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Free Timex Computer, Software
and Free Timex Watch

Just in time for back to school...

Timex technology and the buying power of Communications
Electronics will put you in the challenging, fascinating arena of home
electronics for much less than you thought possible. As you grow in
your computer expertise and needs, you can be secure knowing your
TIMEX SINCLAIR 1000 Computer is expandable with a complete
line of accessories. You won't outgrow your T/S 1000 Computer — it
grows with you!

In addition to the accessories, Timex offers a full range of software for
the T/S 1000 Computer. Cassette programs designed especially for your
computer open the magical microprocessor doors to home management,
business applications, educational aids and computer games. If your
computer is used in business, it may be fully tax deductable.

Of course, as you become more skillful in using the T/S 1000 Computer.
you'll find that you can create your own programs — tailored, as you wish,
to your own specific requirements. The extensively detailed instruction
manual that comes with the T/S 1000 Computer gives complete informa-
tion on how to do your own programming.

Behind you and your TIMEX SINCLAIR 1000 Computer is proven
Timex technology and reliability. It doesn’t end with the unique design of
this sensational computer. Timex wants you to enjoy and grow with it.
When something isn't clear or if you're having trouble operating your
computer, just dial 800-24-TIMEX — you'll be in touch with the Timex
Technical Support Group. They're ready to answer all your questions.

Join the home computer technology

generation at an amazingly low cost.
Receive your TIMEX T/S 1000 personal home computer and your

TIMEX quartz watch absolutely free when you purchase the following:

O The Timex T/S 1016 16K Ram Pack

O The Timex T/S 2040 Printer

O And your choice of six of the following software cassettes:

1. College Cost Analyzer 10. Coupon Manager

2. Home Improvement Planner 11. IRA Planner

3. Organizer 12. Stock Option Analyzer
4. Money Analyzer 1 13. Geometry 1

5. Algebra 1 14. Statistics

6. Mixed Game Bag Il 15. Power Pack 1

7. Fortress of Zorlac 16. Grimm's Fairy Trails
8. Gambler 17. Presidents

9. Supermaze 18. Cube Game

When you order, you will receive this complete package: T/S 1000
Computer, Ram Pack, Printer, choice of six Timex software cassettes, and
as an extra bonus, a coupon for a free Timex quartz watch. But wait. there's
more. If you order before October 31, 1983 from CE, Timex will also give
you a coupon that's good for an additional six free software cassettes from
achoice of over seventy titles (Frogger™ excluded). The additional value of
this bonus software is worth up to $116.70. Therefore. if you act now, you
can get this complete package worth up to $461.20 for only $199.00 plus
$10.00 for U.P.S. shipping and handling in the continental U.S.A.

Order at no risk.

All Timex products carry CE's 31 day money back guarantee. If for any

reason you are not completely satisfied with this special offer, return
everything within 31 days and we will give you a full refund (less shipping
and handling charges). All Timex computer products come with a ninety
day warranty. Should anything go wrong with your Timex products.
simply mail it to Timex and they will promptly repair or replace it. Dealer
and educational inquiries welcome.
Mail orders to: Communications Electronics” Box 1002-Dept. CE-10,
Ann Arbor, Michigan 48106 U.S.A. If you have a Visa or Master Card, you
may call and place a credit card order. Order toll-free in the U.S. Dial
800-521-4414. In Canada, order toll-free by calling 800-265-4828.
Telex anytime 810-223-2422. If you are outside the U.S.A. or in Michigan
dial 313-973-8888. Michigan residents add tax. The demand will be great
for this fantastic limited time offer, so be sure to order today.

Order Toll-Free 800-521-4414

T/S1000 s aregistered trademark of Timex Corp. Copyright® 1983 Communications Electronics™

NE3d sinclair 1ooo
Free!

Timex Sinclair 1000
Computer
a $49.95 value

6 Timex Software Cassettes
up to a $116.70 value

Free!
Timex Watch
Choose your watch
from 5 styles
up to a
$49.95 value

Timex T/S 1016
16K Ram Pack

&

Choice of 6
Software Cassettes

Timex T/S 2040 Printer

™ d’
M COMMUNICATIONS .
ELECTRONICS" -
Computer Products Division

818 Phoenix O Box 1002 0O Ann Arbor. Michigan 48106 U.S.A
Call TOLL-FREE 800-521-4414 or outside U.S.A. 313-973-8888

' ' Computer, Watch
%A

. .
- YES, Please send my free Timex computer, soft- ¢
« ware and watch with the purchase of a Ram Pack, 4
o Printer and choice of six cassettes for only $199.00 ¢
o (plus $10.00 for shipping/handling In the continental U.S.A. For Canada. o
Puerto Rico, Hawail, Alaska, or APO/FPO dellvery, shipping is $25.00).
® N ~ L]
Mail To: Communications Electronics
b Box 1002-Dept. CE-10 -
L Ann Arbor, Michigan 48106 U.S.A. ot
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5 List selection of cassettes by number: 1 2 3 4 5 6 &
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® Ciy State Zip w
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® Note: For additional product information call 800-24-TIMEX. L
® Toordercall 800-521-4414 or 313-973-8888 CE-10
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EDITORIAL

We dish it up...

Last weekend | took a motor trip through upper New York State.
The leaves were that full green hue just prior to turning to the colors
of fall. I saw old churches, quaint bridges, old red barns, dairy
herds, and about a hundred backyard satellite-tracking antennas. |
couldn't believe what | was seeing. What was so strange was that |
saw what | had reported about in several magazine articles; and
yet itis difficult to believe that common-folk consumers like you and
me tie in our daily activities with a satellite 22,300 miles over the
equator,

Since that “big step for mankind” much has happened to change
communications in the world we live. So much so, that were you to
check the contents pages of Radio-Electronics ten years ago—
yea, five years ago—you would be hard pressed to find a definitive
article on satellite communications for the consumer and do-it-
yourselfer. This issue of Radio-Electronics Annual sports a
satellite antenna on the cover, the lead article l0oks into the future
of satellite communications, and several other video articles are
tied into satellite communications. Yes, we're in step with the
technology of today even though it amazes us!

Radio-Electronics Annual presents the pace-setting electronics
stories of today with the selection of articles intended to fill the
gaps in our knowledge of what is happening in the electronics
state-of-the-art mainstream. Those gaps are caused by an over-
emphasis of editorial content of electronics magazines on
computers, and computer-related subjects in far too many publica-
tions. That is evidenced by the numerous (we counted about 80)
computer magazines that appear (and some disappear) on
newsstands, bookstores, and computer stores.

Our answer to that gap is in the pages of this annual publication.
Here we have focused on the technologies that affect our lives
today and those that will do so tomorrow. Video, here, and in
space, is the story today. Audio and videodisc systems are entering
our homes. New and expanded uses of communications are
making our consumer society more mobile than ever before. But
don’t take my word. Start thumbing through the pages of this
annual and see the wonderful world of electronics unfold.

QZ/MJ Dpe s
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Radio-
Elegtronics

1 Editorial—we dish it up.

4 New Products—you can buy them today!

9 Traffic Jam 22,300-miles up!l—our communications satellites are running out of space.
14 Programmable Thermostat—hook up one for one-fifth the usual cost.
15 Energy Miser for Your Furnace—here's a cheaper way to save on fuel-oil costs.
17 More Channels for Car Telephones—you may be able to have one in your family buggy.
21 Digital Audio Disc—will C-DAD bring about the demise of the LP?

25 Automated Road Service—traffic-center-to-auto communications will provide rerouting instructions
before you jam up!

29 Videodisc Systems—in one concise article you discover the pros and cons of the four-disc systems.

36 Cordless Telephones—let the buyer be informed and he'll buy the ‘phone system best suited for his
needs.

40 | Like Birds, but...—who needs a nest egg.
41 How to Improve Video Sound—you can pep up the sound coming from your videotape system.

43 Whatever Happened to Channel 1?2—look back to the beginning days of television when there were 19
channels!

47 Pocke}-sized and Portable Shortwave Receivers—the newest generation of rigs is portable for the
traveling set.

51 Video Entertainment—Special Section.

52 —Video entertainment in the home—Ilooking at today and tomorrow.

55 —New video components—discover what's coming down the pike.

59 —Video accessories—here's what you can pick up today.

63 —How to connect video components—we take the guesswork out of hookup!

70 Stereo Audio for TV—stereo and multichannel programming are ready for your home.
73 Video Sync Stabilizer—build this sync corrector for those tapes that won't sit still.

77 Marl:e Your Own Computer Cables—no matter if they're stocked or custom-made, you can make them
cheaper.

81 New high-power Op Amp Chip—get two amperes of output from DC to 4 MHz.

83 What's Inside Digital Filters—a theory article on using digital techniques on an analog signal.

87 All About VLF Active Antennas—now tune in 10- to 100-kHz signals with ease.

97 Passive Antenna Tuner for VLF-LF—a practical approach to improving reception of VLF-LF signals.

101 The Ins and Outs of Buyinﬂ Mail-Order Components—it appears that inflation strikes hardest at those
parts you need, but don't have.

114 All About Pagers—a look at pagers and paging systems, and how they get the calls through.
117 Build this Guitar and Bass Tuner—an electronic pitch pipe that puts you in tune.
120 Repair Antique Radios—what was once a tiresome service job is now an exciting hobby.

123 Build this Frequency Multiplier for Your Counter—add low-frequency accuracy, and speed, to your
electronic counter.

127 Extra-Low-Power Pilot Light—a current saver.
128 Electronic Mail via Satellite—faster than a speedy pony.

Radio-Electronics Annual is published yearly by Gemsback Publications, Inc., 200 Park Avenue South, New York. NY 10003. Single copias $2.50§Ius $1.00 postage and handling for
U.S., Canada and Mexico. U.S. funds only. AIY r countries add $2.00. © 1983 by Gemsback Pubiications, Inc. All rights reserved. Printed in U.S.A.

As a service to reader, Radio-Electronics Annual publishes available plans or information relating to newsworthy products, techniques and sctentific and technological developments.
Because of possible variances in the quality and condition of matenials and workmanship used by readers, Radio-Electronics Annual disciaims any responsibility for the safe and proper
tunctioning of reader-built projects based upon or from plans or informtion published in this magazine.
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8 IF YOU'RE THE KIND OF READER
that doesn't want to wait, you can order
your next copy of Special Projects now.
Special Projects is crammed full of
electronic projects that you won't be
able to wait to build for yourself. You can
expect top-notch digital projects, fun-to-
play electronic games, valuable add-on
computer projects, BCB and shortwave
receivers, photographic/darkroom
gacgets, devices to improve your car's
performance, test equipment ideas, and
more in every jam-packed issue of
Special Projects.

@ TO HELP YOU TO BE SURE that
you don't miss any future issues of
Special Projects—SUBSCRIPTIONS
ARE NOW AVAILABLE!

@ YOU CAN HAVE THE NEXT FOUR
ISSUES of Special Projects delivered
directly to your home for only $9.00. We
pay the postage. If you want the next
eight issues, you can even save a dollar
off the newsstand price. Get eight issues
for $17.00.

Special
Projects
SUBSCRIPTION

For Canada add $3.00. Foreign add $7.00.

$14.00.
Send me

e————=

of Special Projects for $9.00: starting with #9. Postage Is free in U.S.

with #9. Postage is free in U.S. For Canada add $6.00. Foreign add

coples of Special Projects #9 :
at $2.25 plus $1.00 postage and handling Yor US, Canada and Mexico. (City)
U.S. funds only. All other countries add $2.00.

Detach and mail today to:
SPECIAL PROJECTS
SUBSCRIPTION DEPT.
200 PARK AVE. SOUTH
NEW YORK, N.Y. 10003

Please print

| want to be sure | don't miss any issues. Send me the next four issues

OFFER!

Become a
Charter Member
Subscriber!

Get every issue!

SUBSCRIBE
TODAY!

Use the order
form below.

@ EVERY ISSUE OF SPECIAL PRO-
JECTS will continue to contain a variety
of construction articles to suit every
taste. In addition, feature articles on
electronics fundamentals, test equip-
ment and tools will round out each issue.
Of course, we will continue to provide
new product and literature listings to
keep you up to date on the latest de-
velopments in electronic technology.

@ GET IN ON THE ACTION! Order
your next issue of Special Projects to-
day. Use the convenient order coupon
below.

CASH WITH ORDER ONLY ~ REA84
Allow 6-8 weeks for the first issue to arrive.

(Name)

| want to be sure | don't miss any Issues and want to save $1.00 too.
Send me the next eight issues of Special Projects for $17.00: Starting

{Street Address)

(State) )
DSP

—————————— -—-
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NEW PRODUCTS

For more details use the free

information card inside the back cover

Channel Master Earth Station

Channel Master has introduced a new
high-performance, ten-foot, non-motorized
satellite earth station. A low retail price s
made possible by engineering and produc-
tion advances that allow Channel Master to
produce the new double-monopole mount
more economically. The prime focus feed as-
sembly (LNA, scaler feed and polarizer) and
the down-converter are supported above the
fiberglass dish by light-weight, high-strength
aluminum struts, which provide extra stability
during operation and easy alignment during
assembly.

Once installed and aligned, the ultra-actu-
rate polar mount provides full domestic satel-
lite coverage through a single manual or
remote control motorized adjustment. The all-
weather system will successfully withstand
hurricane force winds in excess of 100 mph.
The motorized system features simple Up
and Down buttons to aim the antenna and
continuous three-digit LED readout which is
accurate to 5 of a degree. It comes with a
custom, easy-to-use satellite locator card and
features 36-volt operation with heavy-duty ac-
tuator motor.

The electronics package offers an easily-
operated 24-channel receiver. Push button
tuning with automatic polarity switching and
LED digital channél display are combined
with a center/fine tuning meter anc signal-
strength meter for precise reception. Addi-
tional features include channel scan for rapid

CIRCLE 210 ON FREE INFORMATION CARD

location of active transponders and a built-in
modulator. An optional remote control unit
makes channel selection and fine tuning even
more convenient. The double monopole 120

degree LNA manual system, model 6174, is
priced at $2995. Suggested retail for the SAT-
SCAN version, model 6274, is $3695. Write
to Channel Master, Ellenville, NY 12428.

JVC Compact Disc Player

JVC has introduced the Compact Disc
Player—a front-loading player that features
such advanced operations as soft-touch
function controls, multi-purpose digital dis-
play, and random track $election. The Model
XL-V1 Compact Disc Player virtually elimi-
nates noise, distortion, and record deteriora-
tion associated with analog turntables

through the use of a laser-beam pick-up sys-
tem, rather than contact stylus. Specially en-
coded 4%-inch digital discs are used to
reproduce the sound exactly as recorded,
doing away with sound degradation caused
by scratches, dust, or repeated playing. The
JVC player also incorporates a powerful er-
ror-correction code called CIRC (Cross Inter-
leave Reed Solomon Code) to correct

CIRCLE 211 ON FREE INFORMATION CARD

accurately for dropouts or reading errors by
means of interpolation. The XL-V1 offers fre-
quency response of 5 Hz to 20 kHz and can
play up to 75 minutes per compact disc. The
model features such advanced micro-
processor-con-

trolled functions as random track selection,
allowing users to program up to 15 tracks for
play in any order desired. A cLear button
mkes it easy to change or cancel progammed
tracks, while a caLL button lets you confirm
the entered selections.

Other high-tech functions only possible on
the Compact Disc include Quick Check Play,
a scanning feature that plays the first two
seconds of every 30-second portion for quick
location of any particular track. Skip Play al-
lows users to jump right to the next track or
return to the beginning of the selection. A
REPEAT button replays the complete disc or
programmed tracks over and over. The multi-
function digital fluorescent display provides
three useful indications including Program
Number (both total number of tracks available
on the disc and number of tracks selected),
Play Time of individual or total programmed
tracks and Elapsed Time from th beginning of

continued on page 6




SPECIAL REPRINT
BUILD A BACKYARD SATELLITE TV RECEIVER

Don’t miss out again!

Send away today for your 36-page
booklet containing a complete reprint
of all seven articles in the series on
Backyard Satellite TV Receivers by
Robert B. Cooper Jr.

This all-inclusive report gives you all
the data you need to build your own
Backyard Satellite TV Receiver.

@ TELLS ALL ABOUT domestic satel-
lite communications, with full details
on how you can pull those elusive TV
signals from space.

® LEGAL REQUIREMENTS, techni-
cal specifications, and how you, the

home constructor, can meet them.
Find out what mechanical and elec-
tronics skills you need.

@ RECEIVER CHARACTERISTICS,
technical details and specifications,
along with examples of actual re-
ceivers built at comparatively low
cost.

@ ANTENNA DESIGN... and ex-
actly how you can build a spherical
antenna, while keeping total earth-
station cost for the complete system
under $1,000.

® THE FRONT END is critical when
you build your own system. We help
you explore several different ap-

proaches to making one that will
work for you.

@ RECEIVER-SYSTEM hardware, and
how it goes together to bring you di-
rect-from-satellite TV reception in
your own home.

To order your copy

Complete coupon and enclose it with
your check or money order for $7.00,
plus $1.00 for postage and handling.
We will ship your reprint within 6
weeks of receipt of your order. All
others add $4.00 for postage. New
York State residents must add 58c
sales tax.

dling & Postage.
{ have enclosed $
add sales tax.

REA84 Please print

Satellite TV Reprints
45 East 17th Street
New York, N.Y. 10003

(Name)

Iwant ______reprints @ $7.00 each, plus $1. Han- (g, ..t agaress)

. N.Y. State residents must

(City)

(State) (Zip)
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information card inside the back cover

continued from page 4

the disc. Other operations include Pause,
Memory Stop, Analog Location Indicator of-
fering an LED display of approximate time

elapsed since play began, headphone output
with volume control and both fixed and varia-
ble line outputs. The unit measures 12'ie-
inches wide by 5'%s-inches high by 9'e-
inches deep. The player tips the scales at only

12.3 pounds. The XL-V1 represents a na-
tionally advertised value of $1,000.00. Avail-
able at most quality hi-fi JVC outlets. Write to
JVC, 41 Slater Drive, ElImwood Park, NJ
07407.

PAIA Keyboard Controllers

PAIA's new Series V Keyboard Controflers
are loaded with features and available op-
tions. Standard features include pitch and
modulation wheel controls, gate and re-trig-
ger outputs, low-note-rule priority and Pratt-
Read keybord actions. The controllers trim
sizes take up little space in the studio and
their light weight allows them to be worn on
stage for hours without fatigue. The long list of
options available for the Series V includes 37
or 61 note actions, exponential or linear con-
trol voltage outputs, MIDI or parallel digital
outputs and mono or poly configurations. The
Controllers are available factory-assembled
or in easily assembled kit form with prices
starting at less than $180. Detailed descrip-
tions, prices and ordering information are
available from the manufacturer; PAIA Elec-
tronics, Inc., 1020 W. Wilshire Blvd.,
Oklahoma City, OK 73116.

CIRCLE 212 ON FREE INFORMATION CARD

S
'_Ell
e ]

Triplett Multimeter

The Triplett 60-AC Multimeter features di-
rect-reading AC current ranges and is rug-
gedly constructed to withstand an accidental
drop from a height of five feet. Designed for
lab or in-field electronic/electrical test mea-
surements, the 60-AC has all-range fusing
and newly designed safety-test leads. The
mirror scale-for-accuracy, suspension-type
meter is housed in a separate modular com-
partment for simple replacement. A built-in
confidence check assures proper operation
and the single-function switch and polarity-
reversing switch simplify measurements.
Ranges include: 0-1000-voit DC in 7 ranges,
0-1000-volt AC in 6 ranges, 0-1000-milliam-
peres DC in 3 ranges, 0-12-amperes AC (di-
rect) in 2 ranges.

Furnished with the Multimeter are: bat-
teries, 48-in. safety test leads, screw-on insu-
lated alligator clips, spare fuses and a
comprehensive instruction manual. The price
is $155.00. Optional accessories include:
Miniature test clips for high density circuit
measurements, leather case, DC current
shunts, high-voltage probes, clamp-on AC
adapter and line separator. For a demonstra-
tion of the Model 60-AC Multimeter, contact
your local Triplett distributor, Mod-Center, or
representative. Literature is available from
Triplett Corporation, One Triplett Drive,
Bluffton, Ohio 45817.
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Auto-Gen Portable Generator

Auto-Gen, manufacturers of vehicle-
mounted generators, now offers a family of
portable generators called the Porta-Gens.
The availability of a dependable and econom-
ical source of electricity in remote locations is
often a necessity. People who live in rural
areas, where loss of power is more likely to
occur, can turn to Porta-Gen for a reliable
back-up electrical system. Porta-Gen models
are available to meet various electrical re-
quirements. The smallest model has an out-
put of 1750 watts of 120-volt AC and the
largest unit provides 8500 watts of 120/240-
volts AC. All Porta-Gens are powered by a
gas-driven Briggs Stratton industrial class en-
gine, long associated with durability.

The model shown in the photos, the P4000,
has an output of 4000 watts (4 kW). At 120
volts output is rated at 33 amperes, while at
240 volts, output is 16.5 amperes. The 8-hp
Briggs Stratton engine has a fuel capacity of 1
gallon, with consumption of .8 gallons-per-
hour. the P4000 model weighs 140 pounds.
its suggested retail price is $1065.00. Auto-
Gen is located at P.O. Box 895, Minden, LA
55432.

CIRCLE 214 ON FREE INFORMATION CARD

Polar Prototype Satellite Antenna

Polar Spherical Antenna Systems, new
Metal Antenna is designed for the do-it-your-
self addicts. It incorporates all the features of
their current Wooden Model. The reflector is a
ten-foot modified geodetic design which is
completed by the Quad-Pod insomuch that a
stress exerted on any member is cancelled
out by its neighbor, making it a very rigid unit,
both the reflector and the Chaparral Polarotor
or similar unit are infinitely tuneable, all bear-
ings and fixings are at maximum distance for
stability, polar mount bearings nine feet apart,
tracking anchorage five feet from axis, decli-
nation adjustment nine feet, and a six-by-
seven foot base for the stand. All these fac-
tors, and its mesh reflector, make the antenna
very stable in severe winds, its low profile has
a distinct advantage. Material costs are less
than $100, plans to built it are $40. Write
Prototype Engineers P.O. Box 1812 Deming,
NM 88030.

CIRCLE 215 ON FREE INFORMATION CARD

Matthews Auto Anti-Theft Device

Thanks to scientific advancements in digi-
tal electronics any car owner can have a high-
ly effective anti-theft system at a reasonable
price. The new Matthew's system is called
“Theft-Aside". It locks out the ignition system
unless a special 4-button code is pressed.
Thus protected, the car cannot be hot-wired

CIRCLE 216 ON FREE INFORMATION CARD »

or jumped from inside of car. Each unit comes
with complete step-by-step instuctions to
guide the do-it-yourselfer through installation.
No special tools, skills, or drilling is required
and Theft-Aside works off any 12-volt auto
system. Theft-Aside has been thoroughly

continued on page 132
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THE NEWSPAPER | BOUGHT THIS MORNING
was composed in New York City and
printed in Chicago. A weekly news maga-
zine arrives by mail every Tuesday in a
timely fashion. It is also written in New
York. but printed in a small Midwestern
town near my home. | can pick up my
phone and for a reasonable fee, instantly.
and without any assistance, dial directly
to almost anywhere in the world. | can
choose from over 60 television channels
on my cable-TV hookup. We all know that
satellites make such everyday occurrences
a commonplace reality. But how many of
us can claim to understand the means by
which satellites make those minor miri-
cles happen?

You probably have a good general idea
of what a TVRO system is (TVRO is th¢é
abbrevition for TeleVision Receive Only.)
Articles about TVRO’s have been pub-
lished everywhere tfrom Radio-Elec-
tronics to Time magazine. Even non-
technical magazines like TV Guide have
deferred to the widespread interest created
by the electronic revolution of satellites
and TVRO's: They have published anticles

which have contributed to a high level of
awareness in the general populace about
satellites and their relation to television—
especially cable TV. This article will ex-
plain the evolution of satellite technology
and why that technology has made the
backyard TVRO possible.

Satellite history

It was the noted science-fiction author
Arthur C. Clarke, who is recognized as
the first person to propose the use of geo-
stationary satellites. Long before the first
satellites were ever launched. he postu-
Jated that a satellite in orbit around the
earth at the equator—at a distance from
the surface such that the satellite’s orbit
duration was exactly 24 hours—would
appear from the ground 1o hover in one
spot. Clarke further suggested that three
such satellites spaced equidistantly
around the earth in that orbit could
provide worldwide communications. be-
cause two of them would always be in
view from any point on earth. The dis-
tance from the earth to that orbit is ap-
proximately 22,300 miles and is named

22,300

Satellites hover

over our world

every day crowding
a narrow belt once
considered limitless!

the “Clarke Belt™ in honor of Mr. Clarke
Itis the fact that a satellite can be made to
appear motionless relative to a point on
earth. that makes inexpensive satellite
communications possible. To earthbound
antennas, a geosynchronous satellite
looks like a stationary object in the sky. so
the requirement for expensive motor-driv-
en tracking-type antennas is eliminated.

It wasn "t until 1963, when launch vehi-
cles with enough power and payload ca-
pacity were developed. that the first geo-
stationary satellite was placed into orbit
above the Atlantic Ocean. This satellite
was called SYNCOM. Built by Hughes
Aircraft Corp.. it had the capacity to relay
only one television channel or about 50
individual telephone circuits between the
United States and Europe. In spite of its
limited capacity, SYNCOM was an un-
qualified success. It proved that geosta-
tionary satellite relays were both feasible
and economical.

“UN” in space

In 1965 a consortium of 19 nations
banded together to form a corporation

© 861 IVNNNY 3-H
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FIG. 1—HERE IS WHAT THE HEAVENS looked llke at the time the author prepared this article. Sixteen satellites
are currently in GEO orbit between 79 and 143 degrees West longitude. Each one is a multi-channel device aimed at selected reglons.

called Intelsat. That international organi-
zation provided disipline and direction for
the maturing satellite-communication in-
dustry. In the ensuing years, Intlsat grew
to include over 100 nations worldwide. It
is primarily responsible for building and
launching a series of satellites which real-
ized Arthur C. Clarke’s prediction of a
world linked together by three groups of
geostationary satellites—positioned over
the Atlantic, the Pacific and the Indian
Oceans.

In the years which have passed since
SYNCOM was launched, satellite tech-
nology has raced ahead at warp speed.
Because of the financial success of Intel-
sat, many other large domestic-com-
munication companies like RCA and
Western Union soon got into the domes-
tic-communication satellite business. In
1975, a small, regional cable-TV com-
pany named Home Box Office began
leasing transponder time from RCA dur-
ing evening hours to distribute sporting
events and commercial-free entertain-
ment to other small, independent cable
companies across the country on a regu-
lar, network-like, basis. HBO was an in-
stant hit, and proved that the public was
ready and willing to pay for quality com-
mercial-free programming. Thus, the pay

cable-TV industry was born. Everyone
immediately realized the potential for
profit from supplying the cable-TV indus-
try with satellite-delivered programming.
Almost overnight companies formed to
provide cable-TV operators with every
imaginable type of TV programming.
Soon everything from the so-called super
TV stations, to sports-only channels,
movie channels, religious channels, and
all-news channels were being distributed
by satellite. In almost no time, all the
available satellite transponders were oc-
cupied and most future ones were spoken
for. Why then, don’t we just launch as
many satellites as necessary to do the job?
Read on.

Dividing up the Clarke Belt

In 1971 the nations which then com-
prised Intelsat (which of course included
the United States) agreed upon a series of
international technical standards for com-
munication-satellite operation. They de-
cided that the standard operating
frequency for communication satellites
would be a 500-megahertz band between
3.7 gigahertz and 4.2 gigahertz. That as-
signment was not an accident or a ploy to
make it difficult for unauthorized recep-

WESTAR AND ANIK
12 TRANSPONDER SATELLITE

1
1:ﬁ2|3 4|5 8|7I8|9|10|”|12
) 1" [ ———
> b4 MH2 —|  le—somH:
GUARD BAND
484 MHz

THE DOWNLINK BAND IS 500 MHz Wi

DE FROM 3.7 TD 4.2 GHz AND IS DIVIDED

INTO 12 CHANNELS. EACH CHANNEL (S 40 MHz WIDE.

FIG. 2—IN THE BEGINNING downlink (transmitting to Earth) transmissions were divided Into

12 channels, each 40-MHz wide. Output power per channel Is usually 5 watts delivered by the solar cells.

tion. There is a natural drop in the back-
ground-noise level (static) from interstel-
lar space in that frequency range. Thus,
earthbound antennas pointed at satellites
in space see a quieter backdrop from
which to separate the very weak satellite
signals. Intelsat also decided that initially,
satellites would be placed into the Clarke
belt at 5-degree intervals. That was a prac-
tical consideration, governed mainly by
the physical properties of the antennas
used to receive satellite transmissions.
Because all satellites operate in the same
frequency band, many engineers felt that
placing satellites closer than 5 degrees
could cause interference at receive sites;
particularly with small-diameter antennas
(less than 5 meters). It was felt that those
antennas might not have narrow enough
beam widths to prevent simultaneous re-
ception from adjacently positioned satel-
lites. Generally speaking, the smaller the
diameter of a parabolic antenna, the wider
its beam width, and the lower its gain.
Because most satellite-receiving antennas
in use, particularly those of cable-TV op-
erators, are designed for 5-degree spac-
ing; and because switching to larger
antennas would be very expensive, there
is strong resistance to closer satellite spac-
ing. However, placing satellites 5 degrees
apart means that there is room for only
about 16 communication satellites be-
tween 70 degrees and 140 degrees West
longitude—the prime real estate shared
by the United States, Canada, and Mex-
ico. (Figure 1 illustrates the 16 satellites
that are currently in operation between 79
and 143 degrees West longitude. Table 1
gives the video satellite status of 1983-4.

And now!

Today, the demand for television,
phone, and data circuits far outstrips the
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Lyl e . [ED | = FIG. 3—CLOSER SPACING of satellites

| to 2v2-degrees of arc requires that
l frequencles 20-MHz apart are polarized

v v v at right angles to each other. The

3740 MHz 3720 MHz 3740 MHz dlagram fllustrates how three closely-
spaced satellites would be polarized
}‘ §° — —-l on a common pair of frequencles.
combined capacities of all the communi-  The satellite GHz. On the first satellite systems, this

cation satellites currently in orbit. Tran-
sponders are at such a high premium that
satellite operators have held lotteries to
determine who would be allowed the priv
ilege of paying millions of dollars per year
to lease a transponder. Faced with that
tremendous demand for greater capacity;
it was proposed that in the 70- to 140-
degree arc, satellites could be positioned
closer than 5 degrees together if certain
“tricks” were employed to make adjacent
satellite signals less “visible” to receive
antennas. To understand how that could
be done, you need to know a little more
about how satellites perform their signal-
relaying functions.

A communication satellite is really
nothing more than a remote-controlled,
solar-powered, microwave relay station in
orbit. Communication satellites are
equipped with two sets of antennas. One
set is used to receive the signals being
beamed up from earth—called “uplink”
signals; a second set of antennas to re-
transmit signals back to earth—called
“downlink™ signals. The uplink and
downlink signals are nor transmitted on
the same set of frequencies. Uplink sig-
nals are transmitted in a 500-MHz band
between 5.9 GHz and 6.4 GHz, and
downlink signals are transmitted, as dis-
cussed earlier, between 3.7 GHz and 4.2

500-MHz band was broken down into
twelve 40-MHz wide channels, including
guard bands. (See Fig. 2.) The remaining
16-MHz was used to monitor the satel-
lites’ onboard conditions, for command
signals to switch onboard circuits, and for
the beacon signals used to locate the exact
position of the satellite.

Geostationary satellites, affected main-
ly by slight fluctuations in the earth’s
gravitational field, actually do tend to
drift around slightly; that’s why they are
equipped with small rocket motors. Con-
trol signals are sent from the ground to fire
those motors periodically to keep the sat-
ellite positioned exactly in its assigned

TABLE 1 TABLE 2
Video Satellites Satellite Frequency Assignments
]
$ o

Position Early-83 Mid-83 Mid-84 & - A

143°W F5 F5 F5 S & éfv RN Pyt

139°W FIR FIR &9 ¥ &5 fo S& &3

135°W F1 G G S& & v So &F £F

- N O &. *

131°W F3 F3 F3 S iy ~ o

127°W D4 D4 D4 1 3720  1(V) 1V(V) 1D(H)  1(H)

123°W W5 ws W5 “ 3740  2(H) 1H(H) 1X(V)

119°W F2 F2 S1 3 3760  3(V) 2Vv(V) 2D(H)  2(H)

114°W A3 A3 A3 4 3780  4(H) 2H(H) 2X(V)

}Sm ,6081 ,{}5’, :[?1 5 3800 5(V) 3V(V) 3D(H) 3(H)

99°W W4 W4 W4 6 3820  6(H) 3H(H) 3X(V)
95°W D1/D2 D1/D2 D1/D2 ; 3840 7(V) 4V(V) 4D(H)  4(H)
9T'W W Wi o 3860  8(H) 4H(H) 4X(V)
e % p2 D 9 3880  9(V) 5V(V) SD(H)  5(H)
e s A A 10 3900 10(H) SH(H) 5X(V)
- 12 172 1 3920 11(V) 6V(V) 6D(H)  6(H)
748°W G2 12 3940 12(H) 6H(H) 6X(V)
70°W S2
66°W F2R 13 3960 13(V) 7V(V) 7D(H)  7(H)
14 3980 14(H) 7H(H) 7X(V)
15 4000 15(V) 8V(V) 8D(H)  8(H)
F = SATCOM W = WESTAR A = ANIK 16 4020 16(H) 8H(H) 8X(V)
(RCA) (W/U) (TeleSat)
: 17 4040 17(V) 9V(V) 9D(H)  9(H)
D = COMSTAR G = GALAXY S = SPACENET 18 4060 18(H) 9H(H) 9X(V)
(AT&T) (Hughes)  (Southern Pacific 19 4080 19(V) 10V(V) 10D(H) 10(H)
Communications) 20 4100  20(H) 10H(H) 10X(V)

Bird Launches & Operational Dates for 1983 21 4120 21(V) 11V(V) 11D(H) 11(H)
F1R—139°W Launch 4-14-83, operational 5-83 22 4040 22(H) 11H(H) 11X(V)
AC—114°W Est. Launch 4-83, operational 6-83 23 4160 23(V) 12V(V) 12D(H) 12(H)
G1—135°W Est. Launch 6-83, operational 8-83 24 4180 24(H) 12H(H) 12X(V)

G2-—74°W Est. Launch 9-83, operational 11-83

V = Vertical polarization H = Horizontal polarization
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orbital parking space. That is referred to
as station keeping.

Very simply stated, onboard the satel-
lite, signals that are received from earth in
the 5.9- to 6.4-GHz band are amplified
and filtered, then directly converted by
heterodyning with a local oscillator to the
corresponding 40-MHz channel in the
3.7- to 4.2-GHz band, reamplified, and
retransmitted back to earth. Each 40-MHz
channel so processed by a satellite is
called a transponder. Because satellites
are solar powered, electrical energy to run
the transponder transmitters is at a pre-

mium. Satellite output power is generally
about 5-watts per transponder.

Although each 40-MHz transponder
can handle hundreds of narrowband voice
and data circuits, it requires the entire 40-
MHz channel to relay just one television
signal. Thus 12 transponder satellites are
limited to carrying only 12 television sig-
nals at one time. Early satellites generally
carried 2 mix of both television and nar-
rowband circuits. But the growing cable-
TV and common-carrier TV industries
placed an ever increasing demand on sat-
ellite operators for more wideband-televi-

THE KLM ELECTRONICS X-11 all-aiuminum
satellite antenna assembles in just 212
hours. It Is 11 feet in dlameter.

sion circuits. Some means had to be found
to increase individual satellite capacity for
television circuits without going beyond
the boundaries of the assigned 500-MHz
band.

A better way

Fortunately, where there’s a need,
there’s a way. Television signals relayed
by satellite are frequency modulated and
have a bandwidth of 36 MHz. FM was
chosen as the means of transmission be-
cause it provides definite advantages in
the ability to discriminate against noise.
A television signal relayed by satellite is
deviated plus and minus 18 MHz about the
center frequency of the transponder.

A characteristic of FM is that most of
the signal-energy clusters very close to
the center frequency, falling off rapidly as
the band edge is approached. Because
most of the signal appears at the center of
the bandpass, the number of television
transponders on a satellite can be doubled
from 12 to 24 without an increase in the
used spectrum. The 500-MHz band is di-
vided into two sets of twelve 40-MHz
transponders with the center frequency of
one set offset from the other set by 20
MHz and the transponders of one set cross
polarized from the other. (Refer to Table
2.) Cross polarization means that two sig-

TABLE 3=Orbit Assignments with New 2° Spacing

R-E ANNUAL 1984

-t
N

Position

(degrees) System
143° Satcom V
141 Unassigned
139 Satcom IR
137 Unassigned
134 Galaxy |
132 Rainbow
131 Satcom IR
130 ABCI

128 American Satellite
126 RCA

125 Telstar/Comstar
124 SBS

122 Spacenet
120 USSSI
1195 Westar V
1175 Canada
116.5 Mexico
113.5 Mexico
1125 Canada
1115 Canada
110 Canada
108 Canada
107.5 Canada
105 Gstar
104.5 Canada
103 Gstar

101 Unassigned

Frequency Position Frequency
(GHz) (degrees) System (GHz)

6/4 99 SBS 14/12

6/4 98.5 Westar IV 6/4

6/4 97 SBS 14/12

6/4 96 Telstar 6/4

6/4 95 SBS 14/12

14/12 93.5 Galaxy Il 6/4

6/4 93 Unassigned 14/12

14/12 91 Spacenet lif 6/4 and 14/12
6/4 and 14/12 89 SBS 14/12

14/12 88.5 Telstar 6/4

6/4 87 RCA 14/12

14/12 86 -Westar 6/4

6/4 and 14/12 85 USSSI 14/12

14/12 83.5 Satcom IV 6/4

6/4 83 ABCI 14/12

14/12 81 American Satellite 6/4 and 14/12
6/4 and 14/12 79 Rainbow 14/12

6/4 and 14/12 785 Westar 6/4

14/12 77 RCA 14/12

6/4 76 Telstar 6/4

14/12 75 Unassigned 14/12

6/4 74 Galaxy It 6/4

14/12 73 Unassigned 14/12

14/12 72 Satcom 6/4

6/4 71 Unassigned 14/12

14/12 69 Spacenet Il 6/4 and 14/12
6/4 and 14/12 67 Satcom 6/4



DOWNLINK'S SKYVIEW |V parabolic ant-
enna Is made from lightweight, fiberglass
sections that can be shipped anywhere.

nals traveling in the same forward direc-
tion are transmitted at two different
planes. Each plane is rotated 90 degrees
from the other, like a plus (+) sign. For
convenience of reference, the planes are
described as having either horizontal or
vertical polarization.

The receiver antenna is designed to ac-
cept signals only in the plane in which it is
oriented and reject signals from the plane
rotated 90 degrees. Although adjacent
transponder pass bands now overlap by 16
MHz (because they are traveling dis-
placed from each other by 90 degrees),
and because most signal energy appears
close to the transponder center frequency,
sufficient difference exists in the signal
levels delivered to the satellite receiver
from adjacent numbered transponders.
Satellite receivers are designed with very
sharp bandpass filters, generally bout 30-
MHz wide; that is, plus and minus 15
MHz of the transponder center frequency.
Thus, most of the energy from adjacent
transponders appears outside of the band-
pass of the transponder the receiver is
tuned to. That combintion of cross polar-
ization and good bandpass control results
in non-transponder interference.

Polarization

Now, suppose we take the same idea
and apply it to adjacently parked satel-
lites. Theoretically, we could decrease the
spacing between satellites by half if the
center frequencies of all transponders op-
erated in the same plane of polarization
were alternated by 20 MHz. from one
satellite to the next. To make it clearer,
refer to Fig. 3, and consider only three
satellites A, B, and C, located 2.5 degrees

WITH NO OBSTRUCTION in its way, this
sateilite antenna Installation pulls in

a clear signai. Trees block signals, and
falling limbs can totally destroy the dish.

apart. Satellite B would operate all of its
even-numbered transponders with hori-
zontal polarization. Satellites A and C
would operate their even number tran-
sponders with vertical polarization. An
antenna aimed at satellite B adjusted for
an even numbered, horizontally-polarized
transponder might see some of the hori-
zontally polarized, odd-frequency signals
coming from satellites A and C. But,
those unwanted signals would be dis-
placed by 20-MHz on either side of the
desired signal from satellite B and could
be eliminated by good bandpass control in
the satellite receiver. Signals of like polar-
ity and frequency from satellites A and C
are still separated by 5 degrees. Although
3-degree satellite spacing is not in effect
at this time, and many engineers are skep-
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SATELLITE SHAPES vary with succeeding
designs. This RCA SATCOM lli-R sports
two large, solar, power-gathering paneis.

tical of how well it will work, it has been
proposed for future use. Table 3 shows a
proposal of how the Clarke belt will be
divided up under that closer-spacing plan.

Alas, tighter spacing of satellites will
still not provide enough capacity for the
anticipated needs of even the near future.
Thus another communication-satellite
band was created. That second band is
located in the 12- to 14-GHz. region. Can-
ada is the only North American country
currently operating a satellite in the new
band, but the United States and Mexico
are readying their “birds” and they’ll be
flying soon. R-E
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TO HEATING SYSTEM
THERMOSTAT CIRCUIT

ROGRAMMABLE THER

LOw HIGH

Two-level temperature regulator for your home
saves thousands of BTUs a day, and 50 to 175
installation dollars if you do it our way!

NOEL BOUTIN

ONE EASY WAY TO SAVE ENERGY AND ALSO REDUCE
heating bills is to lower the setting of the thermostat
when nobody is at home, or when everybody is sleeping
during the night. However, it is not very agreeable to
put bare feet on a cool floor or to come back into an artic
house. The solution to those problems is to use a
thermostat that can be programmed to your own needs.

Here is a typical example. An hour before you get out
of bed, your house temperature begins to rise to a
comfortable one. You take your breakfast and leave the
house for the day. Your house temperature begins to
fall to your selected low temperature. A half or an hour
before you come back home, the temperature begins to
rise again to your selected comfortable one. When you
go to bed, the same process occurs. You no more have
to ask yourself if you really have lowered the tempera-
ture or not; it was done automatically.

Mg )
h ]
i o1
_ Li_fd
fow™ 71
| |
T0 Gl
HEATING
SYSTEM

FIG. 1—HOW SIMPLE CAN IT BE? Old plus new thermostats,
AC relay and 24-hour timer are all that you need to save bucks.

Of course. such programmable thermostats exist
right now. However, they all have two points in com-
mon: They are expensive ($75 to $200) and they don’t
use your old thermostat.

The programmable thermostat proposed here can
cost you less than $25 and uses your old thermostat.
Furthermore, it is much more versatile than many com-
mercial thermostats selling for three to five times that
cost.

As illustrated in Fig. 1, the heart of this thermostat is
a low-cost programmable timer normally used to turn
appliances on and off. The more versatile the timer, the
more versatile the end product will be. The Radio
Shack 63-8061 is an example of a good one to use. That
timer can switch a load on and off as often as 24 times a
day. It can also be programmed for just one cycle or for
a repetitive one. Here, the timer is used to turn on and
off a DPDT relay. This relay must therefore have a
117V AC coil. A Radio Shack 275-217 is a good choice,
but any surplus relay can do as well. The relay contacts
select one of the two thermostats and connect it to the
two-wire existing system. The required additional
thermostat may be any general-purpose one having a
SPST normally open contact, just like the one you are
presently using. The contacts of the additional
thermostat and those of the relay must have a current
rating equal or greater than those of your present
thermostat. A good choice for the additional thermostat
would be the one used with an electrical baseboard-
heating system. It is perhaps the lower cost one (about
$5).

The programmable thermostat proposed here can re-
place any 24-volt two-wire thermostat controlling a
central furnace system. By a proper choice of the relay
and thermostats it can also be used for other systems. In
summer. for example, it can be adapted for air-con-
ditioning systems. R-E
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ENERGY
MISER
FOR

YOUR
FURNALE

Cut fuel costs and increase the efficiency of your home heating system
with this easy-to-build energy controller.

EVEN IN THESE TIMES OF UNCERTAIN FUEL
costs. there is one fact that you can be sure
of—if less fuel is consumed. the cost of
energy will be lowered. That is the purpose
of this project—it is an energy ““controller™
designed to minimize the amount of 0il used
by a hot-water heating system.

Oil hot-water heating systems use an
aquastat to control the system’s water tem-
perature. That aquastat has adjustable set-
tings for hot-water temperature and circula-
tor control. Before installing this controller,
our fuel-oil supplier had recommended that
the hot-water temperature be set at 180°F
during the winter, and 160°F for the sum-
mer; the corresponding recommended cir-
culator settings were 160°F and 140°F re-
spectively. However, I did some tests and
found that, except during periods of very
cold weather, those settings were excessive
and it should theretore be possible to reduce
fuel-oil consumption if the circulator were
set at 120°F and the water temperature were
varied inversely with the outside tempera-
ture. From that idea grew the controller.

An energy controller

In the automaTic mode, the controller
monitors the atmospheric temperature and
compares that with the temperature of the
water in the heating system’s boiler. Based
on that comparison. the circuit either turns
onor turns off the boiler’s burner, maintain-
ing the water temperature at a level that is no

ROLAND GIBSON

higher than necded for heating.

In addition. in the MANUAL mode. provi-
sion has been made so that the water tem-
perature can be set by hand and then main-
tained at any level between 100°F. That is
intended for use during periods when heat is
not required.

The circuit design is relatively simple.
supplementing but not eliminating any of
the oil-burner’s control circuit. When the
controller is switched ork. oil-burner opera-
tion returns to normal.

The controller has a **fail-safe’” design
But that we mean that if it fails during an
“on"’ cycle, the oil burner will operate us-
ing the preset oil-burner controls. If a failure
occurs during the "*off"" cycle. the burner
will shut off and stay off until the controller
switch is placed in the o¥r position. return-
ing the burner operation to the preset burner
controls.

The components used in this project are
readily available. Construction 1s
straightforward and any technique can be
used. A PC board can be used if desired, and
will certainly make things a bit neater. but it
is not required—none was used.in building
the prototype described here

How it works

The controller’s schematic is shown in
Fig. 1. The power supply for the circuit is
shown in Fig. 2-a; the power supply for the
temperature readout is shown in Fig. 2-b.

The two temperature sensors. 1CS and 1C6.
are AD590’s from Analog Devices. They
have an output of | microamp-per-degree
Kelvin. Accuracy 1s 0.5

As most oil-burner controls in the U.S.
are calibrated in degrees Fahrenheit. for
convenience 1t would be desirable to scale
the sensor output to those units; 10 milli-
volts-per-degree Fahrenheit was the output
we chose. Let's see how that scaling is
done. To keep things simple. we'll only
discuss the scaling for the water
temperature sensor. 1C6; the procedure. and
values used. are identical for the air-
temperature sensor. ICS. To convert trom
Kelvin to Fahrenheit. the following equa-
tion 1s used:

Temp (in °F) = Temp (in °K) — 459.67
Remembering that we are scaling the output
to 10 millivolts-per-degree Fahrenheit. the
total resistance of R1 and R2 becomes:

== 18000 ohms

1.8 xﬁ—
10

To create that resistance. a 16K resistor
and a 5K pot are connected in series: the pot
is used 10 trim the total resistance until it is
the precise value needed. When that is
done. the voltage drop across R1 and R2
will be equal to 10-millivolts-per-degree-
Fahrenheit. plus 4.5967 volts. To complete
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FIG. 2—POWER SUPPLY for the energy controller is shown in a; the power supply for the readout is

shown in b.

that conversion, a 4.6-volt reference vol

tage is needed. That is done by generating a
precise 6.9 volts using the combination of
IC3. an LM334 constant-current source:
IC4, an LM329 6.9-volt voltage reference.
and R15. That voltage is then placed across
a voltage divider network consisting of R8.
R9.and R10. Trimppot RY is used to balance

the divider. and the 4.6 volts is taken from
Its wiper.

In the manual mode, a resistor network,
RI11-R14, is used in place of the air-
temperature sensor. With the values shown,
RI1 is adjusted so that the voltage at the
junction of R12 and R13 is 4.6 volts. The
output, taken from the wiper of R13, can be

adjusted so that is simulates an air-

temperature of between 0°F and 100°F.
The outputs from the temperature sensors
and reference voltages are buffered by 1C8-
a-IC8-d. a 324 quad op-amp. The op-amp
outputs are connected to 1C9. a 741 op-amp.
That IC adds the two 4.60-volt reference
voltages and subtracts them from the sum of
the two temperature-sensor output voltages.
The output of IC9 equals the sum of 10
millivolts-per-°F of outside temperature

plus 10 millivolts-per-°F of water temp.
The controller’s operation is a function of
the sum of the air temperature and the water
temperature. Take a look at Fig. 3. You'll
note that irrespective of whether water-
temperature scale A or B is used, the sum of
the air and water temperatures is the same.
That is, using scale A, at an air temperature
of O°F, the water temperature is 180°F, for a
total of 180°F; at an air temperature of 30°F,
the water temperature is 1 50°F, for a total of
180°F, and so on. That works the same way
for scale B. and would for any other scale,
as long as that relationship was maintained.
To conserve fuel. we want to turn off the
boiler’s oil burner when the combined sen-
sor readings equal that critical value. When
that is done. the higher the air temperature.
the lower the water temperature maintained
by the boiler. For the rest of this discussion,
let’s assume that we've chosen |80°F for
that value. Remembering our scaling factor
of 10 millivolts per degree Fahrenheit. we
are going to want to open the relay when
IC9’s output reaches 1.8 volts. That output
is connected to IC10 and ICII. two addi-
tional 741 op-amps; those IC’s are used here
continued on page 129
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CAR TELEPHONES

Cellular Technology Promises

More Channels

DANNY GOODMAN

Long waiting lists for phones and a lack of channels have limited the usefulness
of the mobile-telephone system. A sophisticated new system is about to change all of that.

AN EXECUTIVE HEADS FOR HIS CAR
parked in a downtown Chicago office-
building garage, hoping to make it home
to suburban Lake Forest in time to
entertain dinner guests. Weighing
heavily on his mind are sensitive nego-
tiations taking place in California with
which he must be in constant touch
during his drive up the expressway.
Still in the garage, he dials the num-
ber of his Los Angeles contact on the
pushbutton mobile phone, just as he
would from his office upstairs. ‘In a
couple of seconds the phone in L. A. is
ringing. and our busy executive starts
his drive. During his hour-long mobile
conversation. neither he nor his asso-
ciate will notice that their full-duplex
corrmunications channel will have
shifted frequency three times. with the

mobile call going through three separate
base-station sites.

The entire process is channelled
through one of the most sophisticated
land-based communications systems
available to the general public, cellular
mobile telephone. A cellular mobile-
telephone system divides a metropoli-
tan area into a mosaic of small cells,
each with its own low-power trans-
ceiver, so that the same channel can be
used for different conversations in non-
adjacent cells. The result is more avail-
able channels for mobile-phone cus-
tomers. To accomplish that. cellular
telephone uses a remarkable system of
computer-controlled radios that ‘*hand
off”* a mobile call from one cell to the
next as a vehicle travels across town.
The hand-off is done so smoothly that

the caller will probably not even notice
it.

In a tonventional mobile-telephone
setup. with a high-power base trans-
mitter covering an entire metropolitan
area. our executive would have just a
50% chance of getting an open channel
at some time during his hour dnve. If
he did manage to get on the air. he
would be occupying one of the 23 valu-
able channels in the Chicago area.
(There are only 12 such channels in
New York Ciry') But with the cellular
system. there is a 99% chance that his
call would go through on the first try.
And, as he moves from one cell to an-
other, our friend’s telephone call shifts
to a different channel on that other
cell’s transmitter/receiver. and the orig-
inal channel opens up for another caller.
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Additionally, the cellular system makes
portable telephones feasible.

This is not a science fiction dream,
but a real system proven in two trials in
congested areas: Chicago. sponsored by
an AT&T subsidiary called AMPS (Ad-
vanced Mobile Phone Service), and
Washington, D.C./Baltimore, spon-
sored by Motorola and operated by
American Radio-Telephone Service In-
corporated. Because of the success of
those tests last year, the FCC, in a pre-
liminary action, allocated two 20-MHz
segments of the 800-MHz band for
cellular-telephone communications. If
final approval is granted (a decision was

FIG. 1—CELL-SITE BUILDING s dwarfed by the
150-toot antenna tower. The two antennas be-
low the platform are used for receptlon; the
antenna above the platform is used for trans-
mission.

expected just after this issue went to
press early last December), within two
years the first fully operational systems
could be in place; the system should be
available in 70 cities within S or 6 years.
When that happens, a cellular network
will allow so many more people to have
mobile phones in their automobiles and
trucks, that the usual waiting list for
those phones will all but disappear.

Basic cell systems

A cellular mobile phone system con-
sists of a deceptively simple network of
remote duplex transceivers. Cells are
connected by landlines (telephone lines)
to a central MTSO (Mobile Telecom-
munications Switching Office). It is at
the MTSO that mobile calls are auto-
matically patched into the regular tele-
phone network, without the need for
mobile operators.

A typical cell site. like AMPS® Lyons,
Illinois site, is little more than a small
building (about 20 feet by 20 feet at
Lyons) to house the equipment racks.
and a 150-foot tower for the antenna
system (see Fig. 1). In more urban
areas, cell sites can be located on build-
ing roofs.

The base station’s receiving antennas
are two vertical monopoles set up in a
diversity reception mode. Two antennas
are used in diversity reception so that a
moving vehicle can maintain contact
with the base station at all times. In that
mode, the base-station’s receiver is

able to choose between the stronger of
the two signals coming from the anten-
nas: if a car is temporarily shielded
from one antenna, the receiver simply

FIG. 2—RACK-MOUNTED TRANSCEIVERS and logic components are totally automated. Self-testing
is done by the equipment on the right and the battery back-up system in the foreground Is provided in

case of a power failure.

switches over to the other.

The base station’s transmit antenna,
which is also a vertical monopole. is
capable of handling up to eight trans-
missions on different frequencies at
once. Since line losses at 800 MHz can
be incredibly high with conventional
cables, all antennas are fed with Heliax
gas-filled coaxial cables that are main-
tained at a constant pressure.

Equipment in the small building is
completely automated. One typical site
that we visited recently with an AMPS
official had two racks of transceivers,
each rack with eight channels in opera-
tion (see Fig. 2). Small fans on the 45-
watt air-cooled amplifiers hummed
quietly. Each cell site performs repeated
self-testing of its equipment and reports
irregularities to a central AMPS office.
Only then is a service technician dis-
patched to a site. In addition, an out-
side transmitter tests the voice quality
of each channel throughout the system
by sending a 1-kHz tone and comparing
the signal coming through the radios
and phone lines to the original. That,
too, is automatic. with a central printer
logging the results of each test at ap-
proximately one-minute intervals.

In the event of power failures at the
site, a wet-battery back-up power
supply can operate the communications
gear for about eight hours. Part of that
back-up is also a power inverter to keep
the automatic test gear in operation.

Mobile installations

Vehicle installations are quite simple
affairs. A one-piece trunk-mounted unit
is a combination 800-MHz duplex FM-
transceiver and sophisticated logic unit.
Installation in most vehicles takes
about 4% to 5 hours, including com-
plete testing. The vehicle's phone num-
ber is entered into the radio by way of a
PROM chip that is programmed at the
installation site. Because of the 45-MHz
separation between the transmit and re-
ceive frequencies, cellular mobile
phones use two 2.5-dB gain antennas at
the car; one each for transmit and re-
ceive. The antennas are precisely tuned
for the proper segment and can be either
roof or trunk-lid mounted; roof-mounted
antennas are 38 wavelength. while the
longer trunk-lid antennas are %2 wave-
length center-fed verticals.

Control heads vary somewhat with
manufacturer. In the Chicago test, for
example, mobile equipment was sup-
plied by Motorola, Oki, and E.F. John-
son. Some heads have a Touch-Tone
pad and resemble a standard desk
phone (see Fig. 3). The deluxe model
has a pushbutton pad and digital dis-
play built into the modem-looking
angular handset.

Costs for cellular phone privileges
have not been set, but the rates used in
the Chicago test will give you an idea of
how much is involved. Mobile equip-



ment is leased for $45-60 per month, de-
pending on control-head style and op-
tions. For air time. there is a basic
charge of $25 per month, which in-
cludes 120 minutes of air time. Addi-
tional minutes are 25 cents each

The Chicago test divides’ ..e 2100-
square-mile metropolitan .cea into ten
cells as shown in Fig. 4. While the
downtown cell had the smallest geo-
graphical area. it also had the highest
number of voice channels (26). Mobile
units used 10-watt transmitters, but
when the operational system is per-
manently set up. there will be more and
smailer cells. allowing the mobile units
to communicate comfortably using 3
watts. In the test. cells at opposite ends
of the city used the same nine channels.

Growing cells

Cell sites are assigned a number of
channels. based on the projected num-
ber of calls within that cell. More con-
gested sites, such as the central busi-
ness district of a major city, will have
perhaps three or more times as many
channels as an outlying cell. Because
the base transmitters run at a low
power-level of about 40 watts. the signal
does not cover the entire metropolitan
area—channels can be used by several
cells as long as those cells are far
enough apart. Motorola uses a four-cell
cluster, while AT&T perfers a seven-
cell cluster before reusing a channel.

Moreover, as the number of users in-
creases within a cell, or throughout the
system, cells can be subdivided into
smaller cells with lower-power trans-
mitters and directional antennas allow-
ing channels to be used even more
times within the system. Theoretically.
a cell can be as small as orie mile in
diameter. With the number of channels
currently allocated to cellular tele-
phones. a large city with 500 one-mile
cells could serve a quarter of a million
users!

Typically. a cell will go through three
stages to accommodate greater traffic.
In the first stage, a transceiver and
omnidirectional antenna are centrally
located within a cell. The second. or
transitional stage, establishes additional
cell sites, with directional antennas for
some of the channels. The new cell
sites will service a more localized area
with a lower-power transmitter. More
channels are switched over to the new
cells until the original cell becomes a
final-stage cellular system, consisting
of a complete network of directional,
low-power cell sites. In practice, the
growing system will always be in a
transition stage because service needs
in any area will always be changing.
And since the mobile units are capable
of switching to any channel. as in-
structed by the MTSO. the user will be
unaware of any of the changes in cell
locations and frequencies.

FIG. 3—HUMP-MOUNTED CONTROL HAD with handset and Touch-Tone keypad. A deluxe model

{not shown here) also has a readout of the last number dialed.
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FIG. 4—THE CHICAGO TEST of the cellular mobile phone system divided the metropolitan area into
10 cells. Future networks will have smaller cells and use lower-power equipment.

How cellular phones work

The secret to the cellular system lies
in two-way digital-data communications
between car-and-cell, and cell-and-
MTSO. plus one central computer at
the MTSO keeping everything under
control.

Perhaps the best way to describe all
the intricacies of the system is to follow

a couple of telephone conversations
from start to finish. with a cell hand-off
added for good measure. This example
is based on calls through the Chicago
developmental system, operated since
1978 by Bell Laboratories and Illinois
Bell Telephone, and used by about 2000
willing customers from a cross-section
of professions and businesses.
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You get in your car and turn on the
engine as you always do. Then you
switch on your deluxe telephone-con-
trol head mounted on the transmission
hump. Using the Touch-Tone buttons,
you key in your own three-digit secunty
code that makes sure you're the only
one making calls from your mobile
phone. Nothing is coming through the
speaker, but the logic unit of the trunk-
mounted transceiver scans through the
control channels of all cell sites in your
metro area and determines by Cell A's
set-up channel’s signal strength tht you
are in Cell A. The set-up channel is a
data-only frequency pair. and is a critical
link in cellular telephone. Your radio is
then kept on Cell A’s set-up channel as
long as the data signal there stays
strong enough. At the cell site, there is
a back-up setup channel transceiver if
one should fail. The setup process
takes less than a second.

As you drive along, you want to call
your friend to see if he needs your help
with a personal-computer problem he’s
been having. Without picking up the
headset, you enter his telephone num-
ber on the Touch-Tone pad. An audible
**beep’” comes from the head’s built-in
speaker when each button is pushed,
and the number appears in a display by
the buttons. A quick glance at the dis-
play confirms you have properly entered
the number, so you press the SEND
button.

The following sequence takes place
about as quickly as if you were calling
your next door neighbor from your
kitchen: The mobile logic unit sends
out a data burst on the setup channel
that identifies your radio. sends the
number you're calling, and alerts Cell A
that you have an outgoing call. Cell A's
receiver passes the information over a
landline to the central MTSO, where
the Western Electric computer assigns
an unused voice channel for the call.
That frequency is passed back through
Cell A to the mobile radio. The mobile
transceiver obeys, and shifts frequency
to the specified channel. When the
MTSO senses the mobile unit’s signal
on that channel (the information is
again relayed via Cell A's receivers), it
places the call over the landline phone
system.

The next sound you hear over the
console speaker will be the ringing of
your friend’s phone. If the called num-
ber is busy, no problem. You will hear
a busy signal, as you would expect.
Simly press END. which alerts the
MTSO to ‘*hang up.”” Your channel
opens immediately for other callers, as
your radio shifts back to silently moni-
tor the setup channel. Since that last
number you dialed is still shown by the
display, pressing SEND will automati-
cally re-dial the call. The same in-
stantaneous data exchange and fre-
quency shift, though perhaps on a dif-

ferent channel, will take place.

Well, this time your friend answers
the phone, and you become engaged in
a long conversation. Unknown to you
or him, your car is about to go from
Cell A to Cell B. Here's what happens
at a hand-off: The MTSO computer is
busy monitoring the signal strength of
every mobile signal coming through
every cell site. It **sees’" that your sig-
nal is starting to fall off from Cell A
(though you don’t realize it on your
end) and it must find an open channel
for you in Cell B. Since channels are not
shared by adjacent cell sites, your
hand-off involved a shift in both trans-
mit and receive frequencies in addition
to a change in cell sites.

The computer spots an open channel
for you in Cell B. When your signal
drops to a specified level, the MTSO
sends a data burst (at a data rate of 10
megabytes-per-second) to your radio’s
logic unit via Cell A. In that one-quarter
second, the audio is interrupted as the
radio gets its instructions to shift chan-
nels—which it does without your even
suspecting that brief ‘‘blank and burst™
sequence.

When you hang up the handset. your
radio goes back to the setup chan-
nel—but a different set-up channel, be-
cause you are now in Cell B. As you
continue your drive, you decide that a
quick call home may save you from
having to go out later for milk. So you
press a two-digit memory code to speed
dial your home phone number, one of
several frequently called numbers you
previously stored. You find out that
you are to pick up your children at a
softball game on the way home.

At the field you find that the game is
just about over, so you decide to park
the car nearby and watch the last inning.
Meanwhile. your wife finds that she
does need milk, and wants to let you
know before you get home. She dials
your mobile phone number—a regular
seven-digit number assigned to your
telephone through an exchange located
at a conventional (landline) telephone
switching office.

The call is automatically sent to the
central MTSO, whose job is to find
you. It sends your identity code through
every cell site in the service area on
every set-up channel. Your radio,
which you purposely left on, is con-
stantly listening to the setup channel.
When it hears your number, it tells Cell
B via the setup channel that you are in
Cell B. The MTSO then assigns a voice
channel in Cell B for your wife's call.
Your radio shifts to that channel, and
your phone rings. Fortunately, you
select the option that honks your horn
when the phone rings.

As in that example, business users in
the AMPS Chicago test found that the
system saved them time and gas. A sur-
vey found that 84% of them were **very

satisfied”" with the service provided by
the cellular telephone system.

Our test

To test for ourselves the voice quality
of the AMPS system, we took a ride in
a car with a specially equipped mobile
telephone. In addition to the telephone
control head. that unit had a little box
under the dash called a System Access
Monitor, which gives a readout of the
channel currently being used and has a
signal-strength meter.

Local and long distance calls were as
easy to make as if from a desk. Audio
quality of the mobile phone was equal
to any land-line, except when going
through very low-elevation tunnels and
extended viaducts. Even then, a couple
of static crackles at the mobile end
were at a very low level—perhaps in-
audible to someone who did not know
what he was listening for. None of
those we called suspected we were
talking on a mobile phone until we let
them in on the secret. Communication
was consistently flutter-free. even
when the System Access Monitor
meter showed that there were extreme
changes in signal level.

The next test was to force a hand-off
to an adjacent cell to detect the blank-
and-burst used to shift frequencies. As
the channel readout changed on the
System Access Monitor, we heard a
slight electronic *‘click," and that was
all. Again, we were listening for it with
a tuned ear; otherwise we would have
missed it. And since normal installa-
tions don't have the Monitor readout or
meter, you would never know when to
expect a hand-off—or when one had
occurred. .

As the demand for mobile communi-
cations increases, especially with the
growth of microwave digital telecom-
munications, a system is needed that
will make every megahertz count.
Cellular mobile telephone is such a sys-
tem, and it will soon provide many of
us with high-technology, reliable, two-
way voice communications that will be
just as convenient as dialing your home
or office telephone. R-E




So far, digital-audio recording

technology has confined itself to tape. Now,
digital discs are about to make their debut.

THE SPRING OF 1982 wILL PROBABLY GO
down in history as the time when a major
revolution in the science of sound record-
ing took place. During April and May of
that year, Holland’s Philips Company and
Japan’s Sony Corporation, in jointly held
presentations in Europe and the United
States, anounced their plans for the intro-
duction of what has come to be known as
the compact digital audio disc, or C-
DAD.

If the companies meet their production
target-dates, Japanese and European mu-
sic lovers should be able to purchase a
new kind of disc player in late 1982, while
U.S. audio enthusiasts will have to wait a
bit longer—until the beginning of 1983.
From all indications, the long wait will be
worthwhile, for the new digital C-DAD
disc (sometimes acronyms become part of
the language long before the item they
represent is available) offers a level of
performance that has been impossible to
obtain with conventional analog records,
no matter how carefully they were record-
e€d and processed.

C-DAD format

The new Philips-Sony C-DAD disc is
shown alongside a conventional LP rec-
ord in Fig. 1. It is capable of playing one
hour of stereophonic music per side, and
can also hold up to four channels of audio
on a side with reduced playing time.

Information on the C-DAD disc consis-
ts of approximately six billion digital
“bits,” which are linearly encoded along
a helical track of pits and flats. The tiny
pits are about 0.6 microns in width and

0.2 microns deep. The pits and flats repre-
sent the “‘ones” and *‘zeros” in the digital
code used to store the signals. A solid-
state laser beam is used to sense the se-
quence of pits and flats using a spot of
light with a diameter several times smaller
than that of a human hair. As shown in
Fig. 2, the laser beam reads the presenc