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“Get more

education
or

get out of

electronics

..that's my advice.”




Ask any man who really knows the electronics industry.

Opportunities are few for men without advanced technical
education. If you stay on that level, you'll never make much
money. And you'll be among the first to go in a layoff.

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

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

CREI Home Study Programs offer you a practical way to
get more education without going back to school. You
study at home, at your own pace, on your own schedule.
And you study with the assurance that what you learn can
be applied on the job immediately to make you worth
more money to your employer.

You're eligible for a CRE!I Program if you work in elec-
tronics and have a high school education. Our FREE book
gives complete information. Airmail post- ¢ p &
paid card for your copy. If card is de-
tached, use coupon below or write: CRE!, &5
Dept. 1102G, 3224 Sixteenth Street, [
N.W., Washington, D.C. 20010. -'3%‘6 ‘
o i
i 4

s2.1

i The Capitol Radio Engineering Institute
I A Division of McGraw-Hill, Inc.

| Dept. 11026, 3224 Sixteenth Street, N.W.

| washington, D.C. 20010

] Please send me FREE book describing CREI Programs. | am
[ employed in electronics and have a high school education.

| NAME AGE

ADDRESS

EMPLOYED BY__

e e T, | am interested in O Electronic Engineering Technology

O Space Electronics [ Nuclear Engineering Technology
O Industrial Electronics for Automation
———e—— O Computer Systems Technology
Accredited Member .
of tae National Home Study Councit —_———e—e—e— e, e, e, e, e, e e, e e e e — e ———
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Tins for Technicians /||[UY, -

New circuit breakers for color TV

Practically all the new color TV sets have a new
DUAL CIRCUIT BREAKER kind of dual circuit breaker in them which you
may not have run into before. Here’s the story.

Remember back when black-and-white television

B used two fuses—one in the power supply input,

YLy and one in the horizontal output circuit? Next, in

the interest of economy, the fuse in the horizontal

output was eliminated. Then the designers switched
W——_L to re-settable breakers, in the B+ line.

A -,XJ_ = Along came color. Overload protection became
1 1 necessary, because the horizontal circuits are more
} T = complicated, and more expensive components in-
\ cluding the flvback transformer could be knocked
THERMAL 5 3 2 5
| BREAKER out by a defect in the horizontal circuit.

D= e HPH

IA Ll LY ] The answer: a dual breaker which pops out from
W excess current in either the B+ or the horizontal
output . .. in a single breaker case. It has two elec-

trically isolated but thermally connected circuits,
either of which can cause the B+ contacts to open.

The diagram shows a basic hook-up for the breaker.
b The thermal breaker element goes directly in the
I B+ line. A resistor inside the breaker, usually
— about 1.8 ohms, is connected between the cathode
- of the horizontal output stage and ground. This

resistor is located so it will heat up the thermal
Typical hook-up for dual circuit breaker breaker element.

Along comes an overload in the B+. The thermal
element pops the contacts open, in the usual man-
ner. When there’s excessive current in the horizon-
tal output, the heating of the breaker’s resistor
has the same effect as a B+ overload, opening the
contacts and removing voltage from the circuit.

Tip No. 1: breakers can fail because they get
repeatedly reset into a fault. Check for gassy tubes
and leaky capacitors before you replace the
breaker, or you’ll have the whole job to do over.

Tip No. 2: always replace with a Mallory breaker.
We have three different dual breaker ratings in
our line. They will replace the dual breakers in all
existing color set applications. All are made to
original equipment specifications. Your nearby
Mallory distributor can supply you off the shelf.
See him soon, or write to Mallory Distributor
Products Company, a division of P. R. Mallory
& Co. Inc., Indianapolis, Indiana 46206.

Dual circuit breaker

REMEMBER T0 ASk— 20t elde needs fiving 7"
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THIS MONTH’S COVER
focuses on the new scenes
in communications technol-
ogy. Everyone is familiar
with the telephone, but few
people know how the new
systems work. Fewer under-
stand how hundreds of peo-
ple can talk over a single
wire pair simultaneously;
and how a synchronous sat-
ellite, like the one on the
cover, will enable hundreds
of business men, and
housewives too, to talk
around the world easily.
New telephones are avail-
able too. General Telephone
& Electronics developed the
electronic secretary and the
Type 80 “Touch Calling”’
phone for the busy execu-
tive. For home use, New
Jersey Bell Telephone Co.
can provide the Trimline
unit and card-insert set for
invalids or frequently called
numbers. In addition to re-
laying calls from phones like
these, the Hughes Aircraft
Co.’s Applications Technol-
ogy Satellite takes pictures
of cloud cover with a cam-
era that looks out from its
side. ... . R
Photograph: Dirone-Denner.
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Airport Surveillance Radar: The European Approach Richard Humphrey

European airports are using Airfield Surveillance Detection Equipment
(ASDE) to control ground traffic. America’s Federal Aviation Administra-
tion once junked the system because it couldn’t meet their requirements.

Global Téte-a-Tétes: A Satellite Repeating System sicgliicd 1. Reiger
Recent Developments in Electronics

Infrared Temperature Measurements Willium O. Hamlin
Nondestructive testing by infrared electromagnetic waves is being
utilized to check plastics, sieel, paper, and many other items. In
this article, some of the newest test instruments are examined.

Electronic Fire and Smoke Detectors rfreo W. Holder

Orbiting Relays Rober Darcey

Commercial communications satellite designs are based on NASA's
Syncom 1 and 2. The Applications Technology Satellite, a multi-
function spacecraft, is the forerunner of an improved relay.

Geneva Conference Affects Marine Communications FRichord Humphrey

Multiplexing: The Science of Mixing Voices w. Jaci Hill
Touch-Tone, dial, and file-card telephones put the conversations
of hundreds of lalkers on a single wire-pair simultaneously; fre-
quency- and time-division multiplexing make such service possible.

Ring Two—For Tomorrow Mortin W. Nabut
While multiplexing makes the simultaneous transmission of many

conversations possible, few people know how telephones work.
In this article, Touch-Tone and other innovations are discussed.
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When you write
for our condensed
high fidelity
SPEAKER,
ELECTRONICS or
MICROPHONE
catalogs...

you really get

a brief progress
report on the
state of the art
in sound.

Both FREE for the
asking, of course.

SledisYoree
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ELECTRO-VOICE, INC., Dept. 283N
629 Cecil Street. Buchanan, Michigan 49107

Please send me the latest word on
[ E-V high fidelity [ E-V microphones

| am particularly interested in E-V Model

Name_

Address_ LS 8 5 _ N E

City State Zip
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COMING
NEXT
MONTH

SPECIAL FEATURE ARTICLES ON:

LASER TECHNOLOGY

: l-lh‘('lnmirs\\m;l_nj

Don’'t miss the facts on the “laser revolution” as revealed in our next issue. More and more
reasons are being found for using the coherent light device in industry. E. Allan Haley of the
Parkin-Elmer Corp. discusses some of the new applications. Holography, too, is coming into
its own. In the March issue, Dr. Ben Pernick o7 The Grumman Aircrzft Engineering Corp.
explains the dynamics of the three-dimensional laser process and cites certain industrial

applications.

SUBMINIATURE

INTEGRATED ANTENNAS

Very small antennas for communications
frequencies below 30 MHz may soon be
available, but don’t expect the TV roof
antenna to disappear. Paul Mayes of
JED Electronics evaluates the perform-
ance of small antennas and tells us why
rooftops will look like a multiquilled
porcupine for some time.

RADIC—A LOW-FREQUENCY

MULTIPLEX INTERCOM

Single-sideband suppressed carrier and
frequency-division multiplexing tech-
niques are used in a Collins Radio Cc.
developed intercom to reliably tie to-
gether the hundreds of stations which
service the Apollo rockets. The 112-

channel communications system
used during the Saturn V launch.

twas

D.C. POWER TRANSMISSION

The value of extremely high voltage d.c.
transmission is debatable among Ameri-
can engineers. Meanwhile, new EHV
systems are being installed in Los An-
geles and the Northwest. Russia is also
installing the system.

LINEAR POTS &

STRAIGHT LINES

Everyone needs them, but few know
how to ask for or develop the specifica-
tions for linear potentiometers. john
Doering of Helipot tells you how. The
four most common definitions of potenti-
ometer linearity are discussed.

L A

H

| All these and many more interesting and informative articles will be yours in
the March issue of ELECTRONICS WORLD on sale February 20th.
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is part of the Grantham

A.S. E E
DEGREE CURRICULUM

In today’s world of electronics employment, an
FCC license is important —sometimes essential—
but it’s not enough! Without further education,
you can’t make it to the top. Get your FCC license
without fail, but don’t stop there. To prepare for
the best jobs, continue your electronics education
and get your Associate Degree in Electronics.

This is good common sense for those who want
to make more money in electronics. It also makes
sense to prepare for your FCC license with the
School that gives degree credit for your license
training — and with the School that can then take
you from the FCC license level to the Degree level.

The first two semesters of the Grantham degree
curriculum prepare you for the first class FCC
license and radar endorsement. These two se-
mesters, in addition to other parts of the Grantham

This booklet

(174

Y

This free booklet
explains what an
FCC license and
ASEE degree can
do for your future.

degree curriculum, are available by corres-
pondence® at very reasonable tuition. The
ASEE Degree can be earned by correspondence
with a minimum of one semester in residence,

Accreditation, and G.I. Bill Approval

Grantham School of Electronics is accredited
by the Accrediting Commission of the National
Home Study Council, and is approved for both
correspondence and resident training under the
G.I. Bill. Mail the coupon, or simply write or
telephone for your free copy of our Associate
Degree Bulletin which gives complete details
of our educational program.

*Semesters 1, 2, and 3 of the Grantham electronics cur-
riculum are available also in resident clusses at our Wash-
ington, D.C. school — at the address shown below.

e Established in 1951 e

Grantham School of Electronics

1505 N. Western Ave.
Hollywaod, Calif. 90027

Telephone:
(213) 469-7878

818 18th Street, N.W.
°"  Washington, D.C. 20006

Telephone:
(202) 298-7460

February, 1968

l Grantham School of Electronics EW-2-68 {
1505 N. Western Ave., Hollywood, Calif. 90027
] ]
! Please mail me your free catalog, which explains how |
Grantham training can prepare me for my FCC License }
} and Associate Degree in electronics. I understand no I
salesman will call.
P - 1
i |
: Name ——Age {
i i
! Address |
I |
] City State Zip 1
L
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HI-FI PRODUCT

REPORT

TESTED BY HIRSCH-HOUCK LABS

“ l_LAB TESTED

Allied TD-1030 Tape Deck/Preamp
Empire 4000 ‘“Cavalier’” Speaker System

Allied TD-1030 Ta

pe Deck/Preamp

For copy of manufaciurer’s brochure, circle No. 19 on Reader Service Card

LTHOUGH most tape recorders are
designed as portable packages
complete with low-powered playback
amplifiers and miniature speaker sys-
tems, there is a real need for instruments
which can be wired into a home-music
system and played back through the
larger amplifiers and speakers of the
average high-fidelity system. Virtually
all portable recorders provide for such
interconnection, but it makes little sense
to pay for amplifiers and speakers which
will not be used. Furthermore, they are
generally aestlietically at odds with
home decor.

The Allied TD-1030 is a stereo tape
deck/preamp designed specifically for
use with a fixed, home-music system. It
is a three-speed, four-track stereo unit
furnished in a wooden enclosure with an
attractive wood-grain finish. The com-
pact unit, measuring 15% inches by 13%
inches by 634 inches, may be installed in
a vertical or horizontal position. A fitted
dust cover is supplied, as well as two
pairs of molded input and output cables.

The all-solid-state electronics includes
a playback preamplifier delivering a
nominal line ouzput of 0 dBm (0.78 volt)
from a signal recorded at the same input
level. There are no playback volume
or balance controls, but we found an
almost exact equality between input and
output levels. A juck on the front panel
of the recorder permits monitoring with

BACK
R CHANN

stereo headphones during recording, and
a three-position headphone-level adjust-
ment is located underneath the recorder.
Being a two-head machine, the TD-1030
does not permit monitoring off the tape
while recording.

All controls associated with the re-
cording process are concealed behind a
hinged door on the panel of the deck.
These include two microphone input
jacks, recordingevel controls, and a red
interlock lever which must be operated
together with the tape-transport knob to
enter the record mode. Not only does
this layout keep the appearance of the
TD-1030 extremely simple and unclut-
tered (only the single tape-transport
knob. power switch button, and twin vu
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meters are visible in normal operation),
but it reduces the possibility of acci-
dental tape erasure to near zero.

The twe illuminated meters monitor
recording levels and plavback line out-
rut levels, reading the same amount dur-
ing either process. A bright red bar
Letween the meters lights up when re-
cording. The high-level inputs do not
Lave to be disconnected when recording
from microphones, since plugging in a
microphone automatically disconnects
the other input sowrce.

The tape-transport knob is detented at
“Rewind”, “Stop”. “Play/Rec”, “Pause”,
and “Forward”. The “Pause” position is
convenient for eliminating unwanted an-
nouncements when recording from the
air, since it does not drop out the record-
ing interlock. It is important to let the
tape stop between either of the fast
speeds and normal speed, since tape
breakuge is possible if the control is
operated too rapidly. The instruction
manual warns of this, and we confirmed
the importance of the cautionary note by
breaking some tapes when the recom-
mended procedure was not followed.

A small knob between the tape reels
changes speed from 7% in/s to 3% in/s,
zogether with the appropriate equaliza-
don changes. To go to 1% in/s, the 3%
in/s position of the knob is used, and a
removable portion of the drive capstan
is unscrewed and stored on a post pro-
vided for this purpose. Obviously, the
same equalization is used for both 17%
and 334 in/s operation.

\When playing the Ampex 31321-04
alignment tape, the 7% in/s frequency
response of the Allied TD-1030 was
within =2.5 dB from 50 to 15,000 Hz.
The over-all record/playback response
at 7% in/s was =1.5 dB from 60 Hz to
16,000 Hz. At 3% in/s there was an ex-
pected loss of highs, but the performance
was nonetheless quite adequate for mod-
erate-quality music recording with +=1.5
dB from 80 Hz to 7500 Hz. The lowest
speed was of little value except for voice
recording, for ~which it was obviously
intended. At 1% in/s the response fell
off smoothly above 200 Hz, to —6.5 dB
at 1000 Hz and —15 dB at 3500 Hz,
with respect to the maximum value.

(Continued on page 84)
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This security system is sp sensitive, it can be
adjusted to detect the motion of your arm turning
this page.

And if this Portable Mode! Unit were within 35 feet
of you and you moved. .. people up to a half-mile away
could hear the siren. Plus with optional equipment,
it can detect fire...turn on lights...even notify police.

What does a burglar alarm have to do with you?

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

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

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

And that’s why we need men with technical knowl-
edge and experience.

Men like you.

You are now in Radar Sentry Alarm’s r.f. microwave field.
Don’t move a muscle!

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

I Mail tc: RADAR DEVICES MANUFACTURING CORP.
¥ 22003 Harper Ave., St. Clair Shores, Michigan 48080

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

Name

Addr

EW-2

City— State & Code.

CIRCLE NO. 92 ON READER SERVICE CARD
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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

ELECTRONICS WORLD



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
gel 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- Available Under
cial courses to meet spe- NEW
ifi . C

cific needs heck the Gl BILL

courses of most interest to
you on the postage-free
card and mail it today for
your free catalog.

1f you served since
January 31, 1955, or
are in service, check G!
linein postage-free card.

custom training kits “hite-size”’texts

February, 1968
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mple_s,t.and most effective demonstration
of color TV fine tuning there is.

e

The si

Color TV that fine-tunes itself
when you tum it on. All you do is
sit back and write the order.

The Most Trusted Name
in Electronics -
Treags)® ----@w
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By WALTER H. BUCHSBAUM/Contributing Editor n ews

Car 54 Where Are You?

The whereabouts of Car 54 was funny on television, hut in actual police work the exact location of
each patrol car is an essential element in any eflicient, fast-response operation. Police departmenits in
many U.S. cities, among themn New York aud Les Angeles, are evaluating schemes that automatically and
instantaneously locate every police vehicle. One such scheme depends on call boxes which pick up very
weak radio-frequency signals {rom passing police cars. The call boxes relay the identity of the passing
patrol car to a central computer which stores this information and displays it on a map overlay. In
another scheme, a transponder in each car is interrogated by a search radar at a central station. The
car’s position is pinpointed by radar range and azimuth. A third scheme utilizes loran techniques. The
time delay between transmitted and received signals from two master stations and a transponder in the
car, fix the car’s position. New York is studying the loran scheme and Los Angeles is investigating call-
box technique.

Each system has merits and each has drawbacks, depending on local conditions such as the terrain,
high buildings, call-box availability, etc. And each system can be expanded to receive emergency signals
from buses or taxis. When an emergency vehicle uses the system, the computer will 1eceive and locate
the alarm and dispatch the nearest patrol car to the scene.

New Mercury Switch

The novel combination of capillary action, a flexible plastic tube, and column of mercury; with ter-
minals at each end make up the new Mercury All Position (MAP) switch. Developed by Belione Elec-
tronics Corporation, the new switching elements provide the first truly bounceless mechanical switch.
When the plastic tube is squeezed or bent, the solid mercury column connecting the two axial terminals
breaks suddenly, opening the switch. Because of the configuration of the visco-elastic tubing, the surface
tension of the mercury, and the presence of a tingy amount of inert gas, the opening and closing of the
switch is instantaneous and without any contact bounce. In a typical application, the MAP elements,
which measure 1 inch in length and % inch in diameter, are activated by a lever arm driver and by a
solenoid, just like the spring contacts of a relay.

With a minimum life of 50 million operations, a temperature range from —30°C to +85°C, and a
maximum activating speed of 200 times a second, the new MAP switching elements can replace reed
relays and even solid-state switching devices in many applications. Manual switches often use a diode
and an RC network to eliminate noise caused by contact bouncé, but when the new MAP elements
are incorporated in the mechanical switch, contact bounce is no longer a prablem.

Zinc-Air Penlight Battery

Ultra-Sound

Februoary, 1968

Early this vear, Leesona Moos Laboratories expects to announce a miniature version of the zinc-air
battery which they have been producing for military and space applications. The new bhatteries will be
penlight size and will weigh half as much but provide eight (8) times as much power as present carbon-
zine batteries. Zinc-air or zinc-oxygen cells use a high-rate oxygen cathode with a porous zinc anode in a
potassium-hydroxide solution electrolyte. Oxygen from the ambient air (or from a stored oxygen sup-
ply in space applications) passes through the cathode and corrodes the zinc anode into zinc-oxide and
forms hydroxyl ions, in combination with the electrolyte. The zinc anode is consumed in the process.
In the larger versions of this cell, the anode can be mechanically replaced. This effectively recharges
the battery.

Although not strictly a fuel cell, zinc-air or oxygen batteries approach the economy and efficiency of
fuel cells without requiring a pump or liquid fuel injection. The introduction of zinc-air penlight cells
is only the first step in what promises to be a whole new series of high-efficiency batteries for small
electronic devices. One limitation must be kept in mind, however, and that is the need for free access
to the ambient air. When the zinc-air batteries are used in air-flow-restricted containers, such as plastic
flashlights, their efficiency will be severely impaired.

in Color
In the November 1961 issue of EW, we described the technique of using ultrasonic signals to provide

a cross-sectional picture of portions of the human body. Since then, this method has been perfected and
ultrasonic TV displays and photographs of internal organs, arms, and legs are used in many hospitals.
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The x-ray-like picture is based on the ahsorption characteristics of 3.5-MHz sound signals by the various
tissues. In a cross-sectional view of a leg, for example, veins, bones, tendons, and muscles can be clearly
distinguished.

Dr. J. E. Jacobs of Northwestern University refined the technique by adding a color-TV type of dis-
play. Different tissue types appear in various distinct colors, although not necessarily the colors of actual
tissues. Veins and arteries may be blue, bones green, and muscles orange. This results in an extremely
vivid picture in which each tissue type is identified by its distinctive color. Since the picture appears on
a TV screen, continuous study of living tissue is possible. The refined systein is being manufactured by
James Electronics Inc. of Chicago. It will cost $10,000 to $20,000, depending on the complexity of the
assoclated equipment.

While developed primarily for medical diagnosis, the new ultrasound color system can also be used
for non-destructive inspection of metal structures such as welds and stress points.

It is encouraging to see color-TV so directly and ingeniously applied to a vital medical service. The
next step might be the development of a color conversion device which would produce the actual colors
with a 3-D effect, to permit doctors to “lock into” their patients without need for evploratory surgery.

A Surplus of Surplus Electronics Equipment

During the past year all of the military services have weeded out many types of surplus equipment.
In particular, electronics equipment such as oscilloscopes, various test sets, radio communications gear,
and radar sets have been retired in unusually large numbers. As a result, the surplus market is glutted.
To stimulate sales of this surplus electronics equipment, the Delense Supply Agency has recently ex-
hibited a large variety of this equipment in Washington and, although sales were good, there are still
many good buys available at various locations all over the country.

Those of our readers interested in buying electronics equipment at bargain-basement prices should
write to: Commander, Delense Logistics Services Center, Attention, DLSC-MSB. Federal Center, Batile
Creek, Michigan 49016, for inlormation and details. You must be over 21, a citizen, and not connected
with the disposal of surplus equipment. Catalogues of available items are at every sales center. They
may also be obtained through the mail. Equipment is sold on a cash basis only.

The Crowded Air Space

When you read these lines a major air collision may have already occurred. The probability of it
happening grows every day. After all the investigations and reports of the increasing danger of mid-
air collisions, nothing has heen done to prevent such catastrophies. For this fiscal vear {1968), the
Federal Aviation Administration was allotted $54 million for facilities and equipment, more than their
original budget request. According to the FAA, they expect to spend $14.3 million for automation
equipment and $1.23 million for terminal area radar.

A number of anti-collision schemes and actual equipment have heen discussed, and one, the EROS
system described in the December 1967 issue of EW, demonsirated. Some time this spring, a huge new
centralized air-traflic-control center goes into operation in the New York terminal area, but it won’t
have a complete automatic altitude decoding system working until late in 1968 or early 1969. How-
ever. most commercial airliners will be equipped with altitude-reporiing transponders by 1969. This
will help, but nothing at all is planned for the increasing numbers ol private planes. What is even more
discouraging is that ground-controlled collision warning systems will be limited to areas near the major
airports. True collision-avoidance radar, which would work anywhere, is technically feasible, but the air-
lines wait for the F'AA to do something about it and the FAA—well they are thinking it over.

Why does it always take a major disaster at the cost of human lives to alert us to the dangers so
clearly pointed out by all the experts? Ask any commercial pilot when his last near-hit was. See
“Airport Surveillance Radar” on page 27 of this issue.

After the Electric Rifle?

14

Uncased rifle ammunition has heen demonstrated before, but now the Smith and Wesson Company
has announced the development of a .22 caliber rifle which uses a caseless cartridge, ignited by electric
current from a battery. The key part of the electric rifle is a bolt made ol insulation material. Two
electrodes are embedded in the bolt so that they contact the solid propellant each time the bolt is
closed. A special insulation material is used which can withstand both the heat and the shock of each
shot without deforming.

Following the electrically fired rifle we can [oresee the development of a machine gun using the same
principle. For that application, an electronic pulse generator, synchronized to produce the desired
firing rate, may be used. This would place electronics directly into the deadly weapon. A

ELECTRONICS WORLD



POLAROID SWINGER
Regular Price $19.95
Club Member‘s Price $14.25

INFORMATION ON HOW TO BUY

:BRAND NEW CARS

Any Make or Model —Full Warranty

' SAVE UP TO $1,000.00

SCH” LS

___.._—--1 l
ﬂ,
ﬂ’
SCHICK ELEC. RAZOR

Regular Price $19.95
Club Member’s Price $9.88

ROTO-BROIL ELEC. CAN OPENER
Regular Price $19.95
Club Member’s Price $5.40

3 &

At

1st QUALITY FIRESTONE TIRES
Regular Price $25.00
Club Member’s Price $12.00

v T
STOCKINGS—First Quality.
400 needle, 15 denier seamless,
1009 nylon
Reg. Price $9.50 per dozen pair

Club Member's Price
$2.90 per dozen pair

Also, information on where to buy
reconditioned fleet cars
like these:

1966 FORDS AND DODGES
$595.00

1967 FORDS AND PLYMOUTHS

f‘\

S——

4

February, 1968
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MANNING BOWMAN ELEC. DRILL
Regular Price $14.95
Club Member's Price $7.40

MANNING BOWMAN POWER SAW
Regular Price $28.00
Club Member's Price $16.€5

POLAROID COLOR CAMERA
Regular Price $50.00
Club Member’s Price $37.88

Now You Can Save Up To75%

On Everything You Buy!!!

EVERYTHING BRAND NEW, TOP QUALITY, FULLY
GUARANTEED! MANY BELOW WHOLESALE!

THOUSANDS OF ITEMS! Appliances, TV sets, automobiles, watches, jewelry,
radios, stereo sets, furniture, gift items, housewares, toys, furs, hosiery, clothing,
shoes, and much, much more—such great names as General Electric, Westing-
house, Dormeyer, Polaroid, Gruen, Presto, Kodak, Remington, Firestone, Shick,
Webcor, Sunbeam, International Silver, and many, many more!

HOW DO YOU GET IN ON THIS FABULOUS DEAL? It's easy! All you do is join the
Wholesale-Discount Buyers Club. 100,000 folks have already joined and are
receiving all the Club benefits.

HOW MUCH DOES IT COST TO JOIN THE CLUB? You pay only $3.00 for a full
year's membership! There are no other costs or charges of any kind whatsoever!
And your $3.00 fee will be refunded to you in full at any time if you are not
completely satisfied!

WHAT ELSE DOES THE CLUB DQ? As a Club member you immediately receive
a huge color catalog with pictures and descriptions of hundreds of items at
fowest, low Club member's prices! You also get the automobile catalog with
information on where you can get late model Fords, Dodges, Chevrolets and
Plymouths as low as $595.00. Pictures, descriptions, and prices of the cars
are included! And Club members get special free gifts, too!

<=

We're so certain that you'll
be thrilied as a Club mem-
ber, we'll return your $3.00
fee at anytime, for any rea-
son,

gain.

VYT

$3.00 membership fee.

with no questions !
asked!! You have nothing [
to lose and everything to |

If you want to order any-
thing in this ad at the prices
shown, you may do so at the
same time you send your

LAA0RANARAALNNERY MAIL THIS COUPON TODAY
MONEY BACK
GUARANTEE WHOLESALE DISCOUNT BUYERS CLUB

Dept. 658-2 + 333 Old Tarrytown Road + White Plains, New York 10603

| enclose $3.00 payment in full for a year's membership in the
Wholesale-Discount Buyers Club. Please send full information on
merchandise and automobiles, immediately. Also put me on the list
to receive the regular special mailings. | understand that | am nct
obligated to buy anything and that | will receive a full refund of the
$3.00 membership fee at any time, with no questions asked.

NAME.

ADDRESS

ZIP CODE
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Start a

Stereo System
of Unparalleled

Quality For Solid State

or Tube Amplifiers

FABULOUS MUSTANG M-12T

12" 3-WAY SPEAKER SYSTEM.
A new breed of high per-
formance for whole house
sound! With 35-40,000 Hz
response; extra slim, thin
profile; exclusive front or
rear baffle mounting design;
12 15/16" dia. by 278" deep.

—

... for less than$7ﬂ""

AWARD WINNING MODEL 6201

—

12" 2-WAY SPEAKER SYSTEM.
Updated version of the
most popular true-coaxial
speaker ever made! With
axially mounted compres-
sion driven, wide - angle
reciprocating flare horn \
tweeter; 28 to 18,500 Hz -
response; 13" dia. by 6 S8 deep.

— 9 ——

... forless than$85"“

AWARD WINNING MODEL 312

12" 3-WAY DIFFAXIAL SYSTEM. P
The only integrated single
speaker assembly capable
of response from 28
to 40,000 Hz! With high
compliance woofer;
Diffusicone mid-range;
exclusive Sphericon
tweeter; integral
brilliance control;
15%;" dia. by 12"
deep.

r} ]:\ ;-

... for less than$40'm ‘

Listen to these and other {ine University
speakers at your dealers today! Ask about PSE
—University's “master blue print”* for goof-proof
planning and building of your own speaker
system. Includes many plans for
speaker enclosures designed to
deliver the very best in stereo
sound. Address inguiries to desk

B-85
LISTEN-—UNIVERSITY®SOUNDS BETTER

UNIVERSITY SOUND

A DIVISION OF LTV LING ALTEC.INC.

9500 W. Reno Oklahoma City, Okiahoma 73101
CIRCLE NO. 86 ON READER SERYICE CARD
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LETTERS
| FROM OUR
READERS

TUNGSTEN-HALOGEN LAMPS
To the Editors:

Some of the lasers shown in your in-
teresting “Recent Developments” fea-
| ture use as their pumping light what is
| referred to as a “tungsten-halogen”

lamp. Just what kind of light is this and
what are its advantages?
Arcan S. McGraw
Houston, Tex.

The tungsten-halogen lamp is used as
a high-intensity light source for profes-
sional photography and for theater and
television lighting. The main advan-
tages are the high light output plus the
fact that the lamp retains its brightness

| and color temperature for several times
longer than conventional incandescent
lamps.

Tungsten-halogen lamps (also called
quartz-iodine or quartz lamps) use
tungsten filaments like conventional

| lamps, but halogen gases (related to
iodine) are added to the normal gas
mix in the envelope. These gases com-
| bine with the tungsten that is evaporated
from the filament; it is this evaporated
| tungsten that in ordinary incandescent
‘ lamps is deposited on the inside of the
| envelope, causing blackening and a re-
| duction in light output along with a
| changc in color temperature. The high-
temperature requirements for these
| lamps mean that quartz, or other high-
temperature glasses, must be used for
the envelopes.—Editors
* * *
{ LOW-COST C-D IGNITION
| To the Editors:
With due respect to the author of the
| article “Low-Cost Capacitive-Discharge
Ignition System” in your November
number, T take issue with his statement
in the third paragraph wherein he says,
| “The total cost will not be much more
than about $20 at mail-order prices.”
Actually, the total cost of the system
\is well over $35 and this price is at the
dealer level. This is assuming that it is
| possible to buy or substitute for any of
| the special TI semiconductors that are
specified.
| I have tried without. success to ob-
| tain either the TI devices or substitutes
| from many distributors here in the state
' of Florida, and they have no records of
such TI numbers or any cross-references.

I am bewildered as to where Mr.
Cawlfield made his purchases. I am
positive he didn’t find most of the items
in his junk box. I have been in the elec-
tronics game for more than 35 vears
and I have been unable to find a 6-am-
pere filament transformer in my own
junk box, even though I have taken
filament transformers from TV sets
which have had as many as 35 tubes.

In any event, thunks for your maga-
zire. [ enjoy it.

Josern T. BEck
Beck Radio-TV
Tampa, Fla.

All the TI1 semiconductors used can
be found in the latest Allied Radio in-
dustrial catalogue. The most expensive
one is the SCR which sells for a little
over 35. The two transistors cost $1.35
each, while the various diodes all sell
for under $1 apiece. This means that
the total semiconductor cost is around
§12.

If your junk box does not contain the
filament transformer described, you can
buy a brand-new one for around $4.50.
Hence, I think you will agree that the
total cost of the system as described
should be, as the author says in his
article, “not much more than about $20
at mail-order prices.”—Editors

* ¥ *
SEMICONDUCTOR TEST SET
To the Editors:

In the November, 1967 issue of
EvrLecTrroxNIcs WORLD there appeared a
“Semiconductor Test Set” construction
article by M. Gross.

Mzr. Gross stated that two checks pos-
sible with the test set were the Igpg
and Igy, tests. What has been ignored
is that Ioyg, a value determined by the
manufacturer, requires a finite Vi, set-
ting. The test set had no adjustable
Vop setting, thus limiting the use of the
Igy0 test mode. '

Incidentally, many popular transis-
tors require a Vg, setting higher than
the source available in the set. More-
over, Iggs is a value seldom listed in
most semiconductor literature.

Epwanp S. Mepiva
Albuquerque, N. M.

To the Editors:
I have been one of your regular read-
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ers for over ten years now, and 1 want
to congratulate you on the continued
excellence of the magazine. As a tech-
nical writer, 1 consider it a “must”
among my sources of up-to-date infor-
mation on the state of the art in all the
different fields of electronics. 1 have
frequently found that within a few
months of reading one of your articles,
I have been called on to prepare a
technical manual for equipment using
the principles you had outlined so that
I have had a head start on the job.
However, it is not only vour general
articles that interest me; I enjov the
construction articles as well.

I would like to draw vour attention
to two errors in the schematic of the
“Semiconductor Test Set” on page 74
of the November issue. The meter
polarity was reversed, and “Calibrate”
switch S4 disconnects the meter alto-
gether in the “Calibrate” position so

54
CALIBRATE

that the second calibration procedure
on page 76 cannot be performed. I en-
close a marked-up copv of the sche-
matic, showing what I Dhelieve to be the
correct connections.

Normally your schemalics are excel-
lent—however, I feel that this one could
have benefited cither from supplemental
simplified schematics, or from a more
functional layout along the lines of the
examples I enclose, which T made up
for myself while constructing the unit.

Cumstoruen Tunny
Dir. of Publications
COMPAT Corp.
Hicksville, N. Y.

Just about all the transistor testers we
have seen and used do have some limi-
tations. However, even those decices
with limitations still permit valid com-
parisons to be made and allow rough
qualitative checks of a large number of
transistors.

With regard to Reader Terry’s letier,
we thank him for his comments as well
as for pointing out the circuit errors
mentioned above. (The corrected dia-
gram is shown above with the proper
wiring indicated by a heavy line.)—
Editors A

February, 1968

A Sound
Investment

The 711B FM Receiver. For real music to
your ears. Every touch of sound from FM,
tape or record player, arrives with
distortion-free reproduction whether it’s
the softest whisper of a muted guitar or
the rolling crescendos of tympani.

100 watt power rating (IHF) with fre-
quency response of +1dB, 15 to 30,000 Hz,
the 711B is fully silicon transistorized, has
the latest FET front end, integrated circuits,
automatic reset circuit breakers. Between-
station noise is completely eliminated by
Altec’s new muting circuit.

The professional look. Certainly the pro-
fessional touch. (Professional sound engi-
neers have installed Altec quality in
broadcast and recording studios for over
three decades.) That’s why it’s the very
sound buy at $399.50. See your Altec dealer.
Or send for our 1968 Hi-Fi Catalog.

A division of /477 Ling Altec, Inc., 1515 S. Manchester Ave., Anaheim, Calii. 92803
CIRCLE NO. 80 ON READER SERVICE CARD
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You can earn more money

if you get an FCC License}

...and here’s our famous CIE warranty that
you will get your license if you study with us at home

NOT SATISFIED with your present income?
The most practical thing you can do
about it is “bone up” on your electronics,
pass the FCC exam, and get your Govern-
ment license.

The demand for licensed men is enor-
mous. Teh years ago there were about
100.000 licensed communications stations,
including those for police and fire depart-
ments, airlines, the merchant marine, pipe-
lines, telephone conmpanies, taxicabs, rail-
roads, trucking firms, delivery services, and
SO on.

Today there are over a million such sta-
tions on the air, and the number is growing
constantly. And according to Federal law,
no one is permitted 10 opcrate or service
such cquipment without a Commercial FCC
License or without being under the direct
supervision of a licensed operator.

This has resulted in a gold mine of new
business for licensed service technicians. A
typical mobile radio service contract pays
an average of about $100 a month. It’s pos-
sible for one trained technician to maintain
eight to ten such mobile systems. Spme men
cover as many as fifteen systems, each with
perhaps a dozen units.

Coming Imp:ct of UHF

This demand for licensed operators and
service technicians will be boosted again in
the next 5§ years by the mushrooming of
UHF television. To the 500 or so VHF tele-
vision stations now in operation, several
times that many UHF stations may be added
by the ticensing of UHF channels and the
sale of 10 millton all-channel sets per year.

Opportunities in Plants

And there are other exciting opportunities
in acrospace industries, electronics manufac-
turers. telephone companies, and plants op-
erated by electronic automation. Inside in-
dustrial plants like these, it’s the licensed
technician who is always considered first for
promotion and in-plant training programs.
The reason is simple. Passing the Federal
government’s FCC exam and getting your
license is widely accepted proof that you
know the fundamentals of electronics.

So why doesn’t everybody who “tinkers”
with electronic components get an FCC Li-
cense and start cleaning up?

The answer: it's not that simple. The gov-
ernment’s licensing exam is tough. In fact,
an average of two out of every three men
who take the FCC exam fail.

~

There is one way, however, of bzing pretty
certain that you will pass the FCC exam.
And that is to take one of the FCC home
study courses offered by the Cleveland In-
stitate of Electronics.

CIE courses are so effective that better
than 9 out of every 10 CIE-trained men who
take the exam pass it...on their very first try!
That’s why we can afford 10 back our
courses with the iron-clad Warranty shown
on the facing page: you get your FCC Li-
cense or your moitey back.

There’s a reason for this remarkable rec-
ord. From the beginning, ClE has special-
ized in electronics courses designed for
home study. We have developed techniques
that make learning at home easy, even if
you’ve had trouble studying before.

In a Class by Yourself

Your CIE instructor gives his undivided per-
sonal atiention 1o the lessons and questions
you send in. It’s like being the only student
1n Ris “class.” He not only grades your work,
he anaiyzes it. Even your correct answers
can reveal misunderstandings he will help
you clear up. And he mails back his correc-
tions and comments the same day he re-
ceives your assignment, so you can read his
notations while everything is still fresh in
your mind.

It Really Works

Our files are crammed with success stories
of men whose CIE training kas gained them
their FCC ““tickets” and admission to a
higher income bracket.

Mark Newland of Santa Maria, Calif,,
boosted his earnings by $120 a month after
getting his FCC License. He says: “Of 11
different correspondence courses 1've taken,
CIE's was the tmst prepared, most interest-
ing, and easiest to understand.”

Once he could show his FCC License,
CIE graduate Calvin Smith of Salinas, Cali-
fornia, landed the mobile phone job he'd
been after ior over a year.

Mail Card for Two Free Books

Want to know more? The postpaid reply
card bound-in here will bring you free cop-
ies of our school catalog describing oppor-
tunitics in electronics, our teaching methods,
and our courses, together with our special
booklet, “How to Get a Commercial FCC
License.” If card has been removed, just
send your name and address to us.

Cleveland Institute

THESE CIE MEN PASSED...
NOW THEY HAVE GOOD JOBS

Matt Stuczynski,
Senior Transmitter
Operator. Radio
Station WBOE

“I give Cleveland In-
stitute credit for my
First Class Commercial
FCC License. Even
though I had only six
weeks of high school
algebra, CIE's AUTO-
PROGRAMMEDTV lessons make elec-
tronics theory and fundamentals easy. !
now have a 2ood job in studio operation,
transmitting, proof of performance, equip-
ment servicing. Belicve me, CIE lives up to
i1s proumises.”

Chuck Hawkins,
Chief Radio
Technician, Division
12, Ohio Dept.
of Highways

“*My CIE Course en-
abled me to pass both
the 2nd and Ist Class
License Exams on my
first attempt... | had no
. . prior electronics train-
ing either. I'm now in charge of Division
Communications. We service 119 mobile
units and six base stations. It's an interest-
ing, challenging and rewarding job. And
incidentally, 1 got it through CIE's Job
Placement Service.

3
3
H
8
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Glenn Horning,
Local Equipment
Supervisor, Western
Reserve Telephone
Compapy

“There’s no doubt
about it. I owe my 2nd
Class FCC License to
Cl@vcland Institute.
Their FCC License
Course really teaches
you theory and fundamentals and is par-
ticularly strong on transistors, mobile ra-
dio, troubleshooting and math., Do 1 use
this knowledge? You bet. We're nstalling
more sophisticated electronic gear all the
time; what I learned from CIE sure helps.’

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

of Electronics

cl

1776 E. 17th St.. Dept. EW-41, Cleveland, Ohio 44114

Accredited by the Accrediting Commission of the National Home Study Council, and the only home study school to provide complete coverage
of electronics fundamentais plus such up-to-date applications as: Microminiaturization  Laser Theory and Application ¢ Suppressed Carrier
Modulation « Single Sideband Techniques ¢ Logical Troubleshooting « Boolean Aigebra ¢ Pulse Theory » Timebase Generators...and many more.
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Cleveland Institute of Electronics

WARRAN"

of success in obtaining a

Government FCC License

The Cleveland Institute of Electronics hereby warrants that
upon completion of the Electronics Technology, Broadcast
Engineering, or First-Class FCC License course, you will be
able to pass the FCC examination for a First Class Com-
mercial Radio Telephone License (with Radar Endorsement) ;

OR upon completion of the Electronic Communications
course you will be able to pass the FCC examination for a
Second Class Commercial Radio Telephone License;

AND in the event that you are unable to pass the FCC test
for the course you select, on the very first try, you will re-
ceivea FULL REFUND of all tuition payments.

This warranty is valid for the entire period of the com-
pletion time allowed for the course selected.

b 0 M.

G. O. Allen
- - E President

7

February, 1968
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Surprising
what you can pick up
in a good weeks work.

Play along with us and we’ll see that you get a
little something extra to take hame. Like a shiny
new toaster or an electric percolator. Maybe a fish-
ing reel or a Harris Tweed jacket.

For that matter, we’ll get you a toboggan, if
that’s what you want most.

What we ask in return is that you use Sylvania
tubes when you're repairing TV sets—both our
own make and others.

As you know, we make color and black & white
picture tubes and receiving tubes for virtually
every make set on the market. In fact, 15 out of 21
color set manufacturers use some Sylvania picture
tubes as original equipment.

So you shouldn’t have much trouble moving a
lot of our tubes, week in and week out.

When you use our tubes, you get our Sylvania
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Bright Guys award certificates as a bonus. They’re
not quite the same as money. But they will get you
the kinds of things only money can buy.

Your distributor is the man to contact for de-
tails. He’ll give you a Sylvania Bright Guys award
kit (which includes a catalogue listing the good
things we offer—about
1500 in all).

Naturally, the more tubes
ycu buy from him, the
more certificates he’ll

give to you.

' It’sapretty fair way to

work, wouldn’t you say?

SYLVAN IA

GENERAL TELEPHONE & ELECTRONICS

ELECTRONICS WORLD



s e

A @ i

By FOREST H. BELT /Contributing Editor

Still Chasing X-Rays

The Public Health Service (PHS) continues to measure x-rays emitted by color-TV receivers. The
“hig scare” is past with the modification of most of the G-E sets that were emitling excessive radiation
below the receivers. However, PHS is still finding some G-E and other sets with radiation slightly ia
excess of 0.5 milliroentgen per hour at 5 cm from the surface of the set, the maximum recommended by
the National Council on Radiation Protection and Measurement. A recent survey of 131 G-E sets con-
ducted for PHS by the Pinellas County, Fla. health department showed that 27 of the sets produced
radiation between 0.5 to under 1.25 mR/hr, 5 sets radiated between 1.25 to under 2.50 mR/hr, 3 sets
radiated between 2.50 to under 6.25 mR/hr, and 3 radiated in excess of 6.25 mR/hr. This radiation
was measured at the sides and rear of the sets rather than below as was formerly the case.

Even with this amount of radiation, the danger of biological damage is quite low. And this can be
minimized by viewing the set at a distance of 6 to 10 feet and by avoiding prolonged exposure to the
sides and rear of such receivers. However, service techunicians should be aware of this radiation and
should keep the high voltage on all color-TV receivers no higher than the values recommended by the
manufacturers. -

There has also been some talk, mainly by makers of glass for picture tubes, that color CRT’s without
safety plates were allowing x-radiation from the screen in front. PHS field measurements failed 1o
turn up even one case of such forward radiation, even with bare-faced picture tubes, and even witn
misadjusted high voltage. Measurements will continue in several areas of the country; the PHS has
asked the Electronic Industries Association to cooperate in this regard.

More and More in Less and Less

Why not an AM radio on a single integrated-circuit chip? Philco came pretty close last year with its
two-chip prototype, which may go into production this summer. A British semiconductor manufacturer
is on the verge of producing the integrated circuit that will make possible the single-chip AM receiver.
Plessey Co. has developed a linear 1C that has oscillator, mixer, i.f,, detector, and all audio stages
(including output) on one chip. The company expects to supply the unit in production quantities soon

Meanwhile, Mullard Ltd., another British company, has accomplished essentially the same thing.
The Mullard 1C doesn’t include the audio output stage, though, and requires an outhoard transistor.
A ceramic filter, also outboard, is used for i.f. selectivity. The same chip can he used in communications
receivers, or as 1 TV sound i.f. amplifier. Just a few more steps and Dick Tracy’s wrist radio will be an
oversized antique; a communications set will fit neatly into any ring.

Radio-TV Tuned With Potentiometer

In the past 8 or 9 months, several semiconductor manufacturers have come up with voltage-variable
capacitive diodes that have a capacitance range wide enough to tune the entire television band. At
least one company has a unit that can cover the AM broadcast hand—the toughest to accomplish. ITT
Semiconductors revived the excitement lately by unveiling an entire kit of semiconductors for making
solid-state TV tuners without mechanical parts. In addition, suggests /7T, the new design will make
remote control much simpler. A diode with very low forward resistance is used for bandswitching, and
two tuning diodes are tuned by voltage from a potentiometer. The kit even includes a temperature-
stabilized zener diode for absolute voltage control. Telefunken, of Germany, showed a prototype design
last year in which the entire v.h.f.-u.h.f. television bands could be tuned with a five-button switch and
a potentiometer.

The AM-tuning diode introduced by ITT purports to simplify broadcast-band tuning. Sorry, but until
the price is lower, the old coil-and-capacitor setup isn’t likely to disappear suddenly.

Solid Approach for Test Instruments
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Among instruments for servicing home-entertainment electronic products, you seldom hear of a new
instrument that isn’t solid-state. Color-bar generators and stereo-multiplex generators were among the
first to reflect the trend, because they came into importance just about the time solid-state technology
experienced a price break which put it into the range of service-type equipment. It’s no surprise, then,
that almost any new test instrument nowadays is transistorized.

The big step forward has been in portability. With the minuscule power requirements of transistor
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stages, battery operation of all but the largest instruments is practical; without the limitation of a power
cord, portability is a cinch. RCA recently added a transistor tester, sine/square generator, and volt-
ohmmeter to the long list of portable instruments for home servicing and industrial use. “Knight-Kit”
(Allied Radio) also has a complete new line of solid-state test equipment which is a.c.-operated.

Most glamorous of recent developments along this line is the incorporation of the field-effect iransistor
into voltmeters. Equipment makers weren’t long in taking advantage of the high input impedance of
the FET. Among early manufacturers in this area are /leath, Triplett, and Amphenol; and more re-
cently Sencore.

Pay-TV ... A Waiting Game

The on-again, off-again character of subscription television continues. Congress finally asked the
I'ederal Communications Commission (FFCC) to withhold any decision until at least the end of 1968.
This will give Congress time to hold more hearings and perhaps come up with legislation that spells
out exactly what pay-TV can or cannot do. An attempt may even be made to decide on cne standard
system; there are several possible—some wired, some aired.

The National Association of Broadcasters (NAB) strongly opposes pay-TV. So do movie-theater
owners. They’ve been fighting it for more than a dozen years. Their biggest win came a couple of
years ago when they ousted a large subscription-TV operation that almost got started in southern
California, defeating it through a referendum of voters.

Whether the FCC heeds the Congressional suggestion or not, pay-TV proponents seem both patient
and optimistic. They insist pay-TV is inevitable. The argument they use most is that pay-TV will offer
the public commercial-free programs of high quality. That may turn out to be a poor argument. For
one thing, there may not ke that many “high-quality”” programs to be had for viewing anywhere, pay
or otherwise. For another thing, a survey last year revealed that only about half the viewing audience
are actually that annoyed with commercials. (In fact, nearly 40% like them.} Besides. a new NAB
Television Code soon to go into effect will limit commercial interruptions to four per 60-minute
program which should be some improvement.

This One’s Availabie

Last month, this column reported that Amperex and Matsushita had both introduced high-voliage
power (ransistors (1500-volt base-collector rating) for the horizontal-deflection stage of solid-state TV
sets. As is often true of new developments, there was this catch: neither transistor is available in
quantity until late this year, for one reason and another. Delco Radio has one with a lower rating
(1200 volts), but it, too, is not yel availahle in production lots.

To the rescue comes Toshiba (Tokyo Shibaura Electric Co.) offering its 2SC643, rated at 1500
volts and available for delivery now. The firm will soon have a version rated at 1800 volts, plenty for
large-screen solid-state TV. The price of the T'oshiba unit is competitive, 100, less than $2.50. There is
a companion vertical-deflection transistor, the 2SC642--and it’s available.

Dummy Transistors in Radios

Some manufacturers and importers of tiny transistor porleble radios are apparently still counting
“dummy” transistors in their labeling and advertising. At least the Federal Trade Commission (I'TC)
continues to express concern ahout the practice. A so-called 10-transistor radio may have only 6 or 7
working; the rest are just stuck in the board and not hooked up. Overseas manufacturers blame the im-
porters, who (they complain) keep asking for “extra” non-functioning transistors in sets they order.
The cheap reject Lransistors are an inexpensive way of making a radio seem (in the ads) more sensi-
tive and powerful.

The FTC solution, which is okay with the Electronic Industries Associations of hoth the U.S. and
Japan, is a new rule to prohibit counting transistors thal are not active. An eatly proposal specified that
the transistor, 1o be counted, must detect, amplily, or receive radio signals. A more liberal consideration
of auxiliary functions (a.v.c. and the like) is expected to shape final wording of the new rule. Japan
furnishes more than hall the transistor portables imported into the U.S. Hong Kong supplies a signifi-
cant percenlage, too, and has been chief target for complaints.

All-Solid-State CB
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A pair of new silicor rf. power transistors are contributing to the end of hybrid CB units (those
which still use tubes in the transmitter output stages). The RCA 40581 and 40582 are triple-diffused
silicon planar n-p-n types, in TO-39 packages. They round out a full complement of RCA transistors for
making an entire 27-MHz transmitter solid-state. They can develop 3.5 watts of unmodulated r.[. power
output at Citizens-Band {requencies, comparable with tube performance in the usual 5-watt-input power
stage. A
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THE MOST SPECTACULAR SOUND EXHIBITION

OF STEREO FIDELITY

R

=y .' HiriStereoRevien S T E R EQO

DEMONSTRATION

: ‘ RECORD T
rw"r”' 2 . : {/

This record is the result of two years of intensive
research in the sound lbraries of several of the
world’s leading record companies, The Editors of
HiFi/Stereo Review have selected and edited those
excerpts that best demonstrate each of the many
aspects of the stereo rearoduction of music. The
record offers you a greater variety of sound than
has ever before been included on a single disc.

AN ELECTRIFYING EXPERIENCE IN LISTENING

| The HiFi/Stereo Review Stereo Demonstration Rec-

| ord is a series of independent demonstrations, each

| designed to show off one or more aspects of musi-
cal sound and its reproduction. Entirely music, the
Record has been edited to provide self-sufficient
capsule presentations of an enormous variety of
music arranged in a contrasting and pleasing order.
It includes all the basic musical and acoustical
sounds that you hear when you listen to records,
isolated and pointed up to give you a basis for
future critical listening.

sound and special layout of a small performing group (harpsichord, cello ard
flutes) in fairly resosan: surraundings.

KHAN: Raga Chandranandan (exce-pt) Connoisseur Society ¢ This classici!
WIDE RANGE OF DEMONSTRATIONS Indian music provides scme o° the most exciting musical 2xperiences imagir-
. Techniques of separation and Multiple Sound able. Directionality betwe2n vastly dirferent instruments is the point here &

well as the sheer sound of the irstruments themselves.

Sources - Acoustic Depth - The Ambiance of a RODRIGO: Concer—©Serenade bor Harp and Orchestra (excerpt from the first

Concert Hall - $harp Contrasts of _Dynamics * movement) Deutsche Grammogh:zn Gesellschaft * This excerpt prevides a wealth
Crescendo and Diminuendo ° Very High and Very of instrumental color tehind a harp solo. The music is clear, colorful, rather
Low Pitched Musical Sounds * Polyphony (tWO or classical, and immensely entertaining.

MANITAS DE PLATA: Gypsy Riwumba (complete) Connoissecr Society * Ths

more melodies going on at once) With Both Similar recording puts the listener in tre center of a flamenco party by precisely trans-

and Contrasting Instruments - Tonal Qualities of mitting the directionality, depth and ambiance of this completely imprompte
Wind, String and Percussion Instruments + Sounds Liﬁ?{g'{ﬁé“i'”' VinBT PedT 1) Tine f Tl caiatlc

B 9 A i : {arr. King): Psalm . “'The Heaves are Telling'’ (complete) Con
of Ancient InStrumfentS s.Soynd%o_f Oriental 'nStr"! noisseur Society * This arrangament of the brief Marcello Psalm is for brass
ments © . Sound of the >INgIng Voice, Both Classi- choir and organ, wio answer on: another antiphonally
cally Trained and Untrained - Plus a Large Sam- PRAETORIUS: Terpsichore: La Bc irrée XXXI! (complete) DGG Archive » A mus ca
p]ing of Finger Snapping, Hand Clapping, Foot gem played by a ra‘t of renaissamce instruments inciuding recorders, viols, lutes,

harpsichord, small kettle crums, chimes, bells, and triangle.

Stampmg and Other Musical and Percussive Sounds BERG: Wozzeck (excerpt irom Act I11) Deutsche Grammophon Gesellschaft * The

acknowledged masterpieces of medern music incorporating the use of many un-
13 SUPERB SELECTIONS usual and extraordinary musiczl davices, including dramatic crescendos for full
STRAUSS: ive Prelude, Op. orchestra. )
Gese“schaﬁFe.shvsecméz ufoer 8,”, ss’,,ln,(l»,e:,c‘;”:,(r)chz:at:cgfuscr:gﬂowiin BARTOK: Sonata far_two dianos and Percussion (gxcerpt from the first move-
prominence to the brass instruments. Remarkable for the impressive ment) Carr_lbndge . The work is = 4s§unn|ng exploration of pescussive sounds uced
sense of depth it reproduces. as the basic material of the compcition.

BEETHOVEN: Weliington's Victory (Battle Victory) (excerpt ‘rom the last move-
ment) Westminster ¢ A demons ration of one of stereo’s greatest virtues, its
unmatched ability tc clarify separite contrapuntal voices being played by simi ar

DEBUSSY: Feux d’artifice (excerpt). Connoisseur Society. + Virtually
the entire range of the piano is used, including the full force of the
bass notes. This is the sound of a piano in reverberant surroundings

: instruments.
heard fairly close-up. ins X X ]
BEETHOVEN: Wellington's Victory (Eattle Symphony) (excerpt from Advanced New Anti-static Vlnyl
the first movement) Westminster « The recording emphasizes extreme Recorded with the cooperation of Deutsche Grammophon Gesell-
S{;?S,"i’;;',:,’g;,c'fio'ns_ aldramaiicleresentationlensiresiedibeeciticallvatey schaft, Connoisseur Society, Westminster Recording Company

and Cambridge Records Incorporated, the Sterea Demonstraticn

MASSAINO: Canzona XXXV a 16 {comglete) DGG Archive ° Performed Record is processed and przssed on a newly developed, improved

on old instruments, and recorded with techniques that combine direc-

tionality with depth and ambiance, this band reproduces the sound vinyl. It is permanently ant -static, repels dust and dirt and pro-
of the music in its original environment, a large and reverberant motes longer stylus wear. The use of this material is conducive %
cathedral. low surface noisz and conwibutes to the production of full dv-
CORRETTE: Concerto Comigque Op. 8, No. 6, "'Le Plaisir des Dames’’ namics and frequency range. The record continually looks new,
(third movement) Connoisseur Society ¢ Recording demonstrates the sounds new and wears longer.

ORDER YOUR STEREO DEMONSTRATION RECORD TODAY
$ 498 .
2 FR EE DESCRIPTIVE BOOKLET Only Postpaid
Stereo Demonstration Record
3 ENCLOSED WITH EACH ALBUM P. O. Box 3463 * Church Street Station * New York, N.Y. 10008
Packed with valuable facts to give you a better under- m. . .
standing of the term ‘“stereo high fidelity,” including a Pleasiegssend me_‘._.aHuhl’»’In/Stereo Review Stere% Demonstration Record Albums
discussion of the selections appearing on the record, plus |ast enciosedeaCh' postpaid. My check (or money order) for $_
a complete description of each selection performed and i
the purpose behind its demonstration. Check One: [ 33% mpm {J 45 rpm
(outside U.S.A. please send $7.00 pzr album ordered.) New York State residents
" please add local sales tax.
} 12” STEREO RECORDING AVAILABLE IN
YOUR CHOICE OF 33%; RPM OR 45 RPM Print Nome T
The 33'% rpm is of the highest attainable quality at that Address
speed. The higher speed of the 45 enables an even higher
quality disc. L—Cm’_ State Zip Code
1 PAYMENT MUST BE ENCLOSED WITH ORDER
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EXTRA POWER

with

FINCO

FINCO MODEL #65-4

Antenna Amplifier
$47.95 list VHF.TV
Two-transistor Antenna
Amplifier for 75 OHM
Downlead, and power
supply with built-in

AMPLIFIERS

For perfect color TV and
FM Stereo Reception _.

FINCO MODEL #65-1
Distribution Amplifier
$29.95 list 2-tube 4.
output VHF-TV or FM
Distribution Amplifier
for 300 OHM Opera-
tion, providing 8 dB
gain at each 300 ohm
output to feed home or
commercial systems.

FINCO MODEL #65-2
Distribution Amplifier
$39.95 list 2-tube 4-
output VHF-TV or FM
Distribution Amplifier
for 75 OHM CO-AX
Operation, providing 6
dB gain at each 75 ohm
output to feed deluxe
home or commercial
systems.

FINCO MODEL #65-3
Antenna Amplifier
$44.95 lList New VHF-
TV Antenna Amplifier
and Power Supply with
built in single or dual
outputs to improve re-
ception of weak signals
in fring2 areas. Pro-
vides 12 dB gain in the
low band and 14 dB
gain in the high band.

Sets “"COME ALIVE" with
Brilliant Sound and Color

A Finco high-gain, low-noise amplifier
will*bring in the sharpest COLOR or

B & W TV picture and the finest sound! |

All FINCO Products are Engineered
For Color!

single or dual 200 ohm
outputs. Provides 12
dB gain in the low band
and 14 dB gain in the
high band.

FINCO MODEL #65-5
Distribution Amplifier
$44.95 list VHF-TV 75
OHM Single Outlet Dis-
tribution Amplified for
deluxe home or com-
mercial use to feed
multiple sets through
line tap offs or split-
ters. Delivers 17 dB
Low Band and 14 dB
High Band. o

FINCO MODEL #65-6 ¢
Amplifiers $79.9% list. ;
VHF.TV Antenna Mount- 3
ed two-transistor pre-
amplifier with 75 OHM
two-tube Single Output
Distribution Post-am-
plifizr up to 30 dB gain
for improved reception.
Used in home or com-
mercial installations to
feed multiple sets.

FINCO MODEL #55-7
FM Signal Amplifier
'$24.95 list. One-tran-
sistor Indoor Eehind-
the-set FM amplifier
with a passive fiiter in-
put circuit to reject sig-
nals outside the FM
band which cause in-
terference. Delivers 20
dB Gain.
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AND Fm ANTENS
Write for Color Brochure #20-411.

THE FINNEY COMPANY

34 W. Interstate Street « Dept, 410 « Bedford, Ohio 44146

CIRCLE NO. 78 ON READER SERVICE CARD
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AIRPORT
RADAR:

The
EKuropean
Approach

By RICHARD HUMPHREY

SURVEILLANCE

Photo of radar scope shows plane taking off in upper-left
rvesway ond another plane landing in lower-left runway.
The original radar display shows clearly the wings of the
two planes aleng with a ladder-like trace indicating motion.

High-speed scanning rates and higher operating frequencies are used by
radars at several major European airports to produce detailed pictures
of aireraft landings and 1ake-offs and to monitor traffic on the ground.

nation’s air-travel business. In 1960, 9784 control-tow-
er operators manned 153 control towers at 2780 air-
ports to supervise aircraft which flew at an average speed
of 235 mi/h (domestic) and 307 mi/h (international).

In 1965, 14,875 control-tower operators manned 292 con-
trol towers at 3570 airports to supervise aircraft which flew
at an average speed of 315 mi/h (domestic) and 451 mi/h
(international). Figures for the first half of 1967 show an
increase in most of these categories.

Radar is absolutely necessary to the safe and eflicient
handling of this ever-increasing flow of air traffic. As proof,
witness the result of a radar failure at Kennedy International
on July 28th, 1967: only 20 planes could be landed in one
hour at this airport which normally handles a hundred or
more hourly.

Radar solves with ease and safety most of the problems
created by more and more airplanes flving at faster and
faster speeds. But where it may fall short is during the
two most dangerous times of an airliner’s flight: landing
and take-off.

Many major airports in Europe are giving considerable
attention to these two vital times. At London, Schiphol, and
Eindhoven in Holland, and at Frankfort and other air ter-

FE\V service industries can match the growth of the
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minals, they are using a special type of radar called ASDE~
airfield surface detection equipment—to track not only land-
ings and take-offs but also to keep an eve on the swelling
ground traffic which is a necessarv part of today’s high-
volume air-travel industry.

On the other hand, the only major airport in the New York
area which has ASDE radar is Kennedy International. New-
ark airport had it at one time but it was discontinued a few
vears ago on what one FAA official termed a “cost versus
benefit” basis. Even the ground collision at LaGuardia on
May 2nd of last year between a Yankee Airlines DeHavil-
land and a privately owned Piper Cherokee in which three
people lost their lives has not changed American thinking
as far as ASDE radar is concerned. (LaGuardia does not
have ASDE.)

Comparison Between Equipment

To get a comparison between the tvpe of equipment
used here and that in general use in Europe, this author
talked to FAA radar specialist Harrison Longmate about the
Kennedy unit.

“The equipment at Kennedy,” Longmate said, “is made
by the Airborne Instruments Laboratory and operates at
24,000 MHz (the 1.25-cm band) with a pulse length of
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Radar tower at Holland’s Eindhoven airport is shown here with
a crane installing the ASDE-500 antenna and transceiver unit.

0.02 microsecond, a PRF (pulse recurrence frequency) of
14,400, and a peak power of 36 to 50 kW,

“Polarization of the AIL ASDE radar is either circular
or linear, average power is 11 to 14 watts, the scan rate
(antenna r/min) is 60 and vou can tilt the antenna =3°.
The beamwidth is 1° vertical and it has a 15-inch display
tube. On the scope, an aircraft looks something like a “T". In
fact,” he concluded enthusiastically, “you can even pick out
three fins on a Connie!”

This ability to delineate the actual shape of the observed
target is common to all ASDE radar. A moment’s thought
will tell you that ASDE radar must be able to do this (how
else to sort out aircraft, tank trucks, buggage trailers, “fol-
low-me” cars, etc.).

The Eurcopean counterpart of the AIL unit is the ASDE-
500 made by Philips, with a slightly higher operating fre-
quency (33,000 MHz) and a markedly faster antenna rota-
tion speed (500 effective r/min). Its maker claims these
two characteristics give its ASDE radar a better picture of
what’s taking place on the ground.

While this is @ moot point (33 GHz and 24 GHz would
seem to have the same advantages and disadvantages),
many feel the increased scan rate of 500 pictures-per-minute
(8% per second) is the feature which puts the European
unit ahead in this respect.

The advent of jet-aircraft-lengthened runways gave us
higher landing and take-off speeds, brought about an in-
crease in the number of ground-support vehicles and, in
general, increased the work and responsibilities of the
control-tower operator. To ease this situation, an increased
scan rate would seem to be desirable.

A direct comparison between the two ASDE units and
their scan rates is interesting. Suppose we have an aircraft
landing at 120 mi/h. This plane will be traveling 10,560
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A closeup view of the 92-inch redar antenna {enclosed in its
fiberglass radome} which is used with the Philips equipment.

feet each minute, 176 feet per second. The Kennedy AIL
ASDE radar {with a scan rate of 60 r/min) takes one look-
per-second, which means the observed aircraft travels 176
feet between each picture renewal. The Philips ASDE-500
with its 500-per-minute scan rate lets this target progress
only about 21 feet between looks.

Other Special Capabilities

Good ASDE radar must also have other special capabili-
ties. To give control-tower personnel quicker and more ac-
curate at-a-glance information, the definition must be much
higher than 1300-MHz, 2700-MHz, or 9000-MHz radar
with comparably sized antennas. This definition is, of course,
a direct result of using frequencies whose wavelengths are
in the millimeter range (the shorter the wavelength, the
longer electrically an antenna can be made while still re-
maining within mcdest physical length) plus extremely short
pulse lengths and relatively fast PRF’s (pulse recurrence
frequency, the number of times-per-second the radar’s blast
of signal power is triggered ).

In PRF, pulse length, and operating frequency AIL’s
ASDE radar and the Philips ASDE-500 are pretty much
neck-and-neck. They both have pulse lengths of 0.02 micro-
second while operating frequency (33 GHz for the ASDE-
500 and 24 GHz for the AIL) and the PRF’s (12,000 in the
Philips and 14,4C0 in the AIL) are, if not identical, in the
same neighborhocd.

Additionally, ASDE radar should have a “daylight” view-
ing screen. While optical viewing of a target held on long-
medium-, and short-range radar is not only usually impossi-
ble but seldom desirable, in ASDE work there might be
many times wher control-tower personnel will find it highly
advantageous to switch swiftly from radar-view to eyeball-
view. Here the quick transition while still retaining rela-
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tively good visual clarity almost demands the daylight-tvpe
of CRT viewer.

Also, reliability and ease of muintenance rate very high
on the “must” list for ASDE radar. (LaGuardia, which has
only conventional radar, once experienced two-hour landing
delays during a radar failure.)

But by far the most remarkable thing about the uropean
ASDE radar is the elfective antenna rotation speed of 500
r/min. What the manufacturer did was to build twoe com-
plete radar units back-to-back—two cosecant-squared anten-
nas enclosed in a fiberglass cylinder, two transmitters, two
receivers, and two power supplies (Fig. 1). The resultant
signals are then fed to one central control console. There,
the two signals are flip-flopped and phased to double the
actual physical antenna rotation speed of 250 r/min to un
effective r/min of 500. The picture, with its now-500 scan
rate, is delivered to as many as five display consoles.

Explaining “from the top down”, we start with an an-
tenna r/min of 250 which is remarkable enough in itself.
Each of the two radars has a PRF of 6000. This means (di-
viding the 6000 PRF into one second) that each radar fires
at intervals of 166.66 microseconds.

Since it would serve no useful purpose to have these two
sets merely duplicate one another, we synchronize them (in
the central control console) so that radar #2 fires 83.33
microseconds later than radar #1. This produces two re-
sults: with each radar being triggered every 166.66 micro-
seconds and then being meshed like two combs into each
other, we end up with u firing interval from the two sets
ot one-half of 166.66 microseconds, or 83.33 microseconds,
and a total PRF of 2 X 6000 or 12,000.

However, this will bring up a problem. Visualize the
following: radar #1 fires when its antenna is facing, say,
000° (due North). Radar =2 fires 83.33 microseconds later.
Since radar =2’s antenna is aimed {back-to-back remember)
180° from radar =17, it would fire at 180° plus the num-
ber of degrees (or parts of degrees) which the antenna
(at 250 r/min) has turned through. Then, 83.33 micro-
seconds later, radar =1 will fire at 000° plus the number of
degrees it has turmed in 166.66 (2 X 83.33) microseconds.

If we place a targel at 000° the problem raised by this
displacement, which takes place each time the antenna unit
revolves, becomes readily appuarent. The physical rotation
of 250 r/min of the ASDE-500 antenna is just too fast! Our
target at 000° would be hit just ence per revolution. It cer-
tainly won’t be a very good idea (o have a high picture
renewal rate il we don’t have a compurable—and necessary
—solid target return.

Here’s where the delay phasing of the ASDIE-500 double-
ended signal steps in. From a code wheel in the rotating
unit, a signal is obtained and used to delay the sync pulse
for euch set approximately 5 minutes of one degree (Yi2th
of u degree). ITere’s why that interval was chosen: taking
radar =1 we see that its antenna will make 4% revolutions
per second (250 r/min + 60). 4' r/s is equivalent to
(360° X 4%) or 1500°. We see that with a PRF of 6000
being fired through 1500°, each time radar %1 fires, its
beam will have rotated through 15 (0.25°). Now, if we
can delay that firing 5" on each revolution, we would shift
the scan pattern 5 on the second firing, 10”7 on the
thivd, and on the fourth we would return to our original
stale of 15" and the sequence would start all over again.
This particular technique is applied to both radar #1 and
radar #2.

The target at 000° now gets a scatter-gun type of cov-
erage. The scamning densily is ouly slightly increased by
this but we do get a better picture as far as total saturation
is concerned.

This “better” pictwre is easily discernible in the photos
taken of the ASDE-500 scope. The clarity and definition
are in marked contrast to radar operating at the lower fre-
quencies. \What these photographs don’t show is the al-
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most total Jack of distraction caused by the sl(;w-k'
“sweep” of the radar beam around and wround the facee.
the CRT in conventional radar. In the ASDE-500 the beam
races around 8% times a second. It doesn’t have the hyp-
notic effect that many radar operators find annoying.

Effects of Precipitation

The increased return from small targets which is another
advantage of the millimeter wavelengths involved in ASDE
radar gives rise, paradoxically, to a disadvantage.

“One trouble we have,” said the FAA’s Harrison Long-
mate in speaking of the Kennedy AIL equipment, “is satura-
tion of the radome in a heavy rain which affects the signal.
Of course,” he added, “there’s a certain amount of inter-
ference to our lower frequency radar in extremely heavy
precipitation.”

Longmate’s remarks were echoed by Lt. Cmdr. Glass of
the U.S. Coast Guard’s Electronic Engineering Center at
Wildwood, N.J. where the only 33,000-MHz radar (a ma-
rine navigation unit, not the ASDE-500) in the country is
presently being evaluated (see “New Q-Band Marine Radar”
in the April 1967 issue).

“We had a very interesting day down here early in Feb-
ruary,” Glass said. “Light rain, then sleet and rain, fine
snow, heavy snow, and then changing in the reverse order.
The Philips radar,” he observed, “was affected more by the
weather than the X-band (9000-MHz) equipment.”

In addition to the millimeter (33-GHz) radar, the Coast
Guard has 18- to 20-centimeter (9-GHz) units undergoing
testing. Antennas are almost identical in placement so this
unique weather panorama was ideal for comparison pur-
poses.

Schiphol airport’s ASDE radar was installed before the
field was fullv operational. The American point of view—
despite the fact that collisions und near-misses involving
lwo aircraft or an airplane and a ground vehicle occur with
an interesting regularity—is that ASDE radar “hasn’t proven
itselt”. That Europe should find so much that is good in this
equipment while we have a lessening interest in it is rather
hard to understand. A

Fig. 1. System block diagram of the Philips ASDE radar.
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At an altitude of 22,300 miles, synchronous satellites in an
equatarial orbit circle the earth once a day and thus remain
in a fixed position relative to the earth. Their signals can cover
more than one-third the earth, or an area as small as the U.S.

GLOBAL
tete-a-tetes:
a satellite
repeating system

By SIEGFRIED H. REIGER /vice-President, Technical, Communicaticns Satellite Corp.

Four communications satellites are in synchronous equatorial orbit over the

Atlantic and Pacific oceans. Comsat,

as operations manager, can use their

services to tie Europe and Africa, and Asia and Australia to North America.

Editor's Note: A legal skirmish may be Dbuilding up be-
tiween the Communications Satellite Corp. and the Amer-
ican Telephone & Telegraph Co. Comsat is looking for FCC
approval to launch a pilot domestic satellite system to bring
satellite-distributed color television and overseas communi-
cations to the Pacific and Rocky Mountain time zones.
Meanwhile, AT&T wants FCC permission to lay a new
880-million communications cable across the Atlantic—it
would carry 720 circuits to Spain and Portugal, doubling
the present capacity.

Comsat is unhappy because only half of its Early Bird
facility is being used and they have a second, more power-
ful satellite, the Atlantic 11, in the same genercl ncean area.
Thus the new cable, they say, could retard Comsat’s growth.
If approved by the FCC, the new cable, called TAT-5,
should be completed in less than two years.

Most of the other carriers, International Telephone and
Telegraph Co., RCA Communications, Inc., and West-
ern Union International, Inc., believe we need more satel-
lites as well as cables. Meanwhile AT&T will urge FCC
approval on the grounds that the cable will serve as a back-
up for existing facilities and would permit a reduction in the
transatlantic tariff rates.

able to more than two thirds of the world and new

satellites to be launched, beginning this year, will
make such service available to any countrv that has an
earth station.

The satellites in this developing global system are syn-
chronous satellites. They orbit the earth over the equator
at an altitude of 22,300 miles. At this altitude, they circle
the earth once a day and thus remain in a fixed position
relative to the earth’s surface. Such satellites serve an area
greater than one-third of the earth’s surface by relaying all
forms of communications between the various earth stations
within their line-of-sight.

CO.\L\IERCIAL satellite communications are now avail-
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Early Bird (International Telecommunications Consor-
tium—Intelsat I), the world’s first commercial communi-
cations satellite, was launched on April 6, 1965. It links
North America and Europe with 240 high-quality, two-way
voice channels or one color-TV channel. Weighing only 85
pounds, this one small satellite increased transatlantic com-
munications capacitv by nearly 50 percent and made pos-
sible the live transmission of commercial television across
an ocean for the first time.

Early in 1967, three larger satellites of the Intelsat II
series were orbited. Two of these are stationed over the Pa-
cific Ocean while the third is over the Atlantic. These sat-
ellites, along with Early Bird, comprise the space segment
of the evolving global communications satellite system. The
Pacific satellites transmit communications between North
America and the Far East, including Australia. The latest
Atlantic satellite makes similar service available between
North America, Latin America, Europe, Africa, and the
Middle East. Like Early Bird, the Intelsat II satellites trans-
mit signals over 240 communications channels, but with
much more power. Signals are beamed from ground stations
to the satellites (uplink) at 6.0 GHz and are broadcast
(downlink) at 4.0 GHz. One satellite of the Intelsat III
series is expected to be launched and orbited over the
Indian Qcean early this vear. It will have either 1200 voice
circuits or a mixture of voice and color-TV channels. It will
link Japan with England and all countries in between.

The Operators

The four satellites now in operation are owned by the
International Telecommunications Satellite Consortium. This
is a growing group of countries cooperating in the develop-
ment of a global communications system. At the present
time, 60 countries are members and the Communications
Satellite Corporation (Comsat) represents the U.S.

Intelsat is a unique concept in international cooperation
and participation. It is the largest international joint ven-
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ture of its kind ever undertaken. The member companies
own the satellites on an investment-use basis, i.e., each
country’s investment is based on the projected use it will
make of the available satellite circuits. To date, member
countries lave invested a total of about $70 million and
have received a return of some $14 million in revenue.

Comsat acts as manager for Intelsat and, as such, is re-
sponsible for the design, development, operation, and main-
tenance of the satellites.

Intelsat is an outgrowth of two interim agreements
which thirteen countries signed in August 1964. These and
subsequent agreements are being reviewed preparatory to
selting up a more permanent arrangemenl by January 1,
1970.

In contrast with the joint ownership of the satellites,
earth stations in the global communications system are
owned and operated by national agencies or designated en-
tities in the countries where they are located. Three earth
stations are operating in the United States with single sta-
tions in Canada, the United Kingdom, France, Germanv,
Italy, Spain, the Ascension and Canary Islands, Japan, Thai-
land, the Philippines, and Australia. A number of other
earth stations are being constructed, six of them in the
United States and many more planned. By the end of 1969,
there may be more than 40 earth stations in operation.

A communications sulellite system consists of the satellites
and their associated earth stations. Thus, the satellite system
is combined with the terrestrial facilities in various coun-
tries to reluy communications from one customer to another.

In most cases, government-owned entities operate tele-
communicalions in foreign countries—satellite and/or ter-
restrial. In the United States, Comsat is a publically held
communications carrier, regulated by the I'CC, as are other
common-carrier companies.

The Carriers’ Carrier

The FCC has ruled that Comsat, in effect a carriers’
carrier, is permitled to sell international satellite services
only to ATELT, RCA Communications, ITT, and Western
Union International. Comsat can, however, sell services di-
rectly to other private entities in “unique and exceptional”
circumstances and to the U.S. Government when such ser-
vices are in “the national interest”. Thus, Comsat has little or
no direct business relationship with the ultimate customer
in the United States at this time and no such relationship
in other countries.

On the other hand, the economic advantages of satellites
have already been instrumental in reducing transoceanic

Two satellites over the Atlantic ocean and two over the Pacific
already make commercial satellite communications available to
more than two-thirds of the world. More powerful satellites will
be orbited during this year to expand system to a global scale.

communications costs. This has been done within the
framework of a composite pricing system in which the in-
ternational carriers use a puart of the satellite earnings to
carry the higher cost of existing telephone cables. For ex-
ample, after Comsat had reduced its transatlantic monthly
charge a second time for a voice-grade half-circuit hetween
the Continental United States and Great Britain to $3800,
the carriers” equivalent monthly charge was also reduced a
second time to $6500. After Comsat established a rate of
$6500 for similur service between the United States and
Japan, the carriers reduced their equivalent charges to
$10,000.

Overseas carriers must be allowed to recover their invest-
ment in transoceanic cables. However, il the composite
rate approach provides incentives for the carriers to install
new cables and if the earnings of satellites are used to
subsidize facilities which are not now economically competi-
tive, then developing countries us well as developed
countries would not receive the full benefit from satellite
technology.

Modern satellites have a nuinber of distinct communica-
tions advantages. Iirst, they make available high communi-
cations capacities at low cost. For example, the 1200-circuit
satellites to be launched this year represent an average or-
bital cost of only $9 million. Future satellites, now only in
the design stages, will provide more than a hundred times
the capability of present satellites at a relatively small in-
cremental increase in orbital cost. Second, satellites are cap-
able of transmitting all forns of communications simul-
taneously—telephone, television, teletvpewriter, data, and
facsimile. And they have a multiple-point, multiple-uc-
cess capability, That is, all earth stations within a satellite’s
line-of-sight can commumicate with each other at the same
time, in pairs or in groups. Presently, no other form of trans-
mission is capable of providing this facility.

New Horizons

In the short period of time since June 1965 when Eatly
Bird went into commercial service, international television
has become commonplace and the potentials of satellite
communications have been demonstrated in many ways.
Television has been used to transmit medical information
between the U.S. and Europe and is helping make possible
world-wide medical education and practice. Future satel-
lites may also help solve air-traffic control and manage-
ment problems as well as help navigate und communicate
with ships al sea.

The telecommunications (Continued on page 78)

There are 15 earth stations like this one
at Brewster Flat, Wash., operating in 11
countries around world. By 1969, 40 sta-
tions should be in operation, 6 in U.S.
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RECENT
DEVELOPMENTS
IN ELECTRONICS

New Iron-Air Battery. (Top left) An experimental iron-air cell
stack that can be used in an “‘air-breathing’’ battery that pro-
duces six times more electric energy than a conventional lead-
acid auto battery is shown here. The new battery, developed at
GT&E Laboratories, is rechargeable and has produced 60 to 70
watt-hours per pound cf battery in laboratory tests. Further im-
provements in power cutput are anticipated. In comparison, a
conventional lead-acid battery operating in an automobile pro-
duces energy at the rate of 10 to 12 watt-hours per pound of
battery. The new cell uses a porous iron anode along with an
air cathode which is an oxygen (air) permeable hydrophobic
structure on a nickel grid containing platinum black as electro-
catalyst. A potassium hydroxide electrolyte is used. Cutput volt-
age during discherge is between 0.80 and 0.9€ volt. Iron-air
cells having capacities between 5 and 20 ampere-hours have
been fabricatea. These cells have been operated for more than
200 charge-discharge cycles, and are said to surpass the new
zinc-air batteries that are described just below in cycle life.

Rechargeable Zinc-Air Battery. (Center) Another new type of
storage battery, but one that has advanced beyond the experi-
mental laboratory stage is the zinc-air battery. A 28-volt, 25-
ampere-hour version of this battery is at the extreme left in
the photo where it is shown operating a standard military
communications unit. Light weight, field rechargeable in ten
minutes or less, and superior low-temperature performance
are outstanding characteristics. The new battery has been de-
veloped by Leesona Corp. for use with U.S. Marine Corps
radios. Preliminary qualification tests have been successfully
performed and field service testing is now in progress. This
cell uses a pcrous zinc anode, while the cathode uses oxygen
from the air. As with the iron-air battery described above,
the cathode is made from a hydrophobic material which
allows the passage of air into the cell but is impervious
to the potassium hydroxide electrolyte. Again a special catalyst
is used to improve the rate of reduction of the atmospheric
oxygen. The cell prcvides energy densities of about 50 to 80
watt-hours per pound as a rechargeable cell depending upon
application. Open-circuit voltage is about 1.4 V per cell.

Largest Antenna Feed. (Bottom left) The antenna feed for the
world’s largest and most powerful missile-tracking radar is
shown on its test stand. The feed is a five-horn monopulse
radar radiater which can provide four different types of polar-
ization—vertical, horizontal, left and right circular. It is de-
signed to gather maximum target information from the radar
echo. The 150-foot diameter antenna, built by Radiation Inc.,
is part of the Advanced Research Projects Agency’s Project
Defender for the nation’s anti-missile defense program. When
tests are complete, this feed will be shipped to the South
Pacific for installation as a major part of ARPA's Long/
Range Tracking and Instrumentation Radar (ALTAIR) System.
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Automatic Rainfall Detector. (Top left) The technician in the
photo is inspecting the connecticns linking an automatic rain
gage to the data transmission telephone equipment housed in
the rectangular cabinet. The gage, located in Maxwell, lowa,
is connected by means of circuits supptied by General Tele-
phone Co. of lowa to the U.S. Weather Bureau radar station
in Des Moines. To obtain the weather information, station
personnel simply dial the unlisted phone numker of the remote
measuring post and receive the coded rainfall data as a series
of audio tones. By counting the “‘beeps’’, the weather specialist
knows the inches of rainfall at the remote lccation. Seven
other such remote measuring posts are now being established.

One-Man Color-TV Camera. (Top right) A single cameraman
is all that is needed to operate a new color broadcast camera
recently placed on the market. Color signals may be trans-
mitted by microwave to the dish in the background for relay
to broadcasting facilities, or carriec by miniature cable. Either
way, the hand-held camera and bdackpack weigh less than
50 pounds and permit the cameraman considerable freedom
of movement. The camera was developed by Ampex for use
by the ABC network to televise important sporting events.

Electronic *Cars” for Driver Training. (Center) A new com-
puterized car to train student drivers realistically and with-
out risk is shown here. The electronic ‘“‘car’ is equipped with
the same instruments and controls found on r=al cars. Under
the hood is an electronic ‘“‘engine’ using IC’s which is con-
nected to a digital computer that tells the student immediate-
ly what action he shculd be taking if a driver error is made.
The computer also scores the student’s performance for the
instructor. The system has been developed by Raytheon for
use in the Aetna Drivotrainer simulator system. This system
is used in driving courses at 600 high schools and colleges.

Portable Color-TV Camera for Space. (Below right) An engi-
neer is shown emerging from a space-simulation chamber car-
rying what is said to be the smallest compatible cclor television
camera ever developed. Designed by RCA for use in space
exploration and related aerospace ground-suppcrt activities,
the camera and its associated power supply weigh only 56
pounds. The new one-man camera, which emplecys IC’s, is
compatible with commercial TV broadcast standards. This al-
lows it to work with existing equipment, such as video tape re-
corders, without any modifications. Also, the pictures can be
broadcast directly by TV networks without being changed to
commercial standards by some type of scan converter.
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INFRARED
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ments

By WILLIAM O. HAMLIN

Electronic thermometers using infrared radiation are widely used
in industry. Here are the operating principles and applications.

process control and industrial research—telling tem-

peratures of all kinds of things—plastics, steel, paper,
adhesives, and even semiconductors—without touching the
measured object. Although infrared’s work seems like magic,
the principle is simple: all objects, not frozen to molecular
inaction, give oft radiation in the infrared (IR) spec-
trum. The strength and wavelengths of these rays are direct-

10

INF RARED electromagnetic rays are invading industrial
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Fig. I. Infrared wavelengths vs radiation energy for
objects that are at the temperatures indicated here.

Fig. 2. One type of industrial infrcred monitoring=>
head, the ‘Thermalert’ made by Raytek of California.
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ly related to temperature, according to well substantiated
theories. Thus, thev can be detected and used to operate
electronic thermometers. These IR ravs have characteristics
similar to light and radio but have different wavelengths.
Fig. 1 is a graph showing the IR spectrum of hot objects at
various temperatures.

Infrared instruments have a variety of names to catch
the user’s imagination—“Infrascope”, “Thermalert”, and
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“Heat Spy”, for instance—but their generic names are “in-
frared radiation pyrometer” or “infrared radiometer”. How-
ever, maufacturers like to refer to their industrial instru-
ments as noncontact thermometers so evervone will know
what they are used for. Some IR instruments are smalt black
boxes without meters, some look like telescopes, while
others look like death-ray guns of the future.

Fig. 2 shows a “Thermalert”, made by Raytek. It is de-
signed for continuous process control and mounts on the
machinery to monitor temperature of objects subjected to
the heating process. A meter, calibrated in temperature,
and controller are conveniently mounted at a remote loca-
tion, such as a control panel, and connected to the moni-
toring head through a cable. The IR ravs enter the monitor
head through a hole containing lenses which are fixed fo-
cused.

An adjustable-focus instrument is shown in Fig. 3 check-
g electrode temperature in a high-power tube. The op-
tics of this instrument can resolve spot sizes as small as
0.06-inch across, and it will focus from 6 inches out to
infinitv. Because they cost more, these instruments are more
often found in the laboratory than on the production line.

Hand-held pistol instruments are for general use where
high accuracy is not important. They are batterv-operated
for portability—inspectors can carrv one around to check
steam pipe temperatures, radiation from heat ducts, furnace
temperatures, and to determine insulation efliciency. One
tvpe of pistol (Fig. 4) has a very small spot for checking
parts and connections on printed-circuit boards.

All these instruments have two requirements for accu-
racy: the area of radiation looked at must fill the optical
field-of-view (like filling the viewfinder in your camera
with a picture); and the object should be nearlv a 100%
efficient energy radiator, otherwise an amplifier gain adjust-
ment is necessary to compensate.

Applications

A Tuggage manufacturer had problems: plastic halves
were heated in an oven prior to molding them together but
sometimes thev were too hot and sometimes too cold. This
quality-control difficulty seemed insurmountable until infra-
red instrumentation was suggested. Now, the IR tempera-
ture monitor points into the oven at the plastic. When the
proper temperature is reached, the controller stops the heat-
ing cycle and perfect molding results every time. See Fig 5.

A TNT mixer had a salety problem. The hot sticky
stuff, churned in a vat, prevented use of a regular thermom-
eter. Yet, it the mix got too hot the workers were in great
danger. An infrared temperature monitor wus installed above
the vat. The monitor connects to an alarm system set at
several levels of heat—the first turns on a caution light, the
second sets ofl an alarm bell, and the third triggers a “fail-
safe” alarm. This setup is shown in Fig. 6.

Semiconductor manufacturers use infrared to measure
temperature of silicon wulers in epitaxial reactors. These

Fig. 5. Temperature control for making plastic luggage.

Fig. 3. Adjustable-focus IR unit checks tube elestrodes.

Fig. 4. Hand-held infrared pistol checks transistor tem-
perature. The normally invisible beam has been retouched
to make it visible. This is the ‘‘Circuit Ryder’ wunit.

are induction furnaces which are completely enclosed to
contain a gas atmosphere. The semiconductor material, laid
on a carbon boat, is slipped inside an r.f. coil. Regular ther-
mometers can’t be used. Thus, infrared does the job by
looking through a window and the r.f. coil from ouside the
reactor.

A manufacturer of sheet metal articles lays a protective
coating of plastic on to steel strip before fabrvication. The
process is shown in Fig. 7A. The temperature of the steel
where it meets the plastic film must be controlled to ex-

Fig. 6. TNT can be mixed safely thanks to IR monitoring.
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Fig. 8. Block diagram of industrial IR sensing head.

actly the right temperature for uniform bonding and infra-
red does the job. The IR sensor-head output operates a
controller which connects to the gas valve regulating the
heating flame.

Applications for temperature measurement and control
with infrared are almost unlimited. One important use is
in precision welding—providing a watchdog over tempera-
ture for the welder. A block diagram of the system in an
aerospace application is shown in Fig. 7B—aeiospace weld-
ing is especially critical and each weld is checked by x-ravs
for flaws. The IR sensor head is directed at the weld area
on the opposite side of the welded places from the torch.
The sensor-head electrical output signal, representing the
temperature, drives a controller which regulates the weld-
ing power. Thus, it is always hot enough for a good joint
but not so hot that a “blow through” occurs.

The same advantages apply to small spot welds where
overheating can easily damage delicate parts or underheat-
ing gives unreliuble contacts such as in weld wiring of
various types of electronic circuits.

Infrared Theory

Infrared is radiant energy between the wavelengths of
0.77 and 1000 microns. Total strength of the emitted en-
ergy for a 100% efficient radiating object is expressed by
the equation W — ¢T%, where W is watts of energy per
square meter, ¢ is 5.7 X 108, and T is temperature in de-
grees Kelvin (centigrade plus 273) This equation gives
the area under the curves shown in Fig. 1.

However, total radiation is seldom measured in practice:
the object measured might not be a 100% efficient radiator
and the instrument most likely responds only to a small
portion of the total radiant spectrum. Radiation efficien-
cies of some common materials, at 300° F, are as follows:

Bright steel ........ M D M 2
Gray steel .............
Rough carbon ........
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Rough aluminum ........ R = TR T of et M S

Polished aluminum
Note: Efficiency of radiation with respect to a perfect
radiator is called “emissivity”.

Efficiency of radiation varies somewhat with temperature
but, referring back to the equation above, temperature has
a high mathematical power (exponent) with respect to
watts. Therefore, slightly fewer watts of power radiated
due to lower efficiency does not drastically upset accuracy.
In instrument design the exponent of temperature can be
made even larger than T* to further minimize the effect
of radiation efficiency.

The radiant energy spectrum to which the instrument re-
sponds is determined by the detector (similar in principle to
a photocell) —it transforms the IR ravs to an electrical sig-
nal—and also the materials from which the optical lenses
are made.

Narrow and selectable bandwidths have certain advan-
tages—the exponent of T can be made larger and the
wavelengths detected can be matched to the spectral char-
acteristics of the material being measured. For example, re-
ferring to Fig. 1, the distance between the 440°F and
620°F curves is very large at 4 microns but smaller at 8
microns, thus a nartow bandwidth around 4 microns pro-
duces a larger output change per degree temperature change
than at the longer wavelength.

Muny materials have broad, smooth IR spectral character-
istics while others do not. For example, temperature of
common glass can be measured at wavelengths above about
4 microns, where the glass is opaque. At less than 4 mi-
crons, the glass is transparent and the materials behind the
glass can be measured—previously mentioned applications
of checking electrode temperature of tubes and the epi-
taxial reactor, are examples of this. Also, the temperature
of flames can be measured by placing the bandwidth
within the high radiation spectral lines of the combustible
products, for example, 2.7 microns wavelength for H.O
{water) and 4.45 microns wavelength for CO, {carbon
dioxide). Plasties have definite spectral characteristics too:
or instance, 8.3 microns for Teflon FEP. Often, in such
situations, a narrow bandwidth filter is used on the in-
strument to accept only these absorption bands.

Instrument Design

A basic infrared instrument is shown in block form in
Fig. 8. A fixed-focus lens directs the infrared rays onto
a detector. The chopper—like a pin-wheel cn a motor—
has blades which break up the incoming ravs so that the
detector’s electrical output is an a.c. signal. The blades are
highly polished, thus, on alternate half-cvcles, a reference
temperature is reflected into the detector, establishing a
stable zero output between the measured pulses. Also,
the blades interrupt a pilotlight beam focused upon the
photocell to generate drive for a synchronous signal recti-
fier. The a.c. amplifier raises the signal level sufficiently to
drive industrial-type output devices—usually 100 millivolts
at maximum temperature and O volts at the minimum tem-
perature.

Most applications need only limited ranges of tempera-
ture and the shorter the range, the higher will be the tem-
perature resolution—more millivolts per degree temperature
cliange. Thus indicators are furnished with calibration
over a choice of overlapping ranges such as 60° to 250°F,
150° to 400°F, and 250° to GOO°F. Set-point controllers
can be a part of the indicators to turn power “on” or “off”,
or set alarms at certain temperatures.

Changes in the lens material and the specific detector
emploved can alter the temperature range capability of the
infrared instrument. A glass lens with a lead sulphide de-
tector responds to wavelengths below about 2.1 microns,
is quite inexpensive, and may be used to check on most indus-
trial process temperatures. A
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detectors °

By FRED W. HOLDER

Description of heat- and smoke-sensitive detectors using photoelectric
and ionization devices connected to electronic circuitry to scund an d
alarm. Airborne infrared systems are also used for locating forest fires.

fact, the first system was patented on May 19, 1851

by William TFrancis Channing of Boston and Moses
Gerrish Farmer of Salem, Muass. Current systems are much
better than the 1851 models, of course, because better
methods of detecting fires are now available. Many of these
use electronics as their basis. The detectors currently in use
may be roughly divided into two general categories: heat-
sensitive and smoke-sensitive. A third category, which
might also be classified as heat-sensitive, comprises those
systems using the infraved radiation from a heat source for
detection purposes.

I VRE-ALARM systems are not a recent development. In

Heat-Sensitive Detectors

Two types of heat-sensitive devices are used for fire de-
tection: the fixed-temperature detector and the rate-of-rise
detector. In some cases a combination of the two is used,
a rate-of-rise detector to indicate a flash fire where the
temperature increases rapidly and a fixed-temperature de-
tector to catch those fires that grow too slowly to trigger a
rate-of-rise detector. The rate-of-rise detector is generally
set to operate when the rate of temperature increase is
greater than 15° to 20° F per minute, irrespective of the
over-all temperature. Fixed-temperature detectors generally
operate at 135° F or 180° F, depending on the type.

The rate-of-rise detector normally gives an earlier warn-
ing in unheated or cold-storage areas. The fixed-temperature
detector, on the other hand, usually provides better detec-
tion of slow fires and reduces the chance of false alarms.

The British supersonic transport, Concorde, uses a fixed-
temperature, power-plant overheat and fire detection sys-
tem manufactured by Graviner (Colnbrook) Litd. The
Graviner “Firewire Triple FD 3007 system uses a continu-
ous detector element as the sensor. This sensing element is
made up of an outer stainless-steel capillary tube of 0.077-
inch o.d., a stainless-steel wire electrode in the center of the
tube, and an impregnated-glass, temperature-sensitive semi-
conductor material separating the wire electrode from the
capillary tube wall. It operates on the temperature-sensi-
tive, charge-storage characteristics of its construction.

The control unit for this system supplies half-wave, recti-
fied pulses to the sensing element. When heated, the el-
ement has the ability to accept, store, and discharge these
pulses to the gate of a silicon controlled rectifier, located in
the control unit, thus varying the bias on the gate of the SCR.
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Under normal conditions, the voltage output of the sen-
sor is negligible and the SCR gate has a negative bias. With
a rise in temperature, the sensing element transfers elec-
trical energy to the SCR gate. \WWhen overheat temperature
is reached, the voltage is sufficient to overcome the gate
bias: the SCR conducts and energizes a relay to initiute the
warning signal. Removal of the overheat condition from the
sensing element reduces the voltage applied to the SCR
gate, allowing the SCR to stop conducting and de-energize
the alarm relay. The system is, therefore, of the automatical-
ly reset type.

Smoke-Sensitive Detectors

Smocke detectors may be used by themselves or in con-
junction with heat-sensitive detectors to detect a fire and
actuate an alarm. Smoke detectors offer the advantage of
earlier detection, because a fire produces smoke even be-
fore the heat reaches a high enough temperature to activate
thermal detectors. This extra second of warning can make it
possible to put out the fire before it gets uncontrollable. In
addition to this particular advantage, earlier warning pro-
vides an extra safety factor, thereby permitting prompt evac-

Scanning pattern produced by AFDS-2 equipmenf, which helps
Canadian forest protection officers locate potential fires.
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By ROBERT DARCEY / ATS Project Manager

National Aeronautics and Space Administration

High up out of sight of any rainbow, synchroncus communications
satellites transmit messages and pictures beticeen the continents.
Bigger, more efficient spacecraft will complete the global network.

ATELLITE COMMUNICATIONS had its beginnings
during World War II when developments in micro-
wave technology, lavge-size tracking antennas, and the

use of rockets provided the necessary environment to foster
growth. Terrestrial communications provided the techno-
logical base, while needed expansion triggered the exploita-
tion of space.

Space communications started with the Depuartment of
Defense’s Project Score, which was designed to transniit
a stored message from space to earth. DOD’s second ven-
ture was the launching of Courier, an advanced version of
Score. It had a receiver and operated in real-time as well as
on storage capacity.

During this period, NASA launched the first passive com-
munications satellice, Echo 1. This satellite consisted of a
100-foot aluminized Mylar sphere operating at an orbital
altitude of 100 statute miles. Echo II, an advanced version
of Echo I with improvements in rigidity, reflectivity, and
size, was subsequently luunched in 1963.

Project West Ford, ancther type of communications sys-
tem, was designed by MIT and sponsored by the Air Force.
The project involved placing in orbit a large number of
small (1.77 em) resonant dipoles. These “space needles”
acted as reflecting half-wave dipoles.

The Spacebreakers

The satellites which firmly established space communi-
cations were Telstar, Relay, and Syncom. The early satel-
lites, Telstar and Relay, were limited to altitudes of ap-
proximately 4000 to 5000 nautical miles. Both satellites
were spin-stabilized and could receive and refransmit wide-
band (TV) signals. These spacecraft were the first to uti-
lize ground stations in other lands and to require the
cooperation of foreign governments for their successful opera-
tion. They demonstrated the feasibility of real-time inter-
continental communications via satellite.
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The first satellite to provide continuous intercontinental
communications was Svancom. This system was brought to
fruition by using experience guined with earlier passive
and active satellites and by major improvements in launch
vehicle capabilitv.

The Syncom series provided the first inclined synchron-
ous and the first stationary or equatorial satellites. A satel-
lite in an inclined orbit is at an angle of 33° with respect
to the equator. Thus, as the earth and the satellite revolve
around the sun, the satellite moves m a figure-8 pattern
across the face of the eurth’s surface. A satellite in a svn-
chronous equatorial orbit moves west-to-east 22,300 miles
above and parallel to the equator. It completes an orbit in
24 hours and, therefore, appears to be stationary.

The second generation of non-military satellites began
with the Applications Technology Satellite (ATS) series.
These multi-purpose satellites contain special communica-
tions equipment to explore the feasibility of high-gain an-
tennas, various modulation techniques, and multiple access,
using single sideband techniques.

In addition to this, the ATS series of satellites is attempt-
ing to demonstrate the possibility of ground-to-satellite-to-
aircraft communications in the v.h.f. band.

Military & Commercial Satellites

About the same time that the Syncom and ATS satellites
were being developed, the military was implementing a
communications system designed to meet its unique re-
quirements. These sutellites are similar in concept to both
Telstar and Eelay, but are in near-synchronous orbits—they
revolve around the earth at a very low rate. Satellites in the
military system cannot be positioned by external ground
commands, and up to fourteen orbiting satellites (in the
same plane) are used for communications reliability.

The Intelsat series of spacecraft are synchronous equa-
torial satellites which use wide-band and limiting trans-
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ponders—they are capable of transmitting television and
voice signals—in the 4 and 6 GHz frequency ranges. Multiple
access is achieved cia frequency diversity.

To operate effectively as a relay, a communications satel-
lite must be stabilized and have a practical antenna system,
that is, one in which the gain never falls to zero. The sim-
plest configuration that fulfills this requirement is a dipole
or linear array which is spun about its principal axis.

This type of antenna is easy to stabilize. By placing the
electronics in a flat cylindrical package below the antenna
and spinning the entire package about its axis, the package
is gyroscopically stabilized. The outer surface of the cylin-
der can be used as a mounting surface for the solar power
cells.

This design also provides an ideal thermal environment
since the spin tends to average the eftects of the “hot side”
which is illuminated by the sun, and the “cold side” which
faces space. Spinning spacecraft maintain a temperature
of 70° £30° F when in orbit.

The earlv experimental satellites, from Score to Relay,
were launched into inclined orbits at altitudes of thousands
of miles. They provided mutual visibility between the
United States and Europe for periods of approximately one-
half to two hours. Attitude control, when required, was
achieved by magnetic torquing.

The orbits of the synchronous Syncom satellites are in
the equatorial phase, circular, and at an altitude of 22,300
statute miles. The orbital periods are such that they re-
main fixed with respect to a given location on the earth.
However, the gravitational forces at the synchronous alti-
tude are not uniform and a spacecraft can only be made
stationary if there is a secondary propulsion system avail-
able to overcome gravitational disturbances. The secondary
propulsion systems aboard present spacecraft use high-
pressure nitrogen gas, hydrogen peroxide, or hydrazine as
fuels. In addition, the sun and moon tend to “pull” the
spacecraft into their (ecliptic) orbital planes.

Experimental satellites using other types of stabilization
are either being built or are in the planning stages. These
include both active three-axes and gravitv-gradient stabili-
zation systems.

Although synchronous and non-synchronous satellites are
almost identical electronically, the synchronous satellite en-
joys some very special advantages. Synchronous satellites
provide continuous communications coverage ot a given
area, while non-synchronous systems can be used for only
two lours (depending upon the satellite’s altitude). Also,
synchronous satellites need but a single antenna for effi-
cient communications. Non-synchronous satellites, on the
other hand, require three antennas: one to carry on com-
munications, a second to lock on a new satellite coming
over the horizon and thus prevent loss of data, and a third
antenna which is used as a backup.

Second-Generation Spacecraft

The second generation of synchronous satellities is con-
cerned with developing high-gain antennas and exploring
various modulatien and multiple-access techniques.

Assuming that one wishes to communicate with any part
of the earth visible from a synchronous satellite, the most
efficient antenna system would radiate all of the spacecraft’s
power directly toward the earth. To accomplish this, the
spacecraft must have a directional antenna with a pattern
guin of approximatelv 18 dB. The ATS program successful-
ly tested both a mechanical and an electrical version of a
directional antenna.

Most spacecraft employ angle modulation which is used
because:

It allows the spacecraft transmitter to operate in its most
efficient mode (saturated).

It is independent of spacecraft antenna variations.

It trades bandwidth for fidelity.
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NASA’s Applications Technology Satellite (ATS} is typical of
the synchronous satellites being used to study and conduct
earth-space-earth communications. Solar panels generate power
for the spacecraft’s electronics and sensors. The pair of box-
es at lower left and the two boxes on the extreme lowar right
side of the spacecraft are very-high-frequency transceivers.
Hydrogen peroxide and nitrogen {stored in the spherical con-
tainers) are used to keep spacecraft on-station and spinning.

However, the system does not work well when two
ground stations transmit carrier signals to the spacecraft
simultaneously. The passage of the signal through the relay
causes harmonic distortion in its saturated stages and pro-
duces undesirable sidebands. These sidebands reduce the
eflective transmitter power.

One solution to this problem is to convert all transmis-
sions to pulse-code modulation and to use this signal to
angle-modulate a carrier. Each ground transmitter is then
allotted a specific “time slot” to transmit its carrier. Experi-
mental tests in which 240 individual voice channels were
transmitted through a spacecraft have been successful.

A second solution is to use frequency diversity from the
ground transmitter to the spacecraft and then couvert the
signal to angle modulation hefore it is retransmitted to the
earth. This technique, utilizing single-sideband madulation
on the “uplink™ and phase modulation on the “downlink”,
has also been successtully demonstrated.

The major effort in space communications has been di-
rected toward the requirements ot the large user, that is,
TV and telephone communications companies. These tests
were performed at 1.7, 4, 6, and 8 GHz. Recent tesis in the
v.h.f. band have demonstrated the feasibility of cammuni-
cations between satellites, ground stations, and aircraft.
These tests showed that good-quality voice sjgnals were
possible between the United States and an aircraft in flight
to Japan, Australia, South America, and Europe. During
the test, communications reliability exceeded 80%.

Ground Stations

Ground stations are designed to make maximum use of
the total communications system. Most experimental sta-
tions have at least one 85-foot dish antenna which is capable
of tracking both high- and low- (Continued on page 79)
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Geneva Conference
Affects
MARINE COMMUNICATIONS

By RICHARD HUMPHREY

Sweeping changes are planned for 2-3 MHz band as well as on v.h.f. as a
result of decisions reached at the World Administrative Radio Conference.

International Telecommunications Union convened on

September 18, 1967 in Geneva to consider the many
problems of maritime communications. The Conference
agreed upon far-reaching changes in two marine communi-
cations bands which will have a major impact upon that
part of the American electronics industry which supplies
equipment for these bands.

Briefly: single-sideband radiotelephony is coming to the
2-3 MHz marine band (the one used by most American
pleasure boaters) much sconer than anyone expected and
an American proposal to expand the v.h.f./FM marine band
(which no one anticipated as having much of a chance) re-
ceived resounding approval.

The single-sideband transitional dates in the 2-3 MHz
band to apply internationally will be 1973 (no more in-
stallation of presently used AM equipment for ship-station
use) and 1982 (no more AM emission). In the United
States, according to Daniel K. Child, Chief, Aviation &
Marine Division, FCC, the dates to be requested in forth-
coming rule-making will be 1970 and 1975.

During the changeover periods of 9 years (international-
ly) and 5 vears (in the U.S.), three types of single-sideband
will be required: A3A (single-sideband, reduced carrier),
A3H (single-sideband, full carrier), and A3] (single-side-
band, suppressed carrier). A3H will provide compatibility
with AM equipment which, if installed prior to January 1,
1970 and continually licensed, may be used up to the dead-
line date of January 1, 1975. The one meaningful exception
will be 2182 kHz, the international calling and distress fre-
quency, which will be handled on a “wait-and-see” basis.

T HE WORLD Administrative Radio Conference of the

A Matter of Timing

American manufacturers have been expecting this transi-
tion for some time. So has the rest of the world. No one
has denied recently that single-sideband was eventually
coming to the 2-3 MHz band nor that it was necessary.
The only question: when?

The majority of nations went into the Conference with
1973-1982 in mind. Our delegation supported 1970-1975.
Actually, everyone is doing what they said they were
going to do in the first place.

The reason we will be sticking to a 1970-1975 timetable
is a practical one. First, the U.S. has some communications
problems the rest of the world doesn’t have. For instance,
there are over 30,000 radio-equipped pleasure boats in the
New York area alone while France, for example, has but
400. Second, we are a communications-minded people. We
probably use more radio-frequency-emitting devices (from
garage-cdoor openers to microwave relays) than any other
nation in the world. In a world rapidly running out of
usable radio spectrum, we naturally feel the pinch first and
worst.
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It also means we must take the quickest action—which is
precisely what we are doing. Our northern neighbor, Cana-
da, plans to have its single-sideband conversion in the 2-3
MHz band completed by January 1, 1974, according to
A.G.E. Argue of the Canadian Department of Transport. So
we are not alone in marching to a different drummer.

“International coast stations”, Mr. Child said, “shall be
capable of single-sideband at the earliest possible date.
Furthermore”, he stressed, “thev shall discontinue double
sideband (AM) as early as possible and in any case not
later than January 1, 1975.” (Author’s italics.)

A Notice of Proposed Rule Making on the 2-3 MHz
changeover, accordir.g to Mr. Child, should be out early in
1968. The 1970-1975 dates, he indicated, “are firm”,

The V.H.F. Marine Band

But by far the most important ruling to come out of the
Geneva Conference concerns the v.h.f./FM marine band.
Here, too, we will be in advance of the rest of the world.
But our position in the v.h.f./FM maritime service is
stronger because there is a precedent. The United States
has never adhered fully to the existing 28-channel v.h.f./FM
maritime service in use internationally. This was mainly
because of frequency allocations in this country which pre-
dated the v.h.f.’FM marine band.

The U.S. begins its v.h.f./FM marine service with chan-
nel 6 (156.3 MHz), continues through channel 20, skips to
24 and carries throngh 28. Channels 15 and 17 are “ghost”
channels whose only purpose is to guard channel 16 (156.8
MHz), the calling and safety frequency. In addition, three
channels (7, 18, and 19) which are duplex (transmit on
one frequency receive on another) in the international
framework are simplex (transmit and receive on same
frequency) in the U.S. and are suffived with “A”.

A Notice of Proposed Rule Making was issued in March,
1967 expanding the U.S. 18-channel v.h.f./FM marine band
to 39 channels by reducing channel spacing from 50 kHz to
95 kHz, along with changing from wide-band FM (=15
kHz) to narrow-band FM (=5 kHz). This proposal
sparked much adverse comment from the technical and
engineering raenks of the marine communications industry.
These people cited the marked reduction in recovered
audio and a lessening in capture effect. Without exception,
the technically oriented men this author interviewed felt
that the increase in the number of channels and services
just didn’t make up for the loss in the over-all efficiency of
the equipment. But this narrow-band, channel-splitting con-
cept is, with some minor changes, just about what the Con-
ference decided to go along with.

It was resolved to adopt the U.S. concept to give a total
of 35 channels irternationally. All nations must begin this
changeover by January 1, 1972 and complete the transition
by January 1. 1973. {Continued on page 69)
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MULTIPLERING

3 the science of
~ mixing voices

By W. JACK HILL/Lenkurt Electric Co., Inc.

Frequency-division multiplexing systems carry hundreds of telephone
conversations over a single wire pair simultaneously. A new technique,

time-division muliiplexing, will be even more efficient. less costly.

ULTIPLENING—the method of combining numer-

ous channels for transmission over a single circuit

—literally makes today’s telecommmunications systems
possible. 1requency-division multiplexing is a successful
method of accommodating a large volume of telephone
traffic. By modulating each telephone channel with a differ-
ent carrier {requency, dozens of conversations can be lrans-
mitted over a single wire pair. And now, time-division mul-
tiplexing, which uses rapid speech sampling and a binary
coding technique to (ransmit conversation in a string of digi-
tal pulses, has come of age.

Whatever the technique, however, the engineering re-
quirements are the same. The transmission of voice by elec-
trical meuns is centered around the qualities of the human
voice and how the ear perceives it.

Young adults can hear frequencies ranging between 20
Hz and about 16 kHz; some can hear tones as high as 20
kHz And the sound intensities arising from conversa-
tion are also widespread. Studies have shown that the in-
tensity range between the weakest syllable of a soft talker
and the loudest syllable of a loud talker is about 70 decibels.

The listener judges a communications channel by two
parameters: intelligibility and intensity. Interestingly, these
two factors are virtually independent of each other. Most
speech energy, and hence intensity, is concentrated in the
lower frequencies, while the high frequencies contribute
most of the intelligibility.

Fig. 1. In frequency-division multiplexing, low-frequency speech
signals are shifted up the scale by using individual carriers.
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If only those frequencies above 1 kHz are transmitled,
only about 17% of the total voice energy is used eflectively,
but artjculation is about 86% perfect. However, if only the
frequencies below 1 kHz are used, articulation goes down to
about 42%, but 8§3% of the total energy is transmitted. Tele-
phone engineers have standardized the voice-channel range
at 300 to 3400 Hz. Power ranges are about 30 dB.

Special Data Requirements

With the introduction of data to telecommunications,
added emphasis is placed on the avoidance of noise and other
distortions of the signal. Data—digital forms of information
used in machine-to-machine communications—is becoming
an increasingly heavy user of voice communications facilities.
In the near future, the volume of information transmitted over
digital communications facilities will equal and eventually
exceed the volume of unalog voice traffic.

Data-transmitting machines such as teletypewriters, fac-
simile machines, and computers each have unique require-
ments in the telephone system. Their vapid electvical pulses
bear little resemblance to the signals produced by the human
voice.

White noise {electrical disturbances caused by random
movements of free electrons in a conductor) can eusily
disrupt a conversation between two people, but unless the
level is high, it is of no major concern in data transmission.
But impulse noise—noise due to a succession of separated

Fig. 2. In time-division multiplexing, voice signals are sepa-
rated by briefly sampling each channel in a regular sequence,

TRANSMITTER
ra

[
"CH :H

] Rl
'3 r —&

RECEIVER

ra "': ! |
Pet AFR ARl b |
i ) ¢ e - _—— e td D) T
L&l COMMON 5 H
| TRANSMISSION |
PATH
ryf ! I
. I |

[
© [T SAMPLING INTERVALS "E

&
' 1 BY-PASS INTERVALS

43




CHANNEL 1

SAMPLING
INTERVAL

CHANNEL. 2 SAMPLES

CONTINUCUS
WAVES

&

CHANNEL 3

LINE SIGNAL

!f: ]!
ai’il” T
N I LI I I

Fig. 3. TDM pulse samples are intermixed on the line. At the
receiver, continuous waves are reconstructed from the pulses.

pulses—is another matter. Coming in short “spikes” with
high amplitude, impulse noise is seldom heard by the ear but
can be fatal to the digital pulses of data transmission.

Attenuation distortion is another concern of the telephone
communicator that is becoming increasingly important be-
cause of data transmission. Amplitude distortion is caused
by non-linearity in the transmission medium. High frequen-
cies are attenuated more than low frequencies. Inductive
loading coils reduce amplitude distortion on voice-transmis-
sion lines; however, they distort data signals by acting as a
low-pass filter.

A signal at frequency A will not travel through a trans-
mission line at the same speed as a signal at frequency B;
in addition, their phase relationship will change in propor-
tion to the length of the line. Known as delay distortion, this
effect is relatively unimportant in voice transmission be-
cause speech components need not bear an exact time rela-
tionship to each other for intelligibility. But for data commu-
nications, each pulse must be created at the receiver in its
original condition. The faster the data rate, the more critical
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is the demand on the communications channel. Special ad-
justable equalizers are provided for data circuits to correct
attenuation and delay distortion.

Channel Stacking

In frequency-division mutliplexing systems, conversations
are stacked one on top of another. This is accomplished by
modulating each voice channel with a different carrier fre-
quency. The result is a number of individual circuits, each
with its own carrier—like the programs of difierent radio
stations—that can be separated by tuned receivers at the far
end.

Each of these carrier channels is 4 kHz wide. Channel 1,
for example, might operate between 20 and 24 kHz, chan-
nel 2 between 16 and 20 kHz, and so on (Fig. 1). In this
way, a number of voice channels can be combined, ampli-
fied, and transmitted over the same transmission line. At the
receiver end, the combined signals are separated by filters
and demodulated to the original audio frequencies.

Channel capacity of a frequency-division multiplexing
system is determined by the relationship between the infor-
mation bandwidth and the center carrier frequency. Modern
cable carrier systems are designed to transmit up to 24 chan-
nels at the same time; coaxial systems and microwave
radio relays exceed that capacity.

At high carrier frequencies, amplifiers that will have a flat
response over a given frequency range are easier to build be-
cause the information bandwidth is a smaller percentage of
the carrier frequency. For example, a 6-GHz microwave
radio can carry as many as 1860 voice channels at one time,
but the information occupies little more than 0.1% of the
total frequency range. And even though the over-all attenua-
tion curve is non-linear, this small portion of the curve is rel-
atively flat.

Economics Lead to TDM

Frequency-division multiplexing (FDM) has served the
industry well for many years. But economic factors have
kept engineers on the search for more efficient transmission
methods. Advances in solid-state technology have brought
renewed interest in time-division multiplexing (TDM).
Transistors and integrated circuits are ideally suited for high-
speed switching; they are reliable and can be manufactured
cheaply. In addition, time-division multiplexing eliminates
the need for the numerous filters used in FDM, which are
bulky and relatively costly.

Time-division multiplexing is accomplished by switching
sequentially from one channel to another at a rapid rate
(Fig. 2). Each channel occupies the transmission line for
a fraction of the total time. In this way, conversations are
stacked in time rather than in frequency (Fig. 3). By syn-
chronizing the sampling rate at the receiver end, the signals
in each channel may be recreated in their original form.

1f the sampling rate is high enough, no information is lost
and the signals may be separated again in time at the re-
ceiver. In fact, a sampling rate of just more than twice the
highest frequency in the original signal is enough. If 4000 Hz
is the highest frequency in the telephone channel, 8000 sam-
ples per second will precisely duplicate a telephone conver-
sation.

In time-division multiplexing, the analog voice waveform
is converted into a series of pulses for transmission. This is
known as pulse modulation and may take one of many
forms, including pulse-amplitude modulation, pulse-width
modulation, pulse-position modulation, and pulse-code mod-
ulation. The latter, pulse-code modulation (PCM), has eco-
nomic advantages which make it attractive to telephone
engineers.

PCM in Digital Pulses

Three successive operations are needed to transform the
analog speech signal into a series of digitally coded pulses
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Fig. 4. A simplified time-division multiplexing pulse code modulation (PCM) system

which can then be transmitted over the PCM svsiem. The
first operation is to sample the speech signals at a suitable
rate and measure the amplitude of the signal. This will result
in a train of pulses analogous to the original waveform—
thev actually appear as pulse-amplitude modulation (PAM).
Next, the amplitude of each sample is compared with a
scale of discrete values and assigned the value to which it is
nearest. This rounding-olf process is called quantizing. Next,
it is necessary to code each of these discrete values into
binary digital form. This train of digital pulses is then
transmitted over the line. A three-channel time-division
multiplexing system is illustrated in Fig. 4.

It is here that the true value of the PCM svstem can be
seen. Each of the binary pulses is in a fixed und predeter-
mined time position and ouly the presence or absence of the
pulse determines the information content ol the signal.
Therefore, degradation from noise and attenuation on the
line is not critical. An entirely new set of pulses is recreated
at each repeater (a substation where telecommunications
signals are restored to their original form and retransmitted)
and sent on down the line.

In PCM svstems designed for speech, a sampling rate of
8000 Hz is appropriate. Each voice channel is sampled every
1/8000 of a second, or every 125 microseconds. The num-
ber of successive channels that can be sampled, of course,
depends on the duration of the time slot assigned to each
sample—the shorter the duration, the greater the number of
channels. Current systems are capable of placing 24 voice
channels on one PCM carrier system.

When sampled signals are assigned a discrete value, there
is always some error. Generally, it is equal to one-hall the
size of the discrete or quantum step. This is called quantizing
error and may be a source of noise. The degree of this
quantizing noise is mainly a function of the number of
quantum steps used—the more steps, the less the quantizing
noise. However, increasing the number of quantum steps in-
creases he handwidth needed to transmit the coded signals.

Reducing Quantizing Error

One way of reducing the number ol steps without sacrific-
mg quality is to muke the size of the quantum steps non-
uniform, thereby taking advantage of the statistical distribu-
tion of speech amplitude. The greater percentage of infor-
mation in speech signals is carried at low-amplitude levels.
It quantum steps are all equal in size, the low-level signal
will suffer the grealest wmount of quantizing error. If small
steps are used where most of the speech information is con-
centrated, und larger steps in the rest of the amplitude
range, the total number of steps required can be greatly
reduced.

To decrease the nuniber of quantum steps still further, the
amplitude range ot the pulse samples can be compressed be-
tore quantizing. This compression modifies the normal dis-
tribution of speech amplitudes by imparting more gain to
weak signals than to strouger ones. The signals are restored
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Fig. 5. In PCM, amplitude samples of speech signals are compressed,
quantized, and coded into binary form for digital transmission.

to their original level at the receiving end. The combination
of these two processes—redistribution of quantum steps and
compression—reduces the range of signal powers that must
be dealt with and, as a result, the number of discrete levels
that must be coded. PCM systems now use 127 quantum
steps, each of which must be coded into binarv digital form.

A Code of 1’ and 0’s

If each quantum step is numbered in decimal form, then
some type of digital code can he developed to represent
each of the numbers. Ordinarily, a binary code is used which
consists of a combination or code group of binary 1’s and
0’s, each group representing a decimal number. Once the
code is established, a series of “on-off” binarv pulses
representing the code groups can be used for transmission.

The number of quantum steps that can be represented
with a binary code is 2" where n is the number of binary di-
gits, or bits, required in each code group. Thus, a 5-bit code
is required for 32 (2%) quantum steps, while a 7-bit code
is needed for 128 (27) steps. In PCM using a 7-bit code, the
speech amplitude range is divided into 127 quantum steps;
the 128th step is a zero reference.

In a binary numbering svstem, the first position at the
right corresponds to a value of 1 (2"), the second position
has a value of 2 (21), the third has a value of 4 (22), and so
on. The last position of a 7-bit code has a value of 64 (28).
See Fig. 5.

The coded line signal consists of a train of pulses in which
binary I’s are represented by positive or negative pulses and
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Fig. 6. In a bipolar pulse pattern, most of the signal energy
is concentrated at a frequency half the pulse repetition rate.

binary 0’s are represented bv spaces. A binary 1 in any of
the bit positions means that the value of that position is to
be counted in the total, and 0 indicates that the value of the
position is not to be used. As an example, the pulse train
(binary code group) representing the quantum step 121
would be 1111001 (64 + 32+ 16 + 8 +1 =121).

Bipolar Transmission

Because the width of pulses in a binary system is one-half
the allocated time slot, coded pulses in a cable pair have a
50% duty cycle. By alternating polarity in each successive
pulse representing binary 1’s, bipolar transmission is created.

In a bipolar transmission system, the analog voice signal
is sampled, compressed, quantized into one of 127 quantum
steps, and coded into a 7-digit binary code. An eighth digit
or bit is added to the code group for each channel and is
used to carry signaling information. All 24 channels in a
tvpical svstem are sampled within a 125-microsecond pe-
riod, called a frame. An additional bit is added to each frame
for use in synchronizing the two system terminals.

Since eight bits are required for each channel and there
are 24 channels, 192 time slots are needed. An additional
svnchronizing slot brings this to a total of 193 time slots per
frame. Multiplving the 193 time slots by the £§000-Hz sam-
pling rate, we find that the output pulse train will have a bit
rate of 1,544,000 bits per second. See Fig. 7

Several advantages are obtained with the bipolar pulse
pattern over straight binary or unipolar transmission. As

Fig. 7. In the 24 channel T1 carrier system, the 125 micro-
second sampling interval {frame) is divided into 193 slots—
168 slots for speech data, 24 slots for supervisory signaling,
and one slot for synchronization. The bit rate is 1,544,000/ sec.

125 MICROSECONDS
193 BINARY DIGITS

shown in Fig. 6, most of the energy of bipolar signals is
concentrated at frequencies of about half the pulse repetition
frequency. This reduces crosstalk. And because bipolar pulses
do not have a d.c. component, simple transformer coupling
can be used at repeater stations. In addition, the alternating
pulse pattern can be used for error detection.

Frequency vs Time

In practice, one hertz of bandwidth per bit is needed for
binary transmission. Therefore, the bandwidth of a 24-chan-
nel PCM system is about 1.5 MHz. By comparison, a typical
94-channel frequency-division cable carrier system has a
bundwidth of only 96 kHz.

There is a basic difference between FDM and TDM sys-
tems. In an FDM system, a number of separate channels are
spread out across a frequency group so that broadband am-
plifiers must be able to amplify each channel equally. But
in the digital PCM svstem, where each channel uses the
entire bandwidth and channels are separated only bv time,
non-uniform attenuation (or amplification) is not a prob-
lem. Tt is only the presence or absence of a pulse that is im-
portant.

In PCM transmission systems, noise appears in a differ-
ent form. It shows up as a jitter on the retransmitted pulse
train which, if allowed to accumulate, can prevent the
perfect retiming of pulses. Special jitter-reducing circuits are
nieeded for long-haul PCM transmission systems.

T1--A First Step

The first operating PCM system, developed by Bell Tele-
phone and designated T1, is used in many metropolitan areas
to interconnect offices less than 20 miles apart. Although
devised primarily for the transmission of analog voice signals
in the form of digital pulses, the system’s line repeaters are
well suited for the transmission of digital data. Means have
been developed to provide up to eight 50-kilobit-per-second
or two 250-kilobit-per-second data channels on the 1.5-meg-
abit-per-second T1 system.

Increased bandwidth or information-handling capability is
achieved by upping the bit rate of the pulse train. A second-
generation PCM carrier system to be known as T2 will have
a rate of about 8.3 megabits per second. It will combine four
T1 channel banks and will carry 96 voice channels over a
cable pair.

Bell Labs is also experimenting with a PCM TV system
for future T4 equipment. It has a samp-
ling rate of 12 MHz and transmits a
9-digit code. The system requires ap-
proximately 111 megabits per second,
or not quite half the awvailable time
period. The remainder of the transmis-
sion period would hold 600 voice

channels and still have room for a few
other services such as data or facsimile.

CH L
CHANNEL. 1 Qfgf - CHANNEL. 24 PCM works well with cable telecom-
munications systems but is impractical
-1 ) for svstems that utilize microwave re-
ti0:1:0 1:0:1 :1 1:0:01 O:1:0: 1+ L ¢l lays. For example, a 10-MHz-wide tele-

communications band is more than
adequate for relaying over a thousand
FDMI voice channels or a color-television
signal. However, it can only accom-

|

3 3
§ SUPERVISORY
L ‘SIGNALING
3 § ¢ : ;
LI O
7-BIT
CODE GROUP

46

I

‘FRAMING PULSE —
SUPERVASORY SIGNALING

\w—\-—/

7-BIT
CODE GROUP

modate a few hundred PCM channels.

While FDM will remain the back-
bone of telecommunications for some
time, economics make PCM increasingly
attractive. Solid-state technology, es-
pecially integrated circuitry, is particu-
larly well suited for digital transmission
systems. This new technology will make
telecommunications cheaper and more
efficient in the future. A
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By MARTIN Y. NABUT/ Bell Telephona Laboratories

Audio signals have replaced d.c. pulses in new consumer communications
equipment. They speed up calls and have a world of new applications.
= Some experimental systems display their messages visually for the deaf.

ELEPHONES have put on new faces: they’re more

compact and sometimes the dial is in the receiver or

base of the handset. But their technological changes
are even more startling. In one recent innovation—the Touch-
Tone calling system—push-buttons have replaced the ro-
tary dial. And the d.c. diul signals, which operated switches
in the telephone company’s central office, have been re-
placed by quick-switching audio tones.

Tone Codes

How does Touch-Tone calling work® Touch-Tone signals,
in contrast to the d.c. signals generated by u rotary dial,
are alternating current pulses. There are sixteen codes, ten
of which replace the ten digital rotary dial signals. The
reraining six codes are available for other signaling.

Recently, an RC integrated circuit with silicon semi-
conductor amplifiers wus developed bv Bell Telephone
Laboratories lor the Trimline Touch-Tone telephone. It con-
sists of two switchable oscillutors which generate a series of
tones in the prescribed pairs—one pair for each dialed digit.
One oscillator produces three tones, the other four. The
feedback loop in each oscillator includes a notch filter (a
variant of the standard twin-T network) to control the oscil-
luting frequency. The pair of tones is coupled to the Touch-
Tone telephone by the bulfer amplifier stages in the silicon
integrated circuit. When a caller presses a digit button he
selects a frequency pair by switching a single resistor in
each twin-T network.

The two audio frequencies define the hutton’s position
in the columns and rows of the phone dial. The higher of
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the two {requencies indicates the column in which the but-
ton is located, while the lower frequency signal signifies
its row. There are three column signals and four row sig-
rals. See Fig. 1. The oscillator circuit is designed so that
tone frequencies can be switched with negligible effect on
output level. The two-tone signal is transmitted by wire to a
receiver at the phone campany’s central office. Filters in
the receiver separate the two tones.

With both Touch-Tone calling and standurd rotary dial
telephones still very much part of the telephone system,
central offices must be “bilingual”—they must be able to

Fig. 1. When a caller pushes a telephone button, he generates
a two-tone audio frequency signal. Punched holes in the plas-
tic card’s two columns perform the same signaling function.
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translate Touch-Tone signaling and dial pulses into com-
mands to operate switches and relays. This feat of linguis-
tics is accomplished by an “interpreter” called a receiver-
converter unit. These units are placed before the dial pulse
receiving equipment so shat the central office can operate
with either rotary or Touch-Tone telephones.

The receiver-converter translates Touch-Tone signals to
d.c. signals which are then sent forward through the office.
The receiver detects the two frequencies of the Touch-Tone
digit and provides a d.c. output on the leads of the associ-
ated converter. The converter changes these digit indica-
tions from the receiver into the form required by the par-
ticular switching equipment. Different types of units have
been designed for step-by-step, crossbar, and panel central
offices.

Tuke the arrangements for No. 5 crossbar, the most com-
mon type of switching in the Bell System. Here the con-
verter circuit is merely a relay translator. The receiver takes
the a.c. tones in the 3 by 4 Touch-Tone code and, using
the translator, converts them into a 2 out of 5 d.c. code
which can be recorded directly in the originating register
of the No. 5 crossbar office. The receiver is bridged across
the line and if dial pulses are received instead of Touch-
Tone signals, they continue on to the originating register.

For Tired Hands

If the Touch-Tone dial seems too burdensome in this age
of automation, dialing can be handled automatically with
a Touch-Tone Card Dialer, a combination of a card reader
and the Touch-Tone dial. The telephone numbers are
punched holes on plastic cards.

The digit-frequency relationship for the coded card is
much the same as the row-column arrangement of the
manual Touch-Tone dial. Two holes are punched in euch
line of a 14-line card and each pair of holes represents a

digit. In manual dialing, each push-button operates a pair
of unique switches in the 3 by 4 multi-frequency signaling
matrix of the telephone set. The holes in the plastic cards
operate similar switches.

To use the Card Dialer, the user inserts an encoded card
into a slot on the set, lifts the handset, and pushes the “start”
bar. The card is “read” as a drive mechanism automatically
ejects it from the slot. Mechanical feelers fall into the
punched holes sequentially and read the punched cards by
closing coil-tap contacts which select signal frequencies for
each digit.

Fig. 2 shows the relaticnship of the card reader, the
Touch-Tone push-button dial, and the standard telephone
network. The contacts operated by the card sensors are con-
nected in parallel with normally open push-button contacts.
Everv button operates a common switch which disconnects
the handset transmitter (to guard against noise} and con-
nects the Touch-Tone calling circuit to the telephone net-
work. It also switches an attenuating resistor in series with
the receiver and inductor windings.

Pushing the start bar energizes the dial circuit while re-
leasing the start bar begins the reading cycle. When both
digit sensors are in the hole on the card, an excitation
switch is opened and a two-fregency signal is generated.
This signal continues until the sensors are moved out of the
holes by the rising card. As the card continues to moye,
the excitation switch and digit sensors generate a two-ire-
quency signal for each hole of every line.

The housewife can use the Card-Dialer to store her most-
often-called phone numbers. However, the capacity of the
Card-Dialer is limited to 30 or 40 numbers. An improved
repertory dialer, dubbed the Call-A-Matic, has been de-
signed by Bell Labs. This set can hold up to 300 numbers
on magnetic tape and will dial any one of them at the push
of a button.
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A Call-A-Matic phone has two tapes: a four-track mag-
netic tape on which the telephone numbers are stored in
binary form, and a polyester film tape on which the user
writes or types the name associated with each number. The
two tapes move through the set in-synchronization so that
each name space on the directory tape (the polyester film)
corresponds to a memory slot on the magnetic tape. Al
the user has to do is select 2 name to get the correct num-
ber. Each memory slet.holds enough digits to permit direct
distant dialing, even trom telephone. switchboards where
outside access and control digits may be necessary.

To store a number on the magnetic tape, the customer
lifts a “record-reset” button, selects an entry space on the
directory tape, and dials the number with the Touch-Tone
dial. While he is making his call, the number is automati-
cally recorded on the magnetic tape. A recording head moves
along the tape from one digit slot to another, storing the
digits as they are dialed.

Binary code is used for the digits on the magnetic tape
because it is an easy way to control the frequency and am-
plitude of the Touch-Tone signals precisely. In addition,
binarv encoders are less expensive and easier to manufac-
ture than audio tone encoders. (The audio frequency must
be within 0.5 percent of its correct value to be identifiable
as a Touch-Tone signal.)

After the number has been recorded, the record-reset but-
ton is pushed down. This resets the memory and erases any
previously recorded digits. If the customer forgets to reset
his phone, an electronic clock in the set pushes the record-
reset button 9 seconds after the last digit is recorded.

It is simple to dial a number from the tape memory. The
customer uses two fingerwheels to move a name into a
viewing window on the telephone. One wheel is used to pick
out one of 50 predetermined positions and to turn on the
motor which runs the directory tape. There are ten name
positions on the chosen alphabetic setting and the second
wheel is used to manually select the desired name. After
selecting a name, the user pushes the call button. The tape
head scans the tape und reads out the digits to the binary
decoder. The decoder controls the two oscillators which
produce the two tones of the Touch-Tone signal. Another
electronic clock, operating in conjunction with the decoder,
controls the length of each signal. A 7-digit number is
dialed in less than a second.

Electrical and mechanical interlocks in the Call-A-Matic
telephone prevent numbers from being accidentally erased
or dialed incorrectly. The manual fingerwheel cannot be
engaged while recording and the record control circuit is
electronically disabled when a call is made from the mem-
ory. This avoids erasure and improper recording of informa-
tion. When the set’s taceplate is removed, power is auto-
matically cut off the scanning motor. A speakerphone trans-
mitter and amplifier can be used with either set.

The Call-A-Matic telephone is in production and is avail-
able as a 6-button business phone. 1t is not being made for
single-line home use.

Mobile Telephones

Thus far, we have undoubtedly given the impression that
all new telephones, for whatever application, are being de-
signed with Touch-Tone dials. Some, notably the MJ mo-
bile radiotelephone set, continue to be manufactured for
rotary dial operation.

At present, all mobile telephone calls are handled through
the mobile service operator. Only one channel (identified
by its phone number) is alloted to a mobile station and if
this channel is busv with other traffic, the call is blocked
even if the station is able to operate on other idle channels.
In addition, most mobile equipment is operated push-to-talk
duplex.

The new M] svstem, which is being developed by Bell
Labs and manufactured by such firms as ITT-Kellogg Co.,
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Fig. 3. Automatic equipment in the telephone company’s new MJ
mobile system switches calls on all eight communications chan-
nels. Standby operator is available for cars with manual sets.

Motorola Inc., and the Secode Corp., will permit the user

to dial calls from his car and be called direct from other
mobile stations. Nor will he huve to press a button to talk—
the new system operates full duplex. Automatic channel
selection eliminates idle channel searching and calls can be
made on any vacant channel.

Fig. 83 is a block diagram of the major elements of the
new MJ mobile system. The control terminal is located in
the telephone company’s central office. It serves all chan-
nels (up to a maximum of eight). The terminal is also con-
nected to a manually operated switchboard. The terminal
performs the basic control, signaling, and switching func-
tions; regulates speech transmission levels; and provides a
two-wire to four-wire transition where necessary. Wire-line
or microwave carrier facilities interconnect the terminal
with the base station’s radio receivers and transmitters.

The vehicular mobile set consists of a transceiver and
control and auxiliary units for dialing, channel switching,
logic operations, and selective signaling. The radio trans-
mitter has a normal r.f. output of 20 watts. All sets ure
equipped to operate on all ten channels in the customer’s
home service area. An eleventh channel is optional.

One of the most important features of the new mobile
transceiver is its automatic marking and channel selection
system. Whenever a channel is not being used, its carrier
is detected by the control termi- (Continued on page 64)

Fig. 4. With the Picturephone set, the user can “zoom* elec-
tronically and change the size of field to view a close-up.
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Mounting hole is in the center of these power transistors.

PLASTIC
POWER
TRANSISTORS

Advantages
and Applications

By DONALD E. LANCASTER

Greatly reduced circuit costs, simplified assembly, and superior
circuit performance are promised by these new low-cost transistors.

rious bid for the high-power semiconductor market,

with significant benefits to the user in the form of
greatly reduced circuit costs, simplified assembly, and
superior circuit performance. Half a dozen major semi-
conductor manufacturers now make plastic power transistors
with dissipations ranging from a few watts to over 80 watts
per device, and performance from d.c. to 2000 MHz.

For instance, one plastic-packaged silicon power transis-
tor can safely dissipate 20 watts, has a 300-volt break-
down, is useful to 10 MHz, and costs only about a dollar
in single quantities. Let’s take a closer look at these new
devices and see what specific advantages they offer over older
power transistors. Then, we’ll look into some of the many
possible applications for these new semiconductors.

Some of the leading manufacturers of plastic power tran-

PLASTIC-ENCASED transistors are now making a se-

Table 1. List of manufacturers who produce the new transistors.

BENDIX SEMICONDUCTOR DIVISION
South Street
Holmdel, New Jersey 07733

GENERAL ELECTRIC SEMICONDUCTOR
Electronics Park
Syracuse, New York 13201

MOTOROLA SEMICONDUCTOR PRODUCTS
Box 955
Phoenix, Arizona 85001

RCA ELECTRONIC COMPONENTS AND DEVICES
415 South 5th Street
Harrison, New Jersey 07029

TEXAS INSTRUMENTS
P.0. Box 5012
Dallas, Texas 75080

TRW SEMICONDUCTORS INC.
14520 Aviation Blvd.
Lawndale, California 90260
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sistors are listed in Table 1. Althouzh each manufacturer’s
particular plastic package is unique. they have a number of
things in common. The transistors are small—usuallv much
smaller than an ordinarv power transistor with an equivalent
rating. They are usually planar devices that start with a flat
collector tab which supports the entire semiconductor struc-
ture, integrally molded into a silicone plastic or epoxy
case. Many of the transistors have a single-hole heat-sink
mounting. Both Texas Insiruments and Gencral Electric
use packages with a large collector taly out the top, while
Motorold’s approach is to put the mounting hole right
through the middle of the plastic pauckage, as shown in the
photograph at the beginning of the article. Other packages,
such as the Bendix and RCA designs, differ somewhat in
shape and mounting. Some premium u.h.f. plastic tran-
sistors make use of very special packages designed for strip-
line circuitry where lead inductance and capacitance must
be held to an absolute minimum. Nearly all of the plastic
power transistors are silicon.

Advantages

There are several major advantages in using plastic power
transistors for new circuit designs. The prime one is unit
cost. Except for the special u.h.f. types, these transistors cost
only a dollar or s¢ each in single quantities and well under
50 cents in production quantities. The low price is the result
of several factors. The package costs less to make—there’s
no header, no welded seals, and much simpler lead bonding.
Comstruction and testing are fully antomatic. Yields are high.
Production is geared to high-volume consumer and auto-
motive electronics markets.

High perfermance is another major benefit. These tran-
sistors arrive at a time in silicon transistor technology when
the device specifications far exceed the requirements of
many of the circuits in which they would be used. For
instance, consider a plastic power transistor used in an ordi-
narv audio circuit. With a 10-MHz cut-off frequency, none of
the transistor’s high-frequency performance tradeoffs enter
into the design. Being silicon, we can forget about leakage
and, if we are using a 300-volt transistor in a 20-volt circuit,

ELECTRONICS WORLD
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Fig. 1. Here are a number of suggested methods that can be employed to mount the plastic power transistors.

we can cerlainly forget about secondary breakdown. Thus,
for many applications, the actual circuit design is much
simpler and casier. This is especially true when updating
older germanium circuits.

Another advantage is unique to a few special w.h.f.
plastic power transistors. The plastic encapsulation allows a
lead geometry more snited to w.h.f. stripline configuration.
Wide, thin, low-impedance leads may now be used and cir-
cuil strays are more easily controlled.

Mounting Techniques

Another mujor advantage is easy mounting. You simply
holt, rivet, or sheet-metal screw the transistor to any suitable
heat-sink material-1o more precision hole patterns in ex-
pensive and awkward heat sinks. Where the device must be
insulated, you use a single insulated washer instead of the
multiple-part mounting kit normally required.

Motorola has several recommended mounting techniques
for its transistors that clearly illustrate how easy to mount
and how flexible any of the new transistors are. Some of
these mounting techniques are shown in Fig. 1. If the dis-
sipation is held to less than a watt or so, no heat-sinking
is required and the transistor may be simply printed circuit-
card mounted. Even bolting the collector junction to a wide
foil area on the PC card will substantially improve the
thermal properties. In Fig. 1A, the transistor is mounted
directly to a metal chassis. A built-in insulated shoulder
isolates the transistor from the mounting screw, while an
access hole in the chassis lets the long leads contact a sub-
chassis circuit board.

A vertical heat-sink mounting is diagrammed in Fig.
1B in which a large metal tab serves as a radiating fin. This
vertical heat-sink mounting is limited to lower power levels.
A one-screw, vane-type heat-sink mounting is shown in Fig.
1C. The transistors will also fit conventional power transis-
tor sockets, as shown in Fig. 1D.

Ilow Reliable?

Some of the earliest transistors ever built used plastic en-
capsulation with a variety of unsatisfactory results. The plas-
tics were often clear, which made the transistor light-sen-
sitive should the thin paint overcoat be inadvertently scraped
off. The plastics used soaked up water. Worse vet, they had
air bubbles and voids that would react with the then-unpas-
sivated transistor surfaces.
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The results were obvious—parameter variations, wide per-
formance spreads, and outright failures. Small wonder that
the circuit designers and the military looked with jaundiced
eves when plastic transistors were recently re-introduced.
But this time it was different. New advances in epoxy and
silicone molding compounds produced plastics that were
void free, non-hyvgroscopic (absorbed no water), and truly
opaque. Meanwhile, transistor technology was coming up
with totally passivated surfaces that would not react with
any of the molding compounds. The result—a transistor as
reliable as conventional units for a fraction of the cost.

The reliability data is now in after thousands upon thou-
sands of test hours and lengthy reports from every leading
manufacturer. Plastic transistors are as reliable as conven-
tional ones. Further, there’s no temperature restrictions on

Fig. 2. Two applications for the Bendix B-5000 transistor.
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these newer devices. Most manufacturers guurantee oper-
ation over a —65°C to +150°C operating range.

Many times equipment reliability will be improved by a
switch to the plastic devices, due to the simplified mounting
and the fewer parts required.

Some Types and Applications

The Bendix B-5000 was one of the first plastic power
transistors introduced. This one costs about a dollar each in
single quantities and is rated to 25 watts and 35 volts, with
a maximum allowable collector current of 3 amperes. It
measures %” in diameter by %” high, and is aimed pri-
marily at the automotive electronics market.

Fig. 2. shows two typical applications. In Fig. 2A, two
of the B-5000 transistors are used as an alternator voltage
regulator, while Fig. 2B shows a 22-watt power inverter used
to convert a 12-volt storage-battery power into any desired
higher voltage, determined by the turns ratio of T1. An out-
put rectifier and filter are also required.

Several manufacturers have introduced low-cost, high-
voltage transistors designed for the audio-output stages of
a.c.-d.c. equipment and as general replacements for the
50L6 and 50C5 vacuum tubes. Typical devices are the
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G-E 2N4054, the Texas Instruments TIP-27, and Matorola
MTE340.

The MJE340 is the 300-volt, 20-watt, 10-MHz. one-dollar
transistor previously mentioned. One typical application is
the a.c.-d.c. 1.5-watt line-operated audio amplifier in Fig.
3. Here the MJE340 is powered directly from the rectified
power line, while the driver stage and the rest of the circuit
is driven from a low-current, 12-volt supply obtained by a
resistive divider or an extra winding on the phonograph
motor.

This type of high-voltage transistor is most useful for
low-current regulated power supplies, relay drivers, and
other circuits where a transistor must withstand the full
rectified line voltage. “On-oft” or switching-mode oper-
ation allows the control of up ta 55 watts of 117-volt, full-
wave rectified power. Another application area is in sweep
output stages for electrostatic CRT’s and scopes.

A dozen or so plastic power transistors have dissipation
ratings ranging from 10 to over 80 watts and thus are ideal
for hi-fi and other amplifier designs in the 10- to 50-watt out-
put power class. While many units are available, one tvpi-
cal unit is the Texas Instruments TIP-24, a 70-volt, 2-am-
pere, $1.50 device with a tvpical gain of 65 and a 10-MHz
cut-off frequency. Maximum allowable dissipation is 10
watts.

Two approaches to hi-fi amplifier design are the comple-
mentary and the quasi-complementary amplifier. Neither re-
quires a driver or output transformer. The complementary
type of circuit requires a matched pair of p-n-p and n-p-n
output transistors, while the quasi-complementary circuit
is a bit more complicated, but requires only n-p-n output
transistors. Figs. 4 and 5 show one circuit of each type.
Fig. 4 diagrams a complementary 10-watt audio amplifier
using a matched p-n-p-/n-p-n pair of Motorole transistors.
In Fig. 5, a 15-watt quasi-complementary design using
two TIP-24’s in the output stage is shown. This particular
circuit also makes use of an FET as a high-input-impedance
preamplifier.

Either circuit provides hi-fi performance to currently ac-
cepted standards. They can be used in pairs for stereo.

Higher Power and UC.H.F. Transistors

Higher power audio amplifiers and higher current voltage
regulators are possible with a new family of RCA plastic
power transistors. These dissipate 83 watts when used with
suitable heat sinks. The 2N5037 is one representative unit,
rated at 70 volts and up to 8 amperes of collector current.
The frequency response of these larger transistors is some-
what poorer than the 10-36 watt types, tvpically 1 MHz
or so.

We can finish off our plastic power travsistor survey by
looking at the beneits plastic packaging has brought to the
uh.f. power field. Today’s u.h.f. transistors are by no means
low in cost, but they do provide superior performance in
high-power, high-frequency circuits. This is principally due
to the flat, low-inductance, stripline connections possible
with the new package, and a lead arrangement better suited
to high-frequency circuit designs.

The input impedance of any power transistor in the u.h.f.
region is, at best, an ohm or two; any series reactance at
all and the entire circuit is badly mismatched and can de-
liver neither gain nor power. This is why minimum lead
inductance and circuit capacitance are required.

The RCA 2N5017 produces 23 watts of output power at
400 MHz and as much as 12 watts at 700 MHz, with power
gains of 5 or so throughout the u.h.f. range. As a seli-excited
oscillator, 5 watts of output r.f. may be obtained easily at
600 NHz.

Farther up the frequency spectrum, we come to the
TRW 2N4976, a u.li.f. stripline plastic power tansistor
that will provide 1 watt of output and 5 dB of power gain
at 2000 MHz. A
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Amplifier

By DONALD E. LANCASTER
©

O +D.C.{ ANY VOLTAGE
GREATER THAN I¢R,)

CONSTANT CURRENT SOURCE
‘OF Ig mA

0—D.C.(ANY VOLTAGE NEGATIVE
ENOUGH TO RUN CURRENT SOURCE)

Fig. 1. Basic circuit diagram of the differential amplifier.

A stable, high-gain solid-state amplifier circuit that requires no large
? tal el tal

capacitors, ignores power-supply noise and ripple, is easy to gain control,

limits readily, costs little, and is useful from d.c. up to about 500 MHz.

ed circuitry has brought the differential umplifier into

sharp focus as an important new cornerstone of fu-
ture electronic systems. And, it is simple to understand and
simpler vet to use.

The differential amnplifier (or “diff amp”) produces one
or two output signals proportional to the difference of two in-
put signals. If one input is grounded, it behaves as an or-
dinary amplifier. There are fowr ways you might use the
diff-amp circuit; with one or two inputs or by using one or
two outputs. The two available outputs are always exactly
1802 out of phase with respect to each other.

Fig. 1 shows the basic circuit. Two transistors are used.
Their emitters are tied together and are driven by a current
source. An input signal at A goes through Q1 emitter-fol-
lower fashion and through Q2 as a grounded-base stage to
arrive al output 2. Neither stage inverts the signal. Q2
provides the voltage gain and Q1 matches the imput signal
into Q2’s low input impedance. An input signal at B goes
through Q2 as a common-emitter amplifier to arrive at out-
put 2, with voltage anmiplification and inversion being pro-
vided by a single transistor. Output 2 is an amplified version
of the difference (A — B). Look at the circuit in a mirror
and vou will see that output 1 is an amplified version ol the
difference (B — A), ilus cme with input A getting inverted
by Q1 and B not.

February, 1968

F I <4 ODAY'S new accent on miniaturization and integrat-

Some handy features of this circuit should suggest them-
selves. Emitter followers and grounded-base stages can be
made gain-stable independent of the common-emitter cur-
rent gain (B) of the transistors used, so we might rightly
suspect that a proper choice of components will make the
circuit gain totallv independent of the gain of the transistors
used. The current source must somehow affect the stage
gain, so we have a convenient method of electronically con-
trolling or else setting the per-stage gain to any value we
like. Since there are no large capacitors in the circuit, the
diff amp can be made extremely small and manufactured as
part of an integrated circuit.

If we operate in a halanced, or “push-pull” output, mode
any supply-voltage ripple or hum would indentically affect
both outputs, but the collector-to-collector output signal
would not see this variation. This means the balanced
output signal would contain no hum nor ripple, a very
definite advantage in low-level or low-noise applications.

The current source always provides a fixed amount of cur-
rent. Although it can divide up any which way going
through Q1 and Q2, the total current still must equal the
value the current source is providing, and that identical cur-
rent must be provided by the collector power supplv. The
supply current required by a diff amp is a constant value
totaily independent of the input or output signals. Because
of this, there is no way that input or output signals can get
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Fig. 3. Differantial-amplifier input-impedance characreristics.

into the supply leads. Thus, very little supply filtering and
decoupling is normally required due to the constant cur-
rent drawn from the supply and the fact that the amplifier’s
outpnt can be made largely independent of hum and rip-
ple. In terms of an electronic svstem, we can eliminate or
reduce the number of large electrolytic capacitors that the
engineer often does not consider when circuit development
costs are computed.

Disadvantages

The basic circuit requires two transistors which must be a
matched pair and must be held at the same temperature.
The current source might involve a zener diode and a third
transistor, bringing the total semiconductor count to four
per stage in some circuits. Because of this, the circuit has
not seen too much use in the past for ordinarv amplifica-
tion. Today, the four semiconductors can cost less than the
associated components required in a single-transistor am-
plifier, and they certainly take up far less space. In an in-
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tegrated circuit, an entire diff-amp stage might be easily
put down on a 30-mil square of silicon.

Low-cost matched pairs of transistors are now readily
available, and a good match can often be obtained for mod-
erate-performance circuits simply by selecting any two
newer semiconductors from a single manufacturer’s stock
and clipping them together. Matching is no problem at all
In integrated circuits; the close spacing and identical geo-
metry automatically provide excellent matched transistors
that are always at the same temperature.

Gain Curves

The exact expression for the voltage gain you can expect
from a differential amplifier is peppered with all sorts of
complicated terms. If we make a few reasonable assump-
tions, the gain expression can become quite simple. Let’s
assume that both transistors have a common-emitter cur-
rent gain (B) of at least 20, that both inputs come {rom
low-impedance sources, and that the current source will
provide a few milliamperes at most. The voltage gain is then
given by (Ry X Ig) 104, where Ry is the load resistance in
ohis and I is the total emitter current in milliamperes.
To get the voltage gain in decibels, we take 20 times the
log ot the numerical gain, just as in any decibel problem.

We see that only two things affect the gain: the collector
load resistors and the source current I, making the stage
performance nicely independent of transistor parameters.

Fig. 2 shows how you can find the gain of any low-level
diff amp. For instance, if vou need a 10:1 voltage gain
(20 dB) and you must use a 1000-ohm collector load resistor.
vou would choose an emitter source current I; of 1.04 milli-
amperes, or roughly 1 mA. Or, if vou were analyzing another
circuit with an R, of 500 ohms and an I'; of 5 mA, vou would
conclude that the stage gain would be 24:1 or 27.6 decibels.

Now, supposing we reduce the emitter current from 5
mA to 50 microamperes (0.050 mA). What happens? The
“gain” drops to 0.24 or —12.4 decibels. We no longer
have an amplifier, but an “unamplifier”, more properly
called an attenuator. We get less signal out than we put in.
Simply by varying the emitter current, we can electronically
vary the stage gain, and linearlv too. This makes the diff
amp particularly attractive for a.g.c. and a.v.c. stages and
anywhere else it is desirable to electronically control the
gain of an amplifier. By careful control of the networks be-
tween diff amps, the a.g.c. and a.v.c. action can be ob-
tained without affecting the bandwidth of the amplifier,
a very attractive feature for r.f. work.

Our gain curves are for the output voltage you would get
from oue collector lo ground. This is called the single-endec
voltage gain. The balanced, or double-ended voltage gain
is the collector-to-collector output voltage, and is twice (or
46 decibels) the single-ended gain. To obtain the double-
ended voltage gain from the curves, just double your re-
sults or add 6 decibels to get the new figure.

Input Impedance

1f we stick to the lower frequencies and the assumptions
we made for the gain curves, the input impedance will be
given by (52 X f3) /I where £ is the common-emitter current
gain of the transistor and Iz is the source current in milli-
amperes. We have plotted this in Fig. 3, where we see that
higher gain transistors and lower values of I, result in the
higher input impedances. For instance, a 1 mA I; and a
pair of 8 = 50 transistors will give an input impedance of
2600 ohms.

For our gain equations to be accurate, and for minimum
interaction between system gain and bandwidth, the sig-
nal source impedance should be considerably less than the
amiplifier input impedance. A 500-ohm source would work
well driving a 5000-ohm input-impedance amplifier. It we
wanted, we could cascade several diff amps by using 500-
olhm collector resistors and biasing that would keep the in-
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put impedance of the next stage 5000 ohms or above. For
a.c. systems, we could capacitor- or transtormer-couple
from stage to stage. However, d.c. coupling is a bit more
elaborate as level-shifting techniques and feedback are often
required.

Wlhere exceptionally high input impedances are required,
emitter followers or field-effect transistors mav be added
to raise the input impedance to a desired value. Electronic
voltmeters (transistor v.t.v.m.s) are one important ex-
ample of this particular technique.

Limiting

Without an input signal, each transistor uses hall the
source cuwrrent /.. As one input swings positive, its transistor
will draw more current and less current will he left for the
other transistor. The sum of both transistor currents must
alwavs equal [,.. Now, suppose one transistor takes all the
available current because of a very positive input. All ol 1,
will flow through its load resistor, while zero current will be
left for the opposite transistor and load resistor. We can
have no more ouiput current than [, and no less output
current than zero. The maximum possible change we could
get in output voltage must equal the maximum peak-to-
peak output signal we could ever hope to obtain. This maxi-
mum possible output signal swing is equal to [ R, by
Ohm’s law. We sayv the dilferential amplifier limits with a
peak-to-peak output of [.R,, independent of how much
larger than necessary the input is. Fig. 4 is a plot that lets
you determine the limiting output level of any diff amp.
We see that the maximum possible output signal we could
ever get out of a ditt amp with a 1 mA Iz and a 1000-ohm
collector load is 1 volt peak-to-peak.

If we want a linear amplifier, we must never allow the
output signal to gel as big as the limiting output value, or
distortion will result. A factor of three makes a good safety
margin. On the other hand, if we want the circuit to Hmit,
we simplv overdrive the input with a signal strong enough
to force the difl amp stage into the limiting mode.

We can make any difl amp limit at a higher level by in-
creasing either I, or R, and vice versa.

There is hidden beautv in the diff amp as a limiter.
Neither transistor cver saturates, so we do not have to con-
tend with storage times, d.c. offsets, and other grenlins
common to limiters that often interfere with fast, smooth
limiting action. Further, the limiting action is equal for
positive and negative input excursions. We call this sym-
metric limiting. Symmelric limiting is verv much neces-
sary for quality self-limiting FM if. amplifiers, forming an
important application tor dift amps. \When used in this
manner, the diff amp is often called an emitier-coupled
limiter. Comparators, squaring circuits, and  zero-crossing
detectors are other circuit examples which tuke advantage
of these svinmetric limiting properties.

Why Matched Pairs?

The buse and emitter of any conducting transistor are
separaled by an internal voltage Vi, Although this is
around 0.6 volt for a silicon transistor, the exact value of
this voltuge varies with the particular transistor and changes
with temperature. If one transistor had a V,, of 0.60
volt and the other had a V. of 0.65 volt, it would be just
the same as adding an extra 0.05 volt to one input. This
would certainly unbalance the amplifier and send much
more current through one load resistor than the other. It
would also change the gain balance between both sides of
the circnit.

To obtain a good balunced circuit, V. mutched pairs of
transistors should be used and, if the trunsistors are not al-
ready in the same case, they should be heatsunk or clipped
together to ullow the circuit to track over a wide tempera-
ture range without imbalancing.

Ordinary transistors may occasionally be used if balane-
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Fig. 6. The effects of a common-made signal is shown here.

ing resistors are added to the emitters as in Fig. 5A. The
resistors are chosen such that an extra V,z drop in one
transistor is made up by an equal extra voltage drop in the
opposite emitter resistor so that the voltage drops cancel
out each other’s effects. A pot (Fig. 5B) is usually used
mstead of the two resistors to allow a contrcl range that
will compensate for different transistors. These usually run
from 10 to 500 ohms and are adjusted to mzke both col-
lector voltages identical under no-signal conditions. The bal-
ancing resistors will also lower the gain and raise the input
impedance, so some performance trade-offs are involved in
using ordinary transistors.

Why a Current Source?

Since we have a difference amplifier, we would not want
any signal that appeared simultaneously at both inputs to
appear in the cutput. We call such a signal a common-mode
signal, and the ability to minimize its effect is called the
common-mode rejection of the amplifier. A perfect current
source will have infinite common-mode rejection, since no
combination of transistor voltage could possibly change the
current out of an ideal current source. The degree to which
a current source approaches the ideal determines how good
the common-mode rejection will be.

If the common-mode rejection is poor, the gain and d.c.
bias points will shift with a common-mode input. Power-
supply noise and hum also become common-mode signals
when two or more balanced amplifiers are cascaded, and
could not be properly rejected in a poor amplifier design.

An example can show the eltects of a common-mode sig-
nal. In Fig. 6A, we have approximated the current source
by a 5000-ohm resistor and a —5.6-volt supply. We can see
that a common-mode signal will change the voltage across
the emitter resistor. This will change I, which, in turn, will
change the gain and d.c. operating points of each collector.
If we check the gain curves, we will find the amplifier will
have a gain of 9.4 or 19.5 decibels without a common-mode
input signal, while the collectors will be d.c.-biased at 2.5
volts, determined by Ohm’s law as applied to the collector
resistors.

Now, suppose we add a common-mode signal of —1 volt

Fig. 7. Here are a number of practical arrangements that may be employed in order
to produce constant-current sources required for differential-amplifier operation.

(A} RESISTOR

5k0

—12vD.C.
(B) TRANSISTOR-ZENER
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(C) TRANSISTOR

(D) CONSTANT-CURRENT DIODE
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(Fig. 6B). The emitter voltage now drops to —1.6 volts
and the current through the 5000-ohm resistor drops to 0.8
mA. The gain drops to 7.7 or 17.7 decibels, a 20% reduc-
tion, while the collector operating point goes up to 2.6 volts,
and the stage now limits with a 20-percent smaller output
swing.

A positive common-mode signal would do the opposite—
the gain would increase as would the limiting output level.
How bad these effects are depends entirely upon the elec-
tronic svstem. In d.c.-coupled circuits, any shift in oper-
ating point at all is bad and must somehow be corrected by
feedback. Low-level signals also make the common-mode
design problem more severe, as do circuits where a large
d.c. offset may accompany a small a.c. signal.

Practical Current Sources

A ncgative voltage and a resistor is the simplest current
source (Fig. 7A). In the previous common-mode exam-
ple, we saw that a 5000-ohm resistor and a —5.6-volt
source would give a 20% gain variation for a l-volt com-
mon-mode signal. A 50,000-ohm resistor and a —50.6-volt
source would do ten times better, allowing only a 2% vari-
ation, while a 500,000-ohm resistor and a —500.6-volt
source would hold the variation to only 0.2%.

There are better ways that employ more reasonable sup-
ply voltuges. A transistor connected as an emitter {ollower
will provide a constant collector current, independent of
supply variations. In Fig. 7B we have used a zener diode
and transistor to provide a constant 1-mA source. A dif-
ferent emitter resistor or base voltage will result in a dif-
ferent constant collector current. In Fig. 7C, the source
transistor is driven by a control signal. This input allows us
to electronically vary the gain, either slowly to provide a.g.c.
or a.v.c., or rapidly to provide a modulator or electronic
multiplier.

In Fig. 7D, we use a current-limiting field-effect diode, a
new device that automatically provides a constant current
just like a zener diode provides a constant voltage.

Another upproach is to eliminate the possibility of a com-
mon-mode signal. In 7K, one input is returned to a zener
diode. A common-mode signal cannot exist different from
that of the zener itselt, so a single resistor serves as the cur-
rent source. This circuit is often used in regulated power
supplies, as the slightest ditlerence hetween the zener volt-
age and the input voltuge produces a strong collector cur-
rent unbalance which, in turn, is used to correct the input
signal, returning it to a value equal to that of the zener, thus
providing regulation.

Grounding one input (Fig. 7F) also eliminates the com-
mon-mode problem, and once again a single resistor serves
as a current source. The same circuit shows another twist—
it we only make use of one oulput, the opposite load resistor
is not needed and may be eliminated {rom the circuit with
no chunge in performance.

The loss of one input does eliminate a lot of circuit pos-
sibilities but we still have a gain-stable, low-cost, capacitor-
tree amplifier or limiter useful for practically any simple
low-level application. A

(Editor's Note: The careful reader will note that we have
shown all the current sources in the various diagrams in
this article with arrows indicating the direction of electron-
current flow rather than conventional current flow. On the
other hand, arrows in standard transistor and diode symbols
point in the direction of conventional current. This method
of indicating external current flow is entirely consistent with
our own practice and with the practice that is followed in
most military manvals and in most basic texis.

This method of indicating current flow should not cause
any confusion providing the reader keeps in mind that we
are usually concerned with the flow of electrons, and that
these flow from minus to plus in the external circuit.)
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Let's face it! Oxford pioneered
this speaker business—to
coin a phrase—this ‘‘sound’’
business of speakers you're
in. The fact that we were first
in the making, and still first
in selling, ought to tell you
something. We've got the
name—the quality—the
value that sells.

Take Oxford’s new “TEMPO"
High-Fidelity speaker line. No
one can touch it. Their exclu-
sive ‘“Floating Suspension
Surround’’ extends -the low
frequency spectrum without
‘hangover'’, provides clean,
transient response with
smooth mid-range and bril-
liant high frequency re-
sponse. You don't need to talk
this one up...the unsur-
passed brilliance and clarity
of sound sells itself.

For replacement or new in-
stallations, it pays to go with
“the guy that brought you”,
That way, you know you're
home safe.
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It is a mistake for the beginner to try to conceal his
technical ignorance and inexperience from an old-timer.

THE TYRO TECHNICIAN

hand at Mac’s Service Shop, away from his bench

for three whole weeks; so when he stepped through
the door this blusterv January morning, stll looking a
little peaked, he was given a boisterous welcome by both
his emplover and Matilda, the office girl.

“Welcome back, Barney!” Matilda said, throwing her
arms around his neck and giving him a resounding kiss on
the cheek. “This place has been like a morgue without vour
red hair, vour freckles, and your impudent teasing.”

“I echo those sentiments,” Mac said, gripping Barney’s
hand firmly; “and, while I'll probably live to regret it, I'll
admit here and now these last three weeks have taught me
to appreciate what a good technician you actually are. In
fact, from now on you’ll find a little something extra in
your pavchecks to show I'm not ‘just flipping my lip,” as
vou'd put it.”

“Well now!” Barnev exclaimed, growing red in the face
as he always did when emotionally moved. “All this is
enough to give a man a relapse. Here I've been worrying
vou might not want me back. Didn’t that fill-in guv the
employment agency sent you work out? From what vou
told me on the phone, I thought he was supposed to be a
real hotshot technician.”

“That’'s what [ was led to believe, and I've a hunch
that's the way he saw himself; but it didn’t take me long to
realize he lacked: (1) a solid technical background, (2)
any appreciable experience in service work, or (3) even
much interest in learning more. The first giveaway was
the manner in which he abused tools and equipment. You
know how I feel about that. Tool-abusers, wife-beaters, and
dog-kickers are all in the same category as far as I am con-
cerned.”

“Give me some gory ferinstances,” Barney begged.

“He was either too stupid or too lazy to pick the right
screwdriver for the job, preferring to use the driver he
happened to have in his hand or saw lying on the bench. I
mean he used narrow bits on wide screw slots and straight
screwdrivers on Phillips head screws. Still worse, he used a
hammer on the screwdriver handles, trving to make the
screwdrivers serve as punches and chisels. This failure to use
the proper tool was bad enough when working with metal
screws, but he did the same thing with alignment tools for
turning tuning slugs. As you know, I have the proper tool
designed to turn any slug encountered in service work, but
this bird actually used narrow-bitted metal screwdrivers to
turn i.f. slugs designed to be turned with a hexagonal-
shaped nylon tool. As you might expect, he cracked two
tuning slugs before I put a stop to that.”

“Oh I wish I could have heard it!” Barnev chortled. “Tell
me more. | love this.”

“Well, by running the solder gun on its highest heat all
the time, even when doing light soldering, he managed to
keep the tin burned off the tip. Also, instead of using a
soldering tool to loosen wires he was unsoldering, he tried to
pry the wires loose with the tip of the gun. Not only did this
bend the tip out of shape, but when that tip slipped off the

!N attack of the mumps had kept Barney, the hired
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connection, it spraved molten solder all over the chassis,
creating a dandy possibility of hard-to-locate short circuits.

“There’s more, but come on back into the service depart-
ment. I have a stinker of an intermittent radio cooking
there. It was supposed to be dead, but it came right on and
plaved perfectly for five hours. Then the dial lamp flickered
several times, indicating one of the tube filaments was
opening up and reclosing; but after that it settled down and
has not made a suspicious move since. I've tried the usual
things, of course: turning the set on for ten minutes and
then off for ten; elevating the line voltage; lowering the
line voltage. Right now I'm going to spray all the tubes
with freon gas to cool them way down and then turn on the
set and see what happens.”

He did, and nothing happened. The set came on normal-
ly, and the dial lamp never flickered. Mac switched it off in
disgust and contintced:

“Anyway, this bird got my goat in lots of other ways.
He couldn’t even use the wire-stripper properly. Invariably
he placed the wire in too-small a slot and cut clear through
the insulation and into the wire, nicking it badly and placing
a strain on the cutting knife before moving the wire over to
the proper slot. And he had a thing about not wanting to
replace hardware be had removed. If the chassis was held in
by four bolts, he vrould replace only two of them; if he had
to take out ten screws to get the back off a TV receiver, he
would only put five or six back. You should have seen the
aggrieved look he gave me when I told him emphatically
that in this shop all hardware removed from a piece of
equipment was replaced.”

“How was he at troubleshooting?”

“Not very hot. He had the kind of single-track mind that
is pure poison to good diagnosing. If the last radio he
worked on had a leaky capacitor, he expected the next
one to have the same fault even though the symptoms were
altogether differert! In his favor was the fact that he did get
out the service data before starting to work on a receiver,
but he didn’t use it correctly. He preferred measuring to
thinking. Instead of mulling over the symptoms and then
taking a few measurements to isolate the difficulty in the
portion of the circuit you'd logically expect to find it, he
wanted to go straight through the receiver checking every
voltage against the service data in the hope of finding one
that was off. This was true in spite of iy gentle reminder
that lots of things could happen in a receiver that would
disable or distort the performance without any noticeable
change in the d.c. voltages.

“And he did another thing that really grated on my
nerves. Some one must have told him that a meter reading
is most accurate in the top third of the scale because he
carefully set the range switch so this would occur with the
voltage he anticipated measuring before he applied the
prods. 1 tried to tell him this was not a good practice when
he was actually ‘ooking for an unexpected voltage, say one
you'd find at the cathode of a tube with an open cathode
resistor, but he never seemed to read me. 1 gritted my
teeth every time I heard the meter pointer banging the peg
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when his prod touched the wrong test
point—which seemed to be about half
the time when he was wading through
a prinled circuit. You and I set a meter
range switch for the highest voltage de-
livered by the equipment we are work-
ing on and make our rapid voltage
survey with that. We know the uc-
curacy of owr meters, even at the hot-
tom fifth of the scales, will be plenty
good enough to reveal a seriously out-
of-line voltage. In case we encounter a
dubious critical low voltage—as often
occurs in transistor work—we can al-
ways switch to a lower range for in-
creased accuracy without fear of dam-
aging the meter.

“But this was just part of his being
overly concerned about the wrong
things and very nonchalant about things
actually important. \While he never
touched the signal tracer or the scope
during the two weeks he worked here,
he almost wore out the transistor tester
checking every transistor in a receiver
as his very first step, even before trying
a fresh battery or looking for broken
antenna leads. You can’t he in service
work very long without realizing that
while tube failures are the most com-
mon source of trouble, transistor fail-
ures are down toward the bottom of
the list. While he carefullv used heat-
sink tactics on the leads of transistors
and diodes he was soldering or unsol-
dering—even silicon tvpes—he did not
hesitate to pull transistors from their
sockets and plug new ones in with the
power turned on.

“When soldering, he tried to achieve
a perfect-looking joint with a very min-
imum of solder, and to achieve that he
didn’t hesitate to reheat the joint sev-
eral times. Qur tests with that low-
resistance bridge showed that a
warmed-over solder joint is like any-
thing else warmed over: not nearly so
good as the first time. I told him if he
would apply plenty of heat to a clean
joint before he applied the solder, he
would get a good joint and should let it
alone. A small amount of extra solder
that flows over the joint is not going to
hurt, and it’s much more important to
have a good low-resistance joint than a
pretty one.”

While Mac had been talking, Barney
had casually pulled the 50C5 from the
intermittent radio still sitting on the
bench and had sprayed the metal pins
of the tube with pressurized freon gas
until frost formed all over the bottom
of the tube. Now he plugged the 50C3
back in and turned on the switch. The
dial lamp did not come on even when
Mac suspiciously wiggled the tube in
the socket to make sure it was making
a good connection. Mac quickly pulled
the tube oul and checked the filament
with the ohmmeter prods touched to
the pins. The filunent, us he expected,
was open.
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“Those mumps must have made you
smarter,” was his grudging comment.
“Of course I follow your reasoning. I|
was trying to cool down the tube ele-
ments and make them shrink by spray-
ing the glass envelope, but glass is a
good heat insulator and resists the |
transmission of quick changes of tem- |
perature through itself. Metal, on the|
other hand, is a good heat conductor;
so when you sprayed the tube pins you
drew a great deal of heat out of the
tube elements to which they were con-
nected and got the job done. Of course
you were a little lucky in picking on
the bad tube the first time, but even
that wasn’t pure luck. The output tube
is the one that most often develops an |
intermittent filament. Thanks, Barney. |
Youre what I'd call a thinking man’s
technician!”

“Gee, Boss, thanks!” Barmey said
mockingly. “Apparently you gave up!
and let the fellow go after a couple of
weeks. Don’t vou think he will ever
make a good technician?”

“I seriously doubt it,” Mac replied.
“He was more intevested in covering up
his ignorance than in dispelling it. Had
he told me he didnt have too much
experience, I'd have put him at jobs he
could handle; and if he had shown a
desire to learn, I'd have done my darn-
dest to help him. It’s a great waste of
time to try and con an old-timer into
believing you know more than you do.
Every move you make under his watch-
ful eves gives you away.”

“TH not argue with that,” Barney
said; “but there is only one thing that
bugs me: this guy had to be so bad to
make me seem good! Well, let’s quit
palavering and get to work. You never
thought you’d hear that from me, did
vou? Neither did I, but the truth is that |
my hands literally ache to take hold of |
tools again.” A
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"“Then | increased my linear amplifier out-
put to over 200 watts and not only in-
terfered with police and business channels
but raised every electronically controlled

NEW CONAR

All-Channel

COLOR TV KIT
*366.00

Model 600UK

i

e Easier to build because
it’s designed for learning

e Complete with cabinet—
nothing else to buy!

Tops for quality, simplicity of
design, ease of building, the new
CONAR 600 gives you the latest
advances in the art of color TV
receiver construction. In addition
to 21 tubes, this all-channel re-
ceiver incorporates a transistor
UHF tuner, transistor noise can-
cellation circuit and 16 solid-
state diodes. Separate gun killer
switches and a cross hatch gen-
erator are built in. All hardware
is engineered for accessibility.
Attractive bronze-tone steel cab-
inet with durable wood-grained
vinyl covering.

For information write Dept. BB8C

CONAR instruments

DIVISION OF NATIONAL RADIO INSTITUTE
3939 Wisconsin Ave., Washington, D.C. 20016

S

WRITE FOR FREE & /

-
CONAR CATALOG H;’
5

i Fra

garage door in the city.”’

COMPLETE BUYERS GUIDE

STEREQ.HI-Fl 1557

STEREO/HiFi

DIRECTORY

1967 — $1.25.... 345
1966 — $1.25.. . #29

Comlt buyers guide for virtually
every Hi Fi component manufactured.

Order by number from
Zift-Davis Service Division,
595 Broadway, New York, N, Y. lOOlZ.A )
Enclose an additional 15¢ per copy for shipping
and handling (50¢ for orders outside U.S.A))
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RCA INSTITUTES DID!

Here is a whole new approach to learning - ! =
electronics at home! RCA Institutes, .
one of the nations’ largest schools devoted
to electronics, has developed a faster,
easier way for you to gain the skills and

the knowledge you need for the career

of your choice. Here for the first time, is a
student-proved, scientifically designed way
to learn. If you have had any doubts in

the past about home training in electronics
—if you have hesitated because you thought
you might not be able to keep up—or that
electronics was too complicated to learn—

here is your answer! Read how
RCA Institutes has revolutionized
its entire home training ideas!

ELECTRONICS WORLD



NEW CAREER PROGRAMS
BEGIN WITH “AUTOTEXT" INSTRUCTION METHOD!

Start to learn the field of your choice immediately!

No previous training or experience in electronics needed!

With this new revolutionized method of
home training you pick the career of
your choice—and RCA institutes trains
you for it, RCA’s Career Programs assure
you that everything you learn will help
you go directly to the field that you have
chosen! No wasted time learning things
you'll never use on the job! The Career
Program you choose is especially de-
signed to get you into that career in the
fastest, easiest possible way!

And each Career Program starts with
the amazing “AUTOTEXT"' Programmed
Instruction Method—the new, faster way
to learn that's almost automatic! “AUTO-
TEXT" helps even those who have had
trouble with conventional home training
methods in the past. This is the “Space
Age' way to learn everything you need
to know with the least amount of time
and effort.

CHOOSE A CAREER PROGRAM NOW
Your next stop may be the job of your
choice. Each one of these RCA Institutes
Career Programs is a complete unit. It
contains the know-how you need to step
into a profitable career. Here are the
names of the programs and the kinds of
jobs they train you for. Which one is
for you?

Television Servicing. Prepares you for a
career as a TV Technician/Serviceman;
Master Antenna Systems Technician; TV
Laboratory Technician; Educational TV
Technician.

FCC License Preparation. For those who
want to become TV Station Engineers,
Communications Laboratory Techni-
cians, or Field Engineers,

Automation Electronics. Gets you ready
to be an Automation Electronics Tech-
nician; Manufacturer's Representative;
Industrial Electronics Technician.
Automatic Controls. Prepares you to be
an Automatic Controls Electronics Tech-
nician; Industrial Laboratory Technician;
Maintenance Technician; Field Engineer.
Digital Techniques. For a career as a
Digital Techniques Electronics Techni-
cian; Industrial Electronics Technician;
Industrial Laboratory Technician.

February, 1968

Telecommunications. For a job as TV Sta-
tion Engineer, Mobile Communications
Technician, Marine Radio Technician.
Industrial Electronics. For jobs as In-
dustrial Electronics Technicians; Field
Engineers; Maintenance Technicians; In-
dustrial Laboratory Technicians,
Nuclear Instrumentation. For those who
want careers as Nuclear Instrumentation
Electronics Technicians; Industrial Lab-
oratory Technicians; Industrial Electron-
ics Technicians.

Solid State Electronics. Become a spe:
cialist in the Semiconductor Field.
Electronics Drafting. Junior Draftsman,
Junior Technical Illustrator; Parts In-
spector; Design Draftsman Trainee
Chartist.

SEPARATE COURSES

In addition, in order to meet specific
needs, RCA Institutes offers a wide va-
riety of separate courses which may be
taken independently of the Career Pro-
grams, on all subjects from Electronics
Fundamentals to Computer Program-
ming. Complete information will be sent
with your other materials.

LIBERAL TUITION PLAN

RCA offers you a unique Liberal Tuition
Plan—your most economical way to
learn. You pay for lessons only as you
order them. No long term contracts. If
you wish to stop your training for any
reason, you may do so and not owe one
cent until you resume the course.

VALUABLE EQUIPMENT

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

Accredited Member National
Home Study Council

board with your study material. This
breadboard provides limitless experi-
mentation with basic electrical and elec-
tronic circuits involving vacuum tubes
and transistors and includes the con-
struction of a working signal generator
and superheterodyne AM Receiver.

Bonus From RCA—Multimeter and
Oscilloscope Kits. At no additional cost,
you will receive with every RCA Institutes
Career Program the instruments and kit
material you need to build a multimeter
and oscilloscope. The inclusion of both
these kits is an RCA extra.

CLASSROOM TRAINING

ALSO AVAILABLE

RCA Institutes maintains one of the larg-'
est schools of its kind in New York City
where classroom and laboratory train-
ing is available in day or evening ses-
sions. You may be admitted without any
previous technical training; preparatory
courses are available if you haven't com-
pleted high school. Coeducational class-
es start four times a year.

JOB PLACEMENT SERVICE, TOO!
Companies like IBM, Bell Telephone
Labs, GE, RCA, Xerox, Honeywell, Grum-
man, Westinghouse, and major Radio
and TV Networks have regularly em-
ployed graduates through RCA Institutes”
own placement service.

SEND ATTACHED POSTAGE PAID CARD
FOR COMPLETE INFORMATION, NO OB-
LIGATION.

ALL RCA INSTITUTES COURSES
AVAILABLE UNDER NEW GI BILL.

RCA INSTITUTES, Inc., Dept. EW-28

A Service of Radio Corporation of America
320 West 31st Street, New York, N.y. 10001

The Most Trusted Name in Electronics
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Dept. 233-

Need high temperatures in tiny places?

The amazing Little Torch is so tiny it can throw a flame of -
6300°F. through the eye of a needle. It solders, brazes, welds
and heats with exacting precision in the smallest places; uses
oxygen and acetylene, hydrogen, propane, natural gas ar Mapp.
It's available with five tips ranging in size from one large
enough to weld 16 ga. steel to one small enough to weld .002"
copper wire. For free brochure write to:

l\--:,:;

8, 2633 S.E. 4th St., Minneapolis, Minnesota 55441

CIRCLE NO. 87 ON READER SERVICE CARD

~ BRAND NEW
M i& SPRING & SUMMER
JAT Y™ RADIO-TV
SRS | VL ELECTRONICS
A CATALOG

YOUR BUYING GUIDE
FOR: e Stereo & Hi Fi
Systems & Components
o Tape Recorders ® Elec-
tronic Parts, Tubes, Tools
® Phonos & Records
® Ham Gear ® Test In-
struments & Kits ® Cam-

cras & Film ® PA e Citi-
zens Band ® Radio & TV
Sets ® Musical Instru
ments

RSt \All. TODAY TO:
BURSTEIN-APPLEBEE |

I

1

: Dept. EWN 1012 McGee, Kansas City, Mo. 53106 :
: Name ; ll
: Address :
) City i I
1 I
| State Zip Code r

CIRCLE NO. 122 ON READER SERVICE CARD

Ring Two—For Tomorrow
(Continued from page 49)

nal and modulated with an “idle marking” tone. Off-line
receivers continuously hunt through their channels and camp
on the marked channel; and the next call in either direction
is established over this frequency. As soon as a call is initi-
ated, the control terminal moves the idle tone to another
available chamnel and all off-line sets step to it in readiness
for the next call.

The mobile set’s receiver is completely transistorized and
the transmitter uses tubes only in its final three stages.
There are eleven plug-in oscillator units for operation on
all the channels. The control unit also uses solid-state com-
ponents throughout to perform the logic tone-signaling
functions.

The user has three push-buttons for selecting the trans-
ceiver’s mode of operation. He uses an “H” button in his
home area to condition his set for duplex operation and
make the receiver hunt over local radio channels. Out of
his home area, he uses the “R” (Roam) button to condition
his set and hunt over the channels in that area. Finally,
there is an “M” button which is used when he drives inte
a manual-system service area. This button bypasses the au-
tomatic channel hunting and dialing system and the set
works in a push-to-talk mode instead of full duplex. Calls
will then go through the mobile service operator. On the
other hand, if the mobile phone user with a manual set
drives into an M] systern area, the control terminal auto-
matically routes his call to the station operator.

Pictures to Talk By

Among its many communications developments, Bell
Labs has been experimenting with a videotelephone. The
Picturephone was first demonstrated at the New York
World’s Fair. This year an improved Model II Picturephone
will provide limited commercial service between New York,
Chicago, and Washington, D.C. Callers will be able to use
the system to transmit photos, drawings, and other graphic
material as well as human images.

The Picturephone station set consists of a display and
camera unit, a control unit, and a service unit. A standard
Touch-Tone telephone set, equipped with a 12-button dial,
is used for calling. The compact control unit contains four
knobs and four push-buttons, and can be placed in a con-
venient location in front of the Picturephone display unit.
One knob adjusts the height of the center of the camera’s
field of view electronically. Another knob regulates the cam-
era’s electronic zcom, a third controls the brightness of the
displayed image, and a fourth knob is the volume control
for the speakerphone. The microphone for the speakes-
phone is also in the control unit.

The four push-button controls enable the user to initiate

AN ANCIENT ART?

DID you ever talk about flappers and television in same breath?
Well, it was 1927 when Walter S. Gifford, President of the American
Telephane and Telegraph Co. and Secretary of Commerce Herbert Hoover
in Washington, D. C. first considered the idea of telephones and TV
working together. But the kistory of the videophone runs like this:
1929-1931 The first two-way TV system set up between AT&T
offices and Bell Telephone Laboratories in New York.

® 1935-1938 TV-telephone service tried by German Post Dffice.

® 1954-1961 Rasearch videophones developed by Bell Labs.

® 1955 Kay Labs demanstrates a one-mile videophone system.
® 1956-1964 First automatic system demonstrated by Bell Labs.
® 1963 Italy and Japan conduct slow-scan experiments.

® 1963 Pye Telecommunications Ltd. develops a videophone.
® 1964 First public demonstration of Picturephone.

ELECTRONICS WORLD
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The new MJ mobile system is a full duplex radio. User can
dial stations direct from his car on up to eight channels.

or answer a Picturephone or voice-only speakerphone call;
to see the transmitted picture; to prevent his picture from
being transmitted (a pattern of three horizontal bars is
sent instead); und to end the call. For privacy, the speaker-
phone microphone can be turned off by depressing the
first push-button.

The service unit contains the power supply and control
circuitry. It can be remotely located up to 85 feet from the
Picturephone display unit.

The Model 11 Picturephone incorporates a new television
camera tube. It was developed by Bell Labs and combines
the best features of the vidicon with the highly developed
silicon technology used in integrated circuits. This marriage
of tube and semiconductor technologics removes certain
shortcomings of present camera tubes and promises a more
rugged, longer lusting, and more sensitive camera tube.

The heart of the tube is a new tvpe of target struclure
consisting of a self-supporting silicon wafer the size of a
nickel and containing over half a million silicon photo-
diodes in an area less than one-half-inch square. The tar-
get, only 2 mils (0.002 inch) thick, is fabricated by tech-
niques similar Lo those used in making silicon IC’s.

Like most television camera tubes, the new tube converts
an optical image into a pattern of stored electrical charges
on the target structure. This pattern of charges is periodi-
cally scanned and erased by an electron beam. The video
signal is generated as the charge paltern is erased.

One advuntage of the silicon targel in the new camera
tube is that its performance is not degraded or modified
by exposure to bright light sources or by electron beam
bombardment.

Because of its silicon target structure, the camera tube
has good response at room temperature to both visible and
near infrared light, and has a higher signal output than
most standard camera tubes. In addition, the device has
virtually no “lag”, a phenomenon giving rise to image
smearing in conventional camera tubes. (For additional de-
tails, see the article “New Picture Telephone Goes Com-
mercial” in next montl’s issue.~Editor)

Bell Labs is also experimenting with a device that would
enable deal people to communicate via telephone by read-
ing letters and numbers fushed on a small screen. The
Touch-Tone buttons are used to generate the tones that
activate the visual display. The caller sends A, B, and C
with the “2” button, D, E, and T with the “3” button, and
so on through the alphabet. Pushing the “2” button once
indicates A, twice B, and three times C. A memorv circuit
stores the signals until a letter is fully coded. Thus in
the code A is 20, B is 220, and C is 2220. No commerical
production of this device is planned at this time. A
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Introducing the world’s first 5-channel, solid state,
Citizens Band Radio with a Class B push-pull audio
amplifier, super-sensitive receiver, and full-powered
transmitter, that comes with either palm microphone
or telephone handset at no extra cost.

Total weight: 3 pounds. Total price: $99.90.

How can anyone put so much into one radio,
for so little, without cutting corners?

Anyone can’t. Pearce-Simpson can.

In simple, unvarnished terms, Pearce-Simpson
makes more marine radio telephones than anyone in
the world.

Period.

Which means that Pearce-Simpson buys more
components for radio telephones than anyone in the
world.

In other words, beeause we buy in such quantity,
we save money when we buy our components.

You save money when you buy our radios.

And because we have our own plastics factory
and make our own telephone handsets, our own cabi-
nets and many of our own parts, we know we start out
with quality. ;

You know you end up
with quality.

The Sentry II

Nobody can
make abetter
radio for®99.90.
Noteven
Pearce-Simpson.

Important: Full year warranty. o 4.0-watt
power output 0 0.5 uv opens squelch o adja-
cent channel 50 db down o cross modulation
80 db down o electronic switching o no close
range blocking o neise limiiting eircuit virtually
eliminates ignition and alternator noise.

F.& C. type acceptance pending

Pearce-Simpson, Inc.

P.0. Box 800/ Biscayne Annex
Miumi. Florida 33152

EWwW-268

Gentlemen: Please send complate information on your
new CB Radios and 2 list of dealers necarest me.

Name

Address

City

State Zip

Overseas military personniel may write for special price list.
CIRCLE NO. 94 ON READER SERVICE CARD
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48 GENERAL SESSIONS at the New
York Hilton. Hours: 10:00-12:30;
2:00-4:30.

FOUR FLOORS OF EXHIBITS at the
N. Y. Coliseum including over 750

firms. Hours: 10 a.m.-8 p.m. 4 Days.

GALA ANNUAL BANQUET—Wednes-
day 7:15 p.m. N. Y, Hilton Grand
Ballroom—$16.00.

FREE SHUTTLE BUSSES between
the Hilton and the Coliseum-—every
few minutes.

- CIRCLE NO. 105 ON READER SERVICE CARD

I~ PéEpIe who built their own

¢ REGISTRATION—Good all days—
General Sessions and exhibits. In
and out orivileges~—IEEE Members
$3.00. Non-members $6.00. Ladies
$1.00. High School Students $3.00 if
accompanied by an adult—One stu-
dent per adult; Thursday only—
limit cf 3 students per adult.
REG-IDEMT CARD speeds request
for exhibitors’ literature. Ask for
one wher registering.
ESCALATORS/EXPRESS ELEVATORS
to the Fourth Floor.

Schober Organs wrote this ad

Here's what they say about the pleasure of assembling the

Schober Electronic Organ from

kits . . . and enjoying the magnificent sound of an instrument they’ve created in their spare time.

Building was fun
“Building it was at least as much
Jun as playing it!1”
Mr. Lester F. Schwartz,
Somerset, N, J.
Se proud | could pop
“I've done over 90 per cent of the
work on this organ myself—and I'm
so proud 1 could about pop!”
Mrs. V. P. Allbert,
Topeka, Kansas
Nothing as fine under $5,000
“...1could not find any organ that
sounded as fine as the Schober
under $5,000.”
Mr. Jerome J. Fraenkel,
Franklin Square, N, Y.
Proud to own
“I am proud 1o own such a valuable
instrument,”
Mr. Jean J. Juteau,
Montreal, Canada

Thousands of music lovers in every walk of
life—from teen-agers to grandmothers, from
people who are “all thumbs” to electronic
engineers—have enjoyed the pleasure of as-
sembling, playing and hearing the magnificent
sound of the Schober organ. Whether you fa-
vor Bach or Bop, there is a Schober organ
that gives you full range ol expressional and
tonal quality—so like a fine pipe organ that
many listeners can't tell the difference. You
can build a Schober organ for as little as $645.
And—even if you've never played a note before
— Schober’s self-teaching courses give you
immediate musical results.

Over 50% of Schober Organ owners never
handled an electronic job before and didn't
play a note, yet assembled some of the best
organs ever designed and get a daily thrill from
making their own mwsic. Isn’t it time for you
to take this cost-saving road to greater musical

The NEW Schober THEATRE ORGAN—
one of four models available

Most cherished possession
““My spinet has become ihe
niost cherished possession in
our home—fabulous, indeed.”"
Mr. Frank J. Marion,

North Bergen, N. J.

Tremendous sound

““The sound is conservatively,
tremendous.”

Mr. Paul DeForest Wren,
Westbrook, Conn.

Unbelievably easy to build
“When we ran oui of

finished . . . To me it was
unbelievable!”

Mr. Ted Sowinski,
Chicago, Illinois

pleasure—and enjoy the satisfaction of doing
1t yourself?

|

instruction, the organ was |

STEREQ BALANCE
INDICATOR

By TALMAGE B. YOUNG
Assoc. Prof., Industrial Arts Education
North Carolina State University

F vou have difficulty in balancing

your stereo system because you have
one speaker near you and the other sev-
eral feet away, a relatively simple cir-
cuit can solve your problem.

The circuit (Fig. 1) consists of a
100-pA zero-center meter, a dual 3.5-k
potentiometer, a 100-ohm resistor, and
two diodes. Parts values are not critical.

Basically, a zero meter reading in-
dicates balance. Each diode rectifies
audio from one of the speaker leads.
Both diodes point toward the meter, but
they are connected to opposite meter
terminals. When equal voltages are ap-
plied to both diodes, meter terminal
voltages are equal. No current flows
and there is no meter deflection from
zero. \Vhen unequal voltages are ap-
plied, meter deflection indicates un-
balance.

The two 3.5-k pots should be ganged
on a single shaft. Before assembly,
check resistances at several settings to
verify tracking. The diode types are not
critical, but germanium diodes will give
better sensitivity at low levels.

Sensitivity of this circuit depends
upon the resistance of the two poten-
tiometers, and may be adjusted for high
or low signal strengths to suit the user.
Two variations occur when the resis-
tance is changed. As the control is
moved toward the meter, it becomes a
shunt of less resistance; as it moves to-
ward ground the total resistance in-
creases and also reduces sensitivity.
Maximum sensitivity occurs at an inter-
mediate setting, and for good diode life,
only the reduced-sensitivity settings on
the ground side of the maximum sensi-
tivity point should be used.

Tone control adjustments will affect
the balance, so the balance should be
adjusted after satisfactory tone adjust-
ments are completed.

If the meter is more sensitive than 50
nA, full-scale, a shunt mayv be required
to prevent excessive deflection. Appar-
ent sensitivity may also be reduced by
connecting the indicator to lower im-

Free Infcrmation and Demonstration Recording pedance level taps. A
Send tocay for your free copy of Schober’s 16-
page, full color booklet, pluS 7” free recording. Fig. 1. This simple, ne-capacitor
r————————— — — —— - circuif will indicate stereo balance.

The Schaber Organ Corp., Dept. RN-54 _
I 43 West 51t Street, New York, N. ¥ 1c023 | ( )'°°“A ZEROICENTER

[J Please send me Schober Orgzn Catalog and I 4 AL
| free 7-inch “sample” record. | 3aa 33560 35k0% sl

5 - i
| [J Enclosed please find $1.00 for 12-inch L.P. | 2 L 53
l record of Schober Organ music. ] Egloon
| NAME | 2
——
| ADDRESS | TO 60 TAP TO 160 TAP
I _

| crry ___STATE ZIPEE- =
L
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Marine Communications
(Continued from page 42)

Then, the WARC went even further. It incorporated two
changes which may have more effect on the U.S. marine
communications community than either narrow-banding
or channel-splitting.

The first basic change is a reduction in the maximum
power permitted in the v.h.f./FM marine band. Presently,
100 watts d.c. input is the legal limit with the exception of
a 15-watt (except in the Great Lakes) ceiling on channel 13
(156.65 MHz). This is the bridge-to-bridge frequency which
is intended primarily for ship-pilot use. Under the Geneva
rulings, the maximum power allowed will be 25 watts
output all over the world. This 25-watt output limitation
implies an approximate d.c. input of 50 watts. In eftect, the
maximum legal power has been cut in half.

Second, all v.h.f./F\ marine phones must have a low-
power switch. This low-power switch will limit the effective
radiated power to one watt. This would indicate a trans-
mitter oulput in the neighborhood of 3-5 watts. Mr. Child
indicated that the FCC will “probably word this low-power
requirement in terms of a transmitter output rating.” If
this is so, it brings up an inleresting point: what happens
when a gain antenna is used? If a 3-watt output gives a
I-walt e.r.p. with a quarter-wave whip, the minute a gain
antenna is used with this installation, it will be illegal in-
ternationally.

The Notice of Proposed Rule Making incorporating these
v.h.t./FM changes will, according to Mr. Child, be out
“almost immediately”.

Narrow-banding offers no serious problems to the in-
dustry. The reduction in power and the requirement for a
low-power position is something else again. The comments
from the manutacturers during the February, 1968 Radio
Technical Commission for Marine Services Meeting should
be interesting.

One other item which the FCC is studying is the require-
ment for £0.00025% frequency tolerance for land stations
in the v.h.f./FM marine band. This is bound to bring a
strong reaction from the industry. This tolerance is con-
siderubly more than —=0.001% decided upon by the Geneva
Conference. The idea of the 0.00025% tolerance is that it
would be a help in tuning up mobile marine gear by using
the land station as a secondary frequency standurd. Some-
liow, this author thinks that cooperation from the marine
operator aindd the commercial-shipping coast stations will
not be as forthcoming as the proponents of the 0.00025%
tolerance think.

While these changes in v.h.{./FM won’t alfect the na-
tion’s pleasure boaters anywhere near as much as the sin-
gle-sideband conversion in the 2-3 MHz band--the number
of recreational craft with v.h.f./FN equipment aboard is
minute—the commercial shippers, who rely heavily on
v.h.f/FM, are going to have u problem. They will be faced
with converting their present equipment to narrow-buand
FM and, unless a grandfather clause is resorted to, will also
have to have additional work done to reduce power and add
a low-power switch.

The commercial shippers the author talked to expressed
themselves in no uncertain terms. (“How many times do
they want me to pay for my radio?”) They are not con-
cerned with the Coust Guard’s desire to get the bulk of
America’s pleasure boaters up on the v.h.f./FA marine
band nor the FCC’s hope lo reduce the congestion and in-
terference on the 2-3 MHz band. To them, their v.h.f./FM
radios represent money—not only as an investment butl a
means of making more.

The pleasure boater has his problems facing him in the
2-3 MHz band. The manufacturer of marine communica-
tions equipment has both marine services to plague him. A
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makes first class
soldering the easiest
part of any job

BATTERY OPERATED

Iron for field servicing

Now get controlled 700°F tip temperature from a battery!
Lightweight TCP-12 iron features Weller's patented
“Temperature Sensing' system, clips to any 12.volt
battery or 12-14 volt AC/DC source. Also available for
24.28 volt operation (Model TCP-24). A must for mobile
communications work.

Efficient MARKSMAN Irons
for continuous-duty soldering

Ideal for the bench or caddy, Marksman irons outperform
others of the same size and weight. Five models feature
long-reach, stainless steel barrels and replaceable tips.

« 1%-0z, 25-watt Model SP-23  4-0z, 80-watt Mode! SP-80
« 2-0z, 40-watt Model SP-4) « 10-0z, 120-watt Model SP-120
« 16-0z, 175-watt Model SP-175

A

4 Dual Heat
Soldering Guns for
dependable maintenance

and repair

The most widely used gun in the electronics
field. Available in three wattage sizes, each
with Weller's exclusive trigger-controlled
dual heat, pure copper tip, and spotlight.

« 100/140-watt Mode! 8200 « 145/210-watt Model D-440
« 240/325-watt Model D-550
25-watt Technician’s Iron
for intricate circuit work

tip temperatures to 860°F. Cool, impact-resistant handle. All
parts readily replaceable. Model W-PS with %-inch tapered tip.

Complete Weller Line at your Electronic Parts Distributor

WELLER ELECTRIC CORPORATION, Easton, Pa.
WORLD LEADER IN SOLDERING TECHNOLOGY
CIRCLE NO. 8S ON READER SERVICE CARD 59



Only NTS penetrates below the surface. Digs
deeper. Example? Take the above clcse-up of the
first transistorized digital computer trainer ever
offered by a home study school.

It's called The Compu-Trainer®—an NTS exclu-
sive. Fascinating to assemble, it introduces you to
the exciting world of computer electronics. Its de-
sign includes advanced solid-state NOR circuitry,

flip-flops, astable multivibrators and reset circuits.
Plus two zener and transistorized voltage-regulated
power supplies. The NTS Compu-Trainer® is capa-
ble of performing 50,000 operations per second.

Sound fantastic? /t s/ And at that, it’s only one of
many ultra-advanced kits that National Technical
Schools offers to give you incomparable, in-depth
career training.

PROVE IT YOURSELF. SEND FOR OUR NEW CATALOG. SEE THE LATEST,

.MOST ADVANCED KITS AND COURSES EVER OFFERED BY A HOME STUDY SCHOOL.

ELECTRONICS WORLD
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NTS...THE FIRST HOME STUDY SCHOOL
TO OFFER LIVE EXPERIMENTS
WITH INTEGRATED CIRCUIT KITS

You build a computer sub-system using the new,
revolutionary integrated circuits. Each one, smaller
than a dime, contains the equivalent of 15 resistors
and 27 transistors.

And your kits come to you at no extra cost. These
kits are the foundation of the exclusive Project-
Method home study system...developed in our
giant resident school and proven effective for thou-
sands of men like yourself.

With Project-Method, all your kits are carefully
integrated with lesson material. Our servicing and
communication kits are real equipment—not school-
designed versions for training only. As you work on
each of the projects, you soon realize that even the
most complicated circuits and components are easy
to understand. You learn how they work. You learn
why they work.

NTS Project-Method is a practical-experience
approach to learning. The approach that works best!
An all-theory training program can be hard to under-
stand — difficult to remember. More than ever before
you need the practical experience that comes from
working with real circuits and components to make
your training stick.

NTS SENDS YOU KITS TO BUILD THESE
IMPORTANT ELECTRONICS UNITS!

4 25" COLOR TV
¢ 21” BLACK & WHITE TV
¢ SOLID-STATE RADIO
¢ AM-SW TWIN-SPEAKER RADIO
¢ TUBE-TESTER
¢ TRANSCEIVER
¢ COMPU-TRAINER"
¢ VTVM
¢ SIGNAL GENERATOR

See them all illustrated in
the new NTS Color Catalog.

CLASSROOM TRAINING AT LOS ANGELES: You can take class-
room training at Los Angeles in sunny California. NTS occupies a city
block with over a million dollars in facilities devoted exclusively to

technical training. Check box in coupon.
ST

NATIONAL Gz SCHOOLS

WORLD-WIDE TRAINING SINCE 1905

Ao
4000 So. Figueroa Street, Los Angeles, Calif. 90037
APPROVED FOR VETERANS

@ Accredited Member: National Home Study Council

Accredited Member: National Association of
Trade and Technical Schools
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COMMUNICATIONS

This transceiver is included
in Communications courses.
You huild it. With it, you
easily prepare for the F.C.C.
license exam. You hbecome
a fully-trained man in com-
munications, where career
opportunities are unlimited.

257 COLOR VWY

Included in Color TV Servicing
Courses. With it you advance
yourself into this profitable
field of servicing work. Color is
the future of television, you
can bein on itwith NTS training.

YOUR OPPORTUNITY IS NOW

New ideas, new inventions, are
opening whole new fields of
opportunity. The electronic
industry is still the fastest grow-

GET THE FACTS! SEE ALL NEW
COURSES AND KITS OFFERED IN
THE NEW NTS COLOR CATALOG.

SEND THE ing field in the U.S. There's a
SQRD higger, better place in it for the
COUPON NTS GUIDE man who trains today. So, what-
TODAY! ELECTRONICS ever your goals are — advanced
iReale ’ color TV _servicing, hroadcasting,
obligation. F.C.C. license, computers, or
ioalEie no industrial controls, NTS has a
that meanss a highly professional course to
for you. meet your needs.
" TELE - R R R R 0 B B 0
. DEPT. 240-28 .
o NATIONAL TECHNICAL SCHOOLS -
=t 4000 S. Figueroa St., Los Angeles, Calif. 90037 .
B8 Pplease rush Free Color Catalog and Sample Lesson, plus
B information on tield checked below. No obligation. .
B [ MASTER COURSE IN ] PRACTICAL TV & [
B COLOR TV SERVICING RADIO SERVICING |
. COLOR TV SERVICING [J FCC LICENSE COURSE E
B U MASTER COURSE IN ] INDUSTRIAL & COM- x
[ TV & RADIO SERVICING PUTER ELECTRONICS K
m O MASTER COURSE [ STEREOQ, HI FI & ]
IN ELECTRONIC SOUND SYSTEMS =
COMMUNICATIONS [] BASIC ELECTRONICS N
I NAME AGE [ |
- ADDRESS .
CITY STATE ZIP .
== O Check if interested in Veteran Training under new G.1. Bill. L ]
g o Check if interested ONLY in Classroom Training at Los Angeles. [
EENGEENEGEEEEEE=nn




AN INTEGRATED CIRCUIT
FOR THE EXPERIMENTER

By G. E. ESTEP

A new moderately priced IC which delivers 250 mW to an 8-ohm speaker can be used
as a headphone driver, low-power audio-amplifier, and telephone pickup amplifier.

Dineur
STEREO : '

AMPLIFIER [ .Q —

INPUT\S}:

Y

A stereo headphone amplifier using a pair of NJS716H 1C*s.

audio amplifiers usually hecause of high price tags and

the limited output current capabilitv of such devices.
Both of these objections have been overcome with the New
Jersey Semiconductors NJS716H. The device combines use-
ful output capability with low distortion and allows any one
of four predetermined voltage gains to be used.

This moderately priced device (about $5.75) can deliver
up to 250 mW of power to an 8-ohm speaker or headphones
and is ideally suited for the experimenter, technician, or en-
gineer who wants to gain experience in working with inte-
grated circuits. The power level is sufficient for many listen-
ing conditions using an efficient speaker and is more than

t ;EHIOUS experimenters have avoided integrated-circuit

adequate for headphones. The device is simple to use, re-
quiring only the connection of coupling capacitors and a
power supplv

The IC amplifier includes 11 transistors, 6 diodes, and 18
resistors diffused into a silicon chip only 50-mils square.
Internal feedback is placed around the amplifier to stabilize
its operating characteristics and to reduce distortion. The
voltage gain of the amplifier is set by connecting a single
capacitor to the appropriate terminal(s) and mav be se-
lected to be X 10, X20, X100, or X200. This allows a wide
range of input devices, such as phono cartridges, microphones,
tuners, tape recorders, or audio oscillators. Fig. 1 illustrates
the pin numbering and the method of connection for each
of the available voltage gains.

A stereo headphone amplifier using a pair of NJST16H’s
is shown in the photo. This amplifier can be used with either
low-impedunce (16 ohms or less) or high-impedance (400
ohms or higher) headphones by selecting the proper output.

A regulated power supply capable of delivering 18-25
volts at 200 mA is used to power the stereo amplifier. This
regulated supply (Fig. 2) will deliver the necessary voltage
to the device over a large current range and can be con-
structed of readily available parts. This same supply can
be used to power the integrated circuit in any of the appli-
cations shown or for many other uses.

Two precautions must be tuken when using the NJS716H:
Observe the power-supply polarity, and do not allow the oui-
put of the amplifier to short to ground while the supply is
connected. Failure to observe these precautions mav result
in permanent damage to the IC. NJS716H characteristics
of interest to the experimenter are shown in Table 1.

Circuit Applications

The amplifier connections shown in Fig. 1 are given to
illustrate the basic method of coupling the NJS716H to the
external circuitry. The various voltage gains are obtained by
bypassing the appropriate terminals and input/output coup-
ling capacitors are used to d.c. isolate the amplifier from
its source and load. Since the coupling capacitors have very
little impedance to the a.c. component of the input and out-
put, there is little signal lost because of their use.

To determine the maximum voltage that should be applied

Fig. 1. (A) Bottom view of the NJS716H along with cennections for voltage gains of {B) X 10, (C} X 20, {D) X 100, and (E} X 200.
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to the input of the amplifier the approximation may be made
that the amplifier will deliver 80 percent of the supply volt-
age to its load. This voltage divided by the gain of the
amplifier vields the maximum input voltage. (This maximum
is not the same as that listed in Table 1. The value in the
table is the maximum voltage that may be applied to the
input of the device without damaging it.)

For example, suppose a 22.5-volt supply is used, the maxi-
mum output swing before saturation would be approximately
0.8 x 22.5 = 18 V(p-p) and V;, = 18 V (p-p)/voltage gain
or 1.8V (p-p) for a guin of 10, 0.9 V (p-p) for a gain of 20,
0.18 V(p-p) for a gain of 100, and 0.09 V(p-p) for 200.

Anv voltage up to the limiting value determined by the
above may be applied to the amplifier—the actual value will
depend on how the IC is used and the desired output level.

The low-power audio amplifier (I'ig. 3) shows how the
basic construction may be used with an output transformer
to drive a low-impedance speaker. Signal voltage is applied
to the pot, which may be varied to adjust the listening level.
Any transformer similar to the one indicated on the diagram
may be used. Since the amplifier minimum load should not
go below 150 ohms to insure low distortion, a transformer
that will transform the speaker impedance up to this value
must be used. For a 3-ohm speaker the turns ratio required
would be approximately (N,/N;) = V150/3 = 7:1, or
V150/8 = 4.3:1 for an 8-ohm load, or V150/16 = 3:1 for a
16-ohm load.

A headphone amplifier may be constructed using the same
circuit as in Fig. 3. Since high-impedance headphones (400-
2000 ohms) are used, no transforner is required at the out-
put of the IC, The maximum power that may be delivered
to the headphones can be determined from the expression:
P = 0.8 V+2/8Z where Z is the phone impedance. For ex-
ample: P = 162/4800 = 53 mW for a 20-volt supply and
600-ohm headphones.

Combining these circuits into a single stereo amplifier is
shown in Fig. 4. The amplifier is basically the sume as pre-
vious circuits for low-impedance headphones (or speakers)
and high-impedance headphones. Individual volume controls
are provided for cach channel. The transformers used are
not critical and any reasonable substitute may be used. To
determine what transformer to buy, use the basic relation-
ships given above to relate the speaker (or headphone) im-
pedance to the minimum amplifier load. The parts placement
is not critical and mav be modified to suit individual needs.

Other low-cost integrated circuits available from New

Table 1. Basic circuit characteristics of the NJS716H.

Input Resistance 10,000 ohms
Output Resistance 1 ohm
Frequency Response 50-50,000 Hz
Harmonic Distortion 0.5%
Maximum Input Voltage 3Vpop
Maximum Output Power 250 mW
Minimum Load Resistance 150 ohms
Voltage Gains Available 10,20,100,200
Minimum Supply Voltage 18V
Maximum Supply Voltage 25V
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Jersey Semiconducior include: NJSTO3H at $1.50 (an r.f./if.
amplifier useful to 100 MHz. This device can provide non-
saturating limited gain for FM if. amplification, or it can he
used in AM circuits to give as much as 28 dB of gain at fre-
quencies as high as 100 MHz.); NHS709H at $5.95 (high-
gain operational amplifier); and NJS710H at $4.95 (voltage
comparator).

These devices ma; e ordered direct from New Jersey
Semiconductor Producy "ne., U.S. Highway 22, Watchung,
New Jersey 07060. A
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Fig. 2. Power supply circuit used for IC devices.
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Fig. 3. Low-power amplifier with gain of {A) 20 and (B) 100
times, both employing a single NJS716H integroted circuits.

Fig. 4. Stereo headphone amplifier. High-Z phones are plugged
intc '‘High’’ output; low-Z phones or speakers into ‘'Low’’ output.
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DMS-3200

DIGITAL MEASURING SYSTEM

(Fully transistorized

DMS-3200 #ain Frame $320

(shown with DP-100}

DP-100
DC Voltmeter
Plugn

$175

DP-150
1 MC Counter
Piugn

$195

DP.170

Ohmmeter
Plug-in

$240
DP-200

Capacity
Meter
Plug-in

$240
DP-140

Event Counter

.II L - . = ’;
A 4 -t
y ’ e Y and
= g 0 _:_ ® Slave Plug-in
o W =nzs 0 875

DESCRIPTION

The Hickok DMS-3200 Digital Measuring System is
a precision electronic measuring device which dis-
plays readings in digital form instead of the refa-
tively inaccurate and difficult-to-tead moving-pointer
meter Cisplay.

Because the OMS-3200 consists of a main frame
which will accept a number of “glug-in" units, it can
be used to measure a variety of electrical param-
eters. The main frame provides display of the read-
ing: the plug-'n determines the application.

The DMS-3200 s designed for rugged industrial
and laboratory applications. Solid-state construction
and conservative design ratings insure long, trouble-
free lifz. By utilizing a design which has the opti-
mum combination of accuracy capability and num-
ber of digit display, the DMS-3200 meets the general
purpose measurement needs of industry for reliable
digital measurement equipment in the $400 - $500
price range.

Ask Your HICKOK Distributor For A Demonstration!

THE HICKOK ELECTRICAL INSTRUMENT COMPANY
10514 Dupont Avenue e Cleveland, Ohio 44108
CIRCLE NO. 106 ON READER SERVICE CARD
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BOOK
REVIEWS

| “INTEGRATED CIRCUIT TECHNOLOGY"
edited by Sevmour Schwartz. Published
by McGraw-Hill Book Company, New
York. 331 pages. Price $15.00
This book is subtitled “Instrumenta-
tion and Techniques for Measurement,
Process, and Failure Analysis”, which
should just about meet the needs of
scientists, engineers, and students in-
volved in the integrated circuit field.
The editor, who is with the Electronics
Research Center/NASA, has assembled
an impressive array of experts to pre-
pare the twelve chapters in the book.
The subjects covered include diffu-
sion and epitaxial equipment; vacuum
systems; photo masks; metallization,
dicing, and circuit assembly equipment;
electron-beam  instrumentation; final
sealing and encapsulation; infrared test-
|ing and mask alignment; screened cir-
cuit fabrication equipment; automatic
integrated circuit test equipment; instru-
mentation for advanced microelectronic
measurements;  investigating failure
| mechanisms; and microelectronics facil-
ities concepts.
A speaking acquaintance with chem-
istry, solid-state physics, and math is
prerequisite in order to derive the max-
imum benefit from this book. It would
|also be helpful if the reader has had
| some experience working with inte-
grated circuits. The manual is well illu-
strated with photos, line drawings,
exploded diagrams, etc. which will be
helpful in amplifyving the text material.
Companies whose engineers contributed
material for this book include Westing-
| house, Philco, Motorola, General Elec-
tric, RCA, North American Aviation/
‘Autonetics, IBM, and NASA.
* * *

|“|NTRODUCTION TO NETWORK ANAL-
YSIS” by Ben Zeines. Published by
| Prentice-Hull, Inc., Englewood Cliffs,
N.J. 301 pages. Price $10.95.
J The author, an instructor at RCA In-
| stitutes, has drawn on his pedagogic
iexperience to plan and write the type
| of book a student is likely to need. He
' doesn’t talk down to his reader, neither
| does he throw out ideas beyond the ex-
perience and background of the student.
Since the analysis and performance
of networks, network theorems, and
network applications have become the
| province of technicians as well as phys-
|icists and engineers, this introduction

|
I
|
i
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is welcome. The author expects his stu-
dents to have had at least preparatory
courses in general physics and basic a.c.
and d.c. cireuit theory.

The text is divided into ten chapters
covering steady-state network analvsis,
network theorems, the Laplace trans-
formation, resonance, coupled circuits,
electrical wave filters, band filters, at-
tenuators and equalizers, filter network
synthesis, and tuned voltage amplifiers.
Since this text is designed to be used
in the classroom, there are sample prob-
lems completely worked out and then
at the end of each chapter a group of
problems for the students to solve.

* * +*
“YOUR FUTURE IN THE HIGH FIDELITY
INDUSTRY** by Bernard Newman. Pub-
lished by Richards Rosen Press, Inc.,
New York. 128 pages. Price $4.00.
Available from the Institute of High
Fidelity, Inc.

This volume in the publisher’s “Ca-
reers in Depth” series covers a field in
which, according to the author, almost
limitless opportunities exist. Not only
are there challenging engineering jobs
open but interesting sales and servicing
posts as well.

After a brief description of the de-
velopment of the phonograph, phono
records, AM and FM radio and the
beginnings of the hi-fi component in-
dustry, the author outlines the educa-
tional background and the personality
traits most useful in those seeking to
make a career of hi-fi and audio. There
follows brief descriptions of the job
functions at the manufacturing level,
the sales level—including the manufac-
turer’s rep, and the servicing level. Tips
on how to find a job and in preparing
a meaningful resumé are also included.

In four appendices, the author lists
universities and colleges offering elec-
trical engineering courses, selected
readings on hi-fi at various technical
levels, a list of magazines which cover
subjects of interest to audiophiles, and
finally a brief sketch, corporate name,
and address of the firms making up the
membership of the Institute of High
Fidelity, Inc.

The text is illustrated and carries a
personal word from Walter O. Stanton,
President of IHF, to all those consider-
ing a career in hi-fi. A

Circle No. 21 on Reader Service Card
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Special Introductory Offer to new members of the
electronics and control engineers’ book club

: e

. Pub. Price | &2¥ Pub. Price
$11.95 ; F2®F77 51800

' Club Price b ® CubPrice
$10.15 ! & - $15.30
Engineers’ Pulse,

Refay Handbook by the Na-
tional
Manufacturers.

f)igila], and Switching Wave-
forms by J. Millman and H.
Taub. Code #381

Association of Relay
Code #171

Pub. Price
$26.50

Pub. Price
$7.00

 VALUES FROM $7.00 TO. $29.50

Club Price
$18.95

’ Antenna
Engineering Handbook by

Club Price
$5.95

Mathematics for
Electronics with Applications

Special $1.00 bonus book
comes to you with your

Henry Jasik, Code #290 by H. M. Nodelman. Code #850

Pub. Price
$15.00

Club Price
$12.75

Pub. Price
$16.75

Club Price
$14.25

Transistor

4 Circuit Design by
the Engineering Staff of Texas
Instruments, Inc.  Code 7737

Electronic
and Radio Engineering by F. E.
Terman, Code #509

SAVE TIME AND MONEY BY JOINING THE
electronics and control engineers’ book club

Here is a professional club designed specifically to meet your
day-to-day engincering needs by providing practical books in
your field on a regular basis at below publisher prices.

HOW THE CLUB OPERATES. Basic to the Club’s service
is its publication, the Elcctronics and Conirol Engineers’ Book
Club Bulletin, which brings you news of books in your field. Sent
to members without cost, it announces and describes in detail
the Club’s teatured book of the month as well as alternate selec-
tions which are avaitable at special members’ prices.

When you want to examine the Club’s feature of the month,
you do nothing. The book will be muiled to you as a regular purt
of your Club service. If you prefer one of the alternate sclections
—or it you want no book at all for that month — you notify the
Club by returning the convenient card enclosed with each Bullerin.

As a Club member, you agree only to the purchase of four
books over a two-year period. Considering the many books pub-
lished annually in your field, there will surcly be ut least four
that you would want to own anyway. By joining the Club, you
save both money und the trouble of scarching for the best books.

February, 1968

first club selection

Pub. Price
$29.50

ey dpay

$14.00

Pub. Price

Club Price 1o Club Price
% $25.00 £ $11.90
System _ ) Radio
Engineering Handbook edited . Transmitters by L. Gray and
by R. E. Machol.  Code #371 § R. Graham. Code #240

MAIL THIS COUPON TODAY

electronics and control engineers’' book club
582 PRINCETON ROAD
HIGHTSTOWN, N.J. 08520

Please enroll me as a member of the Electronics and Con-
trol Engincers’ Book Club and send me the two books in-
dicated below. You will bill me for my first selection at
the special Club price and $1 for my new membership
book, plus local tax where applicable, and a few additional
cents for delivery costs. These books are to be shipped on
approval. and I may return them both without cost or
further obligation. If I decide to keep the books, I agree
to purchase as few as four additional books during the
next two years at special Club prices (approximately 15%
below list).
Write Code # of

your $1 bonus book

Write Code # of
your first selection

NAME

ADDRESS

CITY

STATE VALY

COMPANY
(This offer good in United States only)

E33042
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SN UNIVERSAL
ROOF-THRU,/WALL-THRU

Mosley's new
weatherproof M-60
tead-in entrance
accessory accepts
all types of antenna
and rotor cable
lead-in. Mounts on
any sloped roof -
or the wall of any
structure. Unequalled in

tion, 3rid=v?é§satility
of application.

ﬁ)’//z\idyn A
%‘ Write Dept. 161 for FREE detalted brochure.

Ms/gy c%iwmaa

CIRCLE NO. 98 ON READER SERVICE CARD

[ GAS @
WELDING
TORCH,-

l6|0 N. Lindbergh Blvd.,
C §r¥dge!nn Missouri 630‘%

_ »
Uses OXYGEN b’
and LP GAS s,
o Completely self-contained. ,‘q
e Produces 5000° pin-point flame. 4
e Welds, brazes, solders. } &
e Hundreds of lightweight uses. TECHNICIANS
o Suggested list — $19.95. zmas
as
S&
GET COMPLETE DETAILS AT MOST IN v
DUSTRIAL DISTRIBUTORS, OR WRITE ™ N
MICROFLAME, INC. o~
REPAIR AND
SERVICE SHOPS
MICROFLAME, INC.
: 78C0 COMPUTER AVENUE
\ MINNEAPOLIS, MINNESOTA 55424 : )
CIRCLE NO. 100 ON READER SERVICE CARD
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Global Téte-a-Tétes
(Continued from page 31)

advances that satellites are introducing internationally have
turned attention to their use for domestic purposes. In fact,
the Soviet Union recently announced the creation of a
domestic system that would include some 20 earth stations
between Moscow and Vladivostok to be served by the
Molniya satellites. Germany and France have signed an
agreement to develop such a competency. Japan and Canada
have also discussed systems of their own, and Comsat has
proposed a domestic pilot program for the United States.

Originally, a U.S. domestic satellite system was viewed
largely as an eccnomical means of television distribution.
In fact, the Ford Foundation suggested the formation of a
nonprofit corporation that would operate a satellite system
and serve commercial television stations. Savings or profits
from this venture would be earmarked for educational tele-
vision programming.

Comsat has offered to spend $58 million to finance a
domestic satellite pilot program in the U.S. The proposal,
which is awaiting FCC authorization, would provide service
to all communications users, including television, both com-
mercial and educational. If Comsat is authorized to estab-
lish such a program, the satellites will have a capacity of
12 color-TV channels or 21,600 voice circuits. The equiva-
lent of two color-TV channels (one each in the Pacific and
Mountain time zones) would be made available free of
charge for educational demonstrations. Comsat has offered
to serve as trustee of the program until matters of owner-
ship could be resolved.

Comsat believes a pilot program of this kind would ren-
der an invaluable public service. It would provide useful
practical experience in systems control, traffic routing, and
interconnection for commercial and noncommercial broad-
casting; and would assist in the development of economic
experience, such as the relationship tetween rate structure
and curves in traffic growth. It would foster experimenta-
tion and, at the same time, minimize the premature com-
mitment of capital as well as keep the door open to options
that operating experiences might uncover.

A great deal is being written about the potential of
“direct broadcast” satellites, where radio and television
programs are beamed directly into homes and other places.

Direct broadcasting will soon be technically feasible and
perhaps economically feasible too in the near future. Studies
have indicated, for example, that such a system could be
extremely valuable for educational purposes in densely
populated countries, with large land masses, high rates of
illiteracy, and inadequate communications facilities. A
pilot system of this kind could be established in India
for perhaps $40 to $50 million.

However, where countries have highly developed terres-
trial systems, such as is the case with the United States,
direct broadcast satellites hold less potential. Developed
countries require a wide variety of high quality and eco-
nomical communications which are much more easily at-
tained by other communications media.

Broadband terrestrial facilities already exist in many met-
ropolitan areas of the U.S., and these will be expanded by
cable and the forthcoming millimeter waveguide and laser
transmission systems. In the future, these facilities might
be linked to metropolitan switching centers to provide the
public with a new national communications utility. This
system could, for a small monthly charge, offer various
types of communications in homes or business offices. For
example, the communications might include Picturephones,
television, newspaper or magazine facsimile, information
from central computer data banks, personal banking, shop-
ping, and billing services. Communications beyond the met-
ropolitan area could be relayed via satellite to other centers,
within and between countries. A
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Orbiting Relays
(Continued from page 41)

orbiting spacecralt. The station receiver's preamps ure ei-
ther cooled (by liquid nitrogen to 20° K) parametric am-
plifiers or a muaser. This improves the receiver’s signal-to-
noise ratio and increuses sensitivily.

In general, the transmitter is a high-power, water-cooled
Klystron with an output of at least 10 kilowatts. Each
station has snflicient base-band equipment to transmit ei-
ther wide-band data (TV) or multi-channel voice signals.
The experimental stations also have specialized test equip-
ment to measure both its own and the spacecraft’s operating
parameters and the quality of its transmitted and received
signals.

Commercial stations operate in their own trequency
band. The ground stations transmit in a band starting at
approximately 6 GHz and the spacecraft retransmits it in
a band near 1 GHz. The size of each ground installation
varies according to the anticipated demand. However, their
smallest antenna is approximately equivalent to a 40-foot
dish and their Targest to a 90-foot dish.

Future Systems

Future spuce communications systems will fall into two
classes: one-way systems for television and radio, and two-
way systemns for telephone communications.

Two-way systems can only be used elliciently by large
switching centers which can provide the capability for han-
dling hundreds of telephone conversations at a time. The
size and mumber of these terminals will be limited by their
cost.

A one-way svstem in which a spacecraft has the capabil-

ity of transmitting directly to an individual user could be

demonstrated within the next decade. However, there are
many technical and economic problems that would have
to be solved first.

To solve these technical problems, the following devel-
opments are needed:

Spacecralt with increased power {rom sun generators or
from self-contained nuclear power plants.

Antennas which can focus all their energy at specific
earth locations such as North or South America. (Radio
energy which falls upon uninhabited areas, such as the
ocean, reduces efficiency of the over-all svstem.)

Establishment of reliuble and inexpensive control sys-
tems capable of precision pointing.

The development ol reliable high-power transmitters for
space use.

Some of the ecanomic problems include:

The cost of the user’s installation. Spacecraft will prob-
ably never be able to compete economically or in signal
quality with commercial terrestrial stations.

The cost and ownership of the spacecraft.

The economic impact of the svstem on small commer-
cial radio stations.

In nine vears, communications satellites have advanced
from simple transmitters to systems capable of relaying
600 duplex channels across oceans and international houn-
daries. This phenomenal growth was brought about by a
technology and a need. Present-dav conditions have in-
creased the technological base und the need for communi-
cations. With such incentives, one can expect even greater
advances during the next decade.

(Editor's Note: NASA’s ATS-C satellite carries a special
receiver /transmitter which operates in the 30-300 MHz
band. The repeater and its antenna will evaluate tico-way
conununications between ground stations and in-flight air-

craft. Some early tests have already proved successful.) A

A NEW DIMENSION IN HI-FI
SOUND PERFORMANCE
FROM KENWOOD

... PENETRATING THE

OUTER LIMITS OF

SOUND REPRODUCTION

KENWOOD

~ KENWOOD SUPREME 1

165 watt 3 CHANNEL

SIERED AMPLIFIER with ELEGTRONIC GROSSOUER

NETWORK|

FEATURING:

the finest sound reproduction by driving

the woofer, mid-range and tweeter speakers
separately through a multi-channel ampilifier.
Priced at $695. Write for particulars.

the sound approach to quadlity

KENWOOD

3700 South Broadway Place, Los Angeles, Calif. 90007
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8§ NEW KIT IDEAS FROM HEATH . ..

Attention TV Servicemen! h%'i
Introducing The All New Heathkit ~
Solid-State Crystal-Controlled Post
Marker Generator . . . The Most
Important Instrument You Can Own For
Color TV And FM Alignment . . . Now
At A Fraction Of The Usual Cost

wog tookie 308 ”‘

e 15 crystal-controlled marker frequencies e Switch-
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e T AR ER GEN

ns a3 nn ax an #X 3.

select picture and sound IF frequencies, color bandpass
and trap frequencies, 6 dB points, plus FM IF center
frequency and 100 kHz points e Use up to six markers
simultaneogusly for faster TV alignment e Birdie-type
markers o Trace and Marker amplifiers and size controls
® 400 Hz modulator e Variabie bias supply ¢ All solid-
state, 22 transistors, 4 disdes e Circuit boards

1G-14

$99.95

no money dn., $10 mo.

Fast, Accurate Color Alignment. Speed and accuracy are important in today’s service work . . .
important to your customers, important to your profits. Speed and accuracy are what the new
Heathkit 1G-14 gives you . . . plus features usually costing five to ten times as much.

Just Push A Button. That’s all it takes to set a frequency . . . no dial to twiddle, no searching,
no resetting problems. Fifteen switch selected crystal-controlled markers. Nothing could be
easier or more accurate. The IG-14 has input and output connections so tnat it can be used
with any sweep generator and scope. Also an external marker input. BNC connectors are used
throughout.

No Trace Distortion. One of the big values to using a post marker generator like the 1G-14 is
that markers are injected after the sweep signal passes through the set being tested, thereby
eliminating the ‘scope trace distortion usually found when injection or absorption type marker
generators are used.

Crystal-Controlled Markers For Any TV Alignment Task. Four marker frequencies are provided
for setting color bandpass, one marker for TV sound, eight at the IF frequencies between 39.75
and 47.25 MHz, and markers for channel 4 and channel 10 picture and sound carriers for check-
ing tuner RF response. With the ability to use up to six markers at once, such as picture and color
carriers at 6 dB points, corner marker and trap frequencies, alignment is fast and precise. Trap
alignment is just a matter of selecting the appropriate trap frequency, applying the 400 Hz modu-
lation, and tuning the trap for minimum audio on a scope or meter.

Easy FM IF and Discriminator Alignment. The 1G-14 provides visible markers at the 10.7 MHz
center frequency plus 100 kHz markers on each side . . . visible because they are applied to the
trace after detection and so are not attenuated by the discriminator. Use of harmonics, fully
explained in the manual, provide tracking markers as well.

Trace and Marker Amplitude Controls . . . on the front panel permit using a regular service type
'scope instead of a wide-band, ultra-sensitive model . . . and stage by stage alignment is easier.

Variable Bias Supply . . . 0 10 15 VDC @ 10 milliamps is isolated from chassis so you can use
positive or negative bias.

New Look . . . Circuit Board Construction. Handsome low profile,
new look of Heath instruments . .
circuit boards.

Save Hundreds of Dollars. Until now, an instrument with these features cost much more. Order
the 1G-14 now . . . it’s the best investment in alignment facilities you can make.

Kit IG-14, 8 Ibs., no money dn., $10mo.. .. ... Rt r o =TT T $99.95

1G-14 SPECIFICATIONS—Crystal Marker Frequencies: 3.08, 3.58, 4.08, 4.5, and 10.7 MHz @ .01%; 39.750,
41.250, 42.170, 42.500, 42.750, 45.000, 45.750, 47.250, 67.250, and 193.250 MHz @ .005% . FM Bandwidth
Marker: 100 kHz. Modulation: 400 Hz. Input Impedance: External sweep, 75 ohm; Extarnal marker, 75 ohm;
Demadulation input, 220K ohm. Output Impedance: RF output, 75 ohm; Scope output, 22K ohm. Bias Output
Voltage: Variable from 0 to 15 VDC @ 10 MA. Isolated from chassis for either negative or positive bias.
Type of Marker: “‘Birdie.’’ Controls: Bias voltage with AC on/off; Trace size; Marker amplitude; RF output;
Modulation on/off; Markers, individual switches for each frequency. Semiconductors: Transistors: (16} 2N3692;
{6) 2N3395; (3) Silicon diodes; (1) Zener diode, 13.6-V. Power requirements: 105-125 volts, 50/60 Hz AC
@ 7.5 watts. Net weight: 8 lbs.

“stackable’ cabinets in the
. finished in beige and black. Easy-to-build layout with two

SIX MARKERS SIMULTANEQUSLY. The scope trace above shows
how six markers can appear at the same time. Note the trap
markers, 6 dB points, and picture and sound carsiers . . . alt
an one trace with the IG-14.

EASY TO BUILD. Note how everything except the front panel
switches and contrals mount on two circuit boards .

the crystals.
i J ;

NEW Heathkit 5 MHz 3" Compact 'Scope ~ Only $79.895

Destined To Set The Value Pace . . . the new Heath- I megohm shunted by 15 pF. Sensitivity: 30mV P-P/div.

uncali-

kit IO-17 with its superior response and sensitivity,
professional features, compactness, handsome new
styling, and low cost . . . will find its way into
shops and labs the world over. It’s your best wide-
band ’scope buy!

Kit 10-17, 17 lbs.,
nomoneydn,$8mo................. $79.95

10-17 SPECIFICATIONS — VERTICAL CHANNEL: Input im-
pedance: 1 megohm shunted by 25 pF; x50 attenuotor position

80

brated). Frequency response: 5 Hz to 5 MHz =3 d3. HORIZON-
TAL CHANNEL: Input impedance: 10 megohm shunted bv 15 pF:
Sensitivity: 300 mV P-P/div. Frequency response: 2Hz tc 302
kHz =3 dB. HORIZONTAL SWEEF GENERATOR: Sweep gen-
erator: Recurrent type. Frequency: 20 Hz to 200 kHz in four
averlopping ronges. Retrace: Blonked by a pulse fram blanking
amplifier. Synchronization: Automatic type. GENERAL: Tube
complement: (1) 3RP| cathode ray tube, medium persistance,
green trace; (3) 12AU7; {1) 12AX7; (1) 6GH8; (1) 6BHé; (1) 6BQT.
Power requirements: 105-125 voits 50/60 Hz or 210-250 volts
50/60 Hz. Power -onsumption: ¢0 watts. Overall dimension:
914" K x 514" W x 1414 L. (Dimensions include handle, knabs,
etc.). Net weight: 12 Ibs.

Leesew
$79.95

$8 mo.

no money dn.,

ELECTRONICS WORLD



USE COUPON BELOW TO ORDER NOW

NEW! VOX “Jaguar”
Transistor Combo Organ By Heathkit

Kit TO-68

$349.95

$35dn., $30 mo.

Save Up To $150 on the world's most popular combo organ with this
new Heathkit version. Features the most distinctive sound of any
combo organ. Has a special bass output that gives a brilliant stereo bass
effect when played through a separate or multi-channcl amplificr, 4
complete octaves, vibrato, percussive cffects and reversible bass keys.
Includes hand craficd orange and black cabinet, fully plated heavy-duty
stand, cxpression pedal and waterproof carrying cover and case [or
stund. Requires a bass or combo amplifier like Heathkit TA-17 (op-
posite page).

Kit TO-68, 80 lbs....$35dn,$30 mo............... . $349.95

NEW! Deluxe Solid-State Combo
Amplifier & Speaker

System ... Choose Kit
Or Factory Assembled

Amplifier
Kit TA-17 2
Special
$1 75 Combination Offer
$17 mo. Amplifier & Two
(Assembled Speasker Sg’zs(t]ems
ave
TAW-17 $275) Kit TAS.17-2

$395

Speaker System

Kit TA-17-1 $40 dn.
$1 20 $34 mo.
(Assembled
$11 mo. TAW-17-2 $545)

(Assembled
TAW-17-1 $150)

All the “big sound” features every combo wants . .

. tremolo, built-in
“fuzz”, brightaess, reverb, scparate bass and treble boost and more.
Dclivers a shattering 120 watts EIA music power (240 watts peak

power) through two TA-17-1 speakers . . . or 90 watts through one
TA-17-1 speaker. Features 3 independent input channels, cach with
two inputs. Handlcs fead or bass guitars, combo organ, accordion,
singer’s mike, or cven a record changer. All front panel controls keep
you in full command of all the action. )

Speaker system features two 127 woofers, special horn driver and
matching black vinyl-covered wood cabinet with casters & handles
for casy mobility.

NEW! Lowest Cost Solid-State
Stereo Recelver

Kit AR-17

$72.95

(less cabinet) 5 = "

$8 mo. T @., : @ @ 0 @
Features wide 18-60,000 Hz response @ +1 db at full 5 watts RMS
power per channel . . . 14 watts music power . . . inputs for phono and
auxiliary . . . automatic sterco indicator . . . outputs for 4 thru 16 ohm
speakers . . . adjustable phase for best sterco . . . f1ywhcel tuning . .
and compacl 9%7D.x2%* H. x 11 4" W. size. l” Ibs. Optional factory
assembled cabinets (walnut $7.95, beige metal $3.50).
Kit AR-17, (lesscab.) 12 Ibs. . . . no money dn., $8 mo.
Kit AR-27, 7-Watt FM Mono Only Receiver (Iess cab. )
91bs....nomoneydn.,$5mo...................... . $49.95

.$72.95

Kit AR-15

$329.95

(less cabinet)
8 mo.

Assembled

ARW-15 $499.50
{less cabinet) $43 mo.

World’s Most Advanced Stereo Receiver
Acclaimed by owners & experts for featurcs like integrated circuits &
crystal filters in IF amplifier; FET FM tuner; 150 watts music power;
AM/FM and FM sterco; positive circuit protection; all-silicion tran-
sistors; “black magic” panel lighting; and more. Wrap-around walnut
cabinet $19.95

Kit AR-15 (lesscab.), 34 Ibs. . . . $33dn.,$28 mo... .. .. $329.95
Assembled ARW-15, (less cab.), 34 Ibs. ... $560dn.,,
SAB M OM o B 313 AE BRI e AT i B €] R ¢ ) B $499.50

Professional
10-Band
Shortwave
Receiver

Kit SB-310

$249

$23 mo.

Covers 49, 41, 31, 25, 19 & 16 meter shortwave . . . 80, 40 & 20 mecter
ham . .. 11 [mu. CB Includes 5 kHz crystal filter for AM, SSB and
CW listening. Features selectivity that slices stations down 1o last kHz:
11-tube circuit; crystal-controlled front-end and more. 20 lbs. SB-60Q
8 ohm 6” x 9” speaker in matching cabinet $18.935,

T =D
HEATH COMPANY, Dept. 15-2

NEW! Solid-State Portable
Volt-Ohm-Meter

So Handy, So Low Cost we call
it “every man’s” meter. Just
right for homeowncers, hobby-
ists, bouatowners, CBer’s, hams
. it's even sophisticated enough
for radio & TV servicing! Fea-
tures 12 ranges. .. 4 AC & 4 DC
volt ranges, 4 ohm ranges; 11
megohm input on DC, 1 meg-
ohm input on AC; 4%2” 200 uA
meter; battery power: rugged
polypropylene case and more.
Easy 3 or 4 hour kit asserbly.
Ideal gif't for any man! 4 Ibs.

Kit IM-17

$19.95

; | Lo I

e — 3 I Bentan Harbor, Michigan 49022 |

(RHEATHIKITARIOB S | In Canacda, Daystrom Ltd. |

1 _? g}l‘\% ‘ FREE 1968 | [ Enclosed is$ Jincluding shipping. I

Al CATALOG! | Please send model (s) |

| Gmts? E rooﬁv vénh mgre k'i‘ts, m?fe r;olorri | [ Please send FREE Heathkit Catalog. |

| " ’ E ully describes these along wit - g 2R 1

e B over 300 kits for stereoﬁhi-fi, | 7 Please send Credit Application. R

=—_" cclor TV, electronic organs, elec- | N I

gt m tric guitar & amplifier, amateur | ame |

= Q radio, marine, educational, CB, Add

e > hor?e & h?'l‘Jbg. Mail e o | ress I
Sore write Hea ompany, Benton s i

L == Harbor, Michigan 49022, I city _ — State : : Zip l

| Prices & specifications subject to change without notice. CL-316 [
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EW Lab Tested from the original. At 33 in/s we found
(Continued from page 6) it still of excellent quality, though slight-
ly dulled. At 1% in/s, the sound was ex-
cessively bassy, though the tone controls
CHECKS FOR OTHERS Wow and flutter were well within on most amplifiers should enable toler-
| specified limits, measuring 0.06% and able voice quality to be obtained.
0.14% respectively at 7% in/s when us- The unit is easy to use, easy to install,
ing the Ampex 31326-01 test tape. The and as pleasant to look at as it is to
signal-to-noise ratio, referred to maxi- listen to. It would seem to be ideally
TYPE mum recording level, was about 50 dB  suited for use with a stereo receiver,
105-B on both 7% in/s and 3% in/s (rated at since this combination would offer a
Micrometer Frequency Meter better than 45 dB). The distortion in the ~maximum of operating flexibility and
GUARANTEED ACCURACY .001% record/playback process was low (un- performance for a minimum of cost,

der 2%) as long as the meter was kept along with the utmost simplicity of in-

MAKE MONEY
ON FREQUENCY

. P

ONLY $295 below the red region, but distortion in-  stallation.
T ot Mrsiie Bremee creased appreciably when this level was The Allied TD-1030, Colmplete with
Commercial radio transmitters is $5 to | | exceeded by 5 dB. The tape speeds were  wooden base and accessories, sells for
$10 per measurement. Most commer- { almost exact, but the fast-forward and $129.95.
Ci°l'35 need Pe“°d;C checks. 1 | rewind speeds were somewhat slow. For those who prefer a stereo pack-
vy an MFM for your own ham or ||y, oo tests, the deck acquitted itself age, the company offers the TR-1040—
CB rig — then amortize the cost by | . W a g N A
measuring others—on the bench, on the | | admirably. At 7% in/s, the played-back a deck/preamp/amp unit with sepa-
ramp, or [(with a receiver) on the air. | program was virtually indistinguishable rate speaker systems—for $169.95. A
Remember — ANYONE can measure

frequency, but only FCC 2nd commer- . “ [Pn)
cial licensees or higher can adjust fre- Emplre 4000 “Cavalier Speaker SYStem
quency. For copy of manufacturer’s brochure, circle No. 20 on Reader Service Card.

Use coupon below to send for our FREE ITHE Empire 4000 “Cavalier” speaker
booklet “How To Make Money In Mobile- Is a two-way system featuring un-
*Radio Maintenance” and information on | | usual styling. Like the larger Empire
Lampkin meters. systems, the Model 4000 is cylindrical
in shape. The woofer, instead of facing

Name.
P ’downwald faces the front and radiates
City . Zip | through a Touvered opening in the en- i

| closure.

(YL BN : T LEN (o] {I N I Vel | Above 1500 Hz, a single direct-radi-

MFM Div., Bradenton, Fla. 33505 ator cone speaker about 3” in diameter
CIRCLE NO. 102 on READER SERVICE Cawp | takes over. The flat, low-mass cons of

= the tweeter, which is mounted on the
side of the column. has excellent dis-
persion characteristics. A switch under-
neath the column selects one of three
tweeter levels to suit individual tastes
or room conditions.

The woofer of the Model 4000 has
|a 10” diameter cone, with a 27 voice
| coil and a high-compliance suspension.
It also features a heavy ceramic mag-
net and is rated to handle up to 40
; | watts of sine-wave power or 60 watts :

ELECTRONICS Q of program power. The column en- weighs a solid 75 pounds with the op-
ENGINEERING J | closure, finished in satin walnut, stands  tional marble top in place. A walnut-
through HOME STUDY 1257 high and is 18” in dlameter It finished wood top is also offered.

HIGHLY EFFECTIVE |
HOME STUDY COURSES IN: |
« Electronics Engineering Technology
« Electronics Engineering Mathematics
Earn your Associate in Science Degree in
Electronics Engineering and upgrade your
status and pay to the engineering level.
Complete college level courses in Elec- |

tronics Engineering. We're a forward
looking school. Outstanding lesson ma-
terial—thorough and easy to understand.
Engineering taught on the basis of appli- |
cation and understanding rather than on |
the basis of memorization. Up to date

in every respect. Acquire the knowledge

and ability that means the difference |
between a low paying technician job and

a high paying engineering position. Low
tuition cost with low monthly payments.
Free engineering placement service for
our graduates. Write for free descriptive
titerature. Ask for bulletin A, no sales-
man will call on you.

& COOK’S INSTITUTE

o/ acfromc.! alglllrrrllly
Southern Regional Office |
2705 Galtatin Road—P.0. Box 4689 |
Nashviile, Tenn. 37216 |

LOW-FREQ. PEAKS CAUSED
RESONANCES E

éB

RESPONSE

'{* TONE BURST uu

EMPIRE 4000 CAVALIER SPEAKER SYSTEM-FREQUENLY RESPONSE-
&ODF:)ROE:T%D sF-'OR ROOM RESPONSE BELOW I000Hz - AVERAGE OF
? RUN!

100 200 500 Ik 2k Sk 10k 20k

== - ety 1T SR

Fetr i
J-WATT INPUT
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% HARM. DIST.
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Established 1945
Formerly Cook's School of Electronics
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In our indoor test room, the speaker |
was placed a couple of feet from the
wall of the room. Three test micro—‘I
phones were placed throughout the
room and their outputs averaged during
a frequency response run. This was re-
peated with three new microphone posi- |
tions. Both curves were averaged to
derive a single response curve. The
tweeter level switch was set to its mid- |
dle or “normal” position for these tests.
Low-frequency harmonice distortion was
measured with the single microphone
close to the speaker enclosure and a
drive level of 1 watt. Tone burst mea-
surements were made with the micro-
phone about 187 from the tweeter, on
its axis,

There appeared to be a slight “shelf”
in the response curve, with the region
above 750 Mz some 5 dB lower than
the lower frequencies. From 65 to 750
Hz, the response was within =5 B,
whick is quite good in view of the in-
evitable eflect of the room on the low-
frequency response. The output lell off
rapidly below 60 Hz, except for a4 peak
at 40 Hz.

The higher frequencies were handled
very smoothly and without any sharp
peaks or holes. From 750 to 15,000 Hz
the response varied only =4 dB. The
tone-burst tests revealed a complete
freedom from sustained vinging or spuri-
ous outputs, and the photographs show
tvpical tone-burst responses. These are
better thun the average which we have
observed in many speaker tests. Har-
monic distortion was under 5% down to
50 Hz, rising to 20% at 34 Hz.

in listening tests, we found that the
best aural balance was obtained with
the tweeter level set to its high position.
This no doubt makes the over-all re-
sponse most uniform over the {ull range |
of the speaker. The Lupire 4000 has a
warm, full sound. Its polar dispersion
is very good and it does not appear to
be critical as to its location in the listen-
ing room. This is not a “brilliant sound-
ing” speaker and, in heavily upholstered
rooms, may require treble boost from
the amplifier for good balance. It is,
however, clean and effortless at all
times. We would judge its true lower
frequency limit to be between 50 und
60 Hz, both because of the drop in out-
put and the rise in distortion at lower
frequencies.

The styling of the speuker system is
unique, and may well meet the needs of |
those who object to the usual speaker
“hox.” It can be used as an end table, |
or free-standing, since it does not re-
quire a wall placement. The Model
4000M, with the marble top, is an un-
usually attractive piece of furniture.
This speaker offers a rare combination
of good sound and good looks, at a
reasonable price.

The Model 4000 sells for $149.95
while the 4000M is $159.95. A
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Popular Science

- Top-Rates

Scotts Stereo

Tuner Kit-..... .o

Popular Science magazine’s reviewer said, “I rate the LT-112-B as one of the
. finest FM tuners available — in or out of kit form.” All of this fabulous
tuner’s critical circuitry comes pre-wired, pre-tested, and pre-aligned . . . and
the full-size, tull-color instruction manual makes the rest simple. In just
cight hours, you'll have it completed. Azain; in the reviewer’s words: ““Stereo
performance is superh, and the set’s sensitivity will cope with the dcepest
fringe area rcception conditions . . . drift is non- Scot:. . where innovation isa tadition

cxistent.” See your Scott dealer and review the
new LT-112B-1 for yourself. Only $199.95. m SCOT’I&)

@Copyright 1967, H.H. Scott, Inc.

The World’s Most
Trusted Name Brand

@ VOLUME CONTROL & CONTACT RESTORER
©® TUNER-TONIC with PERMA-FILM

@ EC-44 FOR ELECTR'CAL CONTACTS

@ TAPE-RECO HEAD CLEANER

@ FRIGID-AIR CIRCUIT COOLER

All Guarantesd Non-Flam-
mable, No Cabon-Tet, Non-
Toxic & Won't Aftect Plast cs

The Only Brznd Perfect For
Color TV and Black & White

FREE extender assembly for pin-
point applicatior supgliad with
ALL NO-NOISE PRCDUCTS.

E’le,ctronic c hemical COrp.
813 Communipaw Ave. / fersey City, N. 0, 07304
CIRCLE NO. 113 ON READER SERVICE CARD

H.H. Scott, Inc., Dept. 160-02. Maynard, Mass. 01754, Export: Scatt International, Maynard, Mass. 01754
CIRCLE NO. 89 ON READ_ER SERVICE CARD
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3  ABSOLUTELY

FREE

Dver 40 Electronics
Formulas on a Single
Shirt-Pocket Guide!

Waunt to save the trouble of “‘looking it
up“’—or avoid the risk of remembering
inaccurately—every time you need elec-
tronics data? Send for our poqket-smed
Electronics Data Guide. Gives you
everything from conversion factors and
constants to color codes—and much
mare! Durable plastic for lifetime use.
A “must” far men interested in elec-
tronics—provided as a service by CIE.
Get your FREE Guide today. Just fill
out the coupon below...then cut out on
the dotted lines and mail to Cleveland
Institute of Electronics, 1776 E. 17th St.
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l Cleveland, Ohio 44114.
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l State. Zip.
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NEW PRODUCTS
& LITERATURE
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HIGH-SPEED PULSE GENERATOR
An ultra-fast pulse generator which can pro-
duce a pulse of 4 to 10 kV in 50 nanoseconds is
now on the market as the Model TS-211.
The pulse generator is all electronic and its

setting can be varied to produce pulses ranging
from 20 to 200 volts per nanesecond. The steep
wavefront is linear over 10% to 90% of the rise
time.

This new ramp generator has application to
any high-voltage breakdown problem area in
electronics equipment. It can be used to evaluate
wire and cable insulation, component testing
system evaluation where the physical proximity
of components can result in catastrophic damage
to others in the event of failure, or anywhere that
spurious voltages can go to certain damaging
values.

The unit mcasures 11”7 high x 118" wide x
18" deep. It weighs 25 pounds and operates from
the 117-volt a.c. line. Signalite

Circle No. 126 on Reader Service Card

LIQUID-LEVEL DETECTOR

A new nuniature liquid-level detector, de-
signed to replace the more cumbersome mechani-
cal float switch, has just been introduced. It is
used to provide a signal when liquid in 2 con-
tainer, such as fuel in a tank, has reached a
predetermined level. 1t may be set to operate on
rising or falling level and can be fitted with a
time-delay circuit if required.

The detector will operate over a temperature
range of —76° F to +257° F and has no mov-
ing parts inside the tank, making for flexibility
of installation. The unit will handle inductive
loads without the contact deterioration of me-
chanical switches.

Designed tc operate from supplies between 18
and 30 V d.c,, the detector consists of a sensor
mounted within the tank and an externally
mounted switch unit. Combined weight of the
sensor and its switch unit is 3 ounces. Smiths
Industries

Circle No. 127 on Reader Service Card

MICROMINIATURE TUNING FORKS

Microminiature tuning forks, designed to meet
MIL-STD 202B, occupying less than 0.29 cubic
inch, and weighing less than V% ounce, are now
available.

Specifications include accuracy to 0.001%,
stabilization time approximately 1 second, 0.2
microsecond or less rise and fall time, and oper-
ating temperature from —355 to 125 degrees C.
The square-wave output frequencies range from
30 Hz to 25 kHz.

Various input voltage and output level models
are available, including a low power consump-
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tion unit designed for space application. The units
measure 0.750” x 0.935” x 0.375”.
Additional information on these units will be
supplied on request. Barden
Circle No. 128 on Reader Service Card

HOLOGRAPHY KIT

A kit which includes everything necessary to
create original three-dimensional holograms is
now on the market as the Model 210. With the
kit no special tables, unwieldy sct-ups, or expen-
sive apparatus is required. According to the com-
pany, excellent holograms can be produced under
conditions common in ordinary laboratories.

The kit includes a complete laboratery manual
covering theory and step-by-step instructions;
spectrographic plates; beam splitters; front sur-
face mirrors; lenses; stands and holders; develop-
ing and fixing chemicals; trays and tanks; and
all other necessary items.

Although specifically designed for operation
with the firm’s family of helium-neon gas lasers,
the kit can be used with any visible spectrum
gas lascr operating in the TEMoo uniphase mode
with an output power of over 0.3 milliwatt. Uni-
versity Laboratories
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PORTABLE LAB POWER SUPPLIES
A new line of laboratory power supplies has
jus: been introduced as the LP series. These all-
silicon power supplies are available in six of the
» '

most popular voltage ranges for lab use: 0-10,
0-20, 0-40, 0-60, 0-120, and 0-250 volts d.c.
Maximum currents vary from 30 mA to 2 amps.
The scries features light weight (7 pounds).
small size (¥4 rack x 10" long), and portability
(top-mounted handle) .

Features include remote programming, remote
scnsing, constant E/constant 1 with automatic
crossover, scries/parallel operation, front-panel-
mounted threc-way binding posts, two meters,
and wide current limit settability from 1%, (or
5 mV) to 105% of rating.

Regulation is 0.01% and ripple is 500 x4V r.m.s.
Temperature coefficient is a low 0.015% 0.5
mV/°C, so the LP is suited for stringent labora-
tory R&D applications. The a.c. input is 105-132
V a.c., 45-440 Hz. Lamhda
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PC ETCHING MACHINE

Printed-circuit boards may now be made di-
rectly from hand-drawn copy to completed board
with a new electronic scanning and etching ma-
chine that eliminates the need for photography,
darkrooms, chemicals, and trained personnel.

The Directron circuit engraver produces the
boards by placing hand-drawn pen-and-ink or
pencil copy on a cylinder, scanning the image,

Additional information on the items
covered in this section is available
from the manufacturers. Each item
is identified by a code number. To
obtain further details, fill in cou-
pon on the Reader Service Card.

and simultaneously cutting it into a copper-clad
epoxy or fiberglass blank sheet that has teen at-
tached to a second revolving cylinder. Once
started, the machine is completely automatic.
Maximum board size is 12” x 18” and copy for
various boards up to that size may be ganged and
cut at the same time.

Because the machine takes about 3 to 4 hours
to scan the 12" x 18” surface area, its makers
suggest its use for etching small runs of pro-
duction circuit boards and for producing proto-
type and test boards. The machine weighs 750
pounds and operates from 120-volt, 60-Hz power
lines. Graphic Electronics
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IC FM DETECTOR /LIMITER

An integrated-circuit FM detector and limiter
which operates by a new technique featuring
linear gating and balanced discriminator action,
with typical AM rejection of 46 dB, is now avail-
able as the Type ULX-2111A “Unicircuit.”

The new 1C can be used for TV sound chan-
nels, in FM reccivers, a.f.c. systems, communica-
tions receivers, and radar. A single screwdriver
adjustment is required to tune the detector in the
ULX-2111A. Frequency range extends from 5
kHz to 50 MHz. Output of 0.6 V with a total
distortion of less than 1%, with a limiting thresh-
old voltage of 400 mV r.m.s. are typical in such
applications.

The unit can be operated from a single 12-volt
power supply. It is housed in a thin, modified
TO-116 dual in-line package. The circuit incor-
porates 19 transistors, 18 resistors, 6 dicdes, and
the necessary interconnections. Sprague
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"HIDDEN-BUG”’ DETECTOR

The F202B transmitter locator is extremely
sensitive and when operated correctly will seek
and find any r.f. transmitter that is operating in
the frequency range from 0.5 up to and includ-
ing 750 MHz, no matter whether AM or FM.
It can also be used to locate wireless microphones
and wireless telephone taps.

The detector operates on a “Geiger counter”
principle. It emits a serics of beeps which are

ELECTRONICS WORLD



used to locate the bug. When approaching an r.f.
the beeps increase slowly, then more rapidly
as the source is ncared, finally breaking into a
high-pitched whine when the bug is located.
S.A.C. Electronics
Circle No. 2 on Reader Service Card

A.C. CALIBRATOR

The Model 745A a.c. calibrator is a precision
generator of a.c. voltages over a wide frequency
range with voltage accuracy and stability for-
merly attainable only under tightly controlled
environmental conditions, and then only with
specialized skills and instruments, according to
the manufacturer.

The new calibrator has an output frequency
range continuously adjustable from 10 Hz to 110
kitz in four overlapping bands. The output
voltage is known with an absolute accuracy of
+0.02% from 30 to 20,000 Hz for a period of
30 days following calibration. Amplitude accu-
racy up to 110 kHz and from 20 to 50 Hz is
+0.03% and from 10 to 20 Hz, it is =0.01%.
These specifications apply over a temperature
range of 20 to 30 degrees C.

Output voltage is sclectable with 6-digit reso-
lution in six decade ranges, cach with 107, over-
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ranging. Maximum range is 100 volts full-scale,
with the overrange allowing up to 109.999 volis
(1000-volt output will be available in the near
future with a companion amplifier). The lowest
range is 1 millivolt full-scale which, with 6-digit
settability, provides a resolution of 1 nanovolt.
Hewlett-Packard
Circle No. 132 on Reader Service Card

PROGRAMMABLE UJT

A design cngineer can now program desired
clectrical characteristics in a unijunction transistor
simply by sclecting the necessary resistors to mect
his particular needs.

The DI3TI1 programmable unijunction tran-
sistor (PUT) allows the design cngineer to pro-
gram eta, interbase resistance, valley current, and
peak current to meet his specific nceds. The
three-terminal planar passivated “p-n-p-n” device
is packaged in the firm’s TO-98 heat-resistant
epoxy.

Of special importance is the D13T1’s low leak-
age current and operating range from 2 to 40
volts. The units are designed to climinate the
need for a wide range of common UJT’ for
application with sensing circuits, sweep circuits,
timers, oscillators, and SCR iriggers. General
Electric
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HI-FI—AUDIO PRODUCTS

FLAT PLASTIC LOUDSPEAKER

A new clectromagnetic speaker which is de-
signed to replace conventional cone loudspeakers
in all types of commercial, industrial, or military
applicat’ons has just been introdu -ed as the Poly-
Planar.

This wafer-type speaker is a Hat, lightweight,
plastic acoustic panel supported by a shallow
plastic frame. It can reproduce a wide range of
frequencies from 40 to 20,000 Hz. The new
speaker is extremely thin—a 1716”7 Poly-Planar
being the equivalent of a 20-watt, 12-inch woofer
and tweeter combination.

The speaker is constructed of completely water-
proof material. The speaker’s material is also
impervious to  temperature  extremes, humid-
ity, shock, and vibsation. It can be manufac-

tured by automatic machinery and both the
acoustic panel and supporting frame can be

molded at a fast production rate. Magnetic as-
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(et Too PERFORMANCE trom

vour Car! Buy The Best/
DELTA’S Remarkable, Proven

CAPACITIVE DISCHARGE

IGNITION SYSTEM

MARK T

You've read about the Mark Ten in Radio Electronics, Electronics World,
Mechanix lllustrated, Electronics, Popular Mechanics and other leading pub-

lications! Now discover what dramatic

capacitive discharge ignition is yours for your car, truck, jeep, boat —any
vehicle! Delta's remarkable electronic achievement —on the market since
1963 and so unique that a patent has been granted — saves on gas, promotes
better acceleration, gives your car that zip you've always wanted. Even
Detroit has finally come around. Delta’'s Mark Ten, the original, the proven
winner from Sebring to Suburbia, has set new records of |gmt|on benefits
attested to by thousands of satisfied purchasers. No re-wiring necessary.
Works on literally any type of gasoline engine. Satisfaction guaranteed.

Order from coupon below, specifying car make, voltage and polarity. Like to
build your own? Order a Deltakit® and save!

COMPARE THESE PROVEN BENEFITS!...

A DRAMATIC INCREASE IN ACCELERATION

A LONGER POINT AND PLUG LIFE
A IMPROVED GASOLINE MILEAGE
A MORE COMPLETE COMBUSTION
A SMOOTHER PERFORMANCE

Order Your Mark Ten Today! Shipped Poslpaid at Once.
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ELTA PRODUCTS, INC.

P.0. 80X 1147 EW — GRAND JUNCTION, COLORADO 81501

AD

Enclosedis$_
1 Mark Tens (Assembled) @ $44.95%

Specify 1 6 Volt: Negative Ground only.
1 12 Volt: Specify [ Positive Ground [1 Negative Ground

Car Year Make

Available in Easy-to-Build

DELTAKIT®,,,,

. ASSEMBLE IT
YOURSELF!

S

995

improvement in performance with

Ship prepaid. [ Ship C.0.D. OO
0 Mark Tens (Deltakit®) @ $29.95

(12 volt positive or negative ground only)

Name

Address

City/State

Zip
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MORE CONTROL

Control of quality throughout preci
sion manufacturing gives you crystals
that assure exact frequency control.

MORE RELIABILITY

You'll stay on frequency better with
CQC. And. you can rely on your CQC
dealer to fill your needs promptly.

See your dealer for prices

and data on CQC

TEXAS
CRYSTALS

Div. of Whitehall Flectronics

1000 Crystal Drive
Fort Myers, Fla. 33901
Pilants in Fort Myers and Los Angeles

CIRCLE NO. 200 ON READER SERVICE CARD '

88

semblies can also be premolded into the frame
and voice coils molded into the diaphragm.
Additional details on this new speaker will be
supplied an request. ERA Acoustics
Circle No. 3 on Reader Service Card

| STEREO CARTRIDGE
The 24TA “Playmate” stereo cartridge covers
a frequercy range from 20 to 15,000 Hz and
features 25 dB separation at 1000 Hz. Designed
for a tracking force of 4 to 7 grams, the new
cartridge has a compliance of 3 x 10™° ¢m/dyne.
The cartridge weighs 3.5 grams with the
| mounting bracket and is designed to fit standard
%" mountings. Recommended foad is 250,000
ohms to 1 megohm at high impedance; for
magnetic-type inputs a simpie network must be
installed in each channel.

The needle which comes with the cartridge can
be dexed 180 degrees without harm. The car-
tridge is available in turnover combinations of
0.7- and 3-mil sapphire; dual 0.7-mil sapphire;
0.7-mil diamond and 3.0-mil sapphire, and 1.0-
mil diamond and 3.0-mil sapphire. Sonotone
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CARTRIDGE TAPE DECK
A solid-state, 8-track stereo cartridge playback
tapz deck designed to be used with any hi-fi sys-
. tem has been introduced as the CP-250.
The new unit permits automobile stereo car-
| tridges 10 be played in the home. The cartridge
| is simply inserted into the CP-250 for instant

playback. Individual program lights indicate
which track is playing. Each track will play auto-
matically in sequence, or change to the next
| track at the touch of the program selector butten
The deck includes solid-state preamplifiers,
flux-field heads, and is designed to be operated
in either horizontal or vertical position. The unit
measures 978" w. x 4%8” h. x 9%4" d. Cencord
Circle No. 5 on Reader Service Card

FM RECEIVER KIT

| The “Knight-Kit” KG-980 is a 50-watt solid-

| state FM-stereo receiver which features premium-

| gnality silicon transistors and transformerless

[ driver and output circuits.

; Frequency response of the amplifier is 18-30.-
000 Hz =1 dB. The FM turer has a four-stage
front-end including two r.f. stages for sensitive
reccption even in fringe areas. The circuit auto-

| matically switches to stereo and an indicator light

‘ goes on when a stereo broadcast is received. The

| critical FM front-end and if. sections are factory

E assembled and aligned.

|

|

|
|

cut holes

Round—inches and mm

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 15-gauge mefal. Avail-
able at leading radio and electronic parts dealers.

GREENLEE TOOL CO

DIVISION OF GREENLEE BROS. & CO.

1866 Columbia Avenue, Rockford, [Hi. 61101
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| RADIO HANDBOOK

important E & E Books

AMATEUR RADIO INCENTIVE
LICENSING STUDY GUIDE
‘é, by Robert M. Brown,

=3

v
N\
o

K2ZSQ/W9HBF, and
Tom Kneitel, K2AES.
Fully explains the new
incentive licensing
which affects both new-
comers and old-timers.
= Covers all the new FCC
Regulations and band allocations. Iricludes
multiple-choice gquestions and answers (as
close to actual FCC exams as possible) cov-
ering the new Advanced-Class, and the
modified requirements for the Extra-Class
exams. Also includes sample exams for
Novice, Technician, Conditional, and Gen-
eral-Class licensing. 160 pages; 515 x 814",
Order EE-050, 0nly. . ... . ... .. . . $2.75

17th EDITION OF THE FAMOUS

N,
PPN
S )

o

Tells how to design,
build, and operate the
latest types of amateur
transmitters, receivers,
transceivers, and am-
plifiers. Provides ex-
tensive, simplified theory on practically every
pkase of radio. 832 pages.

Order No. EE-167,0nly........... $12.95

Order from your electronic parts
distributor or send coupon below.

/E
= & EDITORS and ENGINEERS, Ltd. jml
i

| P.O. Box 68003, New Augusta, Indiana, Dept. l
{ Ship me the following books: EWE-28 |
[ O] No. EE-050 O No. EE-167 & encl. |
| Name :
i

| Address |
L

CiRCLE NO. 116 ON READER SERVICE CARD

ELECTRONICS WORLD

v



Other features include a precision tuning meter,
spcaker muting switch, tape moniteor, front-pancl
stereo headphone jack, and rocker-type switches.
Inputs inelude magnetic phono, tape monitor, and
auxiliary (ceramic phono).

The receiver measures 16”7 w. x 132" d. x
4" high. A walnut wood casc is available at
extra cost. Allied Radio

Cirtle No. 6 on Reader Service Card

STEREO TAPE DECK

The new Sony TC-255 is a four-track solid-
state steren tape deck which incorporates a num-
ber of technical improvements usually associated
with profe:sional recording equipment.

The deck has self-contained solid-state pream-
plifiers for the recording and playback of four-
track stereo tape, two professional type vu meters,

automatic tape lifters for the preservation of both
heads and tape, and an automatic sentinel shut-
off switch,

1t features a vibration-free motor and a scrape
flutter filter which is a special idler located be-
tween the erase and playback heads that elimi-
nates tape modulation distortion.

The deck operates at 7V, 3%, and 174 in/s
and has an exclusive retractomatic pinch roller
for easy tape threading. The digital tape counter
is useful for precise editing, cutting, and tape in-
dexing. Superscope
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INTERCOM SYSTEM

The Model 10643 intercom provides voice
communicarions between ten remotely located
stations, services five independent two-way con-
versations concurrendly, or a ten-station confer-
ence call, and may be integrated into existing p.a.
systems.

The systern operates from a single central pow-
er supply. Operating voltage is 24 volts d.c.
+10%, with the power required per station less
than 10 watts.

The uni» has a frequency range of 300-5000
Hz, may be mounted as a console or in a relay
rack, and is 10" wide x 5%4” high x 10" deep.
The “on-off” switch light indicates d.c. power
input while the standby light functions as a ready
mode indicator. Artisan Electronics
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LOUDNESS ANALYZER
The Modd 8051A loudness analyzer scparates
the audible spectrum into 20 frequency bands
using a bank of parallel filters. The gain through
each filter channel is adjusted for the amplitude
and frequency response of the human car. Ad-
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Now, for men in electronics
—“‘a whole new era
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of quick calculation”

HERE MUST BE THOUSANDS OF PEOPLE in
electronics who have never had the marvelous adven-
ture of calculating problems with a single slide rule; other
thousands have had to content themselves with a slide
rule not specifically designed for electronics. For both
groups, the new slide rule designed and marketed by
Cleveland Institute of Electronics and built for them by
Pickett will open a whole new era of quick calculations,
“Even if you have never had a slide rule in your hands
before, t