) = » = WITH A COMPLETE SELECTION OF
il ANNUALS, YEARBOOKS, DIRECTORIES AND

HANDBOOKS from the world's largest publisher of special interest magazines. Take
a moment to review the titles and issues currently available. You're sure to find many of your
favorites to help complete your library and fill those wide open spaces on your bookshelves.

—.-ln.u—r"-u.-_

PHOTOGRAPHY : H IBETCARDRIVER 3.0t INVITATIO
' M INVITATION TO -
ANNUAL 1967 = e YEARBOOK :7:: PHOTOGRARKY

Cucms Copn $08Bita Brdms Spavta 67 (3n

PHOTOGRAPHY ANNUAL ELECTRONIC EXPERIMENTER’S CAR & DRIVER YEARBOOK INVITATION TO PHOTOGRAPHY
A selection of the World's finest HANDBOOK A complete buyers guide covering vir- A unique 116 page guide to bet;er pic-
photographs compiled by the editors ts f tually every car available in the United ture taking by the Editors of Popular
of Popular Photography. 2’:22{{06’:222;5;25'5{0]96 ST States . . . Road tests . . . Technical Photography. Basic down-to-earth ad-
212 pages—24 in full color. specifications . . . Accessories and vice that helps you eliminate costly
1967 — $1.50 .38 1966 — Fall Edition—$1.25 . #39 performance equipment buying guide trial and error, time-consuming guess
1966 — $1.25. . #1 1966 — Spring Edition—$1.25. #35 . . Guide to racing with action- work. 20 complete, fact-and-photo
1964 — $1.25 . %3 1965 — Fall Edition—$1.25 packed photos. packed articles in all.

1965 — Spring Edition—3%1. 25. #14

1967 — $1.50... #40 1966 — $1.25 .
1966 — $1.25 . #15
1965 — $1.25. . #17

E‘ng;ggl"})‘a?i“v TM’E RECORDER 1524
@ BUVING GUIDE i

PHOTOGRAPHY DIRECTORY TAPE RECORDER ANNUAL ELECTRONICS INSTALLATION FLYING ANNUAL
World's most complete Everything you need to know about AND SERVICING HANDBOOK The most valuable aviation yearbook
photographic buying guide_ tape recording including a complete The only complete guide for servicemen ever compiled . . . Pilot reports , ., .
1967 — $1.25 =41 directory of mono and stereo recorders. and hobbyists to every major phase of Aircraft directory . . . How to_ buy a
1966 — $1.25.... #22 1967 — $1.25  #42 consumer electronics servicing. used airplane . . . Navcom directory
1966 — $1.25 #30 1967 — $1.25 #43 « . . Learn to fly section.
1965 — $1.00 #31 19656 — $1.25 %32 1967 — $1.50  #44

1966 — $1.25 . #27
1965 — $1.25.. . #28

STEREO/Hi Fi DIRECTORY POLAROID LAND SKIING INTERNATIONAL FLYING TRAVELGUIDE COMMUNICATIONS
Complete buyers guide for virtu- PHOTOGRAPHY YEARBOOK Here's the first really useful HANDBOOK
- ally every Hi Fi component man- . . . guide to flying vacations. Every- The most compiete and up-to-
ufactured. Cumplﬁte' gmded andt odn{y &Q tuxuriously itlustrated compen- thing you need to know about: da:e guide to !:e exci{}ng veorld
1967 — $1.25  #45 ﬁzr:ggzo:n;;v?’ol:rnoid llfghdo-PI:’o% lum OfAISt)GG T mfxportantt evfeMS lodgings, restaurants, resorts, of specialized radio communica-
1966 — $1.25 . #29 i i . imely forecast of the sightseeing, recreation, sports tions.
ography. excitement-packed 1967 season activities, airport facilities 1967 — $1.25 a7
1966 — $1.25 .. =24 —by the editors of Skiing Maga-  childrens fun. price information, e e R
. 1963 — $1.00....... 25 Zine. special information for the gals 1965 — ;1'00 #19
B 1967 — $1.25 ... #48 —and much more. i R
1966 — $1.25. =26 1967 — $1.25 . 46
1966 — $1.25 . z34

"-T_' N N |y = N - i - e = ) § e | 1 H N

i

[I'_- i | Ziff-Davis Service Division—Department W » 595 Broadway, New York, N. Y. 10012
|: TO PLACE YOUR ORDER- circle the num- | | am enclosing $. for the annuals circled below. My remittance includes
1| - o an additional 15¢ per copy for shipping and handling (50¢ for orders outside |
F:i bers of the annuals YOL! wish to receive on | " U.S.A). | understand quantities are limited and orders will be filled on a first
| the coupon, clearly print your name and || [jcomefirst served basis. |
I" address and enclose your remittance. Please | | e SRR el e v g e et ) I
2 ag e -« 4
IE be sure to enclose an additional 15¢ Shlp- 30 31 32 34 35 36 38 39 40 41 42 43 44 45 46 47 48
[ ping and handling for each copy ordered. l Name _ "
I Add 50¢ per copy for orders outside U.S.AA. | N address. i
| — - I - rClt _ — __ State - Z'J. Code
e  — . S S paYMENT MUST BE ENCLOSED WITH ORDER =0 =
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50 functions in a single chip. The functions of 50 separate tran-
sistors, diodes, resistors and capacitors can now be formed by the
tiny dot in the center of the integrated circuit held by the tweezers.

The"Chip”

...will it make or break
vour job future?

THE DEVELOPMENT OF INTEGRATED CIRCUITRY
is the dawn of a new age of electronic miracles. It
means that many of today’s job skills soon will be
no longer needed. At the same time it opens the
door to thousands of exciting new job opportuni-
ties for technicians solidly grounded in electronics
fundamentals. Read here what you need to know
to cash in on the gigantic coming boom, and how
you can learn it right at home.

INY ELECTRONIC “CHIPS,” each no bigger than the

head of a pin, are bringing about a fantastic new
Industrial Revolution. The time is near at hand
when “chips” may save your life, balance your
checkbook, and land a man on the moon.

Chips may also put you out of a job...or into a
better one.

“One thing is certain,” said The New York Times
recently. Chips “will unalterably change our lives
and the lives of our children probably far beyond
recognition.”

A single chip or miniature integrated circuit can

78

perform the function of 20 transistors, 18 resistors,
and 2 capacitors. Yet it is so small that a thimbleful
can hold enough circuitry for a dozen computers or
a thousand radios.

Miniature Miracles of Today and Tomorrow

Already, as a result, a two-way radio can now be
fitted inside a signet ring. A complete hearing aid
can be worn entirely inside the ear. There is a new
desk-top computer, no bigger than a typewriter yet
capable of 166,000 operations per second. And it is
almost possible to put the entire circuitry of a color
television set inside a man’s wrist-watch case.

And this is only the beginning!

Soon kitchen computers may keep the housewife’s
refrigerator stocked, her menus planned, and her
calories counted. Her vacuum cleaner may creep out
at night and vacuum the floor all by itself.

Money may become obsolete. Instead you will
simply carry an electronic charge account card. Your
employer will credit your account after each week’s
work and merchants will charge each of your pur-
chases against it.

ELECTRONICS WORLD
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When your telephone rings and nobody’s home,
your call will automatically be switched to the phone
where you can be reached.

Doctors will be able to examine you internally by
watching a TV screen while a pill-size camera passes
through your digestive tract.

New Opportunities for Trained Men

What does all this mean to someone working in elec-
tronics who never went beyond high school? It
means the opportunity of a lifetime—if you take ad-
vantage of it.

It's true that the “chip™ may make a lot of manual
skills no longer necessary.

But at the same time the booming sales of articles
and equipment using integrated circuitry has cre-
ated a tremendous demand for trained electronics
personnel to help design. manufacture. test. operate.
and service all these marvels.

There simply aren’t enough college-trained engi-
neers to go around. So men with a high school edu-
cation who have mastered the fundamentals of elec-
tronics theory are being begged to accept really
interesting, high-pay jobs as engineering aides, jun-
ior engineers. and field engineers.

How To Get The Training You Need

You can get the up-to-date training in electronics
fundamentals that you need through a carefully
chosen home study course. In fact, some authorities
feel that a home study course is the best way. "By
its very nature,” stated one electronics publication
reccntly, “home study develops your ability to an-
alyze and extract information as well as to strength-
en your sense of responsibility and initiative.” These
are qualities every employer is always looking for.

If you do decide to advance your career through
spare-time study at home, it makes sense to pick an
clectronics school that specializes in the home study
method. FElectronics is complicated enough without
trying to learn it from texts and lessons that were
designed for the classroom instead of correspon-
dence training.

The Cleveland Institute of Electronics has every-
thing you're looking for. We teach only electronics
—no other subjects. And our courses are designed
especially for home study. We have spent over 30
years perfecting techniques that make learning elec-
tronics at home easy, even for those who previously
had trouble studying.

Your instructor gives your assignments his un-
divided personal attention—it’s like being the only
student in his ““class” He not only grades your work,
he analyzes it. And he mails back his corrections
and comments the same day he gets your lessons, so
you read his notations while everything is still fresh
in your mind.

Always Up-To-Date

Because of rapid developments in electronics, CIE
courses are constantly being revised. Students re-

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

April, 1967

Tiny TV camera
for space and mili-
tary use is one of
the miracles of in-
tegrated  circuitry.
This one weichs 27
ouneces, uses d one-
inch vidicon cam-
era tube, and re-
guiresonly four
watis of power.

ceive the most recent revised material as they pro-
gress through their course. This year, for example.
CIlE students are receiving exclusive up-to-the-min-
ute lessons in Microminiaturization, Logical Trou-
bleshooting, Laser Theory and Application, Single
Sideband Techniques. Pulse Theory and Applica-
tion. and Boolean Algebra. For this reason CIE
courses are invaluable not only to newcomers in
Electronics but also for “old timers” who nced a
refresher course in current developments.

Praised by Students Who’ve Compared

Students who have taken other courses often com-
mecnt on how much more they learn from CIE.
Mark E. Newland of Santa Maria, California. re-
cently wrote: “Of 11 different correspondence
courses l've taken. CIE's was the best prepared.
most interesting. and easiest to understand. [ passed
my Ist Class FCC exam after completing my course.
and have increased my earnings $120 a month’’

Get FCC License or Money Back

No matter what kind of job you want in electronics,
you ought to have your Government FCC License.
I's accepted everywhere as proof of your education
in electronics. And no wonder—the Government li-
censing exam is tough. So tough, in fact, that with-
out CIE training. two out of every three men who
take the exam fail.

But better than 9 out of every 10 CIE-trained
men who take the exam pass it.

This has made it possible to back our FCC Li-
cense courses with this famous Warranty: you rmust
pass your FCC exam upon completion of the course
or your tuition is refunded in full.

Mail Card For Two Free Books

Want to know more? The postpaid reply card bound
in here will bring you a free copy of our school cata-
log describing today’s opportunities in electronics,
our teaching methods, and our courses, together with
our special booklet on how to get a commercial FCC
License. If card has been removed, just send us your
name and address.

&
CIE

Cleveland Institute of Electronics

1776 E.17th St, Dept. EW-30, Cleveland, Dhio 44114
Accredited Member National Home Study Council
Aleaderin Electronics Training...Since 1934 ’ ;

“aer w0
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the only comprehensive
guide to consumer
electronics servicing!

If you're in consumer electronics servic-
ing, you know that keeping up with this
jet-paced field is no pushover. There are
manuals to be bought. Journals to be read.
Experiments to be tried. Techniques to be
learned. Day in, day out. No doubt about
it, staying on-the-ball in electronics takes
time, effort and money. Or at least it
used to.

Now there's a much easier way.

THE 1967
ELECTRONICS INSTALLATION
& SERVICING HANDBOOK

A single, comprehensive guide to every
major phase of consumer electronics
servicing. Over 132 pages of all the latest
electronics information you want and need
to know. From TV to CB to PA to AM/FM.
From home intercoms to auto stereo tape
cartridge units. Eight complete, authorita-
tive chapters in all!
This handy, on-the-bench reference vol-
ume will lead you straight to the facts you
need, when you need them presented in a
crisp, concise manner that's easily under-
stood by the novice, yet thorough enough
to answer the professional’'s most complex
question.
Whether you earn your living by servicing
. supplement your salary by servicing
part-time ., , or are
an active hobbyist

Get the Handsome Leather-
flex-Covered Edition for

$3 Postpaid!

The 1967 ELECTRONICS
INSTALLATION & SERvV:
ICING HANDBOOKX is also
available in a splendid
deluxe edition. Rugged
Leatherflex cover provides
lasting protection yet is
softly textured and gold-
embossed for the look of
elegance. A collector’'s
item—a superb addition
to your electronics library,
And it's yours, for just $3
postpsid, when you check
the appropriate box on
the order form.

Ziti-Devia Service Division, Dept. ISH
595 Broadway, Mew York, N.
Please send my copy of the 1967 ELECTRONICS
INSTALLATION & SERVICING HANDBOOK as

checked below:

| am enclosing $1.25 plus 15¢ for shi
and hendling for the Regular Editien.
for orders outside U.S.A.)

{0 t am enclosing $3.00. Please send me, postpald,
the Lestherflex-covered Delune Editlem, ($3.75
for orders outside U.S.A.) (Pleass allow 3 addi-

who services just
for the funofit...
the 1967 ELEC-
TRONICS INSTAL-
LATION & SERVIC-
ING HANDBOOK
is one ‘‘tool of the
trade’ you can't
afford not to have.
ORDER YOUR
COPY TODAY!

ONLY $1.25

Y. 10012

1IGHT modulators developed at Bell
I Telephone Labs.. now make it pos-
sible to modulate broadband com-
munications signals onto laser beams,
using low-level modulators  requiring
less than one watt of power.
The three devices to be discussed
[ are highly eflicient modulators of both
pulsed and continuous laser light. The
first two work on the well-known prin-
ciple of polarization in which a light
beam is passed through two polarizers.
When the two polarization planes are
rotated so that they are 90° from each
other, no light will pass through. \When
, they are aligned parallel to cach other,
| the light will pass through almost un-
diminished. By adjusting the polariza-
tion planes’ relative angle hetween par-
Pallel and 90°, it becomes possible to
intensity-modulate the light beam.

Lithium Tantalate

This electro-optic  digital  transmis-
sion modulator svstem  (Fig. 1) has
been used inan experimental system
for high-speed  transmission of pulse-
code modulation  (PCN)  signals. In
PCNI systems, information to be trans-
mitted (TV, voice, or data) is trans-
lated into a coded sequence of electrical
Ipulscs (bits), with each bit represent-
ing a discrete signal level

As shown in Fig. 1. pulses of light
from the lLiser are first passed through
an initial polarizer that causes the light
beam to assume a particulur polariza-
tion. After passing through the polar-
izer, the light then passes through the
modulator, a thin rod of lithium tan-
talate cryvstal (measuring 0.4 X 0.01 X
0.01 inch). The light then encounters
the analyzer filter having a plane of
polarization 90° different than the pol-
arizer so that the laser light will not
pass through the analyzer and be trans-
mitted to the photo-diode detector.

The lithium-tantalate crvstal modu-

(81.75

(rLease painy)

addiess

EW-47

I
|
|
|
|
|
: tional weeks for delivery of the Deluxe Edition.)
i
i
|
|
{

"ates (in this case modulation consists
LIGHT
i PULSES
i
v M M I
PULSED Ll OPTICAL
LASER
POLARIZER
ELECTRICAL
PULSES
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PCM
TERMINAL
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MODULATOR ; i S ‘
ANALYZER

LASER MODULATORS

Although still in the R&D stage, three new light modulators
allow a laser to be used as a broadband light transmitter.
Bandwidths up to 7000 MHz have been reported for one unit.

of polurization chianges) the incoming
light and acts as a high-speed gate.
Two electrodes are plated on opposite
rectungular fuces of the crystal and
when the PCM terminal sends an elec-
trical pulse (representing a “17) to
these electrodes. it causes the plane of
polarization of the light passing through
the crystal to shift 90 degrees.

This change allows the light to pass
through the analvzer and be detected
by the photodiode. [f no electrical pulse
(representing a "07) s sent from the
PCN terminal. the light passing through
the ¢nvstal is blocked at the analyzer,
henee it does not get to the photo-
diode. The  electro-optical  modulator
uses this coded sequence of high-speed
clectrical pulses to modulate (gate) an
cqually fast truin of light pulses from
the laser.

The speed of operation of this sys-
tem is about 224 million bits per sec-
ond. After some re-design of the mod-
ulator, it is expected that operational
speed will reach 896 million bits per
second. This latter rate is cquivalent to
a bandwidth of about 1600 MHz. 1t
is hoped that future systems, using a
solid-state luser having extremely nar-
row pulse widths, may reach speeds of
5000 million bits per second.

YI1G Modulator

This modulator consists of a rod-
shaped cryvstal of gallium-doped yttrium
iron garnet (YICG) with a small coil
wound around it, and the crystal sub-
merged within a magoetice field. 1t op-
erates on the principle discovered by
Michael Faraday in 1845 that the plane
of polarization of a light beam in a
magnetic medium  rotates  along  the
magnetic lines of force. The applica-
tion of current to the coil surrounding
the doped YIG rod creates a second
magnetic field in the crystal, at right
angles to the first. If the current Howing
through this coil is the result of a vary-

MA oo

DIODE

Fig. 1. The lithium tantalate modulator
is capable of 896 megabits per second,
and may soon attain 5000 megabits.

ELECTRONICS WORLD
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GERMANIIM
PHOTODIODE

ANALYZER

MODULATOR
LENS

POLARIZER
LIGHT PATH

Fig. 2. The YIG modulator can transmit 33 TV programs.

ing signal, the plane of polarization of the light beam pass-
ing through the modulator will also vary in accordance with
the modulation.

Operation is shown in Fig 2. The light output from the
Laser is first sent through an initial polarizer that causes the
light beam to assume a partienlar polarization. A lens fo-
cnses the light beam through the modulator and onto the
analvzer filter. The analvzer has a plane of polarization 45°
away from the polarizer.

The modulation current is allowed to flow throngh the
YIG coil, the magnetic field within the YIG varies, thus the
plane of polarization of the light leaving the YIG varies,
and is allowed to pass through the analyzer at various light
levels ranging from no Hght to maximum light.

This modulator hus exhibited bundwidths of 200 MHz
(sufficient to transmit about 50,000 telephone calls or 33
TV programs). Another version of the modnlator  has
reached a 400-MHz handwidth; however, maximum potential
handwidth has not vet been determined.

Gallivm Phosphide

This modulator. shown in Fig. 3, consists of a semi-
conductor diode p-n interface. together with mounting and
input 7output lenses (not shown). The incoming laser light
s divided into two equal components at the input polarizer,
then focused on the p-ninterface. The light passes through
Ue diode and is confined within the p-n interface hecause
oi the discontinmities in the index of refraction along hoth
upner and lower surfaces.

When reverse bias is applied to the diode, the gallium
phosphide in the junction region changes from an optically
isotropic  (having the same properties in all directions)
medium to a medium having different optical properties in
difl erent directions. This anisotrophy causes the two polari-
setion components of the incoming light heam to travel at
different velocities through the p-n interface. This change
m relative velocities, in essence, phase-modulates the pass-
ine licht beam in accordance with the reverse bias (modu-
il ng signal) across the junction. Intensity modulation re-
sinits from passing the phase-modulated components through
tir > aatput polarizer.

This diode has successfully modulated a laser beam np
lo 7000 Mllz, with optical losses of less than 3 dB.

“hese approaches show that laser transmission svstems
to seplace microwave relays may not be too fur off. A

Fig. 3. The gallium phosphide modulator reaches 7000 MHz.

REVERSE
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BIGGER ... BETTER

THAN EVER!

SEND TODAY FOR YOUR NEW

40th ANNIVERSARY
1967 CATALOG

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

nents_

® Tape Recorders

@ Electronic Parts, Tubes, Tools

® Phonos & Records
® Cameras and Film

® Public Address
® Citizens Band.

® Ham Gear .

® Transistor & FM-AM Radios,

252 GIANT VALUE
PACKED PAGES!

Dept. EW 1012 McGee, Kansas City, Mo. 64106

{J Rush me the FREE 1967 B-A Catalog.
Name
Address

Uses OXYGEN
and LP GAS

o Completely self-contained.

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

e Hundreds of lightweight uses.

o Suggested list — $19.95.

GET COMPLETE OETAILS AT MOST IN-
DUSTRIAL DISTRIBUTORS, OR WRITE TO
MICROFLAME, INC,

HOME
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REPAIR AND
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join the
P.0.M. Club!

( Photofact-of-the-
Month Club)

get full data coverage of

COLOR TV!

AT LEAST

6 COLOR TV

FOLDERS MONTHLY

oy PHOTOFACT

gives you the up-to-the-
minute data and know-how
you need to perform expert
Profitable Color TV Servicing

(and P.0.M. membership now brings
you 20% more coverage monthly,
including at least 12 b&w TV
Folders, plus AC-OC, FM-AM, Stereo
Hi-Fi, Record Changer, and Phono-
graph coverage—at least 50 chassis
each and every month—for less
than 20¢ per chassis model!)

Act today—see your

SAMS Distributor
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VISTA-A NEW LOOK
AT SATELLITE TV

IN 1961, our national capability in
space communications was concen-
trated on the development of small
satellites, to prove the feasibility of in-
tercontinental  communications  using
such satellites. One of them, Relay,
demonstrated the transmission of con-
ventional TV signals. Using a transmit-
ter power of 11 watts, Relay was
designed to work with large ground
svstems having antenna diameters of
60 to 85 feet, and noise temperatures
of 40°K. Although successful in its
mission. this satellite did not face the
problem of TV broadcasting from space
direetly to home receivers having a
minimun of lTow-cost external eqnip-‘
ment to receive these signals. ‘

A number of ideas have been put
forth during the past few yeuars cover-!
ing the requirements for a TV .s'zltcllitc‘
capable of covering about 1.6 million |
square miles, about half the arca of the |
U.S., with viewers using conventional |
TV sets and reasonably sized antennas. |
Unfortunately, the amount of r.f. power
required at the satellite worked out to
a rather high 107 kW per channel.

Recent advances in our space (-apa—~
bility have renewed interest in space
telecasting, to the point where RCA
has suggested its Vista system (visual-|
talking) in which a more realistic sat-
ellite power of 3 kW per channel
would be used in a satellite stationed
in a synchronous orbit, and capable of\
serving an area of about 300,000 square
miles (about 700 miles on a side). |

The satellite would receive its signals |
from a high-powered ground  station
and retransmit the TV signal on uh.f.
channel 69. A conventional home TV
receiver would receive class-2 signuls,?
a picture noticeably superior to that|
deemed acceptable by the vast ma-!
jority of viewers tested.

The home receiver would rcquire,‘
besides the capability  of receiving'
wht, an antenma cut to chaunel 69
having a gain of about 19 dB, feeding
a low-noise booster having about 30!
dB gain. It is felt, by RCA, that such‘
an antenna system would sell for ul)out‘
$50 to $75.

After detailed  design  studies are
completed, faunch could occur in 1969
or 1970, The economics of this appli-
cation of space technology could thus
be established by 1970, since the ob-
jective of the proposed Vista experi-
ment is to demonstrate reliable, long-
lived telecasting Dby satellite over areas
of significant population density as a
serious forerunner of operational tele-
casting by satellite on an international

basis. A
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join the
P.0.M. Club!

( Photofact-of-the-
Month Club)

let the exclusive features of

PHOTOFACT

troubleshoot for you in minutes!

OVER 40 GREAT FEATURES. INCLUDING:

Famous Standard Notation
Schematic—always uni-
form, accurate, complete—
includes waveforms, volt-
ages and test points, align-
ment points, parts values,
tube functions, etc.

Full Photo Coverage of the
actual equipment makes
identification of all compo-
nents and wiring easy—you
can see everything.

CircuiTrace® saves printed
circuit board tracing time.
This exclusive Sams sys-
tem pinpoints junctions
and testpoints on schemat-
ic and printed board.

Tube Location Guide en-
ables you to tocate and re-
place proper tubes in sec-
onds—a big time-saver on
many repair jobs.

Unique Alignment System
eliminates guessing; you
get complete instructions
with response curves, how
to connect test equipment,
proper adjustment se-
guence.

AUGNMENT INST

PETT

PLUS THESE IMPORTANT TIME-SAVERS:

Tube Failure Check Charts
Disassembly Instructions

Field Servicing Notes

Terminal Identification

Complete Replacement Parts Lists
Alternate Tuner Data

Resistance Charts

Dial Cord Diagrams

Changer ‘‘Exploded Views,” etc.

PHOTOFACT GIVES YOU EVERYTHING
YOU NEED TO EARN MORE DAILY!

e 00 0 0 0 0 0 0

Act today—see your

SAMS Distributor
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SPACE

In this new approach to PC boards, lots of copper
is left 1o act as a heat sink when mounting parts.
It also permits the use of drafting machine layouts.

ONVENTIONAL printed wiring
4 considers the wiring pattern as
copper conductors of varying lengths
and widths. However, a new approach
—called “space etch”—has been devel-
oped by RCA in which the emphusis
is on etching the spaces rather thau
etching the conductors. An example of
such a board is shown in Fig. 1A,
The large copper arcas of space etch
act as heat sinks during soldering thus
reducing the probability of damage
during board assembly. Normally. space
etch is best used for small-sized print-
ed boards where the maximum-con-
ductive area gives good soldering re-
sults by avoiding too small component
lead termination areas that inhibit sol-
der How and fillet formation. In addi-

tion, too-small conductive areas can
readily  detach themselves from the
board during soldering, particularly

with « hand iron.

The inherent increased capucitance
eflects hetween adjacent circuit paths
must be considered. On space-etched,
single-sided boards, capacitance be-
tween adjacent areas is approximately
1.5 pI¥ per linear inch or border. The
major factor in coupling capacitance be-
tween two adjacent printed conductors
on a single-sided hoard is the length of
the border, not the spacing or width
of the condnctors. Thercfore. keeping
critical conductor paths short is essen-
tinl in determining the coupling ca-
pacitance in a given circuit—this is true
in either space-etched or conventional
printed boards.

Space etch opens up muany avenues
of commercial, large-scale application.
One is reduction of a complete circuit
pattern to digital bits that can  be
readily placed on a suitable recording
medinm. The circuit wiring pattern is
normally arranged such that the com-
ponient part lead mounting holes fall
on an intersection of the basic grid.

With space etch. the spaces can also
be correlated with the basic grid by
specifying that the space is to be made
up of modular incremental horizontal
or vertical segments, each of them one
grid unit in length and coinciding with
the grid lines. For example. the lower
left pattern in Fig. 1B can be repre-
sented numerically by this approach.
and the entire circuit pattern can be
converted into digital information. It
can then he utilized, for exammple, as a
tape-controlled layout of master pat-
tern artwork, or as a punched paper
tape in liecu of a production drawing

April, 1967

-<
O~ N

ETCH

of the circuit pattern that is required.

The space-etch approach is a simple
one, yet has numerous inherent ad-
vantages for design, drafting, and fabri-
cation which can reduce time aud costs.
To realize these advantages requires
changes in the engineer’s design con-
cept thinking, changes that may \\'olli
open new avenues for this method of |
creating printed boards.

For design lavouts, the components
are arranged as usual, but instead of
using the masking tape to create the
conductive patterns  (which will re-
main during the etching process), the
masking tape is used to delineate the
spaces. In the photography process, |
the pattern is reversed so that the tapes
now represent the areas to be etched
away, leaving the rest of the board
copper intact.

For breadboard work, the space-etch
artwork is simply an engineering sketch
in black India ink on paper (such as
that shown in Fig. 1A). Dots locate
the holes for the component leads, and
lines are drawn to represent the spaces
which will separate the conductive |
areas. This dot-and-line sketch is used
directly as the negative with the KPR
process to produce a printed board,
thus reducing the time between com-
ponent part lavout and finished board,
and eliminating the cost of additional
drafting and photography. A

Fig. 1 (A) Simple space-etch artwork. (B)
Spaces and holes on X-Y grid allows
digitalized circuit pattern. Refer to text.

1
ofZ31+5
X
(B}
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As a P.O.M. member, you get 6 new
PHOTOFACT Sets every month to
keep you ahead earning more—and
you SAVE OVER $60 PER YEAR!
(Individually purchased Sets now sell
for $2.50 each.) Your 6 Sets come in
sturdy file folders sealed in factory
carton to insure perfect condition and
completeness—easier-than-ever to file
and use. To stay ahead, to save money
—join the P.O.M. Club today!

SEE YOUR SAMS DISTRIBUTOR
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Sencore TR-139 In-Circuit Transistor Tester

For copy of manufacturer's brochure, circle No. 23 on Reader Service Card

HIS new transistor tester is a simple-

to-use unit that checks all transistors,
cither in or out of the circuit, for ac-
curate a.c. beta and 1.5, leakage. The
tester checks diodes and rectifiers too.

In addition to meeting the needs of
the techmician in servicing solid-state
circuitry, the TR-139 can also serve the
designer in the lab as well as the tech-
nician doing quality-control  checking
on production lines.

The in-circuit transistor test feature
is a time-saver because transistors are
checked for a.c. beta without unsolder-
ing their leads. In-circuit testing also
gives a speedy and positive “go, no-go”
indication of diode or rectifier condi-

Beta is read in two ranges on a 6-
inch, easily read meter. The meter
shows the ratio of a.c. signal on the
base of the transistor to that obtained
on the collector. On the high scale, the
range is from 10 to over 500; on the
low scale, the range is from 2 to over
100. The TR-139 will also show an
open or shorted transistor in or out of
the circuit by refusing to calibrate and
by indicating no beta reading when the
test switch button is pressed.

Leakage current (Iqp,) is one of the
most important parameters of a tran-
sistor. Also called collector cut-off cur-
rent, it is the current that flows be-
tween the base and the collector when
the emitter is open. Measurement of
leakage current is important because
many transistors exhibit a good Deta
reading regardless of age but do not
function properly because their leak-
age currents change or become exces-
sive. Leakage is measured with the
transistor out of the circuit by moving
the function switch to the proper posi-
tion, reading the value directly in ni-
croamperes on the meter scale. Note
that the beta and 1, values of any un-
known transistor can be determined
without referring to a “setup” book or
transistor manual.

When testing diodes out of the cir-
cuit. their actual front-to-back condne-
tivity is indicated directly in micro-

2490
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amperes. When testing themn in the
cirenit, knowledge of their polarity is
not necessary; if the meter reads hack-
wards when connected to a diode. just
reverse the leads. The meter will read
only if the diode is rectifying. If the
diode is shorted or open, the mecter
pointer will remain still.

The power supply is zener-diode-
regulated. A specially designed current-
limiting circuit also protects low-pow-
cred transistors and  diodes against
damage due to misconnection of test
leads. The tester operates from a 117-
volt a.c. source; it weighs 8 pounds
and is enclosed in an all-steel, vinyl-
covered case measuring 9”7 x 7%” x 67,
Price is $89.50). A

Eico “Truvohm”’
Model 100A4 V.0.M.

For copy of manufacturer’s brochure,
circle No. 24 on Reader Sercice Card.

In spite of increasingly sophisticated
test instruments, the simple v.o.m.
remains the most widely used and ver-
satile piece of test equipment for ser-
vicing and maintenance as well as for
design work.

Lico has had two v.om. kits in its

line for many vears. These were also
available factory-wired at an additional
cost. More recently, the company has
made available 1 complete line of a
half-dozen low-cost. imported v.oms
ranging  from a $5.95 pocket tester
(Model 1AL) up to the new 53495
Model 100A4,

This top-of-the-line meter has a d.c.
sensitivity of 100,000 ohms volt and
an w.c. sensitivity of 12,500 ohms volt.
Ilence, the meter has a resistance of
5 megohms on the 50-volt d.c. range.
which is about half that of the usual
v.t.van. On higher ranges, the v.oan.
has a resistance that is far higher than
that of its vacuum-tube counterpart;
therefore, there will be little loading on
high-impedance circuits.

The Model 100A4 uses a double-
jeweled 2%  d’Arsonval meter move-
ment  with «  d-inch, mirror-backed

ELECTRONICS WORLD
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scale to climinate meter-reading errors
cue to purallax. As with most of the
recent instruments of this type, over-
load protection is included for the
movement to prevent burnout. In this
case, a pair of front-to-back-connected
silicon diodes directly across the move-
ment does the job. The carrying handle
is stif enough so that it can be swung
under the meter to tilt it up from the
bench for easier reading.

The v.o.m. has the usual d.c. voltage,
a.c. voltage, d.c. current, resistance, and
decibel ranges. Included is a useful
500-mV  d.c. voltage range for mea-
surements in transistor circuits. The
lowest current range is 10 ;A while the
highest is 10 A. A

Boonton Electronics
Model 41A R.F. Microwatt Meter

For copy of manufacturer's brochure,
circle No. 159 on Reader Screice Card.

HE Model 41A r.f. microwatt meter

provides measurements of ¢.w. micro-
wave power from 0.01 microwatt full
scale to 10 milliwatts full scale over a
frequency range of 0.1 MHz to 6 Gllz,
with a maximum sensitivity of 0.001
microwatt.

Because the power detector employs
high-frequency  silicon diodes rather
than thermistors, the instrument ex-
hibits excellent thermal stability; drift
is typically less than 0.001 microwatt
per hour, and no zero balancing is re-
quired on any but the most sensitive
range. In addition, the power detector
of the Model 41A is more resistant to
overload burnout than thermistor types,
and an overload of 300 milliwatts will
not result in any damage to the instru-
ment.

V.saw.r. is less than 1.2 to 2.5 GHz,
and less than 1.5 to 6 GHz. Accuracy
is =0.5 dB. The meter scale of the
Model 41A is calibrated in both micro-
watts and in dBm. The power detcctor
is equipped with a type-N connector
that permits it to be employed in a
50-ohm r.f. system.

Price of the Model 41A r.f. micro-
watt meter is $695. A
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Why settle for less? Buy the Best!

THE FABULOUS

MARN TEN

#

Available in
easy-to-build
kit form
at only

RAY e

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

CAPACITIVE DISCHARGE

IGNITIUN SYSTEM

Ready for these?

A Dramatic increase in acceleration
A Longer point and plug life

A Improved gasoline mileage

A Complete combustion

A Smoother performance

Ready? Order today!

BE YOUR OWN MECHANIC

Tune-up

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

eumnary

Lo\ Tramsestety o

Tune-up

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

DWELL METER $12:95 ;4

A Portable, high-impact case for
rugged work

A large, easy-to-read 3%z inch
precision jeweled meter

A Wide scale — reads dwell angles
in degrees

A All solid state

TACHOMETER #1495,

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

A Portable, high-impact case for
rugged work

A Range: 0 to 1200 RPM
A All solid state

r———— __________________________ ——-1
| DELTA PRODUCTS INC. '
| 1
I P.0. BOX 1147 EW + GRAND JUNCTION, COLORADO 81501 l
| Enclosed is $ Ship prepaid. [ Ship c.0.D. |
I Pl d: O Dwell Meters @ $12.95 O Mark Tens (Assembled) @ $44.95 l
| €ase send: 4 yach Meters @ $14.95 [J Mark Tens (Delta Kit) @ $29.95 i
(12 volt positive or negative ground only)
| Specify —[J Positive Ground [] Negative Ground [] 6 or [] 12 volt |
l Car Year Make I
I Name l
I Address !
l City, State Zip. R I
| I e s s NNV |
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WHY DRIVE A LATE
MODEL CAR WITH A
1910 IGNITION

SYSTEM

Install tomorrow’s
ignition system on
your car today!

THE JUDSON
ELECTRONIC MAGNETO

Write today for free literature

JUDSON

RESEARCH AND MFG. CO
CONSHOHOQOCHKEMN, PEMMNA.
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TAPE RECORDER
ANNUAL

1967 — $1.2§
1966 — $1.25
1965 — $1.00....

Everything you need to know about
tape recording including a complete
directory of mono and stereo
recorders,
Order by number from

Zitf-Davis Service Div., 595 Broadway ¢ New York,
N. Y. 10012. Enclose add’'| 15¢ per copy for ship
ping and handling (50¢ for orders outside U.S.A.)

wo 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 Sep-
tember, February. Dorms,
campus. High school graduate
or equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD. Valparaiso, Indiana
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(Continued from page 28)

pocket ready for surreptitious instal-
lation). the indicator lamp will flash
g that an
device s

‘ Electronic Eavesdropping
1
|
|

electronic
within  the

v ostlent warning
eavesdropping
premises.

A third, non-tunnel-diode approach
His shown in Fig. 8C. Herce a conven-
‘tional transistor audio oscillator is used
as the tone source. The output feeds a
conventional audio amplifier and loud-
speaker. The ground lead of the oscil-
lator circuit is taken through a transis-
tor switch which is normally cut off so
that the oscillator does not operate.
\When an r.f. signal is picked up by the
untuned antenna system, it is rectified
in the diode, filtered, and then passed
to the switch transistor. The positive-
| going voltage causes the transistor to
saturate, closing the ground circuit and
allowing the audio oscillator to operate.
A commercial version of this was L. N.
Schneider's “012 Bug Detector,” priced
at $39.50 (no longer available).

The most widely accepted device to-
day is known as the feedback detector.
Nothing more than a tunable, broad-
band (40 to 300 MHz) receiver with
speaker output, the gadget screams
with feedback in the presence of a
tuned-in room bug. These sell anywhere
from $150 to $650 and frequently
come equipped with “S” meters to aid
in locating r.f. telephone bugs. Interest-
ingly, price seems to have nothing to
do with receiver linearity or sensitivity.

The latest craze, however, seems to
be in r.f. white-noise generators, suit-
ably souped up for adequate januning
over a wide range of frequencies. (A
typical circuit is shown in Fig. 9.)
Known as “wiretap traps™ (Zelex Mar-
keting, New York City) and “antibugs”
(Dectron Industrics, Van Nuys, Calif.),
these gadgets can wreak havoc on lis-
tening devices, to say nothing of near-
by radio and TV reception. Yet they
have wide appeal, since they preclude
the need for visual and electronic bug
detection, which is often quite expen-
sive. Sold in various types of packages,
these units cost from $225 to $350. A
variation of this design, having an extra
r.f. amplifier stage, was recently dropped
by a West Coast supplier after the
FCC and FAA swooped down on a few
users who were unknowingly creating
havoc with aircraft radio communica-
tions.

The crude spark-gap transmitters of
vesteryear, the ultimate in powerful
hash generation, are occasionally em-
ploved today, although they are not
available commercially. Generally
| planted not far from a speech-sensitive
room and powered from dry cells or
fan auto storage battery, these ancient
relies are then remotely controlled from

www.americanradiohistorv.com

a convenient point in the home or of-
fice and are often activated by a wall
switch.

At a recent conference, it was stated
that it would take $S100,000 and a coun-
termeasure man with 10 vears experi-
ence to insure against electronic inva-
sion of privacy. This may be true in
rare instances invohving international
espionage, but it is also true that the
intelligent reader could conduct a fair-
Iy thorough investigation himsclf with
a very good chance of coming up with
a culprit. The trick is in knowing the
cnemy and making an approximation
of what methods he would be likely
to cmploy.

Exotic Devices

Last vear, a hearing by Senator Ed-
ward V. Long’s Senate Judiciary Sub-
committee made public the now-fam-
ous martini-olive FAI transmitter, that
had a maximum range of only 20 feet,
thus having very limited application.
Likewise, the sugar-cube microphone
commonly discussed, is only a micro-
phone—and not a transmitter.

Except for laboratory developments,
the smallest commercially  available
bug contains a single v.h.f. transistor, is
powered by a flat hearing-aid battery,
and measures 17 X #7 X 4”0 Yet it
requires an antenna wire and lhas a
maximum range of about 200 feet. As
subminiaturization goes, it is expected
that this design will continue to be
used for some time before becoming
obsolete, despite work being done with
1C’s.

Several clectronic companies have
indicated success with the creation of
physically small antennas, and bug de-
signers have been following these de-
velopments avidly.

Some have suggested going to a
higher frequency where more eflicient
antennas could be used. This presents
some problems, which are not insur-
mountable, however. As the frequency
goes up, the amount of r.f. power be-
comes limited, while r.f. absorption by
neighboring metal objects (and some
types of non-metallic objects) greatly
reduces the power that is left, thus
again reducing operating range.

One answer is the Gunu-type semi-
conductors where r.f. power can be
raised somewhat to overcome a few of
these problems. However, other condi-
tions now enter the picture. Multiple
reflections from surrounding terrain and
changing antenna patterns with move-
ment of the transmitter or metal ob-
jects around the transmitter all contrib-
ute to plague the higher frequency
unit. It has been estimated that power
level advances will not be made until
after 1970 at the earliest.

Limited only by the size of the ex-
ternal components required (battery.
mike), the introduction of the 1C

ELECTRONICS WORLD
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heralds the day of the really small,
easy to conceal bug. It onlv remains
for enterprising enginecrs to solve these
problems to match the tiny electronic
cirenits that can be created.

Of all the exotic devices, the laser-
beam eavesdropper is furthest from
realitv. Experts i laser research and
development predict that it will be a
minimunm of 20 vears before any tan-
gible results are realized, although fic-
tion (and often the news) media would
lead the public to think it was just
around the corner.

Micro-reflectors  consisting of  Ang-
strom-thick reflective paint that is not
optically visible has been developed,
although its use us a window-pance re-
flector for laser snooping right now is
pure sensationalism. Additionally, audio
filtering is presently nowhere near the
level required for such work.

One problem in the future of elec-
tronic cavesdropping lies in working
out the flaws in audio-frequency filters
and in raising the power levels of r.f.
transmitters to something more than
the 230 mW of present tvpes. Miles
Wireless Intercom. Ltd. has already an-
nounced that it had developed the ulti-
mate in audio filters, capable of dis-
tingnishing and separating voices from
Lrpewriter clatter, passing cars, air con-
ditioners, und overheud airplanes. Elcc-
tro-Voice has had, for quite some time,
a long-range “shot-gun” mike with spe-
cially cut tubes for key voice frequency
range response. 1t should only he a
matter of time before practical snoop-
mg devices result.

Now that the reader has had a good
ook at modern electronic eavesdrop-
ping, he is urged to use his own judge-
ment in distinguishing  between  the
real and the fictional and to bear in
mind that even the most devoted Iun
Fleming fans often come from Mis-'

souri. \

I conclusion, this article has concen-
trated on the strictly technical aspects
ol this topic. On the matter of the ethics
involved in using eavesdropping equip-
mient, that would require another article
even larger than this one.
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‘"He fills in during coffee breaks.” I
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The 3rd Generation arrives!

INTEGRATED CIRCUITS NOW IN SCOTT RECEIVERS

Brings stations you've never heard before to life with amazing clarity!

First tubes, then transistors and FET's . . . and now, incorporating the most
important technological advance of the decade, Scott’s new 3rd generation
receivers . . . each with 4 Integrated Circuits! Scott Integrated Circuits are
designed into the 388 120-Watt AM/FM stereo receiver, the 348 120-Watt FM
stereo receiver, and the 344B 85-Watt FM stereo receiver. Now you can hear
more stations with less noise . . . less interference from electric razors, auto
ignitions, etc. Scott conservatively rates capture ratio of these new receivers
at 1.8dB ... selectivity at 46 dB! And, you'll enjoy this amazing performance
for many, many years, thanks to the rock-solid reliability of Scott IC’s. Your
Scott dealer will gladly demonstrate to you Scott. . . where irnovation is a tradition

the astounding capabilities of these new SC DTT

receivers. F
FREE ... fact-filled, fully illustrated booklet on Scott Integrated
| Circuits . . . simply circle Reader Service Number 98.

CIRCLE NO. 98 ON READER SERVICE CARD

FINCO

“has ‘'em both!” B cut holes

fast!

iiK&r”‘

Round—inches end mm

Model #65-2

$3995

list
BOOSTER COUPLERS
FOR 300 OR 75 OHM

For Deluxe Home or Commercial Use

Now available for either 75 OHM
CO-AX or 300 OHM operation . . .
you can't beat the price, quality and
performanca of Finco’s famous 2-
tube, 4-set VHF or FM Distribution I
Amplifiers. Finco challenges 'em \
all! Equip either model with Finco
low loss splitters (#3001 or #3003)
and you candrive up to 16 sets in a
master antenna system! '
Al Finco Products Are Engineered for Color!

Double D" Square

Greenlee
punches

Here's the simple speedy way to cut smooth,
accurate holes in metal, hard rubber, plas-
tics, epoxy, etc.

Save hours of hard work . . . punch clean, true
holes in seconds for sockets, controls, meters,
and other components. Easy to operate. Simply
insert punch in a small drilled hole and turn with
awrench, For use in up to 16-gauge metal. Avail-
able at leading radio and electronic parts dealers.

‘ GREENLEE TOOL CO

DIVISION OF GREENLEFE BROS. A CO.
1866 Columbia Avenue, Rockford, Ill. 61101
CIRCLE NO. 112 ON READER SERVICE CARD CIRCLE NO. 110 ON READER SERVICE CARD

THE FINNEY COMPANY

34 West Interslale Street, Bedford, Ohio
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f’ compact
transwtor
audio
L amplifier

[J 5 Transistors and 1 Thermistor

O Shielded Input Transformer with TWO PRI-
MARY WINDINGS...50 Ohms and High
Impedance

I Output Transformer with TWQO SECONDARY
WINDINGS...8 Ohms (for Speakers), 500
Ohms (for Modulation and High Impedance
Loads)
O Volume Control
Circuit Board
[0 Low Distortion...
Qutput

I Extremely High Gain...80 DB! Handles low-
level mikes, phono plckups telephone pick-
ups, etc.

I Sturdy Printed Circuit Board 5%" long, 134"
wide

[J Weight...3%z ounces

1 Power Supply...Any 9-Volt DC Source

Usze it for:
A System

Hi-Fi System (Use 2 for Stereo)

Guitar Amplifier

Surveillance Listening System  Utility Amplifier

Electronic Stethoscope Science Projects ‘

COMPLETE AMPLIFIER $6 95each
INCLUDING SCHEMATIC DIAGRAM We pay postage! |

§ ROUND HiLL ASSOCIATES INC.

Model
AA-100

Included and Mounted on

200 Milliwatt Push-Pull

Intercom Amplifier
Modulator for Transmitter
Phono Amplifier

K2

I }% A MILO ELECTRONICS SUBSIDIARY I

| MIN=4 134 Avenue of the Americas, New York, N.Y. 10011 | \
| Please rush me __ (qgty) of your compact |

| transistor audio amplifiers at $6.95 each post-

1 paid. My check or money order for $ |

i is enclosed. I

| NAME I

{ ADDRESS |
| CITY STATE zZIP ! :
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EW Lab Tested

(Continued from page 16)

eflortless, “wide-open” sound that we
have heard from very few speakers—
most ol which were far larger and more
expensive. lxperimenting with the con-
torr control unit convineed us that it
can be valuable i the hands of a
knowledgeable user, hut can he lett in
its nornul, or center, setting without
compromising  the  speaker’s  pertor-
HECe i any wiy,

Despite the sonic excellence of the
system, we  found couple of minor
annoyances in its design. For exumple,
the contour switches rotate clockwise to
decrease level, modireet opposition to
normally acceepted human engineering
principles. The terminals on the rear ol
the contowr control box are  closely

Manufacturer’s Comments: It is extremely
difficult to run a continuous recorded curve of
speaker response with a single microphone posi-
tion for ali frequency regions, even when several
compiete response curves are taken from various
positions and subsequently averaged, For effec-
tive measurements in the high-frequency region,
Hirsch-Houck labs’ procedure of averaging re-
sponse figures from several points reiativeiy dis-
tant from the speaker unquestionably is far more
accurate than simple on-axis readings or aver-
aged anechoic chamber readings from various
mike positions, since it provides a far more teliing
indication of the total high-frequency energy (re-
flected energy as well as direct) reaching a
listener.

In the region below 500 Hz, however, the same
distant microphone placement or placements be-
gins to yietd figures that are so much more a
function of the room’s characteristics than the
speaker’s that the peaks and dips that occur—
particularly between 100 and 500 Hz—give vir-
tually no indication of the speaker’'s actual re-
sponse. In rearity, in any but a grossly deficient
loudspeaker, the effective response in this region
is remarkably fiat, since a speaker is operating
well within its area of piston action. In distantly
miked room curves, however, the impression of
peaks and dips is severe and, even when room
effects are mentioned forcefully, the initial and
very strong impression of the printed curve is
that it represents a speaker rather than room be-
havior. This cou!d only be modified effectively
in the reader’s mind by reference to curves of
several loudspeaker systems at once, in which the
similar room-response would be evident. Even
here, however, the effect of very minor changes
in speaker and microphone positions for different
reports would tend to indicate speaker dif-
ferences that realiy do not exist. (Editor’s Note:
We continue to run these curves, ali taken under
the same conditions, because they do permit just
such a comparison to be made.)

spaced and so positioned that it is quite
difficalt to connect both the amplifier
and \'I)L"lk(l' cables without shorting

some of the connections, with p()ssﬂ)le
dumage to speuaker, amplifier, or both.
A slicht relocation of  the tcrminuls

would solve the problem casily.

These minor crltlus'ms" cannot affect

the unit. We
it among the five or six finest
sounding  speaker  systems  we
heard, regardless of size or price. Any-
one shopping for a speaker in its price
class owes it lo himself to listen to it
in fact, hearing the sound of this
speaker can provide a usetul frame of
reference for people who plan to buy
a smudler, less expensive system. They
fuce the risk, however, that they may
find themselves unlappy with any less-
er choice.

Price of KLII Model 12 is $275.

owr over-all judgment of
consider

In developing speakers at KLH, we begin with
slow-sweep sine-wave frequency measuremenrs,
with a microphone placed close enough to the
speaker to avoid room effects. This, of course,
simply gives an indication of point-to-point
smoothness and says nothing about desirable
balance and over-all sound quality. We then
move the microphone back and from several
positions measure over-all response by using
fiitered segments of random noise rather than
sine waves to give what we think is the clearest
indication of the speaker’s response when inte-
grated with room conditions. The filtered noise
technique minimizes grossly unrepresentative
room effects and enabies us to adjust the octave-
to-octave response of a basicatly exceilent speak-
er mechanism by acoustic and electrical means for
desirable balance. This is the best way we know
of to design o finished speaker system. The
octave-to-octave batance is what accounts for the
remarkab:e sonic impression that Hirsch notes in
the test of his report—an impression that would
be difficult to support in direct references to the
response curves he has measured and which ap-
pear in this report.

A small point: the reason for the apparently
non-standard rotation of the controls on the con-
tour control is that its panel was designed to
represent graphicaliy the effect of changing the
controls from the “flat’” position, so that the lis-
tener can see from across the room the relative
response position in which he has left the con-
trols. This is done by giving the knobs an arrow
shape which tapers to the right and which in-
dicates the elevation of a particular frequency
range far more accurately than wouid a taper
to the left, which would be necessary if the con-
trol were given the usual clockwise-fo-increase
rotation. Whatever one’s feelings about this ar-*
rangement in practice, it was done after consid-
erable thought was devoted by the manufacturer
to “human engineering’”’ and usefulness to the
listener. A

Shure V-15 Type Il Stereo Phono Cartridge

For a copy of manufaciurer’s brochure,

r e Shire VoI5 stereo cartridge,

first introdneed a couple of vears
ago, incorporated suceh advanced fea-
tures as a 13-degree vertical tracking
angle, elliptical (or “hi-radial™) stylus,
and exceptionally high stvlus compli-
ance. My outstanding  sound  quality
cartied it w place among the top car-
tridges of the time. Howas difficalt to

WwWWW . americanradiohistorv.com

cirele

No. 22 on Reader Service Card.

see  where  any  major  improvement
could he made in its performance.
Nevertheless, Sliure engineers were
not content to rest on their lanrels and
the result of their efforts is the new
Vo153 Type 11 Recognizing that some
heavily modulated records still sound-
ed fuzzy and distorted when pla.\ed‘
with the V-13 (or any other cartridge ).

ELECTRONICS WORLD !
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thev made an extensive studyv of the
peik recorded velocities encountered at
high and middle Irequencies. The re-
sults, viewed in the light of state-of-

the-art cartridge performance, clearly
indicated a need for turther cartridge
development,

At middle frequencies (between 800
and 2500 Hz), velocities as high us 26
cm/sec can occur. The maximum theo-
retical velocity falls off at about 6 dB/
octave above and below these frequen-
cies, but may still attain 6 cm/sec at
10,000 Hz. However, velocities of
about 20 cm/sec at 10,000 Hz mav oc-
cur on some records. This was well
above the tracking capabilities of even
the best cartridges of the time.

Most test records. even those with
velocities as high as 30 emy/see, are cut |
at 400 or 1000 Hz. Our measurements !
have shown that u number of good car-
tridges can track these vecords quite
well, with acceptably low distortion.
Due to our inability to make tracking
measurements at high tfrequencies and
high velocities, most good cartridges
appeawred to be quite similar in fre-
quency  response and  distortion, and
even in their listening qualities.  Such
differences as could be heard were
rather subtle and were more in the na-
ture  of slight coloration differences
rather than distinct advantages or dis-
advantages.

Shurc’s engineers were well aware
that even the V-13 could not track the
maximum velocities it would encoun-
ter at the highest frequencies. Since
the trucking ability (or “trackability,”
i
ol

74**"-**-*:-‘['1*-[ 1
H H B H 1R H
I HE O

s SHMURE v-1S TweE X
RECORD. RCA 12-6-38 [ .
[| 400/4000H:-4't

i
e
i

PERCENT IM DISTORTION

it

H I I — 20 - 25
PEAK RECORDED VELOCITY -CM/BEC,
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Sorry, the new Sony FM stereo tuner won't be here until April.

You know the kind of magic Sony works with transistors. Well,

they've done it again. This time with a new solid-state FM stereo

tuner. But, it won’t be available at your hi-fi dealer until April.
Meanwhile, visit your dealer and audition the Sony TA-1120

solid-state sterco integrated amplifier—the one that’s drawing rave
notices from the high fidelity editors. B
Tell your high fidelity dealer to save
a front-row seat to hear the new
Sony FM tuner, available in April.
Sony Corporation of America,
Dept. H, 47-47 Van Dam Street,
Long Island City, New York 11101

A selection of the World's finest photographs: com-
piled by the editors of Popular Photography. All

editions $1.25 each: 1966 — $1.25.
1964 — $1.25.

Mg ug Order by numbev“ "from

Ziff-Davis Service Div., 595 Broadway » New York,
N. ¥, 10012. Enclose add’l 15¢ per copy for ship-
ping and handling (50¢ for orders outside U.S.A.)

LEARN & AT HOME

Fix TV, design automation s¥<tems. lewrh transi-tors,
compiete electronies. College level llome >dtudy
courses taught s0 yvou 2an umlerstand them. Bam
more 1n the highly paid electronics industry. Uomnc-
. Mi~siles, theory snd practical. Kits furnisheds.
30,000 gradwmies now  employed.  Hessdent
~=05 at our Chicapro cumpus it desired. Foundest
1934, Catalog. *'Veis—write for information asbout
G 1 I Training.® R

American Institute of Engineering & Technology

1141 West Fulterton Parkway Chicago, Hl. 60614

Diversify
into booming
two-way radio
maintenance!

105-8 MICROMETER
FREQUENCY METER

Measures nearby transmitters.
Continuous coverage 100
KC to 175 MC, and up.

calibrator.

Internal
Only 8 pounds.

295.0
- 3 PPM METER—inexpensive ac-

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

LAMPKIN LABORATORIES, INC
MFM Division, Bradenton, Florida

33505

www.americanradiohistorv.com

LAMPKIN

dependable low cost equipment
vsed by thausands of engineers.

$500 per month?

Conservative extra income
from citizens band and
business radio
maintenance!

Free
booklet tells
you how—see
coupon below!

205-A FM MODU-
LATION METER

Tunable 25 to 500 MC any
channel. Direct reading.
Light weight. Measures
peak swing 0-1.25, 2.5,
12.5, and 25.0 peak
KC. $340.00

At no obligation to me, p|e?se_s:\d_m?me
booklet “How to Make Money in Mobile-Radio |

Maintenance.”’ I
Name I
Address |
State J}
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SUBSCRIBER SERVICE

Please include an address label when writing about
your subscription to help us serve you promptly.
Write to: Portland Place, Boulder, Colo. 80302

Change of Address:

Please let us know
you are moving at
least 4 weeks in ad-
vance. Affix magazine
address label in space
to the right and print
new address below. If
you have a question
about your subscrip-
tion, attach address
label to your letter.

To Subscribe:

|
|
|
|
|
I
Check boxes below. I
I
I
I
I
i

Electronics Wo

210
Aid
$$8IpPD
awopu

lund asos|d

O New (JRenewal

0 5 years $21

0 3 years $15

01 year $6

Specify

[J Payment enclosed
—You get 1 extra
issue per year as a
Bonus!
J Bill me later.

opo3-djz

name please print

0164

address

city

state 2ip-code

*Controlled Quality Crystals available
only from Texas Crystals dealers. Ex-
tensive precision testing throughout
manufacture enables Texas Crystals to
unconditionally guarantee their fre-
quency control crystals. Use of Texas
Crystals in space program and by
other governmental agencies is evi-
dence of the quality you can count on.

If your dealer can't supply your needs,
send his name with your
request for catalog to our plant nearest you.
\“‘ r

TEXAS
CRYSTALS “|°

] | Division of Whitehall Electronics Corp,
1000 Crystal Drive 4117 W. Jefferson Blvd.

Fort Myers, Fla. 33901 los Angeles, Calif. 90016
Phone: 813-934-2109 Phone: 213-731-2258

CIRCLE NO. 197 ON READER SERVICE CARD
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as Shure calls it) of a cartridge is a
function of many parameters, including
tip mass, record-to-stylus compliance,
stvlus shank compliance, bearing com-
pliance, and viscous damping, among
others, a cut-and-trv development pro-
gram would be lengthy and expensive.
Therefore, an electrical analog of the
complete cartridge/record svstem was
constructed and an analog computer
was used to optimize the design.

Of course, implementing this design
involved a great deal of proprietary
art, in such areas as stylus shank ma-
terial and shape, damping material,
etc. The manufacturer is understand-
ably reluctant to be specific ubout these
details. The end result, the V-15 Type
Il, speaks for itself. It is a real step
forward in phono reproduction and the
improvement over the original V-15, to
say nothing of practically all other car-
tridges, is strikingly audible.

Like the V-15, the V-15 Type II
tracks at % to 1% grams. It has a 15-
degree vertical stylus angle. Its ellipti-
cal stylus has radii of 0.2 mil and 0.7
mil, compared to the 0.2 mil and 0.9
mil of the V-15 stylus. The cartridge
weight has been drastically reduced
from 11 grams to 6.8 grams. Its out-
put is also much lower, about 2.7 mil-
livolts as compared to 6.1 millivolts
for the V-15 (at 3.54 cm/sec). A
swing-away stylus protector is built into
the new cartridge. (Editors Note:
The cartridge tested was one of the
carliest ones available. According to
the company, current production car-
tridges are producing 3.5 mV output as
an average.)

Most important, the cartridge, op-
erating at % gram, will track velocities
in excess of anything found on modern
records. For example, at 10,000 Hz, it
will track 20 cem/sec. This virtually
eliminates the shattering or raspy qual-
ity which occurs when playing a heavi-
ly modulated record with a cartridge
lacking the necessary tracking ability.

Our laboratory measurements of its
frequency response show that the car-
tridge is flatter and better damped at
high frequencies than its predecessor.
Over-all it is within = 1.5 dB from 40
to 20,000 Hz, playing the CBS STR100
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RECORD.CBS STRIOO
FORCE | GRAM

5k

1k 2|
FREQUENCY—H:z

record. Much of that variation is on the
record itself. Channel separation is bet-
ter than 25 dB from 500 to 5000 Hz
and almost 20 dB at 15,000 Hz. The
compliance of the stylus is no longer
specified, but may be inferred from
the fact that the arm resonance in a
good turntable is at about 10 Hz.

The 1000-Hz square-wave response
shows good damping, with only a sin-
gle cvcle of ringing at about 15,000
Hz. The one measurement which shows
the most dramatic improvement is the
intermodulation distortion, as tested by
the RCA 12-5-39 record. The old V-15
had IM of about 1% to 1.5% for veloc-
ities as high as 20 to 25 cm/sec (bet-
ter than most cartridges tested). The
new V-15 Type 1I distortion increases
more abruptly at high velocities (about
16 cm/sec at 1 gram or above 21 ¢m/
sec at 1.5 grams), but below these lev-
els it is an insignificant .05%. Not only
is this far lower than we have mea-
sured on any other cartridge, but we
suspect it is the residual distortion of
the test record rather than that of the
cartridge.

Measurements notwithstanding, the
new cartridge can be best appreciated
when playing a record—and the more
“difficult” or “unplayable” the record,
the more impressive is its performance.
To convince the user of the superiority
of this cartridge, the manufacturer has
issued a special record, with recordings
of bells, harpsichord, and other instru-
ments at four levels. Most cartridges
sound clean at levels one and two. The
Shure V-15 and other fine cartridges
sound good on level three, although
many cartridges begin to break up
quite badly at this point. Level four
produces a shattering, distorted sound
from almost any cartridge—except the
V-15 Type II. Even when the latter
cartridge sounds a little strained on the
highest level recordings, it is distinctly
superior to the V-15.

We have demonstrated to our satis-
faction that many records which were
formerly unplayable, or unpleasantly dis-
torted, sound fine when played with
the new cartridge. It is truly superb.
The Shure V-15 Type II sells for
$67.50. A

ELECTRONICS WORLD
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NEW PRODUCTS
& LITERATURE

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

METER CALIBRATOR
A compact instrument which can be used to
check a.c. and/or d.c. voltmeters up to 1000
volts and a.c. and, or d.c. ammeters up to 5 amps
has just been introduced as the Model 6920B.
The instrument is capable of both constant
voltage and constant current output. Its absolute

accuracy of 0.2% -+ 1 digit for d.c. and 0.4%
4+ I digit for a.c., makes it suitable for labora-
tory or production testing of panel meters, multi-
meters, and other meters having an accuracy on
the order of 1.0% or higher. The calibrator is
packaged for bench or rack use. Hewlett-Packard
Circle No. 126 on Reader Service Card

1-WATT ZENER DIODE

A newly designed 1-watt zener diode in which
the clements are contained in a smaller body
than was previously offered as a %2-watt power-
rated diode is now available.

With the new design, the silicon wafer is
aligned between two parallel, offset tantalum
heat-sink tabs, with gold-plated nickel leads
welded to the tabs. The leads do not extrude and
the long, bidirectional leakage path assures posi-
tive moisture protection. The body is high-pres-
sure molded and has a banded and tapered
cathode. Size of the diode body is 0.160” diam-
cter x 15" long. The zener is available in 1%,
2%, 5%, 10%, and 20% tolerance units and in
21 voltages from 2.4 to 16. Schauer

Circle No. 127 on Reader Service Card

REGULATED POWER SUPPLIES

Three new convection-cooled, all-silicon regu-
lated power supplies, with voltages up to 60 volts
d.c. and current ratings up to 35 amperes have
just been introduced.

Suitable for rack or bench mounting, each of
the new power supplies has multiple current rat-
ings for the ambient temperatures most frequent-
ly encountered in laboratory, industrial rack ap-
plications, and for elevated-ambient operation.
The LK-352 model, for example, is rated 0 to 60

April, 1967

volts d.c., has a current rating of 0-15 A at 40°C
and 0-14 at 50°C, 0-12.5 at 60°C and 0-10 at
71°C. Current ratings apply over the entire volt-
age range. Lambda

Circle No. 128 on Reader Service Card

25-AMPERE POWER TRANSISTORS

Six new 25-ampere diffused alloy power
(DAP) germanium “p-n-p” transistors are now
in production. These new units are specifically
designed for high-speed, high-current switching
and amplifier applications.

Features of this new B-113000 series are a
high collector voltage (—100 to —170), low
saturation voltage (—0.5 V maximum at 25 A),
high d.c. current gain (60 to 300 at —2 A and
—2 V), and low thermal resistance (0.8° C/W
maximum).

Mechanical dimensions for these units conform
to the JEDEC TO-3 outline. Bendix

Circle No. 129 on Reader Service Card

MOTOR-SPEED /LIGHT CONTROL

The “Knight-Kit” Model KG-201 permits con-
trol of the speed of electric drills, saws, sanders,
grinders, mixers, and other clectrically operated
devices. It may also be used to control the bright-
ness of incandescent lamps and photographic
photofloods and units with heating elements such
as heating pads, coffec makers, and toasters. It
can be used with soldering irons (except trans-
former-type guns) to limit heat for the protection
of delicate components.

The solid-state circuit uses a silicon controlled
rectifier and two diodes. A calibrated control
adjusts the output. In full “on™ position thc ap-

MOTOR SFEED
LHGHT CONTROL

pliance runs at normal speed. It can be used with
any universal-wound a.c.-d.c. motor-driven de-
vice with nameplate rating of 7.5 A or less. It is
designed for resistive loads up to 900 watts and
incandescent lamps up to 500 watts. It will not
work with a.c.-only motors.

The kit comes with detailed step-by-step in-
structions for assembly. The completed unit
measures only 278" x 4” x 1%2”. Allied Radio

Circle No. 1 on Reader Service Card

PC REED RELAYS

A new series of printed-circuit reed relays es-
pecially suited to aerospace and computer appli-
cations has been released as the “Chemtron™ 225.
With a switching time of less than 0.5 ms (in-
cluding bounce), the relay is one of the fastest
and smallest PC reed relays commercially avail-
able today, according to the manufacturer.

The relay measures 0.8” x 0.2” with standard
0.1” pin spacing to simplify PC board layout.
Direct PC mounting eliminates the changes in
reed characteristics resulting from cutting and
bending axial-type leads.

www.americanradiohistorv.com

Additional information on the ttems
covered in this section is available
from the manufacturers. Each item
is identified by a code number. To
obtain further details, fill in cou-
pon on the Reader Service Card.

The 225°s electrostatic shield minimizes coil-to-
reed capacitance for low-loss switching or r.f.
or low-level a.c. signals. The s.ps.t., normally
open contact rating is 250 mA at 250 V maxi-
mum nto a non-inductive load. A 12-volt coil is
standard. Self-Organizing Systems

Circle No. 130 on Reader Service Card

PRECISION TRIMMERS

Gold-plated printed-circuit pins or lugs or
standard solder terminals are variaiions available
in a new wide-resistance-range series of precision
“Relcon™ trimmers.

The new CW-90 series units are manufactured
in all standard resistance values from 25 to
50,000 ohms, with special 10-ohm units also
available. Ceramic mandrels and precious metal
wipers are features which make these units es-
pecially applicable for precision instrumentation
use, according to the company.

A stainless-steel lead screw requiring about
0.625 ounce/inches of operating torque provides
for 25 turns with idler protection at both ends of
the wiper traverse. Equipped with high-strength
Diallyl phthalate housings, ten of the trimmers
weigh less than 1 ounce. All units are 1.25 inches
long, 0.220 inch high, and 0.312 inch wide.
Mounting holes are on 1-inch centers and units
equipped with either pins or standard terminals
can be stack mounted for maximum space utili-
zation. Bowmar

Circle No. 131 on Reader Service Card

TUNING VARACTOR BINE

A complete new line of tuning varactors that
features the DOQ-7 glass package has recently
been introduced. Designed specifically for elec-
tronic tuning applications, these units are espe-
cially well suited for hand-solder or stripline
insertion. They can be used in equipment op-
erating at frequencies up to 3 GHz. The high
capacitance ratios, which range up to 6:1, make
it possible to design resonant circuits which are
tunable over octave bands.

“Q” is up to 400 at 50 MHz, total capacitance
is from 5 pF to 30 pF, and breakdown voltages
are 120 volts. AEL

Circle No. 132 on Reader Service Cord

EXPANDABLE CHASSIS
A new line of patented expandable chassis,
which is being offered in brass to permit solder-
ing to prevent RFI leakage, has been announced.
Designed for laboratory applications involving
experimental circuitry, the chassis is assembled
from rails, panels, and bottom plates of the de-
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Enjoy the “‘music-only” programs
now available on the FM broadcast
band from coast to coast.

* NO COMMERCIALS o
® NO INTERRUPTIONS e

e

It's easy! Just plug Music Associated’s Sub
Carrier Detector into multiplex jack of your FM
tuner or easily wire into discriminator. Tune
through your FM dial and hear programs of con-
tinuous, commercial-free music you are now
missing. The Detector, self-powered and with
electrontc mute for quieting between selections
permits reception of popular background music
programs no longer sent by wire but transmitted
as hidden programs on the FM broadcast band
from coast to coast. Use with any FM tuner
Size 514" x 9. Shipping weight approx. 7 Ibs.

KIT $4950

{with pre-tuned coils, no alignment necessory)

wirep $7 500
COVER $4.95 EXTRA

Current List of FM Broadcast Stations wlm SCA
authorization 00

MUSIC ASSOCIATED

45 Glenwood Road, Upper Montclair, New Jersey
Phone: (2011-744-3387

HI-FI -
PROBLEM ?!

Need another MAG in-
put on your pre-amp?

PROBLEM ?!

Need equalization for
a direct connection
between tape head
and hi-fi pre-amp?

MIKE
PROBLEM ?!

Need boosted output?
Losing “Highs'"?

\DIIIAIE'

e

This one line
pre-amplifier s
solves all S
these
problems—
and more:

M61

STEREO AMPLIFIER
Just one of several specialized
pre-amplifiers by Shure.

‘Write for alt the interesting facts:
SHURE BROTHERS, INC.

222 Hartrey Avenue
Evanston, Illincis 60204

CIRCLE NO. 96 ON READER SERVICE CARD
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i sired size. All scams in the asscmbled and com-
pleted chassis can then be soldered not only
preventing RFT leakage but making the internal
circuit and components dust-proof and moisture-
proof as well.

Avallablc sizes range from 4” x 4” w0 17" x
17" in 17,27, 3", or 4" depths. Scezak

Clrcle No. 133 on Reader Service Card

VACUUM RELAY

A new vacuum relay whicl offers the multi-
ple capability of interrupting resistive  power
and carrying high r.f. currents as well as with-
standing high voltage is now available as the
RFID. The new relay weighs %4 ounce and oc-
cupies less than '3 cubic inch of space.

Aided by the vacuum diclectric and a new in-
ternal design, the RFID will interrupt 1000
watts of d.c. power for over 100,000 operations
at a maximum of 1 A or 2 kV. It will also with-
stand 4 kV peak test voltage and carry r.f. cur-
rents of + A r.m.s. at 16 MHz. Contacts are
s.p.h.t., contact resistance is 0.010 ohm maxi-
mum, operate time is 10 ms maximum, and coil
voltage is 26 volts d.c. ITT Jennings

Circle No. 134 on Reader Service Card

MARKER GENERATORS

Two marker generators for superimposing
well-defined and precisely crystal-controlled a.c.
or d.c. marks an a scope display of response
curves are now available as the Models CM-6 and
CM-10. The former can be programmed to pro-
vide any desired fundamental frequency between
2 and 100 MHz. The CM-10 rack-mounted
 model has a frequency range of 100 kHz to 100

!
| MHz. At the higher frequencies (20 to 100

MHz), up to the 20th harmonic will be visible

land up to the 10th harmonic will be displayed
on the lower (100 kHz to 20 MHz) frequencies.
Proper choice and proper mixing will provide
harmonic and sideband markers across a wide
bandwidth,

Full specifications on both the portable and
rack mounted models will be forwarded on
request. Jerrold

Circle No. 135 on Reader Service Card
MICROMINIATURE FILM RESISTOR

A new microminiature metal film resistor that
bridges the gap between available discrete re-
sistors and microcircuitry has recently been intro-
duced as the Type UC. The new unit satisfies
the applicable requirements of MIL-R-10509 and
is believed to be the smallest commercially avail-
able unit of its type.

The resistor measures (0.125 inch long x 0.047
inch diameter and has # 30 gold-plated dumet
leads. Resistance values range from 50 ohms to
10,000 ohms, with initial tolerances of = 1, = 2,
or = 5%. Rated Yopth watt at 100°C, these tiny
resistors can be obtained with temperature co-
efficients of = 50 or == 100 ppm°C. IRC

Circle No. 136 on Reader Service Card

82-CHANNEL COAXIAL CABLE
A new low-loss, 82-channel coaxial cable for
color, black-and-white, and FM-sterco installa-
tions is now being marketed as the *“Color-Shicld
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82 Coaxial Colormatch™. The cable comes with a
300-75 ohm matching transformer attached. The
transformer ties directly to the 300-ohm output
of the antenna.
The new cable comes in three lengths: 50, 75,
and 100 feet. JED
Circle No. 2 on Reader Service Card

WIRE MARKERS
A complete line of self-adhering wire markers
in convenient pocket-size books is now on the
market. Each book contains 420 markers plus

420 single terminal block markers. Nine combi-
nations of letters and numbers are available to
cover most marking requirements. Each indi-
vidual marker is 12" long.

The wire markers are made of coated vinyl
which resists 0il and moisture. The imprinted
letter and number characters are easy-to-read
block letters. The markers won't smudge and
can be wiped clean. Thomas & Betts

Circle No. 137 on Reader Service Card

BURGLAR-ALARM KIT

A completely self-contained burglar-alarm kit
including all switches, siren, lock-and-key, and
all necessary components to protect panel trucks,
passenger cars, station wagons, or boats is now
available.

Capable of providing protection to the hood,
trunk, and all four doors of the vehicle, installa-
tion is quick and simple. In normal usage, a
protected vehicle is locked and the siren system
turned on with the key in the front fender lock.
Thus if the vchicle is tampered with, a shrill
siren sounds immediately to signal the owner
and police. The alarm can only be turned off by
the owner resctting the system with his key. The
owner can bypass the system simply by turning
the key before entering the vehicle himself. On-
Guard Corp.

Circle No. 3 on Reader Service Card

H.V. SILICON TRANSISTORS

An expanded line of high-voltage silicon
power transistors, designed for use in high volt-
age inverters and switching regulators, TV
deflection circuits, as well as all line voltage
switching and amplifier applications are available
as MHT 7901-5 and MHT 7907-10.

These 10 amp planar *“n-p-n" transistors fea-

ture Vepo sustaining voltages from 150 V to 325
V. They are supplied in the TO-66 package and
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have a frequency response of 50 MHz and a
Cone of 130 pE. They are capable of dissipating
up to 25 watts at 100° C case temperature.
Solitron

Circle No. 138 on Reader Service Card

CONTACTLESS REED RELAY

A contactless resonant reed relay with a life
span approaching that of solid-state devices and
designed for use in solid-state circunitry has been
introduced as the Model S1087A.

The relay, said to be the smallest in the elec-
tronic industry. (0.619 inch wide. 0.393 inch
deep, and 1114 inches long plus connecting
nins), has a frequency range of 67-3130 Hz and
a temperature stability of = 0.001% per °C.

By eliminating contacts, the life span and
reliability of the coponent has been significantly
increased, according to the manufacturer. The
unit is designed for use in carrier-current control
systems,  radio  and  direct-wire  transmission
systems. Motorola

Circle No. 139 on Reader Service Card

R.F. LOAD RESISTORS

The Mode] 8160 “Termaline™ dry high-power
coaxial load resistors are designed for 30-ohm
r.f. line and system termination in any position.
The 100-watt model is completely independent
of cxtraneous heat sinks or cooling liquids. Mat-
ing it with an axial air How device in the Model
8161, the radiator permits a safe r.f. power dis-
sipation of 225 watts. Both units operate con-
tinuously from —40 to - 45 degrees C.

The cthcient transfer of heat from the cylindri-
cal resistor is the result of a novel truncated r.f.
design on space-age substrate material,

Full specifications and application data are
available. Bird

Circle No. 140 on Reader Service Card

REED RELAYS
The new Scries 350 reed relay is designed for
printed-circuit or plug-in application and is be-
ing offered in four different load capabilitics from

dry circuit to 15 amps in-rush. Over 100 x 10°
operations with breakdown voltage of 350 to
1000 V r.mus. is standard.

The scries is offered in three standard coil
voltages (6, 12, and 24) and comes with 1, 2,
3,4, or 6 poles. Electrostatic and clectromagnetic
shiclding are availuble on special order. Elec-Trol

Circle No. 141 on Reader Service Card

HI-FI—AUDIO PRODUCTS

COMPACT FM-STEREO RECEIVER

The Model $-8600, an all-silicon solid-state re-
ceiver, has been designed expressly for compact
bookshelf installations in apartments or other
arcas where space is at a premium.

The receiver features front-panel controls for
tape mounitoring, bass, treble, balance, loudness,
tuning, FM 'phono, and mono/sterco. A jack
is also provided for stereo headphones. Continu-
ous power is 3{) watts per channel at 4 ohms
and 20 watts at 8 ohms for 1% distortion. FM
sensitivity (1HIF) is 1.8 4V for —30 dB noise
and distortion below 1004, modulation. Fre-
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MAGNETIC VISUAL CONTROL
BOARDS SIMPLIFY WCRK
COLORFUL
MAGNETIC ELEMENTS
¢ show facts instantly
¢ organize for action
¢ eliminate mistakes

« get the job done
MAGNETS MOVE FASTEST—
AND EASIEST—OF ALL
WRITE FOR FREE 28 PAGE
ILLUSTRATED CATALOG EW4

INTRODUCING THE NEW

Sehotei

Shealre ﬂ‘z(( 727

Build it yourself and
save over 50%

Thé 6n|y fheatre Organ available in kit form —for only $1350.

You've asked for it and here it is — the NEW
Schober THEATRE ORGAN that you as-
semble yourself. For the first time in kit form,
a real Theatre Organ with that rich, full, old
time theatre pipe organ sound. You creiate
the organ, then you create the music!

For years you've been able to buy organs in
kit form from Schober: The Recital (fully
AGO), the Consolette IL (the best spinet
organ available today) and the Spinet (for the
most music at the lowest price). Now to join
thcm, we present the Schober Theatre Organ.

The Schober Theatre Organ has the same
quality features found on all Schober Organs,
and in addition ... special voicing, curved
console design, two 6l-note keyboards, 2-
octave radiating pedal clavier, 8 octaves of
tone distributed over 5 pitch registers (includ-
ing a I[-foot register!), 35 speaking organ
stops, & realistic percussion stops, 4 couplers,
and vibrato tublet—48 tablets in all. And all
at a truly remarkable low price ... you save
over $1,500 (well over 50% ) from comparable
theatre organs.

Easy Step-By-Step Instructions.

You'll enjoy assembling this authentic and
versatile instrument from transistor and mini-
ature components too. Just follow eusy step-
by-step instructions written in evervday lan-
cuage which anvone can understand. You'll
have an uncqualed pride when you're finished
that only can come from assembling it yourself.

And you'll have an organ you can learn to
play easily and quickly—just follow one of the
sclf teaching courses available from us.

The Theatre Organ price starts at $1,330,
depending on the options you select. This
price includes a beautiful walnut console
(other woods available) or you can save an
additional amount by building your own from
plans available from us. Options available
include combination action, genuine reverber-
ation, percussion, and amplifiers and speakers.

THE <%%(Z£€l (j?y(lw CORPORATION

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

A COMPLETE THEATRE ORGAN!

All you do is have the fun of assembling
it from kits and detailed, step-by-step
instructions.

Includes console, keyboards, bench, ped-
als, electronics—everything you need ex-
cept amplifier and speaker system, which
are extra—or use your own. Percussions,
combination action, and reverberation are
options,

Features fully transistorized clectronics,
regulated power supplies, all printed cir-
cuit construction and gold switch contacts.

Combination Action Ten buttons select
preset combinations of stops—actually
move the stop tablets as in fine pipe organs
—to give instant total changes of tonal
effects. You can alter the preset combina-
tions any time you like. Action is brand
new clectro-pneumatic type — silent, de-
pendable.

Percussion Eight percussion stops pro-
vide exciting realism. Celesta, harpsichord,
piano, mandolin, xylophone, chrysoglott,
orchestral bells, single or reiterating, are
played just like the real thing—and sound
that way —alone or along with regular
organ stops.

Uncompromising Organ Quality
from Easy-to-Assemble Kits

Free Information. Scend today for your free
copy of Schober’s 16-page full-color booklet—
plus free 7” recording—with full information
on all Schober Organs, priced from $550.

I The Schober Organ Corp., Dept, RN48 |
| 43 West 61st St., New York, N. Y, 10023 I
I [J Please send me Schober Organ Catalog and I

FRFE 7-inch “sample™ record.
| [J Enclosed please find $2.00 for t2-inch gqual- I

ity [ P record of Schober Organ music. I
I ($2.00 refunded with purchase of first kit.)
I NAME. it e |
| AJAIESS o e e e I
L A
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quency response is 20-20000 Hz =+ V> dB FM
mono and 20-15.000 Hz + 15 dB FM stereo.
The Model S-8600 measures 16327 x 127 x
415", A walnut-grained leatherette case is avail-
able at a slight additional charge. Sherwood
Circle No. 4 on Reader Service Card

50-WATT STEREO AMPLIFIER
The new “Knight” KN-960 50-watt stereo
amplifier employs all-silicon transistors for maxi-
mum circuit stability. The unit provides a full

complement of controls for versatile operation
and a separate “on-off” switch. Power is 50
watts IIIF. 100 watts peak; output is 17 watts
r.m.s, per channel at 8 ohms.

Frequency response is 20-20,000 11z + 1 dB
at under 19 distortion. Outputs are 4 to 16
ohms, stereo headphones, plus two a.e. con-
venience outlets. The amplifier is designed for
110-130 V, 60-11z a.c. operation.

The KN-960 measures 3714 high x 13" wide
x 10” deep. A deluxe oiled walnut case is avail-
able as an accessory. Complete specifications are
included in Sales Book No. 263 which will be
forwarded on request. Allied Radio

Circle No. 5 on Reader Service Card

LUBRICATED MAGNETIC TAPE
An improved lubricated magnetic tape, de-
signed for use in tape cartridges and other end-
less loop applications, is now available as the
“Scotch™ hrand No. 153, The tape contiins
improved lubricants designed to increase per-
formance under temperature and humidity ex-
tremes peculiar to the antomobile stereo tape
cartridge field.
The No. 153 is available in 1600-foot lengths
on 77 reels and 3600 feet on hubs. 3M
Circle No. 6 on Reader Service Card

CONTINUOUS-LOOP MAGAZINE
The Model 1510 is a continuous loop magnetic
tape magazine designed especially for operation
on small, hattery-operated  portable  recorders.
This device, known as the *Audio Vendor™, is
only 25, in diameter and will work on standard
“recl-to-ree!™ tape recorders which normally use
3" or 47 reels. It iy available in playing time
cycles (before repeating) of 6 to 10 minutes at
17 x-ips tape speed. It fits casily and instantdy
over the feed reel spindle of almost any recorder.
Orrtronics
Circle No. 7 on Reader Service Card

PORTABLE P.A. SYSTEM

A solid-state, carryving-case public address sys-
tem which is completely self powered and self
contained is being marketed as “The Executive™.

The new unit utilizes standard Hashlight or
alkaline batteries. Featuring a solid-state amplifi-
er and six speakers, the svstem provides high
voltage for cither indoor or outdoor amplifica-
tions. The special ampliier and sound column
construction minimize the possibility of feed-
back.

96

The luggage-type carrying case is waterproof
and scuff and mildew resistant. A zippered back
panel permits casy storage of the microphone,
cable, and lavalier cord which come with the
system. Hamilton Electronics

Circle No. 8 on Reader Service Card

PAGING & TALKBACK SPEAKER

The *Cobra™ Model COP-8 wide-angle paging
and talkback speaker features sectoral diffraction
gratings, placed at three positions on the bell of
the horn, to eliminate the vsual fall-off of energy
at the extreme ends of the polar pattern. Accord-
ing to the company. this design concept provides
extremely flat, wide-angle dispersion and mini-
mum vertical dispersion.

The speaker can be mounted cither vertically
or horizontally and its position changed thiough
the use of the irm’s *Lever-liock™ bracket. The
bell is made from “Implex A™. a virtually inde-
structible  material - which is  impervious  to
weather.

Frequency response is 250 to 13,000 Iz, pow-
er rating is 30 watts, dispersion angles are 120°

x 60°. and microphone sensitivity is —23 dBm.
Oxfmnd
Circle No. 9 on Reader Service Card

CB-HAM-COMMUNICATIONS

BATTERY PACK FOR CB

A new, fully self-contiined battery pack. espe-
cially designed to make all of the firm's solid-
state CB rigs completely portable, has been in-
troduced as the “Port-A-Pak™ Model PAP-1. It
features a rechargeable nickel-cadminm batery
and will provide continnous operation on “re-
ceive™ for up to 8 hours. The unit can be left on
tricklc-charge continuously to insure ready-to-go
operation. It can be recharged while in standby.
The hattery pack will operate over a tempera-
ture range of — 30 to 4 140 degrees F. It cannot
be overcharged when nsed with the companion
“Charge-A-Pak™ battery charger. The unit conies
complete with collapsible antenna. case, recharge-
able battery, battery meter, charging connector,
mounting hardware, microphone bracket, and

shoulder strap. Courier Communications

Circle No. 10 on Reader Service Card

PORTABLE SNAP-OUT TOWER

A new coneept in high-capacity portable tow-
ers for communications purposes has been in-
corporated in a super-compact, triangular snap-
out tower. The 3M).foot tower can be completely
installed without power hoist equipment in just
7 hours. Dismantling of the tower takes 6 hours.
The complete tower can be housed in a 4 x 6 x
10 foot shipping container.

The tower conists of 3-foot sections, weighing
only 26 pounds cach. Sections snap out and lock
into place, one on top of the other, without the
use of special tools or loose parts. Up-Right
Scaffolds

Circle No. 11 on Reader Service Card

FOUR-BAND S.W. RECEIVER
The *Space Ranger™ Model 711 is a four-band
short-wave communications receiver which s
available in both kit and assembled form. The
receiver measures 6” high x 13V2” wide x 9
deep and weighs 17 pounds.
The superhet tunes 550 kI1z throngh 30 MIIz
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and includes the popular 160, 75, 40, 20, 15,
and 10 meter ham bands. The unit has @ built-in
ferrite rod antenna and provision for an external
antenna. A professional-type *S™ meter indicates

when the receiver is on-station. Pinpoint accuracy
of tuning is obtained with electrical bandspread
tuning. SSB and c.w. transmissions are covered
with the integral variable b.f.o.

The headphone jack makes private listening
possible while the built-in audio system uses a
4-inch PM speaker. Modern printed-circuit board
construction makes the kit casy to assemble. Eico

Circle No. 12 on Reader Service Card

V.H.F./FM PERSONAL PORTABLE

The *Minivox™ is a v.hf. FM personal port-
able two-way radiotelephone with an r.f. output
rating of more than 1 watt. It will operate on any
frequency within the 147-174 Mllz band and
employs 16F3 (narrow-band FM) modulation.

The transceiver is housed in a ruggedly con-
structed dic-cast metal case. It operates from setf-
contained mercury, nickel-cadminm, or alkaline
batteries. Ity all-solid-state circuitry employs 28
transistors and 12 diodes. Three different types
of antenna are available: a telescoping, a 4-inch
or 3-inch spring type for use where the telescop-
ing antenna might prove to be an eve hazard,
and a handle antenna of the type used by many
railroads.

The unit may be used for man-to-man com-
municitions or for communicating with base
stations and mobile units. Unimetrics

Circle No. 13 on Reader Service Card

TWO-METER PORTABLE/MOBILE UNIT

The 1TA-T144 is a two-meter transceiver de-
signed for portable. mobile, or fixed-station use.
It is fully solid-state (18 transistors and 7 diodes)
and features a selective 144-148 MlIz tunable
dual-conversion superhet receiver with 1-4V sen-
sitivity for 10 dB signal-to-noise ratio. The 10.7-
Mz mechanical filter effectively reduces adja-
cent station QRM  (selectivity is 40 dB down at

30 kIIz). A series gate limiter automatically
suppresses  bothersome  noise. The  push-pull,
high-level modulated transmitter delivers over
1 watt of r.f. output power for 2.5 watts input.
There are 3 internal and 1 front-panel switched
crystal positions. It may he used with standard
8-MIIz crystals o1 external v.f.o.

The unit comes with a leather carrying case.
shoulder strap, whip antenna, mobile power
cable, mobile mounting bracket and 10 *D™ size
batteries. It measures 127 wide x 7' 5" high x 37
deep. Shipping weight is 10 pounds. Lafayette

Circle No. 14 on Reader Service Card

POWER & POLARITY CONVERTER
A power and polarity converter, the “Power-
Mtch™, converts any auntomobile voltage to the
12 volts required to operate the firm’s solid-state
CB two-way radios and other transistorized
cquipment,
It has a heavy duty transformer which powers
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equipment operating from 12 volts and handles
loads up to 30 watts of power drain. The unit is
4Y,” long x 3% wide x 2” high and provides
12 volts-to-12 volt polarity inversion, permitting
negative-ground-only equipment to be operated
from a 12-volt positive-ground battery system.
Applications cover both foreign and domestic
car power systems. It will also convert 12-volt
systems to 24 volts and 6 volt systems to 18 volts
for unusual cquipment requirements. Pearce-
Simpson
Circle No. 15 on Reader Service Card

MOBILE V.H.F. RADIOTELEPHONE

The 960AR “‘Comtron” mobile v.h.f. radio-
telephone is equipped with a compact, four-
channel-operation cradle telephone set which can
be located in the passenger compartment while
the transceiver is mounted in the vehicle’s trunk.

The user of this 30-watt unit may choose
channels linking him with mobile telephone ser-
vice (MTS) operators in four separate geographic
locations within driving range or all channels
can be assigned to operators in the same area.
The unit can be supplied with less than four sets
of crystals if desired.

The instrument’s busy lights show when a
channel is available. With the equipment control
switch in the “receive” position, the call light
will flash on when a call is received during ab-
sence from the vehicle, remaining in that position
until the user’s return. The call can then be
traced by contacting the mobile operator.

The telephone set is available in a variety of
colors to match automobile color schemes. The
equipment may be purchased or leased for peri-
ods up to 3 years. Du Mont Mobile

Circle No. 16 on Reader Service Card

MANUFACTURERS’ LITERATURE

ELECTROLYTIC CONDUCTIVITY
A new 36-page illustrated catalogue (No.
30) on the company’s cntire line of process
electrolytic  conductivity equipment is now
available. Instruments described include *Solu

con-
systems,

Bridges,” “Solu Mecters,”  conductivity
trollers and recorders. clectrodeless
and dissolved oxygen analyzers.
Also included are a number of epoxy-dip,
flow-type, gate-valve, and screw-in conductivity
cells. Beckman Instruments
Circle No. 142 on Reader Service Card

SOLID-STATE TIMERS

Described and illustrated in a new 4-page
brochure is a complete line of transistorized
timing devices. Technical information on the
20 models covered in the booklet is presented
in the form of a handy chart, and cross ref-
erences to bulletins offering more detailed
data are provided. Syracuse Electronics

Circle No. 143 on Reader Service Card

ADHESIVES WALL CHART

A newly revised edition of the *Eccobond”
adhesives wall chart has been released. Products
with similar properties, such as liquids, powders,
pastes, and solders, are¢ grouped together on
the illustrated chart. Mix consistency, pot life,
lap shear strength, service temperature, thermal
expansion, and dielectric strength are shown
for cach adhesive listed. Emerson & Cuming

Circle No. 144 on Reader Service Card

MERCURY SWITCHES
A new 16-page three-part mercury switch
instruction manual (No. AS-1) has been pub-
lished. Section I contains information on
handling factors and horsepower ratings as
well as a glossary of mercury switch termi-

nology; Section II covers types of mercury
switches and such parameters as resistance,
load vs life. differential angle, temperature,

and tilt rate; while Section IIT describes mount-
ing and installation. Micro Switch
Circle No. 145 on Reader Service Card

ADJUSTABLE-SPEED DRIVES
Information on a complete line of “Speed-
a-matic” SCR adjustable-speed drives is con-
tained in a mnew 8-page illustrated brochure.

The booklet discusses the company's special
design measures to assure electrical, environ-
mental, and thermal protection. Also described
are fully enclosed solid-state controllers. con-
ventional and  internally geared motors, and
single and double reduction motors. U.S.
Electrical Motors

Circle No. 146 on Reader Service Card

POWER RELAYS

Information on the new RCP-22 Series of
d.p.d.t. heavy-duty power relays is contained
in a new illustrated data sheet (Bulletin
RCP-22). Applications include starting motors
up to 1 hp, elevator controls, machine tools,
and voltage switching. Relay and Control

Circle No. 147 on Reader Service Card

TWO-WAY RADIOS

Information on a line of all-transistorized
business/industrial two-way radios and acces-
sories is contained in a new 6-page illustrated
foldout brochure. Included are a hand-held
transceiver, an interchangeable unit for basc-
station, portable, or mobile use. and a ficld kit
containing two portable transceivess, optional
antennas, battery recharging unit, and carry-
ing case. Amphenol Distributor Div.

Circle No. 17 on Reader Service Card

ANECHOIC CHAMBERS
A new 4-page folder, sixth in the New De-
signs series, describes and illustsates seven
recently built “Eccosorh™ microwave anechoic
chambers. Emerson & Cuming
Circle No. 148 on Reader Service Card

ACIDITY MEASUREMENT
A new 44-page illustrated booklet (Bulletin
4074) on the company's line of process pH
analyzers, ORP analyzers, electrodes, clectrode
chambers, and accessories has been published.
Featured in the booklet is the firm’s newest
addition to its line, the Model 900 pH analyzer.
Also included are sections on pH operating
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ME / Zenith Quality
§/ Wavemagnet®
! Indoor TV Antenna

Designed for finest all-channel (2 to 83) reception in
color or B&W. Special network provides stepped-up
basic dipole impedance, resulting in lower voltage
standing wave ratio than ordinary VHF indoor
antennas . . . cuts down snow, reflections and ghosts.
Two full-size UHF loops, one behind the other,
develop an unusually high front-to-back ratio (equal
to that in many outdoor antennas), remarkably
reducing ghosts and man-made interference.
Order as Part Number 973-56 from your Zenith distributory

Built to the quality standards
of Zenith original parts

The quality goes in before the name goes on
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Well, that’s one way to buy a tape
recorder . . . But we’ve got a better
idea. It’s called the

1967 TAPE RECORDER ANNUAL

—~your guide to the tape recorder brands
and models on the market right this min.
ute. The only buyer’s guide of its kind

(11 NowaBerdow ¢ oot

available in the field!
TAPE RECORDER 158}

Q:\_, it m?r)‘l nc;’tl be as ex-

citing as the “blindman’s. Jrossmans . oo seoe went van seciasoy
BIUf” method, but it Sure [mersmiese s in o
is a lot less costly . . .
and less disappointing.
This encyclopedic volume
will arm you with all the
essential data you need
to go out and pick the
very best recording
equipment in your price
range. Without a qualm.
without an “after-you-get-
it-home'’ let-down, With. |-
out a blindfold! | &

Tage Fating # Tusing o7 the Ale » Peersesrd Topex
Poctatle Recarsers 2 Opecating. Princieins o
Sireciocy of Sierea Tage asarbers icconsortes. Mk

You'll find more than 132 pages of full informa.
tion on over 250 models from virtually every
major manufacturer, Stereo and mono. Portables
and full home installations. Even video tape
recorders and the new car cartridge machines!
All the model numbers, specifications, dimen-
sions and prices. Almost 200 photos. Every vital
statistic you need to compare the newest record-
ers and select the one that will bring you the
greatest value for your dollar!

And that's only half the story. After you buy
your recorder, turn to the articles on microphone
selection, basic tape recorder theory, taping off
the air, creative editing
or the special accessories
section. You'll get expert
tips by the dozens. Ten
compiete features cover-
ing every aspect of tape
recording. All designed
to give you better per-
formance, greater versa-
tility and a lot more fun
from your tape recorder!
How much for this indis-
pensable treasury of sound
advice?

Just $1.25.

A small price for a big
eye-opener.

Get the Handsome
Leatherflex-covered
Edition for $3
Postpald!

THE 1967 TAPE RECORDER
ANNUAL is also available
in a splended delune edi-
tion. Rugged Leatherflex
cover provides lasting pro-
tection yet is softly tex:
tured and gold-embossed
for the look of elegance. A
collector’s item—a superb
addition to your permanent
reference library. And it's
yours, for just ?3 postpaid,
when you check the appro-
priate box on the order form.

Zitf-Davis Service Division, Dept. TRA
595 Broadway, New York, N. Y. 10012

Please send my copy of the 1967 TAPE RECORDER
ANNUAL "as checked below:

O 1 am enclosing $1.25 plus 15¢ for shipping and
handling for the Regular Edition. ($1.75 for
orders outside U.S.A.)

O 1 am enclosing $3.00. Please send me, postpaid,
the Leatherflex-covered Deluxe Edition. ($3.75
for orders outside U.S.A.) (Please allow 3 addi- I
tional weeks for delivery of the Deluxe Edition.)

name.

(please print) EW-47
address
city. state. 2ip code_______

e e e e
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theory and industrial applications as well as
a bibliography of reference material on the
theoretical and practical aspects of pH measure-
ment. Beckman Instruments

Circle No. 149 on Reader Service Card

HEATING ELEMENTS

A revised 20-page illustrated brochure (Bul-
letin 74-3) on electric heating elements has
been released. Included are strip heaters, car-
tridge heaters, tubular heaters, lcad pots, hot
plates, and control thermostats.

In addition, the publication supplies heating
formulas, conversion table data, and specific
heats for solids, liquids, gases, and vapaors.
Trent

Circle No. 150 on Reader Service Card

SILICON POWER TRANSISTOR

A new 8-page enginecring data sheet on the
company'’s B-5000 plastic-encapsulated silicon
power transistor is now available. The leaflet
discusses cost. mounting techniques, and per-
formance and lists five applications together
with suggested circuitry. Bendix Semiconductor
Div.

Circle No. 151 on Reader Service Card

INSTRUMENT RENTAL

Information on renting more than 13,000
electronic, industrial, and electrical instruments
of every make through the company’s Schenec-
tady Instrumentation Service is contained in a
new 16-page instrument rental catalogue (Bul-
letin GEC-1551B).

Also outlined in the booklet are the calibra-
tion, repair, and measurement services offered
by the company. General Electric

Circle No. 152 on Reader Service Card

DIGITAL READOUTS

A new 12-page illustrated booklet describing
the company’s line of optimum-contrast illu-
minated digital readouts has been issued.
Covered in the brochure are display and equip-
ment features, reliability, and test results.

In addition, the publication contains a pre-
sentation of the operating principles of the
seven-segment bar readout plus a chart of the
characters produced. Tung-Sol

Circle No. 153 on Reader Service Card

INSTRUMENT CATALOGUE

A complete test instrument line of semicon-
ductor test systems, digital voltmeters, oscillo-
scopes, and components is presented in a new
16-page condensed catalogue.

Products listed include test equipment for
transistors and IC’s; special-purpose oscillo-
scopes, oscilloscope cameras, and accessories;
and differential and operational amplifiers.
Fairchild Instrumentation

Circle No. 154 on Reader Service Card

ELECTRICAL INSULATION

A new 30-page glossary for engineering stu-
dents entitled “Electrical Insulation Terms and
Definitions” has been published. Prefacing the
booklet is a 7-page illustrated section which
describes the various subdivisions of insulating
materials, including vulcanized fiber, flexible
tubing and sleeving, treated flexible cloth,
laminated plastics, and mica products. Insulat-
ing Materials Div. of NEMA

Circle No. 18 on Reader Service Card

QUICK-ERECT TOWER

Information on the company’s new quick-
erect tower is offered in a recently issued bro-
chure. The tower, which can be built within
four hours with the services of five men, fea-
tures all-aluminum, all-welded construction and
is completely self-contained, carrying its own
power source, lights, and all tools and equip-
ment necessary to effect operational status in
the time designated. Andrews Towers

Circle No. 19 on Reader Service Card

MILITARY SWITCHES
A new 32-page illustrated catalogue of mili-
tary, aerospace, and commercial aircraft switches
has been published. The booklet (No. 52)

WwWWW . americanradiohistorv.com

lists a wide variety of mechanically and man-
ually operated devices, and complete technical
specifications and dimensions are provided for
all products covered. Micro Switch

Circle No. 155 on Reader Service Card

ELECTRONIC COMPONENTS
Described and illustrated in a new 16-page

condensed catalogue is a complete line of
electronic components. Included are electro-
lytic, foil, ceramic, and variable capacitors:

linear and non-linear resistors; and a number
of speakers and control knobs. Amperex
Circle No. 156 on Reader Service Card

TEST EQUIPMENT

A new 4-page illustrated product brochure
(No. 338) describing six test instruments that
have recently been added to the company's
line is now available.

Included are two standard color-bar genera-
tors, an FM-stereo multiplex generator, an in-
circuit transistor tester, a mutual conductance
tube tester, and a combination v.t.v.m./v.o.m.
Sencore

Circle No. 20 on Reader Service Card

COMPONENTS CATALOGUE
A wide variety of capacitors, EMI filters,
rectifiers, diodes, and integrated circuits are
described and illustrated in a new 28-page
electronic components catalogue (No. 67). Eric
Circle No. 157 on Reader Service Card

VOLTAGE-SENSING DEVICES

Two new technical bulletins on two “Trim-
pot” voltage-sensing devices are now available.
One booklet covers the Model 3910 d.p.d.t.
voltage-sensing relay, while the other describes
the Model 3917 voltage-sensing module.

The 4-page bulletins include specifications,
application notes, special features, and diagrams.
Bourns, Trimpot Div.

Circle No. 158 on Reader Service Card

PHOTO CREDITS

Page Credit
16 e, KLH Research

and Development Corp.
32, 33 e Philips
34, 36 i, H. H. Scott, Inc.

. Potter & Brumfieid
C.P. Clare & Co.

45 e, Magnecraft Electric Co.

. Cornell-Dubilier
86 (left) . Sencore
86 (right) ........ Eico Electronic Instrument Co.
87 .. . Boonton Electronics

21 . .Shure Brothers, Inc.
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‘ ELECTRONICS

MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 70¢ per word (including name and address). Minimum order
$7.00. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10%

for 12 months paid in advance.

READER RATE: For individuals with a personal item to buy or sell. 40¢ per word (including name and address). No Minimum! Payment must accom-

pany copy

GENERAL'lNFORMATION: 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:

1st of the 2nd preceding month (for example, March issue closes January 1st). Send order

and remluance !o Hal Cymes, ELECTRONICS WORLD, One Park Avenue, New York., New York 10016

ELECTRONICS ENGINEERING
AND INSTRUCTION

ELECTRONICS! Associate degree—29 months.
Technicians, field engineers. specialists in com-
munications, missiles. computers. radar. auto-
mation. Start September, February. Valparaiso
Technical Institute, Dept. N, Valparaiso, Indiana
46383.

REIl First Class Radio Telephone License in (5)
weeks Guaranteed. Tuition $295.00. Job place-
ment free. Radio Engineering institute, 1336
Main Street, Sarasota, Fla. 33577.

LEARN ELECTRONIC ORGAN SERVICING at
home. All Makes including transistors. Experi-
mental kit—troubleshooting. Accredited NHSC.
Free Booklet. NILES BRYANT SCHOOL, 3631
Stockton, Dept. A, Sacramento, Calif. 95820.
HIGHLY —effective home study review for FCC
commercial phone exams. Free literature!

COOK'S SCHOOL OF ELECTRONICS, P.O. Box
10634, Jackson, Miss. 39209

ASSOCIATE Degree in Electronics Engineering
earned through combination correspondence-
classroom educational program. Free brochure.
Grantham Technical Institute,
Hollywood, Calif. 30027.

1505 N. Western
Ave.,

RENT
AMS

PHOTOFACTS
sy MAIL!

TV FOLDER 25
RADIO-HI-F{ 190

1. Send set description and all
numbers you can find. Be sure
to include make and model of
set. Send $3.00 deposit.

2. Keep folder 5 days, copy in-
formation you require then return
the folder to Cornell in the same
condition received.

3. Immediately upon return of
folder you will receive $1.75 re-
fund on Radio/hifi folder or

—

iy

FED L

IOO TUBES OR MORE:

TUBE
a2 CARTONS

HIGH GLOSS
CLAY COATED

WITH DUILT
DIAGONAL
PARTITIONS

FCC LICENSE in Six weeks First class radio
telephone. Results guaranteed. EZikins Radio
School, 2603C, Inwood. Dallas, Texas 75235.
WANTED! TV--Radiomen to learn aircraft elec-
tronics servicing. Numerous job openings ev-
erywhere. Write: ACADEMY AVIONICS, Reno/
Stead Airport, Reno. Nevada 89500.
CORRESPONDENCE COURSES—B Sc.. Engineer-
ing, Electronics. Catalog $1. Canadian [nstitute
of Science & Technology, 263G Adelaide St. W.,
Toronto.

FOR SALE
JUST starting in TV service? Wme for free 32
page catalog of service order books, invoices,
job tickets, phone message books, statements
and file systems. Oelrich Publications, 6556 W.
Higgins Rd. Chicago, lll. 60656.

GOVERNMENT Surplus Receivers, Transmitters,
Snooperscopes, Radios, Parts, Picture Catalog
25¢. Meshna, Nahant, Mass. 01908.
TRANSISTORIZED Products Importers catalog.
$1.00. Intercontinental. CPO 1717, Tokyo, Japan.
METERS—Surplus, new. used, panel and port-
able. Send for list. Hanchett, Box 5577, River-
side. Calif. 92507.

BARGAIN
CORNER
Cleaner .89
Solder |-on 1.49
1 YR GUARANTEED oo it P rec. Tape 83
ual dCandI.lCd d D't Indlvl ua ly ec. pe a
oxed, Bran . o o
are new., oerdu;‘d aﬁzdfo oaarkea. {No Limit) from th s st ] Silicon ¢pr.) .89
6AGS esN7 \ll Epoxy (3r) .79
6ASS ::Sz GGCJB: 654 ' Diode K t 39
183 6AT6  6CFs 6X8  12BH7 : Noise Ftr. .89
1J3/1K3 gAm 6CG7 :&7 7A7  12BL6 e n 1.29
He A ube Sever 1.
Ui €AUS COLOR TV, o e
1T4 6AU6 ] ] DEGAUSSE eon .
104 :::VGB It not slnpped in 24 hrs g Solder 59
1
Vize  6Ax4 Yg‘g‘ EOED'ER Ant. Cpkr. 1.89
3D0G4 6BA6
Su4 €BCS o Btry. Ckgr. 4.95
s5U8 68BD6 6CZ5 6SHT  7CS 35w4 Tool Kit 69
5v4 6BG6 606 637  INT 3523
gxé 68BJ6 6DA4  65K7 7Y4 50L6 Prestioe < SUCCess (e Vol
6BL7 6SLT  12AD6 = 7
A8 coN4  ooos 6N 12AE6  OF s unELECTRONIC EXPER
6AB4 6BN6 65QT 12AF6 FOR CORNELL CUSTOMERS OMNLY by
6ACT BN GEAT 77 spetsol orangsment =th the publither, these
6AGS 6BQ6 6EMS 2%’;7 ‘l 2AT7 18 [ g bargoins are ovailoble
6Aks  SBQ7  6F6  qug 12AXT
6ALS 62%6 6GH 6V 12846 5687
NS SCL e ews 12806
6AQ5  ¢Cee 6W6  12BE6

6J6
Cther tubes at low

RAD
TUBE

BLACh

$1.50 refund on TV folder (de-
posit less rental and .25 ship-

-
=]

ping).

CORNELL EI.ECTRONICS CO.

Dept EW 4 4217 University Ave., San Diego , Calif. 9210 5

1967

April,

TV & RAD)
APPLIANCES

TERMS: adg 3c per tube
shipping. Orders under $5.00
add 3c per tube shipping
plus S0c¢ handling. Canadian
orders add approximate
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TEST and REPAIR

INVESTIGATORS, FREE BROCHURE, LATEST
SUBMINIATURE ELECTRONIC SURVEILLANCE
EQUIPMENT. ACE ELECTRONICS, 11500-J NW
7TH AVE., MIAMI, FLA. 33168.

CANADIANS—Giant Surplus Bargain Packed
Catalogs. Electronics, Hi-Fi, Shortwave. Ama-
teur, Citizens Radio. Rush $1.00 (Refunded).

ETCO. Dept. Z. Box 741, Montreal, Canada.

CANADIANS, transistors, all semiconductors
and components. Free catalogue contains ref-
erence data on 300 transistor types. J.&J. Elec-
tronics (Dept. EW), P.O. Box 1437 Winnipeg,
Manitoba, Canada.

R.F. CONVERTERS World's largest selection.
Also CCTV cameras, etc. Lowest factory prices.
Catalog 10¢. Vanguard. 196-23 Jamaica Ave,
Hollis, N.Y. 11423,

CONVERT any television to sensitive big- screen
oscilloscope. Only minor changes required. No
electronic experience necessary. lllustrated
plans, $2.00. Relco-A22, Box 10563, Houston,
Texas 77018.

FREE ELECTRONICS (new and surplus) parts
catalog. We repair multimeters. Bigelow Elec-
tronics, Bluffton, Ohio 45817.

DETECTIVES! Free brochures! Electronic Sur-
veillance devices. SILMAR ELECTRONICS, 3476
N.W. 7th Street, Miami, Florida 33125.

10-TV
TESTER

COMPLETE RADIO SERVICING AND
B BASIC LLECTRONICS COURSE ONL™ $3 00
4230+ 30 perepng i)

NEW PRACTICAL TV TRAINING COtIRSE

Dvaﬂso
Y00 ¢ % putvnn g nate

Both above
courses $6.00

SEND FOR
FREE CATALOG

99

[ J
rus 3uc
Ympping:

0 SETS

postage. Send 25°% adeposit
n €.0.0. orders. No C.0.0.
orders under $5.00 or to
Canada. No 24 hr. free offer
on personal check orders

5-DAY MONEY BACK OFFER
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GREGORY ELECTRONICS

Reconditioned & Used FM
2-WAY RADIO SAVINGS

Partial list—Send for New '67 Catalog

Voice Commander

132 to 172 MC, 1W 9.5
x 53" x 17" Lowest
price ever, including
brand New Recharge-
able Nickel Cadmium
Battery Pack

148

If crystal & tuning is de-
sired add $45.00

Battery charger for these
units $16.00

Monitor Receiver only—
Tuned & Crystalled
with dry Batteries

#P9022, with microphone $4.50
MOTOROLA P33 Series Pack Set 5 Watt 150-
170 MC with Nicad Supply and Nicad 59500

Write for Quantity Prices
EXTRA SPECIAL
Batteries

VOICE COMMANDER
MOTOROLA CONTROLHEAD MODEL
MOTOROLA 450 mc—complete with acces-

sories, less crystals and antenna—
4A6 ... .. ... ... $ 78.00
T44A6A ... ... ... 88.00
T44AAV ... ..., ... $108.00

MOTOROLA—U41GGT special 30 watt-con-
sisting of transistorized power
supply 30-40 mc Tx and 2.5 mc
AM receiver, complete with acces-
sories less crystals and antenna
(deduct $30.00 if accessories are
not required. Deduct $20.00 if
AM receiver is not needed)

2.5 mc AM receiver strip only. 320 00

T41GGV special 30 watt low band Motorola—
same as U41GGT except contains

$128.00

vibrator power supply (deduct .00

$30.00 if accessories are not re- 5108

quired) . ........ .. ... ... .. .. $0R.00
T41G Series—same as GGV above. . 98
FMTR80D special 6 or 12 volt 30 watt

Tx 30-40 mc receiver 2.5 mc AM,

less accessories ... ........... 535-00

G.E. PACERS—EG43SA6 150-170 mc Transis-
torized Power Supply 13-15 watts,
12 v FrontI Mount (Complete ac-
cessories, less crystals and an-
tenna) ... ... oL, 5108 00

We Buy Late Model Equipment for Cash
—Write: Wire or Phone!

GREGORY
ELECTRONICS
CORPORATION

249 RT. 46, Saddie Brook, N.1., 07662
Phone: (201) 489-9000

-1 GREGORY m

ELECTRONICS raae

CIRCLE NO 109 ON READER SERVICE CARD

SURVEILLANCE EQUIPMENT—NEW HIGH PER-

FORMANCE SUBMINIATURE MODELS. ELEC-
TRONIC COUNTERMEASURE DEVICES TO PRO-
TECT PRIVACY. FREE DATA: SECURITY ELEC-
TRONICS-EW, 15 EAST 43RD STREET, NEW
YORK, N.Y. 10017,

in United

CRYSTALS largest selection
States at lowest prices. 48 Hr. delivery. Thou-
sands of frequencies in stock. Types include
HC6/U, HCI18/U, FT-241, FT-243, FT-171. etc.
Send 10¢ for catalog with oscillator circuits.
Refunded on first order. Jan Crystals, 2400E
Crystal Dr., Fort Myers, Fla. 33901.

ELECTRONIC Ignition Kits, Components Free
Diagrams. Anderson Engineering, Epsom, New

Hampshire 03239.

NEW supersensitive transistor locators detect
buried gold, silver, coins. Kits, assembled mod-
els. $19.95 up. Free catalog. Relco-A22, Box
10563 Houston, Texas 77018.

INTEGRATED CIRCUIT Experiment Kit, $6.95.
Others. Catalog 10¢. Kaye Engineering, Box
3932, Long Beach, California 90803.

100

UNIQUE relay to build variety of remote con-
trols, model railroads, liquid level control,
weather detector, burglar alarm, games, trick
circuits. 20 design ideas included free. $3.95
prepaid. Dept. C, Alco, Lawrence, Mass. 01800.

MUSIC LOVERS, CONTINUOUS, UNINTERRUPT-
ED BACKGROUND MUSIC FROM YOUR FM RA-
DIO, USING NEW INEXPENSIVE ADAPTOR. FREE
LITERATURE. ELECTRONICS, 11500-Z NW 7th
AVE. MIAMI, FLORIDA 33168.

TUBES, SEMICONDUCTORS, ELECTRONIC
EQUIPMENT & COMPONENTS. Quality mer-
chandise only! Serving engineers, purchasing
agents, TV/HiFi servicemen and hams for 16
years. Write for catalog or call WA 5-7000.
BARRY ELECTRONICS, 512 Broadway, New
York, N.Y. 10012.

TUBES—-33¢ each. Year guarantee. Tuner Clean-
er $1.09. Free catalog. Cornell, 4213-W Uni-
versity, San Diego, Calif. 92105.

RADIATION from billion Stars CONVERGES
everywhere causing gravitation. Copyrighted
Theory, $1.00 Refundable. Carnahan, 1413 York-
shire, Austin, Texas 78723.

TUBE TESTER $9.00. Shell model 102 tester
panel, 7"0-1lma meter, 102 sockets, vibrator
tester, 18” wide x 16" high. EVEREADY battery
tester, $4.00. Money back guarantee. Kirby, 3606
Delmar Road, Indianapolis, Indiana 46220.
DISCHARGE IGNITION, PHOTOFLASH parts,
kits. Free catalogs. REVSPARK, Carlisle, Massa-
chusetts.

FOR SALE IN TANGIER, MOROCCO. Fully
equipped electronics workshop and completely
furnished luxury apartment. $10,000. Full par-
ticulars E. Jaggers, 16 Place Des Nations, Tan-
gier, Morocco. Tel: Tangier 174-93.

MESHNA’S Transistorized Converter Kit $5.00.
Two models converts car radio to receive 30-
50mhz or 100-200mhz (one mhz tuning) Meshna,
No. Reading, Mass. 01864.

SUDYMONT acoustic baffles. Plans $5.95; Baffle
$26.95; with cabinet from $39.95. Send speaker
size. SUDYMONT, 120 Liberty Str., NYC. 10006.
FREE CATALOG-—Loads of Electronic Bargains.
R.W. Electronics, Inc. 2244 Scuth Michigan Ave.,
Chicago, lllinois 60616.

TUBES

FREE Catalog. Electronic parts, tubes. Whole-
sale. Thousands of items. Unbeatable prices.
Arcturus Electronics ZD, 502-22 St., Union City,
N.J. 07087.

RECEIVING & INDUSTRIAL TUBES, TRANSIS-
TORS, All Brands—Biggest Discounts. Techni-
cians, Hobbyists, Experimenters—Request FREE
Giant Catalog and SAVE! ZALYTRON 469 Jericho
Turnpike, Mineola, N.Y. 11501.

WANTED

CASH Paid! Sell your surplus electronic TUBES.
(Want UNUSED, CLEAN Radio/TV Receiving,
Transmitting, Special Purpose, Magnetrons,
Klystrons, Broadcast Types.) Want military and
commercial Lab/Test Equipment. Want com-
mercial Ham Receivers and Transmitters. For a
Fair Deal Write: BARRY ELECTRONICS, 512
Broadway, New York, N.Y. 10012 (WA 5-7000)

MILITARY SURPLUS EQUIPMENT NEEDED: ARC-
34, ARC-38, ARC-44, ARC-52, ARC-54, ARC-55,
ARC-66, ARC-73, ARC-84, ALSO ARN-14C, ARN-
54, ARN-59. COLLINS 51x-2, 51v-3, 51Y-3, 51R-3,
17L-4, 17L-7, 618S-1, 18S-4. BENDIX TA-21,
RA-21. APR-14, PRC-25, RT-66 THRU RT-70/GRC.
APN-22, APN-117, APN-133. TEST SETS WANT
WITH ARM, UPM, URM, RSM, SG PREFIXES.
TOP CASH DOLLAR PAID IMMEDIATELY. SLEP
ELECTRONICS CO., DRAWER 178-EW, ELLEN-
TON, FLORIDA 33532, PHONE (813) 722-1843.

QUICKSILVER. Platinum, Silver, Gold. Ores An-
alyzed. Free Circular. Mercury Terminal. Nor-
wood, Mass. 02062.

POWER SUPPLY Tube Type for Blaupunkt radio.
"Berlin'' series. AM, FM, SW. Serial #5952194.
Installed in 1959 Mercedes-Benz 220SL Sedan.
State price and condition. John Freeman, 4435
W. Market St., Louisville, Ky. 40212.

TAPE & RECORDERS

BEFORE renting Stereo Tapes, try us. Postpaid
both ways—no deposit—immediate delivery.
Quality — Dependability — Service — Satisfaction —
prevail here. If you've been dissatisfied in the
past, your initial order will prove this is no idle
boast. Free Catalog. Gold Coast Tape Library,
Box 2262, Palm Village Station, Hialeah, Fla.
33012.

CIRCLE NO. 95 ON READER SERVICE CARD
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TRANSISTORS & SIM. to 2N1640 (PNP) Bi-direc-
OUR INTEGRATED C|RCU|TS tional transistors. A TO-5 silicon
RECTIFIERS ARE —— unit in which collector & emitter
GUARANTEED TO ! are interchangeable. Ea. ........ $.75
WORK —— e [] SIM. to 2N728. A high fre-
All transistors are checked for min- SR clocked Fllp Flops .....$1.15 quency TO-18 unit extending to
imum voltage & gain to insure our AR o,, FeRY “31-15 | the UHF range ... I 3/$1.00
customers a good transistor within | JK Fiip Flops . ... .. [ . 1] : .
the category we advertise. All recti- | Dual Nang ':3; S nteen o woe | [] SIM- to 2N995 (PNP). Silicon
fiers costing over $.10 are checked | They come complete with Schematic, in TO-18 case. 500 MW power,
for”forw;’;(\j’ v]grlltage;t::dnleakaggRa': ,j;fl,iéa; i’;ﬁ;ﬁfé}ﬂgﬁglSgse.fao'&ﬁss"_’{;s to 180 MHz frequency ... .3/$1.00
::! :ISso cl.)eckgdg. AIIono%l:)rperable We "a"erg‘?“eglr';"lé‘:%'n:?g i those D SIM. to 2N1648 “!PN) high
units will be refunded immediately. e A fican Fower RecouCIts- voltage 20 Watt silicon unit,
Users of the above mentioned PRV | 3A 20A | a0A used in power output stages &
items in large quantities send us | _100__ [ .10 .40 | _1.00 power transistor drives . ............ $.75
your specifications. We feel we can ‘,:gg ‘I ig ‘ gg " ;:g D NPN dual transistors. A TO-5
meet them at a competitive price. ORI a0k package (2N2060) containing 2
- 800 | .45 | 1.50 | 3.00 high gamm 100 MHzNPN siiicon
D SIM. to 2N_2375 (PNP). Silicon | |T1006 1 es | 4 DT transistors ... $1.50
A S I e KL RO osﬁ75 | Saase™ EDT&'; 736 fa PNP dual transistors. A T0-5
. ’ ‘ PRV ank| package (2N2807) containing 2
GLASS DIODES color coded 200 | .40 100 1+ .07 | | high gain 100 MHzPNP silicon
[] we 1| 0 | | ze0 T .68
Silicon .20/$1.00 :uﬂ { i 5 transistors $1.50
30/%1.00 TROA 1,35 00 | 3O D High voltage NPN 150v. VBCBO
I | 2000 14s  |moo s at 2.5A., High HFE in TO-66
O 10 WATT ZENERS. 5-180v. | 1200 . 1.ia 1900 | .38 pack ... $1.50
State desired voltages. Ea. $.75 22“::A“°°""°'5 %; [ ] Mieh voltage Aiien: 4000
1 BG ig assembli -
_PRV |"Twso0 T
D SILICON BILATERAL SWITCH. 100 | 5.0u Essoor 1 :::JI 6000V, at 1.50-200 mils. The§e
Replaces two SCR's by firing in 200 | 7.500 silicon assem_blles .may be put in
either direction when breakdown 400 L 1508, series to achieve high voltages
voltage is exceeded. Used in light | I%:_’g: $1.50
dimmers, etc. .. .75 ea. Silicon Cumtrol Rectifiers [] DUAL 20 uF at 350 V
PRV 7A “20A | Electrolytics . ... ....3/$1.00
D GaAs VARACTORS, sim. to AP | S0 L -Hd D 28-101 P CERAMIC
1. AP-6, etc. 70 GHz at 150 |* ;gg ; I';': ! .::;;_ TRIMMERS .. .. .. .. 6/$1.00
MW. Ea. $4.00 | R L i
1.e4 .45 Terms: FOB Cambridge, Mass.
et oy | akr | 2140 z.85 |
ID ‘N’ Channel Fet's Similar To | —own | 385 386 | | Send check or Money Order
C-610 Used As Amp, Switch, —eon | ama i Include Postage, Average Wt.
Chopper—Very High Input 7 $1.50 700 1 d.su | | | per package Y% Ib. Allow for
Each ppé | soa | C.0.D. Minimum Order $3.00
M
lR’S\ POST OFFICE BOX 74B Name
550 “5,} SOMERVILLE, MASS. 02143
LalL Address
1 SEND FOR OUR LATEST CATALOG
TE
ES City State

ELECTRONICS WORLD
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CATALOG

World’s

“BEST BUYS"
in GOV'T. SURPLUS
Electronic Equipment

BC-603 RECEIVER

BC-603 RECEIVER F.M. 20—27.9 MC
Continuous tuning and 10 preset push
button channel selector. With sensi-
tivity squelch & volume controls, 2
watt output to self contained speaker,
one (1) microvolt sensitivity, 2.65 KC
I.LF. 10 tubes: 3/6AC7. 1/6)5, 2/
12SG7. 2/6SL7, 1/6H6, & 1/6V6GT.
Voltage required 12/24 volts for fila-
ments, 220 VDC @ 80 MA. for high volt. Size: 1115 x
5% x 121" Wt.: 35 Ibs. Used: .. . $32.95

BC-603 CONVERTED

To 30 to 45 MC.—Used: $44.95

AC POWER SUPPLY For BC-603—Transformer type plugs
into same piace as dynamotor, no conversion required
except adding switch, with instructions:

Wired: $14.95 Kit of Parts: $10.00
DM-34 Dynamotor for 12 Volt DC operation—New .$4.95
DM-36 Dynamotor for 24 Volt DC operation—New.. . 4.95

TRANSMITTERS—RECEIVERS:
BC-453 Receiver—190 to 550 KC. ....Used: $16.95
BC-455 Receiver—6 to 9 MC.—

Gov't. Reconditioned, w/Dyn.: 14.95
BC-456 Modulator ... Used: 3.95
BC-696 Trans.—3 to 4 MC., Gov't. Recond.: 12.95
T-20 Trans.—4 to 5.3 MC... ..New: 9.95
T-21 Trans.—5.3 to 7 MC New: 9.95
T1-22 Trans.—7 to 3 MC ...New: 18.95
BC-348 Receiver—200 to 500 KC.—
15to 18 MC................ ... Used: 69.50

NEW CATALOG—

JUST OFF PRESS—SEND 25¢ (stamps or coin)
and receive 50¢ CREDIT on your order!

Address Dept. EW o Prices F.0.B. Lima, O. e
25% Deposit on C.0.D.’s ® Minimum Order $5.00

FAIR RADIO S ES
1016 E. EUREKA « Box 1105 « LIMA, QHIO + 45802

STEREO TAPES. Save up to 60% (no member-

ship fees, postpaid anywhere USA). Free 60-
page catalog. We discount batteries, recorders,
tape accessories. Beware of slogans ‘not un-
dersold.”” as the discount information you sup-
ply our competitor is usually reported to the
factory. SAXITONE, 1776 Columbia Rd., Wash-
ington, D. C. 20009.

HI-FI components, tape recorders, sleep learn
equipment, tapes. Unusual Values. Free cat-
alog. Dressner, 1523 R Jericho Turnpike, New
Hyde Park. N.Y. 11040.

LOW, LOW quotes: all components and re-
corders. Hi-Fi, Roslyn 9, Penna. 19001.

DO-IT-YOURSELF

PROFESSIONAL ELECTRONICS PROJECTS —
$1.00 up. Catalog 25¢. PARKS, Box 255658,
Seattle, Wash. 98125.

REPAIRS AND SERVICES

TV Tuners Rebuilt and Aligned per manufac-
turers’' specification. Only $9.50. Any make
UHF or VHF. We ship COD Ninety Day written
guarantee. Ship complete with tubes or write
for free mailing kit and dealer brochure. JW
Electronics. Box 51B, Bloomington, Ind. 47401.

GOVERNMENT SURPLUS

JEEPS Typically From $53.90. . . Trucks From

$78.40. . . Boats, Typewriters, Airplanes, Elec-
tronics Equipment, Photographic Equipment,
used. 100,000 Bargains Direct From Govern-

ment. Completa Sales Directerv and Surplus
Catalog $1.00 ‘Deductible First $10.00 Order).
Surplus Service, Box 820-K, Holland, Michigan
49423,

AUTHORS’ SERVICES

AUTHORS! Learn how to have your book pub-
lished, promoted., distributed. FREE booklet
“ZD,” Vantage, 120 West 31 St., New York 10001.

SONGWRITERS WANTED! Send song material
for recording consideration. Tin Pan Alley, 1650
Broadway, New York 10019.

HYPNOTISM

FREE Hypnotism, Self-Hypnosis, Sleep Learning.
Catalog! Drawer H400, Ruidoso, N.M. 88345.

FREE TRIAL!! Sensational self-hypnosis record
kit improves memory. concentration. personal-
ity. Results guaranteed! Forum, 333.-AA4 Mich-
igan, Chicago 60601.

HYPNOTIZE FEMALES!—Unnoticed! Instantly!
Nerves! Exciting! Send $2.25. Research Enter-
prises, 29-SN21 Samoset, Woburn, Mass.

FEMALE HYPNOTISM! Easity! Instantly! Secret
Nerve Centers! $2.20. Brugenheimer Publishers,
Box 158-E30, Lexington, Mass.

RENT Stereo Tapes—over 2,500 Different—all
major labels—free brochure. Stereo-Parti, 1616
—E. W. Terrace Way, Santa Rosa, California
95404.

RENT CAR TAPES by mail. All 8-track and
STEREO-8 cartridges. Free information. Auto-
tapes, Box 19086E, Indianapolis Indiana 46219.

TAPE RECORDER SALE. Brand new, natlonally

advertised brands, $10.00 above cost. Arkay
Sales, 1028 Commonwealth Avenue, Boston,
Mass, 02215.

HI-FI Components, Tape Recorders at guaran-
teed “"We Will Not Be Undersold” prices. 15-
day money-back guarantee. Two-year warranty.
No Catalog. Quotations Free. Hi-Fidelity Cen-
ter, 239 (LT) East 149th Street, New York 10451,

HIGH FIDELITY

FREE! Send for money saving stereo catalog
#E4W and lowest quotations on your indi-
vidual component, tape recorder or system re-
quirements. Electronic Values Inc., 200 West
20th Street, N.Y., N,Y. 10011.

HI-FI Components, Tape Recorders at guaran-
teed ““We Will Not Be Undersold” prices. 15-
day money-back guarante. Two-year warranty.
No Catalog. Quotations Free. Hi-Fidelity Cen-
ter. 239 (L) East 149th Street, New York 10451.
HIFI EQUIPMENT—GET Our “ROCK BOTTOM"
prices on NAME BRAND amplifiers—tuners—
tape-recorders — speakers FRANCHISED — 59
YEARS IN BUSINESS. Write for this month's
specials—NOW! Rabson's 57th St., Inc., Dept.
569, 119 W. 58th St., New York, New York 10019.
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INVENTIONS WANTED

INVENTIONS—IDEAS developed: Cash/Royalty
Sales. Member: United States Chamber Com-
merce. Raymond Lee, 130-GE West 42nd, New
York City 10036.

G&G CATALOG!

24 pages - Full of the BEST

in Military Electronic Ge
Send Now for your
Please include  25¢
funded with first crder,

TG-34A CODE KEYER

Self-contained autematic  unit,
reproduces code practice signals
recorded on paper tape. By use
of built-in speaker, provides
code-practice signails to one or
more persons at speeds from
5 to 25 WPM,

BRAND NEW
In Original Carton $24-50
Exc. Used ..$18.95

FAMOUS BC-649 TRANSCEIVER

15 Tubes 435 to 500 MC

Easily adupted  fan Iy
communication,
code, on ham band 4:20-45:1
mc. citizens radlo 460-170
me. fixed and mobile 450.

460 me. television experi
mental e e, Now
overs 46 14U e

With tubes, less power -
Hiy 1 fucticy url .
pingg wenrshe 2% 1h

9169

All Accessories Avuilubie

OUR LOW PRICE .. .. .

Dynamotor, Antenna, Plugs,

AN/APR-4Y FM & AM RECEIVER
“FB” FOR SATELLITE TRACKING!

High “u:mlul\ lab instrument, for momlturing ar .d
. uency pied tebitive >| n l ~nu
¢, in 5 tuninr range ‘l.
3u Ity paawer supgdy  Ord
Cheched o

i .uuu.
s bictinled. tevt 5
NEW o w i rndin b & i oe bt siatain

LIKE
All Tuning Units Avallable for Ahove

SCR-274-N, ARC-5 COMMAND SET HQ!

Fred, EXC. BRAND
Range Type Used NEW
RECEIVERS. Complet( wllh Tubes

190- 55 Kc BC-45 $18. .$23.50
3-6 M ... BC- 454. . $21.50
[ 9.1 Mc. x BC 455 % $14.95 . $19.45
1.5-3 Mc. . = . $21.50
TRANSMITTERS, Complete wnh Tubes

4-5.3 mic. $ G.0m. .. 21195
%.3-T Mc.. uC-qsa.... $ ﬁ.u: s 12,45
Tl M. & 1C.459 Sl:r_ua $22. 50
Z.1-4 M. T.18 . %id. a5
34 Mc... . .. T.14 $10.50 L1485
MODULATOR, Comnlete wuth 3 Tubes

Voice . BC-45 $ 2.75 $ 4.95
All Command Set \Accessoms in swck

SCR-625 MINE DETECTOR $32.50
EE-8 FIELD PHONES, Exc, Used, Eac $16.95

h’
BC-221 Freq. Meter, Modulated, Exc. Used. . $129.50
BC-221 Freq, Meter. Unmodulated, £xc. Used 579.50
LM Freq. Meter, Exc. Used . ... . ..... $79,
BC- 1206 C Beacon Recvr, 200-300 Kc. NEW. $12.9
SCR-522 Transmitter-Receiver, Like New .. $39.50

DYNAMIC MICROPHONE

(O H lu_ withy bal i iseed

il rerovat
| .mull;icu.
coverod el

oo Mode e
NEW .. .

wnl i3
Pori s

Please include 25 % Deposit with order—Balance
C.0.D.. or Remittance in Full, 50¢ Handling Charges
on all orders under $5.00. All shipments F.O.B. Our
Warehouse. N.Y.C. All Merchandise sukject to Prior
Sale and Price Change.

INVENTORS. We will develop, help sell your
idea or invention, patented or unpatented. Our
national manufacturer clients are urgently
seeking new items for outright cash sale or
royalties. Financial assistance available. 10
years proven performance. For free informa-
tion, write Dept. 42, Wall Street Invention Bro-
kerage, 79 Wall Street, New York, N.Y. 10005.

G & G RADIO SUPPLY cCO.
Telephone: (212) CO 7-46C5
75-77 Leonard St. New York, N.Y. 10013

PATENT SEARCHES, $6.00! FREE
Record”/Information. Miss Hayward.
Vermont, District of Columbia 20005.

“Invention
1029HE

DON’T BUY TUBES!!
RADIO or T.V.-XMITTING

or SPECIAL-PURPOSE TYPES UNTIL YOU
GET OUR PRICE LIST. GUARANTEED TO
BE THE LOWEST PRICES IN THE US.A.
OVER 5000 TYPES—ALL 100% GUAR-
ANTEED BRAND NEW
“WE'RE NEVER UNDERSOLD"

SEND POST CARD FOR T.V. OR
SPECIAL PURPOSE PRICE LIST

ESTABLISHED 1920

UNITED RADIO CO.

56 FERRY ST. NEWARK, N.J.
P.O. BOX 1000 — ZIP CODE - 07101

www.americanradiohistorv.com

INVENTIONS wanted! Highest cash or royalties.
Financial assistance. Free analysis. International
Invention Institute, Dept. 31, 160 Broadway,
New York, New York 10038.

INVENTORS! Get your ‘“Little Piggy’” to market.
Highest cash or royalties. New York Invention

Service, Dept. 13, 160 Broadway, New York,
N.Y. 10038.
PHOTOGRAPHY—FILM,

EQUIPMENT, SERVICES

MEDICAL FILM—Adults only—“Childbirth”’ one
reel, 8mm $7.50; 16mm $14.95. international
W. Greenvale, Long Island. New York 11548.

SCIENCE Bargains—Request Free Giant Catalog
‘“C}"—148 pages—Astronomical Telescopes, Mi-
croscopes, Lenses, Binoculars, Kits, Parts, War
Surplus bargains. Edmund Scientific Co., Bar-
rington, New Jersey 08007.
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Completely  nes
ltems, cateories,

lustr atlons, 1 lx Cisy-

nnu\\l 1 item

DMLND;|

e ——
1
GET IT from GOODHEART! RUBBER STAMPS RECTIFIERS, TRANSISTORS
SOMETHING NEW in Surplus Test Equipment
AL vaur ragiest \-lll tuxnhh Hated NDIN traceablu —_— — & COMPONENTS
Crattlicates o tube Amplifi !
e ONALLY GUARANTEED! RUBBER ADDRESS STAMP $1.50. Signature ?/ ke Amplifien, Ham 0,10 @2 @ ... si.gg
TYmE _— $2.88. Free catalog. Jackson Products, 1433 5 G 4
D SIGNAL GENERATORS - N 1, Watt Resistors, asstd. 50 @ . 1.040
LP: 9% ke to a0 me, wopmn =qily & In Winnemac, Chicago, IIl. 60640. Caramic Disc Ca Yacﬂors sstd. 75 @ Gt o
Gen. Radio 805-C: 1t Le 1o i)t Conlifi Pre R t 2 450 7
Hoonton Univerters: 100 li: 27 ju: cision Resistors, asstd. @ e 1M
flosp Garke Mo, S e EDUCATIONAL RE, Foils. assta: 25 @ 100
RM-267 Condiant ML vorsin | 440N Do . F. Coils, asstd. .
Hewl-Pack. B0BA - 10 i mie. ‘DU Liciiie . OPPORTUNITIES Axial Lead mica. asstd . 30/1lm0
Eﬁ]s'g/ﬂ\di\;“—‘l‘ﬁ\zul ‘|'I|I/l|”'"“|h-“vl:.lu'l;' LS . _ - Tantalum Capacitors, asstd. 10 @ 1.00
Ben: Radio < 1021A 1) i B8t w7 LEARN While Asleep, hypnotize with your re- | monsitre Ferorn, sootd. 4 Y
T5-608/U 41-400 1. 2 00 10 Wit 10 ; corder, phonograph. Astonishing details, sensa- D L e () LA
TE-I8A/U T 4001080 T s te 0 (il 1 i : ' i > ol Dipped Mica Cap, Dogbone, asstd. 20 @ Lo
Huwl-Pack. 614A: M- 2100 1) - e | tional catalog free! Sleep-Learning Association, Thermistor bead. 900 or 1200 ohm. 2 @ 1.00
'Irs. .'II?’UI( ;gosi-m]r i “]4 foo 0 dlia T Box 24-ZD, Olympia, Washington 98501. 2N1021, Ger. Power. 7amp. 100V., To —3 90
1 5 “ b
1Lw_‘03:fu Howl- Pack'"“”““ M L USED Correspondence Courses and Books sold %m‘?%g SGTr PPowerlgevamgo 80v.. To —3 L.oa
LUHM-35: 4.45-N Lo das 00 17040 and rented. Money back guarantee. Catalog | 70 St V.. Heatsink. 3 @ 100
FRD-903 or TS-622: ;- [RYRGAY 3 on free (Courses Bought). Lee M tain. Pisgah amp Stud. 50PIV—$2.50; 100PIV $3.5
Hewl-Pack 623B i FTRT e ) ght). Lee Mountain, Fisgah, L SAlCON CONTROLLED RECTIFIERS _
Hewl-Pack. =621C: o 2 RINLD Alabama 35765. | M. HIFIESG I ARy
TS-739B/UPM-10 eo et slbagg (R} : . T | " 2. 2 p
Polarad S8-1218: ?"4 VA e S e LEARN WHILE ASLEEP. Miraculously build Mind I;ot\s IW. 100K, or VoW. 500K, 4 @ Y
Hi-Pwr UHFAOsclllatms Tell ts vantt v Power, achieve Self Confidence, improve Health, Surprise Kit, 10 Ibs. components 2,50
Boontgn ,‘IS,,,'\V'/FM‘\S'(‘;‘N‘,/:"IIH(‘E\'\‘[E]’_*;‘ITORS " gain Success. Method 929% effective. Details Eposy Hi-Vol diode. 200ma. 3000P1Y 2 T
IKay Radasweep =380A - 50 10 & 0 =0 . 13 i free. ASR Foundation. Box 7021 Henry Clay Computer Board, TO-3 Power, Heat Sink 1.50
Snmn Genescone Z480: T e thin Cla, Station, Lexington, Kentucky 40502, 1.C.. T0-5, untested, 5 @ it 1M
TS-4 G-108 pae, banlt-ln vt 1 | C, Dual-inline, untested 10 @ 1.00
Boantan 202 W07 D AN B - 2N389,85W 60 V. T053 :
E'mt% 202F ;15 RIS R 2N3707-11 Asstd. Plastic Silicon Xisters 20 @ 1. 53
- EE0 1 B 1 o
USM._16: ANMI® {l 1AL FO- e St i BUSINESS OPPORTUNITIES 2N3704-3706, Asstd. Plastic Sil. Xisters 10@ 1.00
Kay Megasweed = II1A: [0 130 1 193 B 2N2151. Sil. Power Xister . G5
PRD =907 : 40900 1 v+ I\ — E 2N1009 Ger. Min. Xister untested 30 @ .00
TFTC 5:2423615\251;%-3\43/\1<mm T I om INVESTIGATE Accidents—Earn $750 to $1,400 3N35 Tetrode. NPN, untested 5 @ . ... ... l.00
PRPD —540/1<m| pi I‘l:l"“l':i‘“}“' H g monthly. Men urgently needed. Car furnished. gazog'oga‘; éssmx 15@ .. 1.00
Lel;,tronix SIJAD DC-10 np Sewpn 0t/ tn 150 00 Business expenses paid. No selling. No college Sil. Diodes S:irfchi'rsltge' Snge;;eld Asst. 15 @ lo/lj'guu
= 150A/1 * =l ] il i i i i a 2 g 0 u 1
ASK FOR/Vg%JAR ]snpsgiug'ﬁ: Ekgx;rla:xlr{oévluss'o' " LU T (= GckiowapiobRiccetion gy 2N118, Silicon, NPN AR 10/1.00
ALL BAND TSHE RCVR BARGAIN 1111 1afliis I s vestigate full time. Or earn $6.44 hour spare 2N1149, Silicon, NPN. untested Hrian
alltor 80, Ha, Lillal el y sy, Ykos. W time. Write for Free Literature. No obligation. 2N1300, Asstd. PNP & NPN, Y, " ieads @ ‘_?ﬁf]..lill}
awe bwter 4 owtl, 4 omeaestl scloc 149_50 Universal, CZ-4, 6801 Hillcrest, Dallas, Texas 2N1714, Silicon Power 10W. 60V 4/1.00
o pm":‘.nl e B i it $20 | 75205. | gzml’a“‘_eJ BOPadev Pg"\}zsifeeiADegotvransistor 08
- - S rmanium Power, . TA: :
R M B T TR 10% | | FREE BOOK "'990 Successful, Little-Known Busi- Siliton Power 40 . 2N1047.T057 2 @ . 1.0
yers —of LA Tost Equipment. 11 nesses.”” Work home! Plymouth-145A, Brooklyn, Tophats 750 ma. Tophats 200P1V-8¢
Zaemall sunwiime ot ouy (ot gavogper-| | New York 11218, 1,200, 12¢ "600PIV T
1)-M ‘..\_ |\.._._- \|.,."\m. b . i aricaps, 27, 47 or 100 pf ) 1.25
et itiomi oo snooomn xear y sy | ST e B
: \Er x.u.\éo' nes i e e kueor f y: ! A Wilh any $10.00 Order any $1.00 item Free. “fin
n. gy WECALSO! BUY We want 1Kt s e proof. Torrey, Box 318-N, Ypsilanti, Michigan $25.00 order any (3) $1.00 items Free. Catalog.
AN R« THIRETY M 48197. S o Minimum order $3.00 plus postage, C.0.D.'s 259
FREE CATALOGS. Repair air conditioning, re-
n- E- GOODHE“HT CD. INC. frigeration. Tools, supplies, full instructions. ELECTRONIC COMPONENTS
Box 1220-A, Bev Hills, Calif. $0213 Doolco, 2016 Canton, Dallas, Texas 75201. Post Office Box 2902 Baton Rouge, Louisiana 7082
Fhanos: Area 213, efice 2725707, meddages 2752342 AMAZING profits from mailorder. Details. Ever- |
CIRCLE NO. 111 ON REAUER SERVICE CARD | green, Box 522, Osseo, Minnesota 55369. CIRCLE NO. 114 ON READER SERVICE CARD
—_——_—————— e —————— s __:___.._..______.'
| [ UNUSUAL BARGA
| CLASSIFIED ADVERTISING ORDER FORM | ... MANY U. 5. GOV'T SURF
: fPlease referj to heading 'on first page of this section for complete data concerning terms, | GIANT WEATHER BALLOONS
requency discounts, closing dartes, etc. | CRalls ob fun’t for kids. teaflie
Stoppers  lor stores, vrritic fo
| B | AT s xlu'll\'nl"nlm,:i\l\[. R
- T A I vighborhoo e ion. HYt
| 1 2 3 4 5 I :‘.u:-}&) n-|‘ I\u:, l-'\tlflililt\": "In-:n-:)' :nlf
I | duty neo-
I 6 - 7— 8 9 _IO ' xlnl:‘I|~I1|||r| For hinh rise
| Stock N. 60.568 AK (8" diam.)
S - o B - $2.00 Ppa.
: 1 12 13 14 15 | FASCINATING MOIRE PATTERN KITS
I - l:u (“‘l“hl\|“\|| r :lrp
S e st -
{ 16 17 18 19 20 I
b
| e A
o 1 L baok. ey
I 21 22 23 24 25 I sets dnet, e :(i\:\:':\:::‘:liL\lll:\-_ e
3] doetails, Stoe n TO, T b
| - . o - — ‘ SA“; Hm C AN W,
| 26 27 28 29 30 I Stock No. 'é"saonf(uusxczog'ooappn
| B B B S | NEW, LOW-COST GEM TUMBLER
L 3 33 54 35 , R T T
¥. Make seseley ot sl Kimls
| Words { @ 40 Reader Rate ) _ $ | wathy e )uLuvlun\ll: Gable 1.::.\
. = sinpl t Ble-hnisl RINTIFNSN
| - ( @ .70 Commercial Rate ) | kbl et e et
- hrines out benu-
| Insert — time(s) (R | T
I ares toounits seliing tov s
| | : Gimes its pree. Bl anstractions.
| E | Stock No. 70,874AK. . ... . .$10.75 Ppd.
6-1.B. ROCK ASSORTMENT llO types)
| NAM Stock No. 70.868AK. . .. .$9.00 Ppd.
I Order by Stock No.—Send Chc-ck or Money OrdPr Money-
I I ggcol‘()_,(;uaramee Edmund Scientific Co., Barrington, N.J.
| ADDRESS
, { MAIL COUPON for FREE CATALOG
| CITY STATE ZIP | | SEND FOR FREE CATALOG “AK”
[Tt diticon, N
I | 104 el
| |
! |
I !
I |
| !

SIGNATURE ginocuiars, Mas
Prisms. M
WORD COUNT: include name and acdress. Name of city (Des Moines) or of state (New York) counts as one ’r'.“’({"'(',",{““ . .‘ Tor o AR
word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does not ']‘:‘:‘j:‘\ :‘,‘;‘““"“ (tag (B0 (i Eatbs
permit.) Count each abbreviation, inttial, single figure or group of figures or letters as a word. Symbols such
as 35mm, COD. PO, AC. etc., count as one word. Hyphenated words count as two words. EW-467 NAME _
b o o - — ADDRESS
CITY R ] — — Ay
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U.S. GOV'T ELECTRONIC SURPLUS

e Nationally Known-World Famous SURPLUS CENTER offers

tinest, most expensive. Government Surplus electronic units and

components at a fraction of their original acquisition cost.
ORDER DIRECT FROM AD or WRITE FOR CATALOGS

STANDARD DIAL TELEPHONE

® (ITEMHTIS) - - Stndard,  commercial

telephone ~ame as used thrughot US4 Alras

tre polistied hlah, like new conditon. 1~ —
teasfun photic @ pIAG susts o o)

several phones Tosethes Lo local 1 “~

tem. Fall msion tons Wit e e 5 95

Origmal Cust $24.50, .

STEP-BY-STEP AUTOMATIC SWITCH
e (ITEM#H738)--

Amazing Cup-and-aronnd',
Flecoemagnely telephane sswitch. Bl an baak
par o 1 to 100, Mihe vour onn tefephine systenn,
Tan also be used 1o remotely conteol up to 100 Cir-
WIS MV er @ sitle pain ab wines,
® Gne ol sar FOUR S TAR fangams, s com-
plete \\||I| dagie, one sl nd one line bank stz
3 W T I, Cast o'l Dver ST300,
TR [ e ey ?IWH @)
ik, Gine ank, instictions..... F.0.8.

TYPICAL BUYS FROM OUR |967 CATALOGS

$ 350.00 - Geared 2-hp Battery Golf Car Motor ...........
$ 15.00 - westinghouse DC Ammeter, 0 to 300
$ 40.00 - Yacuum Pressure Pump, 12-vOC ..
- B0-MW Waikie-Talkies. Per Pair
- Deluxe. Multi-Range. AC DC Tester ........
$4000.00 - Carrier Telephone Amplifier System .............
SPECIAL SALE e
Correspondence |
Course In \/(A).% ey
ELECTRICAL I
ENGINEERING \'II~ e tun ™ $8 79 l'u\lnml
nt.N
o C(ITEM HAIBI ) - - wanderlul chance 1o obtain teehoical eins
fnk wt Amasme Lo ost! Lmcodn bognecring sehol hits suspended
3 Corpespondente Courses becanse ol e reased operating custs. We
ctrical Fouineering
vice. The course
cansists 0 14 Lesson uit books. Uach book s thee 2o zular ovams, and
0 separate secton, S uadanl dnswers' to each evam question.
® Conene s well wnittea, vasy o understand, brofusely tilustrated,
Reader's Ingest casy o carey and study i spare time, Many Lin-
colu Ungmerrin sul students holding sveellent jobs ax’a result ot
(g, 1 omse Contains Tatest nfommaunn on ransistors, sil-
icon dindes, vt Addinenal bunk on how 1o butld and eperate a “Hume
Laborators and Fapersmental Bench'™ lumished with cach course.

SEND 25¢ COIN OR STAMPS FOR 3 MAIN CATALOGS
Money Back Guarantee

SURPLUS CENTER

DEPT. EW-037 LINCOLN. NEBR. £850%

Alt Items FOB Lincoln

COMPEFTE BUVENS GUIDE

STEREQ HI-F.
DIRECTORY «*»

STEREO/HiFi
DIRECTORY

445
#29

1967 — $1.25 .
1966 — $1.25. .

Complete buyers guide for virtually
every Hi Fi component manufactured.

Order by number from
Ziff-Davis Service Division,
59% Broadway, New York, N. Y. 10012.
Enclose an additional 15¢ per copy for shipping
and handling (50¢ for orders outside U.S.A)

RECORD your local school and church musical
groups. If you have quality equipment. you can
earn fees. commissions, equipment discounts
from CUSTOM FIDELITY, INC. 222 E. Glenarm
St.. Pasadena, California 91106.

LEARN TECHNICAL WRITING—at home. High
paying prestige careers not requiring college.
Growing demand, all industries for tech writers
now. Low monthiy tuition. Easy to understand.
FREE career book, sample lesson. APPROVED
FOR VETERANS. American Technical Writing
Schools, Dept. EWC-47, 5512 Hotllywood Bivd.,
Hollywood Calif. 90028.

HELP WANTED Freelance photographers ur-
gently needed. Make extra money. Write Wil.
liams, Box 74607-EW, Hollywood 90004.

EMPLOYMENT INFORMATION

FOREIGN and USA job opportunities available
now. Construction. all trades. Earnings to $2,-
000.00 monthly. Paid overtime, travel, bonuses.
Write: Universal Employment, Woodbridge, Con-
necticut 06525.

April, 1967

FOREIGN EMPLOYMENT. Construction. other
work projects. Good paying overseas jobs with
extras, travel expenses. Write only: Foreign
Service Bureau, Dept. D, Bradenton Beach,
Florida 33510.

YOUR RESUME—Make it sell you! Instructions.
samples: $2. Executive, Box 246EL. Montclair,
N.J. 07042.

STAMPS

SPACEOPHOBIA? Monaco Nudes pius 100 differ-
ent 10¢ with approvals. BKJ, Astor, Boston,
Mass. 02123.

FREE Wonderful New United States Catalog!
Postage and Airmails Complete. 786 lllustra-
tions. Special offers, Bargains Galore—Every-
thing! Send Today. H.E. Harris, Dept. FC-1,
Boston, Mass. 02117.

COINS

SILVER DOLLARS, UNCIRCULATED ROLLS of
Twenty. $39.50 each. Circulated Rolls $31.50
each. Bill's Coins, 3166-z 16th Street, San Fran-
cisco, Calif. 94103.

CANADIANS Fabulous Electronic Book Cata-

log—Listing over 500 Titles—Free—Books, Box
796, Dept. A, Montreal 3.
MISCELLANEOUS
WINEMAKERS: Free illustrated catalog of

yeasts, equipment. Semplex, Box 7208, Minne-
apolis, Minn. 55412

YOUR OPINIONS EARN $10 HOUR. Written in
your Spare Time from home about free products
and publications. Need no skill. nothing to buy
or seli. Details from Research ZD-3, Box 669,
Mineoia, N.Y. 11501.

EMPLOYMENT Resumes. Get a better job & earn
more! Send only $2.00 for expert, compiete Re-
sume. Writing Instructions. J. Ross, 80-34 Kent
St.. Jamaica, N.Y. 11432 Dept. EW.

REMAILING: Lebanon, Holy Land, Koweit; $1.00

Airmail. Box 5569, BEIRUT.
YOUR Ideas may be worth a Miilion Dollars,
but . . . if they stay in your head they're not

worth a nickel! Now through membership in the
International Idea Club. Inc. you can sell your
ideas and get maximum cash rewards. Legally
protected, your ideas are consistently exposed
to interested parties. Send only $1.00 today for
big illustrated book ‘‘Millions For Your ldeas'’,
showing how you can profit by membership in
one of the nation’s most dynamic organizations.
International Idea Club, Inc., Dept. EW-4, 135
Columbus Ave., Boston, Mass. 02116.

BEERS, PEACH BRANDY, WINES—Strongest
Formulas. $2.25. (complete brew supplies hy-
drometers catalog 10¢)—Research Enterprises,
29-D Samoset, Woburn, Mass.

LEMURIAN VIEWPOINT —Thought-provoking dis-
cussions of Universal Truth, man’s purpose on
earth. reincarnation, and subjects from Lemur-
tan Philosophy. Send for FREE copy. Lemurian
Feliowship, Dept. 644, Ramona, California
92065.

2?2 3? 42 5? 67
FORGET 'EM ALL!

When you do business
with Number One.

can afford lu
Number 2, 3, 4,
We want to

mn elee-

tronics and test equip-

ment—both military and commercial. I you
have a single piece or a carload, we'll pay you
top dullur—har none! We pay freight and air-
mail your check on receipt of goods! Save
time, money, headaches and aggravation! Tell
us what you have, what you want, and I'.S.
Do it today!

COLUMBIA ELECTRONICS, Dept. EW
4365 west Pico Blvd. Los Angeles. Calif. 90019
Phone: (213) 938.3732

Transistors
Diodes
Rectifiers
Knobs
(ondensers

FREE Poly Paks

s WORTH
25.,“”5.
Coils.
Add 25¢ 'ov hnndlmq

BONUS -2 FREE

FREE: YOUR CHOICE
OF ANY $1 POLY PAK
LISTED BELOW FREE

BOTH FREE WITH $10 ORDERS

4 2N706 500MW, 300MC
37

m SILICON

N RECTIFIERS
60" Sale PIV  sqle
aOc(;J 19¢ 1400 [ 49
1000 |7 Zz‘ 1600 [ goy
1200 [ 5;’: 1800 [ 994
, SILICON
New CONTROLLED
hd RECTIFIERS
3 7 1
PRV AMP AMP AMSP A%ﬂsP
50 30 48 70 = 8G
100 50 70 [)1.05{]1.20
200 80 [J1.05()1.30{]1.70
300 1.05 (J1.60 7)1.90(12.20
400 1.60 [J2.10 2 300]2.70
500 2.10 [J2.80 3.30
) 3.00 D3 S350

WORLD'S

MOST POPULAR $1 PARTS PAKS

[730 "YELLOW'® MYLAR CONDENSERS, asstd val
160 CERAMIC CONDENSERS, dises, npo’s, ta 05
[jbo TUBULAR CONDENSERS, to .5mf. to 1Kv, asst
40 DISC CONDENSERS, 27mmf to .05mf to 1KV
60 TUBE SOCKETS, receptacles. plugs. audio, ete.
30 POWER RESISTORS, 5 to 50W. to 24 Kohms

65 HALF WATTERS, usst ancl: ALK, 5% too! .

60 H{-Q RESISTORS. ' ., 1. 2W.1% &5 7 values
10 VOLUME CONTROLS, to 1 meg, switch too! .
10 ELECTROLYTICS, to 300mf. asst FP & tubulars
50 RADIO & TV KNOBS, asstd. colors & styles .

i

SILICON POWER STUD RECTIFIERS

AMPS v 50 PIV. 100 PIV 200 PIV
3 Fuctor 7¢ 11¢ 17¢
18 Testes 22¢ 40¢ 63¢
35 {] 50¢ 75¢ 1.19

AMPS 400 PIY 600 PIV 800 PIV 1000 PIV
3 T 22¢ 3¢ ] 40¢ 59¢
15 I 90¢ 1.35 1.59 1.79
35 1.59 1.90 2.50

2.95

resiy” SEMI-KON-DUCTORS
“*N’" Channel FET'S C-610 High Input Z $1.25
[[] 2— 85 W 2N424 PLANAR, NPN . §1
[J a4 2Nn1613 2W. 100MC, Lmpn L 3

si.hcnn,
TO O case

] 5 2N107 TRANS'TRS, by 12 bnn. audio pak $1
L] 30 TRANSISTORS. rf.if cudio silicon too! A1
[]2 40W 2N1648 NPN SILICON MESA . . ., ' $1

[J10 ¢K722 pNP FAMOUS TRANSISTORS, . .. $1
L125 GERMANIUM & SILICON DIODES, 5o tent . §1

25 TOP HAT RECTIFIERS. =ilicon. o 0m:. no testd]
[ 110 2-Amp RECT's, studs, silic on, 1, 600 PIV St
RECTIFIERS

1 AMP /f

800PIV//
l

[J6000 piv 200 majRECT

SUBMINIATURE

Yeolits Yeity Vo"- Yelts
8 100

GIANT SPRING CATALOG ON:
YIFIERS YRANSISTORS SCRS- Z(N(

T T T e Send check. maney ud?.'

. wi., mer pak 1

net 30 days. COD 23 %

P.O. BOX 942W
SO. LYNNFIELD, MASS.

“PAK-KING'' of the werld
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rLooking for Hi-Fi equipment,

but in the dark about which to | | ELECTRONICS WORLD APRIL 1967
2 . .
buy! _Well you can always . . . ADVERTISERS INDEX

READER READER
SERVICE NO. ADVERTISER PAGE NO. SERVICE NO. ADVERTISER PAGE NO.

American Institute of Engineering 107 Lampkin Laboratories, Inc. ....... ?1
& Technology ................ 91
106 Mallory & Co. Inc.,, PR ... ....... 2
124 Belden Manvufacturing Company .. 22
200 Methods Research Corp. ......... 95
123 Burstein-Applebee Co. .......... 83
105 Microflame, Inc. ... ... vuvun... 83
Capitol Radio Engineering Institute,
The o .. 18, 19, 20, 21 104 Milwaukee School of Engineering . 4
103  Motorola Training Institute ....... [
122 Cleveland Institute of Electronics .. 7 SRR 7
102 Music Associated . ... ........... 94
Cleveland Institute of Eiectronics
78, 79, 80, 81 National Radio Institute . .8, 9, 10, 11
ol LW kS . .
can get a = Colymbia Electronics ... ........ 103 101 Poly Paks ......oitiianinnnn 103
copy of the "
121 Cornell-Dubilier ................ 13 RCA Electronic Components and De-
vices ... ... ... ... FOURTH COVER
89 Cornell Electronics Co. .....vun.. 99

100 RCA Electronic Components and De-
119  Delta Products, Inc. ............ 87 I3 S aaaanaeaoaoananaaaaoas 61
D I R E CTO RY 120 EICO Electronic Instrument Co., RCA Institutes, Inc. ....68, 69, 70, 71

Inc. ..o THIRD COVER
. RCA SalesCorp. .. ... vvevnnn. 65
and forget about the first 3!
If you think buying hi-fi equipment has to be a game UNRISLE 8 CLE R e B e s oo R e 64 . .
of *‘musical chairs’”” . . . chance not choicke S 99 Radar Devices Manufacturing Corp. 5
we've got news for you! Now there’s a quick, easy, .
foolproof way to plan your next equipment purchase: 117 Edmund Scientific Co. . cvvvvvn... 102 . .
with the all-new 1967 STEREO/HI-FI DIRECTORY. Round Hill Associates, Inc. ...... 90
It's a giant, 180 page buyer's guide to virtually every
new audio component on the market— 116 Electro-Yoice, Inc. ... ... 6
o amplifiers * changers and turntables  cartridges 90 Sams & Co., Inc., Howard W, . .84, 85
—arms—accessories '/ rfceivers .hhfm"st. tape
hi ¢ speal inets ¢ hi-fi systems ° . . .
miscellaneous access:ries 115 Electronic Chemical Corp. ........ L 97 Schober Organ Corporation, The . 95
PLUS—special directories for home TV tape recorders
and tape cartridge machines for cars and boats! 114 Electronic Components «......... 102 R -

Every technical specification, measurement, special
feature, optional accessory, price and model number
of all the latest products is at your fingertips. Inelud- . .
ing detailed photos. To help you compare similar Fair Radio Sales ............... 101 96  Shure Brothers, Inc. «o.vvevenn... 94
items—feature for feature, doilar for dollar—and
decide which is best for you. Before you buy!

Forget the guesswork, costly mistakes and '‘after- 113 Finney Company, The ........... 64 95 Solid State Sales ...vvvveennnns
you-get-it-home'* disappointments. With the 1967

STEREO/HI FI DIRECTORY as your authomatuve guide,
you buy with confidence—and know you're getting 112 Finney Company, The
the greatest value for your money on every piece of !
equipment you select.

The price for this valuable ‘‘encyclopedia’’ of hi-fi o

information? Just $1.25. A very small investment G & G Radio Supply Co. ...t 101
when you think of the time, trouble and money it's
guaranteed to save you. So don't delay. Use the
coupon below and order your copy of the 1967 111 Goodheart Co., Inc.,, REE. ......... 102 93  Surplus Center
STEREO/HI-FI DIRECTORY today! Also available in
a fleatherflex bound DELUXE EDITION — a superb

addition to your permanent reference library. $3.00 110 Greenlee Tool Co. . vovivvvnnn... 89 198 Sylvania Electronic Tube Division .. 17

ZIFF-DAVIS SERVICE DIVISION « DEPT. SD

595 Broadway ¢ New York, N. Y. 10012 109 Gregory Electronics Corporation ..100 92 Sylvania Eiectronic Tube Division .. 63
Send me the new 1967 STEREO/HI-FI DIRECTORY.
[ $1.25 enclosed, plus 15¢ for shipping and han-

~~~~~~~~~~~ 89 199 Solitron Devices, Inc. .......... 15

94 Sony Corp. of America .......... 91

dling. Send me the regular edition. ($1.75 for 108 Heath Company ..SECOND COVER, | 197 Texas Crystals ........ooueen... 92

orders outside the U.S.A.)
] $3.00 enclosed. Send mesthe D:que Leathertfle;

bound edition, postpaid. ($3.75 for orders outside ) . . .

the U.S.A.) Allow three additional weeks for de- I B M Corporation .............. 14 United Radio Co. ......ovviv 101

livery.

: 86 Judson Research and Mfg. Co. .... 88 Valparaiso Technical Institute . ... 88
name please print EW-47
address 125 Knight-Kit Div., Allied Radio ..... 12 D1 Zenith ... ...ttt 97
';if;.
CLASSIFIED ADVERTISING 99, 100, 101, 102, 103
state code
E ORDER e’
PAYMENT MUST BE ENCLOSED WITH Prnteal T AUISTAS
104 ELECTRONICS WORLD
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Introducing EICO’s New “Cortina Series”!

Today's electro-technology makes possible near-perfect
stereo at moderate manufacturing cost: that's the de-
sign concept behind the new EICC “Cortina’ all solid-
state stereo components. All are 100% professional,
conveniently compact (3%3”H, 12”"W, 8”D), in an
esthetically striking ““low silhouette.” Yes, you can pay

L o= ..

Amplifier: Distortianless, natural sound with unre-
stricted bass and perfect transient response (no inter-
stage or output transformers); complete input, filter
and control facilities; failure-proof rugged all-silicon
transistor circuitry.

Model 3200 Solid-State FM/MPX Automatic Stereo

more for high quality stereo. But now there’'s no need
to. The refinements will be marginal and probably
inaudible. Each is $89.95 kit, $129.95 wired.

Model 3070 All-Silicon Solid-State 70-Watt Stereo

Tuner: Driftless, noiseless performance; 2.4,V for 30db
quieting; RF, IF, MX are pre-wired and pre-tuned on
printed circuit boards — you wire only non-critical power
supply.

1 New Ways to make Electronics more Fun!

Save up to 50% with EICO Kits and Wired Equipment.

T
|
|
{ New EICOCRAFT® easy-
I to-build solid-state elec-
tronic TruKits:® great
for beginners and
sophisticates alike. As
professional as the
standard EICO line —
only the complexity is
reduced to make kit-
building faster, easier,
You hear all the action:packed capitals of the B lower cost. Features:
wol;ld witha the NEW .E|Cg FAR| “Sppace Ranger” NEW EICO 888 Solid-State plraet;z%rlltler?edcgppterd
4-Band Short Wave Cemmunications Receiver — i . ] p etc rinte
plus ham operators, ship-to-shore, aircraft, Engine Analyzer CitrCUItt boards;tfll;l]est lparts; _Ste%-b)’-Sthdl“-
Coast Guard, and the full AM band. 550KC to ., J structions; no_technical experience needed —
30MC in four bands. Selective, sensitive super- Now you can tune-up, trouble just soldering iron and pliers. Choose from: Fire
het, modern printed circuit board construction. shoot and test your own car or Alarm; Intercom; Burglar Alarm; Light Flasher;
Easy, fast pinpoint tuning: illuminated slide- boat. “Mystifier”; Siren; Code Oscillator; Metronome; |
rule dials, logging scale; "'S”" meter, electrical l et Tremolo; Audio Power Amplifier; AC Power Sup- |
bandspread tuning, variable BFO for CW and Keep your car or boat engine in ply. From $2.50 per kit.
SSB reception, automatic noise limiter. 4~ tip-top shape with this completely
;ggaggr. Headphone jack. Kit $49.95. Wired portable, self-contained, self- .
o powered universal engine ana- |
lyzer. Completely tests your total
ignition/electrical system. The
first time you use it — just to tune
for peak performance — it'll have
paid for itself. (No tune-up
charges, better gas consumption,
longer wear) 7 instruments in
one, the EICO 888 does all these
for 6V and 12V systems; 4, 6 & New EICO ‘'Nova-23" (Model 7923) all solid-
8 cylinder engines. state 23-channel 5 watt CB Transceiver featur-
ing a host of CB advances — plus exclusive I
More ““ham’ for your dollar than ever — with The EICO 888 comes complete engineering innovations,
the one and only SSB/AM/CW 3.Band Trans- with a comprehensive Tune-up EXCLUSIVE dual-crystal iattice filter for ad-
ceiver Kit, new Model 753 — ‘“the best ham and Trouble-shooting Manual in- vanced razor-sharp selectivity of reception.
transceiver buy for 1966' — Radio TV Experi- 3 EXCLUSIVE highly efficient up-converter frequen-
menter Magazine, 200 watts PEP on 80, 40 and cluding RPM and Dwell angle for cy synthesizer provides advanced stability and
20 meters. Receiver offset tuning, bui!t-utn vog, over 40 models of American and freedom from trouble in all 23 crystal-controlled
high level dynamic ALC, silicon solid-state VFO. q % transmit-receive channels. Ail crystals supplied.
Unequaled performance, features and appear- Foreign cars The Model 888 is EXCLUSIVE use of precision series-mode funda-
ance. Sensationaliy priced at $189.95 Kit, an outstanding value at $44.95 mental crystals for superior transmit and re-
$299.95 wired. kit, $59.95 wired. ceive stability. Wired only, $189.95
r~ N P e W |
!
| FREE 1967 CATALOG ,
| EiICO Electronic Instrument Co., Inc. Ew-4 |
| 131-01 39th Ave., Flushing, N.Y. 11352 I
Serd me FREE catalog describing the full EICO line of |
I 20C best buys, and name of nearest dealer. I'm inter-
| ested in: )
| O -estequipment O ham radio |
| O stereo/hifi 7 Citizens Band rzdio |
| O automotive electronics ]
. ' Name. .. |
Model 460 Wideband Direct-Coupled | |
5” QOscilloscope. DC-4.5mc for color ] Address_._______ == l Model 232 Peak-to-Peak VTVM. A must
and B&W TV service and lab use. Push- for color or B&W TV and industrial
pull DC vertical amp., bal. or unbal. l Citw. S i | use. 7 non-skip ranges on all 4 func-
input. Automatic sync limiter and amp. | i tions. With exclusive Uni-Probe.®
$99.95 kit, $139.50 wired. State Zip. J $29.95 kit, $49.95 wired.
e ————— e e I o s B S —— - e o i — ==
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Get RCA’s new
field service guide

FR o5

COLOR PA =
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@ COLOR PACK

FREE with your purchase of
RCA's receiving tube Color Pack’67!

When you buy the RCA Color Pack '67 from your local participat-
ing RCA Tube Distributor, you get 21 popular RCA receiving
tubes for color TV plus the new RCA Field Service Guide for the
price of the tubes alone.

The RCA Field Service Guide helps you perform all adjustments
on an RCA color set that can be performed in the home with the
aid of a color bar generator, including step by step procedure for
replacing a color picture tube.

WHAT THE GUIDE CONTAINS:

Schematics on all RCA color sets for the last ten years
Field service adjustments

Parts lists

Wave forms for majority of chassis

Top and rear chassis views

Photos of typical receivers

Index of models from CTC2 through CTC20

Convergence, purity and black and white setup adjustments
Separate section on tuner schematics

Three part index lets you look up the set you are working on by
model number, name or chassis number. The RCA Field Service

Guide will be your constant companion on house calls for RCA
color sets.

Each Color Pack '67 contains one each of these tube types:

1ve 6BK4B 6EAS8 6GHSA
3A3A/3B2 6CB6A 6EM7 6GU7 -
6AQ5A 6CG8A 6EW6 6JUSA
6AU4GTA 6DQ5 6FQ7/6CG7 6USBA .
6AWSBA 6DW4B 6GF7A 12BH7A
12BY7A

See your participating RCA Tube Distributor now. Order the RCA
Color Pack 67 and get your copy of the Field Service Guide FREE!

RCA Electronic Components and Devices, Harrison, N.J.

THE MOST TRUSTED NAME IN ELECTRONICS
®
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