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TIMEX 

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: 

The Timex T/S 1016 16K Ram Pack 

The Timex T/S 2040 Printer 
And your choice of six of the following software cassettes: 

1. College Cost Analyzer 
2. Home Improvement Planner 

10. Coupon Manager 
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 II 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 
a choice 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/ S 1000 is a registered trademarkoi Timex Corp Copyright' 1983 Communications Electronics 
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EDITORIAL 
We dish it up... 

Last weekend I 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. I 

couldn't believe what I was seeing. What was so strange was that I 

saw what I had reported about in several magazine articles; and 
yet it is 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 looks into the future 
of satellite communications, and several other video articles are 
tied into satellite communications. Yes, were 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. 

Julian S. Martin, KA2GUN 
Managing Editor 
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1 Editorial -we dish it up. 

4 New Products -you can buy them today! 

9 Traffic Jam 22,300 -miles up! -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. 
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needs. 
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77 Make 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 Buying 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. 
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Subscribe Today! 
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. 

INTRODUCING 
OUR NEW 
SUBSCRIPTION 
OFFER! 

Become a 
Charter Member 
Subscriber! 

Get every issue! 

SUBSCRIBE 
TODAY! 

Use the order 
form below. 

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. 

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. 

Special 
Projects 
SUBSCRIPTION 

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

I want to be sure I don't miss any issues. Send me the next four issues 
of Special Projects for $9.00: starting with #9. Postage is free in U.S. 
For Canada add $3.00. Foreign add $7.00. 

=, I want to be sure I 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 
with #9. Postage is free in U.S. For Canada add $6.00. Foreign add 
$14.00. 

Send me copies of Special Projects #9 
at $2.25 plus $1.00 postage and handling for US, Canada and Mexico. 
U.S. funds only. All other countries add $2.00. 

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

Please print 

(Name) 

(Street Address) 

(City) (State) (Zip) 

DSP 



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 is 

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 -accu- 
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 1/3 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 channel display are combined 
with a center fine tuning meter and 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 

i 
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 selection. 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 43/4 -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 



Radio- 
Electronics. 
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. 

Th s 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. 

Radio 
Electronics 

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

REA84 

I want reprints @ $7.00 each, plus $1. Han- 
dling & Postage. 
I have enclosed $ N Y State residents must 
add sales tax. 

Please print 

(Name) 

(Street address) 

(City) (State) (Zip) 



NEW PRODUCTS 
For more details use the free 

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"/,6 - 
inches wide by 5'6/,6- inches high by 9 "i16- 

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, Elmwood Park, NJ 
07407. 

PAIA Keyboard Controllers 
PAIA's new Series V Keyboard Controllers 

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. 
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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 electronicelectrical 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 -volt 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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you get all the excitement in every issue of 
Radio- Electronics, every month, by 

filling in and mailing the 
coupon, today. 

Mail to. Radio- Electronics 
P.O. Box 2520, Boulder, CO 80322 

Every Month! 
Get the Best -Mail Today! 

7 AN 4 7 

1 year -12 issues only $11.97 (You save S6.03 off newsstand price.) Payment Enclosed 
2 years -(Save More) -24 issues -$21.97 (Save S14.03 off the newsstand price.) Bil: Me 

Name 
(please print) 

Address 

City State Zip Code 
Otter Valid In U.S. Funds Only Canada -Add $100 per year 
Allow 6 -8 weeks for delivery o1 first issue All other countries -Add 57.50 per year 



NEW PRODUCTS 
For more details use the free 

information card inside the back cover 

Auto -Gen Portable Generator 
Auto -Gen, manufacturers of vehicle- 

mounted generators, now offers a family of - ti-y 
portable generators called the Porta -Gens. e 
The availability of a dependable and econom- a` 
ical source of electricity in remote locations is 

often a necessity. People who live in rural i ..., 
" 

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 120240- 

' 
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 

iiiippl' 
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 

' -' ,. v r -- ÿ Polar Prototype Satellite Antenna 
* ' 7. , ' T 

Polar Spherical Antenna Systems, new 
... \ 

} Metal Antenna is designed for the do -it your `` ' r self addicts. It incorporates all the features of ' their current Wooden Model. The reflector is a 

'' .r;. `.. = .,'' ., . ten foot modified geodetic design which is jj completed by the Quad Pod insomuch that a 

. , ' ;i ' ,Ij stress exerted on any member is cancelled %` ¡ 7 '. ; ` out by its neighbor, making it a very rigid unit, ` ;; ,`, * ." `, I , both the reflector and the Chaparral Polarotor VW .?ti* 14 v . .''%, . or similar unit are infinitely tuneable, all bear - .. .: *\. . ings and fixings are at maximum distance for ' : '' stability, polar mount bearings nine feet apart, 
11 pi tracking anchorage five feet from axis, decli- 

w_n: *0 y `; nation adjustment nine feet, and asix -by- ' Alli tiles' 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 ,/MM Prototype Engineers P.O. Box 1812 Deming, 
NM 88030. 

CIRCLE 215 ON FREE INFORMATION CARD 

Matthews Auto Anti -Theft Device 
CIRCLE 216 ON FREE INFORMATION CARD se 

Thanks to scientific advancements in digi- or jumped from inside of car. Each unit comes 0 
tal electronics any car owner can have a high- with complete step -by -step instuctions to O a O 
ly effective anti -theft system at a reasonable guide the do- it- yourselfer through installation. p 9 0 
price. The new Matthew's system is called No special tools, skills, or drilling is required 

"Theft- Aside ". It locks out the ignition system and Theft -Aside works off any 12 -volt auto 

unless a special 4 -button code is pressed. system. Theft -Aside has been thoroughly --..- 
Thus protected, the car cannot be hot -wired continued on page 132 
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THE NEWSPAPER I BOUGHT THIS MORNING 
was composed in New York City and 
printed in Chicago. A weekly news maga- 
zine arrives by mail every Thesday in a 
timely fashion. It is also written in New 
York, but printed in a small Midwestern 
town near my home. I can pick up my 
phone and for a reasonable fee, instantly. 
and without any assistance, dial directly 
to almost anywhere in the world. 1 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 the 
abbrevition for TeleVision Receive Only.) 
Articles about TVRO's have been pub- 
lished everywhere from 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 articles 

Satellites hover 
over our world 

every day crowding 
a narrow belt once 

considered limitless! 
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- 
lated 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 to 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 

the "Clarke Belt" in honor of Mr. Clarke. 
It is 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 

9 
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FIG. 1 -HERE IS WHAT THE HEAVENS looked Ilke 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 regions. 

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 corn - 
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 

I 1 ill 2( 3 l 4 l 5 l 6 I 7 l 8 I 9 l 10 

1 

11 112 I 

t 

-44 k-4 MHz -.1 14-40 MHz 
GUARD BAND 

x 484 MHz 

THE DOWNLINK BAND IS 500 MHz WIDE FROM 3.7 TO 4.2 GHz AND IS DIVIDED 
INTO 12 CHANNELS. EACH CHANNEL 1S40 MHz WIDE. 

FIG. 2-IN THE BEGINNING downlink (transmitting to Earth) transmissions more divided Into 
12 channels, each 40 -MHz wide. Output pow per channel is usually 5 watts delivered by the solar calls. 

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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combined capacities of all the communi- 
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. 

5° 

The satellite 
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 not 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 

TABLE 1 

Video Satellites 

Position Early-83 Mid-83 Mid-84 
143°W F5 F5 F5 
139°W F1R F1R 
135°W F1 G1 G1 
131°W F3 F3 F3 

127°W D4 D4 D4 
123°W W5 W5 W5 
119°W F2 F2 S1 
114°W A3 A3 A3 
109°W AB AB AB 
104°W AD1 AD1 AD1 
99°W W4 W4 W4 
95°W D1/D2 D1/D2 D1/D2 
91°W W3 W3 W3 
87°W D3 D3 D3 
83°W F4 F4 F4 
79°W W1/2 W1/2 W1;2 
74°W G2 
70°W S2 
66°W F2R 

F = SATCOM W = WESTAR A = ANIK 
(RCA) (W/U) (TeleSat) 

D = COMSTAR G = GALAXY S = SPACENET 
(AT &T) (Hughes) (Southern Pacific 

Communications) 

Bird Launches & Operational Dates for 1983 
F1R -139 °W Launch 4- 14 -83, operational 5 -83 
AC -114 °W Est. Launch 4 -83, operational 6 -83 
G1 -135°W Est. Launch 6 -83, operational 8 -83 
G2 -74 °W Est. Launch 9 -83, operational 11 -83 

FIG. 3- CLOSER SPACING of satellites 
to 2' /z- degrees of arc requires that 
frequencies 20 -MHz apart are polarized 
at right angles to each other. The 
diagram illustrates how three closely - 
spaced satellites would be polarized 
on a common pair of frequencies. 

GHz. On the first satellite systems, this 
500 -MHz band was broken down into 
twelve 40 -MHz wide channels, including 
guard bands. (See Fig. 2.) The remaining 
I6 -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 2 

Satellite Frequency Assignments 
o, 

h V 

`2° c° o a é a^ ë m 

h a o V Q' v Q Q? 
\caeca `° vti Oti 4v`' P2 4v`' 

k ,.^ V ,, 
1 3720 1(V) 1V(V) 1D(H) 1(H) 
2 3740 2(H) 1H(H) 1X(V) 
3 3760 3(V) 2V(V) 2D(H) 2(H) 
4 3780 4(H) 2H(H) 2X(V) 

5 3800 5(V) 3V(V) 3D(H) 3(H) 
6 3820 6(H) 3H(H) 3X(V) 
7 3840 7(V) 4V(V) 4D(H) 4(H) 
8 3860 8(H) 4H(H) 4X(V) 

9 3880 9(V) 5V(V) 5D(H) 5(H) 
10 3900 10(H) 5H(H) 5X(V) 
11 3920 11(V) 6V(V) 6D(H) 6(H) 
12 3940 12(H) 6H(H) 6X(V) 

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) 
16 4020 16(H) 8H(H) 8X(V) 

17 4040 17(V) 9V(V) 9D(H) 9(H) 
18 4060 18(H) 9H(H) 9X(V) 
19 4080 19(V) 10V(V) 10D(H) 10(H) 
20 4100 20(H) 10H(H) 10X(V) 

21 4120 21(V) 11V(V) 
22 4040 22(H) 11H(H) 
23 4160 23(V) 12V(V) 
24 4180 24(H) 12H(H) 
V = Vertical polarization H - Horizontal polarization 

11D(H) 11(H) 
11 X(V) 
12D(H) 12(H) 
12X(V) 

11 



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 a 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 -aluminum 
satellite antenna assembles in just 21/2 

hours. It 18 11 feet in diameter. 

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 bettor 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- 

Position 
(degrees) 

TABLE 3 

System 

Orbit Assignments with New 2° Spacing 

Frequency Position 
(GHz) (degrees) System 

Frequency 
(GHz) 

143° Satcom V 6/4 99 SBS 14/12 
141 Unassigned 6/4 98.5 Westar IV 6/4 
139 Satcom IR 6/4 97 SBS 14/12 
137 Unassigned 6/4 96 Telstar 6/4 
134 Galaxy I 6/4 95 SBS 14/12 
132 Rainbow 14/12 93.5 Galaxy III 6/4 
131 Satcom IIIR 6/4 93 Unassigned 14/12 
130 ABCI 14/12 91 Spacenet III 6/4 and 14/12 
128 American Satellite 6/4 and 14/12 89 SBS 14/12 
126 RCA 14/12 88.5 Telstar 6/4 
125 Telstar /Comstar 6/4 87 RCA 14/12 
124 SBS 14/12 86 Westar 6/4 
122 Spacenet 6/4 and 14/12 85 USSSI 14/12 
120 USSSI 14/12 83.5 Satcom IV 6/4 
119.5 Westar V 6/4 83 ABCI 14/12 
117.5 Canada 14/12 81 American Satellite 6/4 and 14'12 
116.5 Mexico 6/4 and 14/12 79 Rainbow 14/12 
113.5 Mexico 6/4 and 14/12 78.5 Westar 6/4 
112.5 Canada 14/12 77 RCA 14/12 
111.5 Canada 6/4 76 Telstar 6/4 
110 Canada 14/12 75 Unassigned 14/12 
108 Canada 6/4 74 Galaxy II 6/4 
107.5 Canada 14/12 73 Unassigned 14/12 
105 Gstar 14/12 72 Satcom 6/4 
104.5 Canada 6/4 71 Unassigned 14/12 
103 Gstar 14/12 69 Spacenet II 6/4 and 14/12 
101 Unassigned 6/4 and 14/12 67 Satcom 6/4 



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

nais 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 
satellite antenna Installation pulls In 
a clear signal. 'Rees 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- 

SATELLITE SHAPES vary with succeeding 
designs. This RCA SATCOM III -R sports 
two large, solar, power -gathering panels. 

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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ABLE THERMOSTAT 
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. 

117 
VAC 

rLÓw- 
I I 

TO I o--F 
HEATINGL J 
SYSTEM 

TIMER 

RY1 117 VAC L J 
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 



ENERGY 
MISER 
FOR 

YOUR 
FURNACE 

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 oil 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 I40 °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 therefore 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 
on or turns off the boiler's burner, maintain- 
ing the water temperature at a level that is no 

ROLAND GIBSON 

higher than needed tor heating. 
In addition, in the MANUAI. 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 I00 °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 OFF, 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 OFF position, return- 
ing the burner operation to the preset burner 
controls. 

The components used in this project are 
readily available. Construction is 
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. IC5 and IC6. 
are AD590's from Analog Devices. They 
have an output of I microamp -per -degree 
Kelvin. Accuracy is 0.5 °. 

As most oil- burner controls in the U.S. 
are calibrated in degrees Fahrenheit. for 
convenience it 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. IC6; the procedure. and 
values used, are identical for the air - 
temperature sensor. 105. To convert from 
Kelvin to Fahrenheit. the following equa- 
tion is used: 

Temp (in °F) = Temp (in °K) 459.67 

Remembering that we are scaling the output 
to IO millivolts -per- degree Fahrenheit, the 
total resistance of R I and R2 becomes: 

z 

1.8 x 10 
8 
e= 18000 ohms 

To create that resistance, a I6K resistor 
and a 5K pot are connected in series; the pot 
is used to trim the total resistance until it is 

the precise value needed. When that is 

done, the voltage drop across RI 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 
1C3, an LM334 constant -current source; 
IC4, an LM329 6.9 -volt voltage reference, 
and R 15. That voltage is then placed across 
a voltage divider network consisting of R8, 
R9, and R IO. Trimpot R9 is used to balance 

the divider, and the 4.6 volts is taken from 
its wiper. 

In the manual mode, a resistor network, 
R I 1 -R 14, is used in place of the air - 
temperature sensor. With the values shown, 
RI I is adjusted so that the voltage at the 
junction of R12 and R 13 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 IC8- 
a-IC8-d, a 324 quad op -amp. The op -amp 
outputs are connected to IC9, 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 IO 
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 0 °F, the water temperature is 180 °F, for a 

total of 180 °F; at an air temperature of 30 °F, 
the water temperature is I50 °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 180 °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 IC I O and ICI 1, 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 Pmited 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 
communications 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 tpnventional 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 drive. 1f 
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 City!) 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 cater. 
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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 is dwarfed by the 
150 -foot antenna tower. The two antennas be- 
low the platform are used for reception; 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 5 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 411 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 % wavelength. while the 
longer trunk -lid antennas are 1 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 modern- 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 divider' ..te 2100 - 
square -mile metropolitan _fea 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 
smaller 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 one 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 HEAD 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 div ded 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. 



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 security 
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 IO 

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 
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DIGITAL 
AUDIO 
DISC 

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 (;O 
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- 
ed and processed. 

C -DAD format 
The new Philips -Sony C -DAD disc is 

shown alongside a conventional LP rec- 
ord in Fig. I. 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 presence 
or absence of the pits contained in the 
disc's surface beneath a protective plastic 
coating. The scanning rate is approx- 
imately 4.3 million bits per second. Vari- 
ations in the reflected light rays are then 
converted into digital code and finally, 
through D/A conversion, back into a con- 
tinuous audio waveform. 

Since there is no physical contact be- 
tween the pickup and the surface of the 

FIG. 1 -THE 4.7 -INCH DIAMETER C -DAD disc 
contains one hour of music on a side compared 
to a little over 20 minutes for a conventional 12- 
Inch LP. 

LEN FELDMAN 
CONTRIBUTING EDITOR 

disc, the pickup must be guided by a dy- 
namic- tracking servo system. The lack of 
physical contact also means that record 
wear is totally eliminated. 

Unlike the turntables used to play to- 
day's analog records, the rotating platter 
that spins the C -DAD disc has a variable 
rotational speed -200 rpm when the laser 
is at the circumference of the disc and 
around 5C0 rpm when it is 50 millimeters 
from the center, the inner radial limit. 
Scanning takes place from inside to out- 
side and rotation is counterclockwise. 
The total storage capacity of the C -DAD 
disc is over 8 billion bits per side -far 
more than is necessary for the 60 minutes 
of playing time that has been standardized 
for the disc. That provides a great many 
additional pcssibilities for designing C- 
DAD players Both the Philips and Sony 
prototype players that were shown last 
spring (see Fig. 3) were able to "read out" 
such additional useful information as the 
number of the selection being heard, its ., length, the sequence of numbers pro- 
grammed to be heard, etc. Owners of C- 

MrDAD disc players will be able to make use 
of sophisticated programming circuitry, 
enabling them to determine which songs 
they want to hear and in what sequence 
they want to hear them. 

Audio quality and performance 
The frequency response of the system is 

absolutely flat from 20 Hz to 20,000 Hz. 
The digital sampling -frequency is 44.1 
kHz, which would theoretically give a 
response up to 22.05 kHz. Some margin, 
though, is left for high frequency cut -off 
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Specification 
Frequency response 
S/N ratio 
Dynamic range 
Channel separation 
High -frequency 

distortion rate 
Wow & flutter 
Playing time 
Disc diameter 

TABLE 1 

C -DAD disc 
20- 20,000 Hz 
More than 90 dB 
More than 90 dB 
More than 90 dB 

Less than 0.05% 
0% 
60 Minutes 
4.7 inches 

LP record 
30- 20,000 Hz 
More than 60 dB 
Max. 55 dB (1 kHz) 
25 -35 dB 

0.2% 
0.03% (WRMS) 
30 Minutes 
12 inches 

filtering. 
The signal -to -noise ratio for the 16 -bit 

digitizing format is better than 90 dB (the- 
oretically, it could be as high as 97.5 dB); 
dynamic range -the difference in level 
between softest and loudest sounds that 
can be handled -is also better than 90 dB. 
Channel separation is 90 dB as well, 
while total harmonic distortion, referred 
to peak levels, is 0.05% or less (0.03%, 
theoretical). 

As with any true digital -sound system 
there is no measurable rumble or wow - 
and- flutter. Tracking, decoding, and rota- 
tional speeds are synchronized by a cen- 
tral clock generator inside the player and 
the clock is itself governed by information 
encoded in the track on the disc. Since the 
digital data representing the music is 
stored briefly in semiconductor memory 
in the player before being clocked out at a 

steady rate to the digital -to -analog con- 
verter, there can be no wow or flutter in the 
conventional sense. 

There is also no audible intermodula- 
tion- distortion of the type that plagues 
conventional analog recordings to such a 

large degree. To fully appreciate the sig- 
nificance of these performance levels, see 

Table 1, which compares the C -DAD sys- 
tem with conventional LP records. 

Competing digital -disc systems 
Of the many digital -audio disc systems 

that have surfaced over the last several 
years, two besides the C -DAD system 

have been successfully demonstrated and 
been under consideration by a 51- member 
Digital -Audio Disc Council. That group 
deliberated about standardization for 
about three years (and has only recently 
been disbanded) in Japan. The two other 
systems are: 

1. A capacitance -pickup system, de- 
veloped by JVC as an adjunct to its 
VHD videodisc system which is to be 
marketed in early 1982 and which 
has been given the name AHD (Au- 
dio Ffigh Density). 

2. A mechanical "groove -type" system 
developed by Telefunken. 

Discs for the variable- capacitance sys- 
tem (AHD) are made of conductive mate- 
rials. As shown in Fig. 4, digital signals in 
the form of tiny pits are engraved in these 
discs. As a miniature metal electrode fol- 
lows the pits, signals, represented by 
changes in electrostatic capacitance, are 

detected. To maintain the necessary ac- 
curacy, the pits are engraved on the sur- 
face of the disc along with pilot signals 
impressed on either side of the audio sig- 
nal pits. Since there are no physical 
grooves impressed into its surface, the 
pilot signals are used as part of a dynamic - 
tracking servo system to keep the elec- 
trode stylus properly positioned along the 
signal track of the AHD audio disc. 

In the mechanical system developed by 
Telefunken, playback is accomplished in 
a manner similar to that used by ordinary 
analog players (see Fig. 5). That is, sig- 
nals cut into the grooves of the disc are 

first converted into mechanical vibrations 
as the stylus traces them and the vibra- 
tions are then transmitted through a pick- 
up arm to a piezoelectric converter, where 
they are changed into electrical signals. 

Table 2 offers a comparison of these 
two systems and the Sony -Philips C -DAD 
one. Of the three, only the Sony-Philips 
and the JVC systems seem likely to reah 
the marketplace in the near future. JVC's 
argument in favor of its system is based 
largely upon the fact that a single player 
would be able to handle both its vid- 
eodiscs (the VHD discs that are to be 

marketed in 1982) and the AHD digital - 
audio discs, since both use a capacitance - 
pickup principle. Of course, a digital -to- 
analog converter /rpocessor would have to 
be added to the JVC system for decoding 
the digital -audio discs; the addition of 
such a D/A converter /processor would 
make the lower -cost argument somewhat 
questionable. 

The JVC AHD disc, like its companion 

FIG. 3-C -DAD PLAYER prototypes shown in 1981. Sony's Is at left/ Philips' at right. 
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TABLE 2 

Characteristics Sony- Philips JVC Telefunken 
Signal- pickup method Optical Capacitance Mechanical 
Pickup Non -contacting Contacting Contacting 
Signal location Beneath surface On surface On surface 
Grooves No No Yes 
Surface material Transparent plastic Carbon -impregnated vinyl Various 
Disc caddy (holder) Not required Required Required 
Disc size 120 mm 260 mm 135 mm 

70 mm 
Playing time 60 mintues (2 channels) 60 minutes (4 channels) 60 minutes (2 channels) 

30 minutes (2 channels) 
Format 16 -bit 16 -bit 14 -bit 

VHD disc, is a little over IO inches in 
diameter and comes supplied in a "cad- 
dy" or holder that protects the disc sur- 
face when it is not being played. The 
smaller, optically -tracked, C -DAD disc 
requires no such protective sleeve, of 
course, and is in no way affected by dirt or 
dust on its surface sine the focal point of 
the laser beam is beneath the transparent 
surface of the disc. An important point 
that has been emphasized many times by 
Sony and Philips is that the small C -DAD 
disc and its correspondingly smaller play- 
er can easily be adapted for use in cars and 
other moving vehicles, since the vibration 

of a vehicle should have little or no effect 
upon laser tracking. 

The trend towards C -DAD 
There seems to be a growing trend to- 

ward endorsement of the C -DAD system 
by equipment manufacturers and "soft- 
ware" (recorded material) producers 
around the world. Matsushita Electric 
Company (whose line of brands includes 
Panasonic, Quasar, Technics and Na- 
tional), although committed to the JVC 
VHD system for videodiscs, has neverthe- 
less indicated that it will produce disc 
players for the Sony -Philips system. Re- 

cently, the worldwide Polygram Group, 
one of the leading international record 
manufacturers, and CBS /Sony, Inc., the 
largest record company in Japan, an- 
nounced plans to produce music pro- 
grams in the C -DAD format. In 1982, for 
example, CBS /Sony will release more 
than 100 C -DAD albums in Japan simul- 
taneously with the introduction of the C- 
DAD players. On the hardware side, com- 
panies such as Marantz have already dem- 
onstrated their own versions of players 
which are compatible with the Sony - 
Philips optical -laser disc system. And, 
while the 51 -member Digital Audio Cou- 

2.9 



cil mentioned earlier did not specifically 
endorse the C -DAD system, its final re- 
port noted its compact size and its ap- 
plicability to mobile use, which many 
interpreted as being just about as close to 
an endorsement as such a committee 
would ever be likely to come. 

How C -DAD discs are made 
Once you get past the hurdle of paying 

for a C -DAD optical -laser player (about 
the price of a high -end turntable), the soft- 
ware or discs themselves should be no 
more expensive, on a "per- minute- of -mu- 
sic" basis, then high -quality LP records. 
The process of making digital discs is 
quite different from the process currently 
used to make analog LP records, but once 
it has been mastered, it should be possible 
to turn out the new discs on a mass -pro- 
duction basis that will reduce disc prices 
drastically. 

Mechanical cutting -techniques are im- 
practical for digital -disc production be- 
cause the pits to be carved are far too 
small. Instead, the process shown in Fig. 
6 is used. First, a glass plate coated with 
photo -resist material is exposed to a digi- 
tally- modulated laser beam. The plate is 
then developed to form pits corresponding 
to the presence or absence of digital sig- 
nals. After a silvering process, that glass 
plate becomes the "master." 

It is next pressed against a nickle plate 
to make an inverse copy (the pits become 
small bumps and the flats become depres- 
sions) of the photo -etched depressions on 
that plate. A digital master is thus pro- 
duced which, in turn, is used as the 
"mother" for making production 
" stampers." Each stage inverts the sur- 
face of the disc (pits- bumps -pits- bumps, 
etc.). The stampers have bumps. 

The final production stages are shown 
in Fig. 7. Using the stamper, C -DAD 
discs are produced in large quantities in 
much the same manner as conventional 
analog records. The signal -bearing sur- 
face of each disc is then coated with a 

STAMPER 

REFLECTION LAYER 

PROTECTION FILM 

SIGNAL SURFACE 

% 

FIG. 7 -FINAL STAGE In C-DAD disc production involves adding a reflective layer to the surface 
and protecting It with a clear plastic coating. 

STYLING and compactness 
are the keynotes of 
this Marantz design. 
As a user component 
in a hi -fl system, the 
digital -disk player 
will see rapid 
acceptance because of 
its small size. 

reflectivve material, followed by a coating 
of protective, transparent plastic. Aside 
from any labelling and packaging that 
may be required, that completes the man- 
ufacture of a single -sided disc. 

For a two -sided disc, an additional pro- 
cess to combine two single -sided discs 
would be required, but it is entirely possi- 
ble to produce such two -sided discs. 

Digital source- material 
Recognizing the advantages of digital 

"DIGITAL" vs. DIGITAL 
FOR THE PAST SEVERAL YEARS 12-INCH 
"digital" discs have been available from 
companies such as Telarc, Teldec, Lond- 
on, and others. 

It is a common misconception that 
those are true digital discs, but that is not 
the case. True digital discs carry the audio 
information as a series of binary-coded 
numbers -that is the method used by the 
C -DAD. 

Digitally- mastered discs -the 12 -in- 
chers currently on the market -are so 
called because the master tapes from 
which they are produced are digitally -en- 
coded. The discs themselves carry a con- 
ventional analog signal. 

Those discs do have an advantage over 

ones recorded using analog processes all 
the way through -the quality of the master 
tapes is higher and some of that quality is 
carried over into the analog pressing. Dy- 
namic range is greater, tape hiss is non- 
existent, etc. The discs themselves, 
though, are still prone to the shortcomings 
of analog recordings- surface noise, re- 

stricted dynamic range, tracking prob- 
lems, and so forth. 

While "digital" (digitally- mastered) 
discs certainly represent a tremendous 
improvement over their all -analog prede- 
cessors, their quality is still far removed 
from that obtainable from all- digital re- 

cordings. R -E 

recording almost as soon as it was made 
available on a commercial basis to record- 
ing studios several years ago, many re- 
cording companies around the world have 
been producing digital master -tapes for 
release as digitally -mastered, improved 
analog LP's (often erroneously referred to 
as "digital" records). Although many of 
those recordings have been praised as 
being clearly superior in sound quality to 
conventional LP's, they obviously cannot 
approach the performance levels that will 
be reached by C -DAD discs once they are 
made available. (See sidebar for more in- 
formation.) 

The fact that so many digital master 
tapes now exist in the archives of major 
recording studios bodes well for the future 
of true digital- discs. All those tapes can be 
used to make true digital -audio discs, 
with no degradation in quality from mas- 
ter tape to disc. The Sony- Philips system, 
in fact, uses the same 16 -bit PCM (Pulse 
Code Modulation) encoding currently 
being used for professional digital -audio 
purposes. Therefore, C -DAD recordings 
can be made in studios using existing 
PCM equipment. It is also possible to 
translate existing analog recordings, 
using PCM processors, to the C -DAD for- 
mat. However, should that be done, the 
resulting product would not exhibit the 
increased dynamic range and other im- 
provements made possible by digital -re- 
cording technology. R -E 



NEW USE FOR FM SCA 

AUTOMATIC ROAD 
INFORMATION SYSTEM 

Most people think of SCA as a means of piping mood music 
into stores and restaurants. West Germany has found 

a much more valuable way to use that service. 
LEN FELDMAN 

CONTRIBUTING HI- FINIDEO EDITOR 

A FEW YEARS AFTER MAJOR ARMSTRONG FIRST DEMONSTRATED 
a workable system of wideband -FM radio broadcasting back in 
the 1930's, he demonstrated how a subcarrier could be used to 
modulate the main camer of an FM station, and how that 
subcarrier could carry information that was totally different from 
what was being transmitted on the main carrier. 

Many years later, in 1961, the basic techniques developed by 
Armstrong and modified by others resulted in the beginning of 
stereophonic broadcasting in the U.S., using subcarrier tech- 
niques which, though somewhat different from those first pro- 
posed by Armstrong, nevertheless fall into the general category 
for multiplexed FM. 

SCA 
In 1954- several years before stereo broadcasting began -the 

Federal Communications Commission, concerned over the in- 
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FIG. 1 -AN FM- STEREO STATION that offers an SCA service doss so at 
frequency 67 kHz above the center frequency of Its carrier 

creasing economic plight of struggling FM stations, authorized 
what came to be known as SCA transmissions. (SCA stands for 
Subsidiary Communications Authorization). In those pre-stereo 
days, FM stations were permitted to transmit one or more subcar- 
riers at frequencies between 25 kHz and 75 kHz above the main 
camer, and to modulate those subcarriers with virtually any sort 
of useful information for use on a point -to -point basis. In other 
words, the station could lease its subcarriers to companies. The 
companies leasing the subcarriers could then charge a rental fee 
for receivers provided to subcribers who wanted to hear whatever 
was being transmitted on the subcarriers. 

The best know use of those subscriber -oriented services is for 
commercial -free background music. Such music, brought to us 
by such familiar names as Muzak, has been the butt of jokes and 
disparaging remarks almost from the day that SCA service 
began. Less familiar is the fact that SCA transmissions do not 
always consist of background music. In many parts of the coun- 
try, SCA channels are used to provide a "talking book" service 
for the blind. And, with the shortage of regular radio -channel 
space becoming acute, some enterprising broadcasters are turn- 
ing to SCA to provide foreign- language or ethnic programming 
for audiences whose numbers are too small to justify the assign- 
ment of a station -frequncy by the FCC. 

With the advent of FM stereo in 1961, the space available for 
SCA channels was sharply reduced. Figure 1 shows the modula- 
tion spectrum of an FM -stereo transmitter. All of the frequencies 
given in the following discussion are referenced to the main 
carrier frequency. The sum (L + R) of the two audio channels 
occupies spectrum space from 30 Hz to 15 kHz (the highest audio 
frequency permitted on FM), the stereo pilot- signal is found at 19 

kHz, and the sidebands of the suppressed -carrier 38 -kHz AM 
subcarrier signal containing the difference (L-R stereo informa- 
tion) occupy the space from 23 kHz to 53 kHz. That leaves only 
the spectrum space from 53 kHz to 75 kHz for SCA or private 
subcarrier use. Some guard -band space must be provided for, so 
the first practical subcarrier will have a frequency of around 57 
kHz. Stations transmitting in stereo and also providing an SCA 
service generally select 67 kHz as their subcarrier frequency. 

Auto road information 
We recently learned about a new use for SCA, which is 



currently in service in West Germany. The new service is helping 
to solve road problems in that country. As most drivers know, 
there are AM and FM radio stations in almost every part of this 
country that broacast traffic information as part of their regular 
programming. The same is true in West Germany and in other 
European countries. But the high density of traffic in Europe has 
caused problems that did not exist even a few years ago. 

The traffic problems, of course, are worse during rush hours, 
weekend peaks, vacation periods, etc. When the capacity of a 
road is exceeded, traffic jams occur, leading to road acci- 
dents- rear -end collisions and the like. The authorities in West 
Germany reasoned that information supplied promptly to drivers 
would help keep traffic problems to a minimum. Indeed, way 
back in the 1960's the government- controlled Radio Broadcast 
Network began giving traffic information at the end of hourly 
news broadcasts. It was quickly realized, however, that even such 
an expanded information service would be of little use unless the 
information were of a local nature (so that drivers in the immedi- 
ate area of a problem were informed of it), and unless drivers 
could be readily alerted to the problem. 

As early as 1969, West Germany's well known Blaupunkt 
radio company began working on the problem and came up with 
a system that made it possible to distinguish a station that 
broadcast traffic news and information from the many other 
stations on the FM broadcast band. Some time later, that system 
was elaborated upon and became known as AR1 (Automatic 
Road / nformation). After extensive testing, the system was 
adopted in West Germany in 1974, and is in use today. Since 
then, the system has been submitted to the European Broadcast- 
ing Union (EBU) for adaptation as a standard and, after practical 
tests in Switzerland, has been recommended to all European 
countries for the dissemination of traffic information. Austria 
introduced the system in 1976, and trials in other European 
countries have also been taking place to assess ARI's merits. 

The ARI system 
The ARI system is used to identify stations that broadcast 

information about traffic conditions, as opposed to those that do 
not. That is especially useful to a driver who comes from another 
geographical area and is not familiar with local stations. Uing a 
specially designed. ARI- equipped, radio, the driver can "tune 
out" stations that do not broadcast traffic information, leaving 
only the traffic -information stations audible. 

One option in an ARI- equipped car radio automatically in- 
creases the volume to a predetermined level at the start of any 
traffic announcement, and returns to its previous level at the 
conclusion of the announcement. Another option available in 
ARI- equipped radios provides a visual indication (similar to the 
familiar stereo- indicator light) when the driver tunes to a "traffic 
information" station. It is also possible to have traffic announce- 
ments override a cassette -tape program that the driver may be 
listening to while driving, with automatic return to the cassette 
when the announcement has been completed. 

Still another version of the ARI- equipped radio provides an 
advance warning that a traffic announcement is about to be 
made, using a brief "signature tune" to avoid starling a driver 
whose radio had been muted before the announcement. A suita- 
bly equipped ARI car radio can even warn a driver when a 
station's signal strength falls below usable levels as he leaves the 
station's area of coverage. That is useful as it will allow him to 
tune to another ARI- equipped station in his new region of travel. 

How ARI works 
An important characteristic of the ARI system is its ability to 

identify the station or stations in a given area that provide traffic 
information on a regular basis. Ordinarily, a driver would find it 
difficult and time consuming to single out a traffic -news station 
from all the others on the FM band in most metropolitan regions. 
With the ARI system, those stations that broadcast traffic infor- 
mation and are part of the ARI network transmit a continuous 57- 
kHz sub -carrier signal, known as the Station Identification sig- 
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nal (or "SK," from the German word "Senderkennung "). That 
signal, nestled between a normally used 67 -kHz SCA subcarrier, 
and the upper frequency of 53 kHz that is present during FM- 
stereo broadcasts, is derived by tripling the 19 -kHz pilot signal 
associated with stereo transmissions. The 57 -kHz signal is there- 
fore locked to the stereo pilot -signal both in phase and frequency 
relationship. 

The complete modulation spectrum of an FM transmitter 
operating in both stereo and ARI is shown in Fig. 2 Figure 3 

illustrates an important aspect of the ARI system. The 57 -kHz 
subcarrier modulates the ain carrier at half the level that the 19- 
kHz pilot signal modulates the main carrier, or between four and 
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five percent of total modulation. The waveform shown in Fig. 3 -a 
represents the amplitude of the 19 -kHz pilot signal, while the one 
in Fig. 3 -b is a representation of the 57 -kHz ARI station- identi- 
fication signal (the third harmonic of 19 kHz). Figure 3 -c shows 
the algebraic addition of the two signals and it is clear that the 
peak amplitude of the resulting waveform is never greater than 
that of th original pilot signal. Thus, the combination of the pilot 
signal and the station- identification signal does not increase the 
frequency deviation of the main carrier. That also means that 
signal -to -noise ratios and station coverage -areas are not affected 
by the addition of the station identiication signal. 

Area identification 
the limited range of FM transmissions presents both advan- 

tages and disadvantages in a traffic -information system such as 
that. On the one hand, drivers can be certain that the traffic 
information they receive applies to the region in which they are. 
But it is also possible that, in certain areas, they would be able to 
receive more than one traffic -news station. A driver would want 
to be sure that he had selected the right station. 

To solve that problem, Blaupunkt developed a special zone- 
indicating system for ARI. The total area to be covered is divided 
into traffic areas that correspond closely to areas covered by local 
radio stations. As many as six different zone identifications can 
be used, designated by the letters "A" through "F." 

Each zone is assigned a very low frequency tone, which is 
used to modulate the 57 -kHz ARI subcarrier, as shown in Fig. 4. 
Extensive measurements and field observations have shown that 
no audible interference occurs as a result of that added modula- 
tions. Zone or area identification frequencies are derived by 
dividing down the 19 -kHz pilot tone; the values used in perform- 
ing the division are also shown in Fig. 4. Depth of modulation of 
the 57 -kHz ARI subcarrier signal is limited to just 60%. 

Traffic message signals 
While many drivers want to stay tuned to traffic -news stations 

throughou their travels, there are others who would prefer to hear 
only the traffic announcements but not the rest of the program 
material. For example, they might wish to converse with fellow 
passengers, preferring to keep the radio's volume level low, or to 
listen to a cassette tape for part of their trip, even though their car 
radio remained tuned to an ARI station. 

For that reason, it was decided to use a seventh low -frequency 
tone, at a frequency of 125 Hz, to modulate the 57 -kHz subcar- 
rier and serve as a message- identification signal. The modula- 
tion level of that extra signal is set at half the value used for zone- 
identification tones and the tone is transmitted for the entire 
duration of the traffic message. Figure 5 shows how the modulat- 
ing frequency of a zone or area identification adds to the 125 Hz 
"message identification" modulating frequency, with the latter 
having 50% of the amplitude of the former. 

An important advantage of the ARI system is that all of the 
tones it uses, as well as the basic 57 -kHz subcarrier itself, are 
derived from the stereo pilot -frequency through division or mul- 
tiplication of the 19 -kHz stereo pilot signal. Because of that 
relationship to the 19 -kHz stereo pilot -signal, the design of the 
ARI radio receiver is greatly simplified. 

What's available 
The simplest and least expensive type of ARI receiver is one in 

which only traffic -news station- identification is used. In that 
type of receiver, an indicator light comes on when the driver 
tunes to a traffic- information station. If he wishes, he can push a 
button to mute all other stations, allowing only the ARI- 
equipped one(s) to come through. A somewhat more sophisti- 
cated receiver is one that combines station identification and 
message indication. Still another type can interrupt the playing 
of a tape cassette when a traffic message begins, switching to FM 
reception for the duration of the message, and then switch back 
to the cassette. 

The ultimate ARI system uses a car radio with signal -search 
capability combined with an ARI circuit. The signal -search 
feature is designed to stop only at traffic- information stations 
and, when leaving the area of the local transmitter, it automat- 
ically searches for another traffic -information station. If, having 
left one zone and entered another, no other station with the same 
identification letter can be received, a warning tone informs the 
driver that a new zone -letter should be selected. 

Reports from West Germany indicate that the ARI system has 
proven to be of great benefit. With all industrialized countries 
looking for unused communications channels, SCA frequencies 
offer a convenient means for providing new and innovative forms 
of point -to -point communications. R -E 
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Now electronics technicians can get into VCR Servicing quickly and easily 

Learn professional VCR servicing 
at home or in your shop 

with exclusive videotaped 
demonstrations 

Today, there are more than 10 million 
VCRs in use, with people standing in 
line to have them serviced. You can 
bring this profitable business into your 
shop with NRI professional training in 
VCR servicing. This top -level training 
supports the industry's claim that 
the best technicians today are those 
who service VCRs. 

Integrated Three -Way 
Self- Teaching Program 
In one integrated program, NRI 

gives you a study guide, 9 instructional 
units, 2 hours of video training tapes 
accompanied by a 32 -page workbook 
that pulls it all together. At home or in 
your shop, you'll cover all the basic 
concepts of video recording, mechani- 
cal and electronic systems analyses, 
and the latest troubleshooting tech- 
niques. Your workbook and instruction- 
al units also contain an abundance of 
diagrams, data, and supplementary 
material that makes them valuable addi- 
tions to your servicing library. 

The "How -To" Videotape 
Your NRI Action Videocassette uses 

every modem communications tech- 
nique to make learning fast and easy. 
You'll enjoy expert lectures and see 
animation and video graphics that make 
every point crystal -clear. You'll follow 
the camera eye into the heart of the 
VCR as step -by -step servicing tech- 
niques are shown. Both electronic and 
mechanical troubleshooting are covered 

. including everything from com- 
plete replacement and adjustment of the 
recording heads to diagnosing micro- 
processor control faults. 

Plus Training On All The 
New Video Systems 

Although your course concentrates 
on VCRs covering Beta, VHS, and 3/4" 

U -Matic commercial VCRs, NRI also 
brings you up to speed in other key 
areas. You'll get training in capacitance 
and optical video disc players, projec- 
tion TV, and video cameras. All are in- 
cluded to make you the complete video 
technician. There's even an optional 
final examination for NRI's VCR Pro- 
fessional Certificate. 

Covers Beta and VHS 
systems with actual 

-_ instruction on 
videotape. 

The Best Professional 
Training 

This exclusive self -study course has 
been developed by the professionals at 
NRI. NRI has trained more television 
technicians than any other electronics 
school! In fact, NRI has consistently 
led the way in developing troubleshoot- 
ing techniques for servicing virtually 
every piece of home entertainment 
equipment as it appears in the market- 
place. 

Satisfaction Guaranteed 
...15 -Day No -Risk 

Examination 
Send today for the new NRI Self - 

Study Course in VCR Servicing for 

SI Get me started in profitable 
VCR servicing. Rush me my 

NRI self -study course in VCR Servicing for 

Professionals. I understand I may return it for 

a full refund within 15 days if not completely 
satisfied. 

PLEASE SPECIFY TAPE FORMAT DESIRED VHS 

Name (please print) 

Company 

Street 

City/Staterip 

Enclosed is my check O money order for $179.95 (D.C. residents add 6% tax) Make check payabk to NRI 

Charge to VISA MasterCard 

Professionals. Examine it for 15 full 
days, look over the lessons, sample the 
videotape. If you're not fully satisfied 
that this is the kind of training you and 
your people need to get into the profit- 
able VCR servicing business, return it 
for a prompt and full refund, including 
postage. Act now, and start adding new 
business to your business. 

Special Introductory Offer 
This complete VCR training course 

with two hour videotape is being 
offered for a limited time only, on 
orders received from this ad, at our low 
introductory price of $179.95. Save 
$20 by acting now! 
NRI Training For Professionals 
McGraw -Hill Continuing Education Center 

3939 Wisconsin Avenue Washing =. DC 20016 

NRI Training For Professionals 

McGraw -Hill Continuing 

Education Center 

3939 Wisconsin Avenue 

Washington, DC 20016 
111 

Card Number 

Interbank Number 

Siguaturr 

(required for credit card sales) 

Expiration Date_ 

2603 -103 



What's the difference between the four systems? 
How do they work? Which system will best fit your needs? 

The answers to those and other questions can be found below 

BEBE 

VIDEODISC TECHNOLOGY IS FAR FROM NEW: MANY SYSTEMS 
have been devel )ped over the years. Today, only four systems are 
being marketed-or are planned to be marketed--before 1983 
comes to a close. 

Over 50 years ago, John Baird recorded video signals on a wax 
disc. During the half century that has passed since then, vid- 
ec.disc systems have been developed independently by Hitachi, 
L'O Metrics, SEO, Syndor Barnt Scanner Corp., Digital Record- 
ing, Robert Bosch, and MDR. And those are the systems that 
never came to market! 

In the 1960's. a good deal of work that was done by 3M and 
Westinghouse greatly advanced videodisc technology. But it 
wasn't until the 1970's that decisions were made that resulted in 
the four systems that exist today. During the past 10 years, an 
ever -increasing Drogram of research and development devoted to 
videodisc systems has resulted in an explosion of technology, 
and a number of systems. 

The first system to be marketed was developed by Teldec 
( Telefunken- Decca). It s no longer available. That system used a 

grooved 20 -cm (approx. 8 inches) flexible disk that was read by a 

stylus. 
Those systems that did survive, were developed by the follow- 

ing companies: 
RCA CED system has stylus riding on 

grooved disc with pits. 
JVC VHD system has stylus riding on non - 

grooved surface with pits. 
Philips Reflective optical system uses a 
MCA laser to read shiny disc with pits. 
Thompson Transmissive (non -reflective) opti- 

cal system uses a laser to read clear 
disc with pits. 

While all four of those systems will have become available 
before the end cf 1982, it is difficult to predict whether all four 
will survive. The first three systems are aimed at the consumer 
market. The fol.rth (Thompson -CSF) is definitely an industrial 
unit that is much higher priced; the discs it uses are not commer- 
cially available but must be custom -made for the users. Yet there 
are numerous applications for that system in business and indus- 
try. 

Videodisc systems were developed because they are the most 

This article is an excerpt from Bebe McClain's forthcoming book on videodisc 
systems and manu'acturing. 

F. McCLAIN* 

economical way to mass -produce programs containing both au- 
dio and video information. A single master disc is made, and 
from it (just as with audio -only recordings) thousands of Ciscs 
are pressed quickly and inexpensively. 

The stampng takes only seconds, and the raw materials are few 
and inexpensive compared to videotape uplication. Even more 
important: the picture quality delivered by a videodisc is better 
than that from a 1/2-inch VHS- or Beta -format videotape. And the 
sound is high fidelity, stereo and:or dual- language capable 

The more industrial- oriented type of videodisc players are able 
to find and freeze -frame any one of the more than 50,000 frames 
crammed into each side of the disc. That means that 50.000 
individual pictures could be stored 3n one side of a disc, then 
called up and displayed on the TV screen in seconds. As opposed 
to videotape machines, a videodisc machine can freeze frames 
for long periods of time. 

Unlike the home videotape machines, the videodisc machines 
are used for playback only; they can not record. When a vid- 
eodisc is played back, the video picture is displayed on the screen 
of a conventional TV (color or 3 &W) and the accompanying 
audio comes through the TV speaker. Seme videodisc machines 
have stereo capability, but they must be hooked up to a home - 

stereo system to make use of it. None of the four videodisc 
formats are interchangeable. 

A typical videodisc is about the same size as an LP phono- 
graph record, but contains both audio and video information. 
The information is contained in pits arranged in spiraling tracks 
or grooves on the disc. 

Let's take a brief look at the relaticnship between the TV 
signal and the pits on the disc. The TV signal that represents the 
program that is eventually put on a disc is composed of three 
separate signals. Those elements are: a)1uminance (brightness), 
b) color, and c) sound (see Fig. I). 

The peaks and troughs (tops and bottoms of the signal (d in 
Fig. I) are "clipped" off. The distance between each wave (e) is 
representative of the length of the pit that is engraved into the 
surface of the disc. The length of the pits and the number of pits 
per second determine how the picture on the screen will look. 
When a disc is played, the pits are read and changed back irto a 

TV signal. 
Videodiscs that have grooves, have many more grooves than 

stereo phonoraph records. In fact, 50 to 75 grooves filled with 
video information fit into a space the width of a human hair. 
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COMBINED SIGNAL AFTER CLPPNG 
CORRESPONDS TO PRS MADE ON DISC 

FIG. 1 -THE TV SIGNAL placed on the disk is composed of three separate 
signals- luminance. color, and sound. 

There are two basic types of videodisc players. One is the 
optical player that uses laser light to read the pits in the tracks of 
the disc. The other is the capacitance player; it sees a stylus that 
actually rides the surface of the disc. That stylus, in combination 
with the disc itself, forms a variable capacitor that converts the 
signal placed on the disc into an electronic representation of the 
TV signal originally recorded. There are two different kinds of 
capacitance -type disc players. One plays a disc that has grooves 
(the CED system); it uses a diamond stylus. The other (the VHD 
system) plays a disc that has a grooveless surface and uses a 
diamond or sapphire stylus. In both versions the stylus actually 
contacts the surface of the disc. 

There are two optical -type disc players, too. One plays a 
reflective disc (Philips), while the other (Thompson CFS) plays a 
clear, transmissive disc that allows light to pass through it. Both 
use a laser beam whose light focuses on pits in the disc. Nothing 
physically contacts the disc's surface during playback in either of 
those optical systems. 

The capacitance system with grooves was developed by RCA; 
the grooveless capacitance system came from JVC. The names 
listed in Table I and Table 2 are interchangeable. 

TABLE 1- CAPACITANCE SYSTEM 
Mechanical, Contact Stylus 

CED (Capacitance Electronic Disc) 
Grooved 
RCA System 
Selectavision 
VHD ( Video High Density) 
Grooveless 
JVC System 
Matsushita System 

The optical systems, as a group, are often called VLP ( Video 
Laser Player) or Laservision. The optical system that uses a 
reflective disc is usually called transmissive optical. The two 
different formats are often identified by the name of the manufac- 
turer that makes either the player or the disc. 

TABLE 2- OPTICAL SYSTEM 
Laservision, VLP, Non -contact Laser 

Reflective 
Magnavision 
Discovision 
Sony System 
Philips System 
Universal Pioneer System 
Optical R 

MCA System 
IBM System 
Laser Disc 
Transmissive 
Thompson System 
Optical T 

All videodisc machines do not include the same special fea- 
tures. Some may offer fast and slow play in either forward or 
reverse; some have a single audio channel while others have two 
audio channels. In addition to including special play features, 
some players have microprocessors built in that make it possible 
to access any individual frame in the program immediately and 
either freeze -frame it on the TV or use that frame as a starting 
point for the program to follow. 

The same programs are not available on the various systems. 
Many film companies, TV program distributors, record distribu- 
tors, etc., have signed agreements with one or more manufac- 
turers to supply programming. Program availability is one of the 
foremost concerns of potential purchasers. 

RCA's CED system 
The CED format uses a grooved disc and a contact stylus (see 

Fig. 2). It was designed by RCA as a simple, low -cost consumer 
machine that is very similar to a record player. It uses a diamond - 
tipped stylus that is easily replaced when it wears out. It plays a 
two -sided disc that has microscopic grooves in which the stylus 
travels. There are 10,000 of those grooves to the inch; they are so 
narrow that you could fit 38 of them inside one groove of a 
standard LP audio disc. 

The stylus has an electrode tip that is actually half of a 
capacitor. (The disc itself acts as the other half.) As the stylus 
travels down the grooves on the disc, the resulting capacitance 
variations generate changes in the electrical signal that are con- 
verted into video and audio signals. 

CONDUCTIVE 
VINYL 

FIG. 2 MUCH LIKE A PHONOGRAPH, the CED system used a diamond - 
tipped stylus that rides in a groove on the disc. The stylus can be replaced 
easily. 

The stylus rides in grooves that contain pits of different 
lengths. The stylus senses the electrical changes between where 
there is no pit and where there is one; the signal that results is 
transformed into a TV signal. 

Because the stylus does contact the grooves, the disc must be 
kept totally clean. It is enclosed in a caddy for protection. The 
caddy unlocks when it is inserted into a player and the disc is left 
behind as the caddy is removed. 

The caddy is marked side 1 and side 2. Each side plays for one 
hour, after which the disc must be removed from the player with 
the caddy, flipped over and re- inserted. On the player, there is an 
elapsed -time readout, calibrated in minutes, so the viewer can 
see where he is in the show or can access any particular minute. 
Other features include visual search that provides a fast -forward 
or fast -reverse function where the program can be viewed at 16 
times normal. 



Right now, players that will deliver stereo sound are not 
available but some discs are being recorded in stereo for use with 
future playback units offering stereo playback. 

In the CED system, four frames of video are placed into each 
track (one track being one lap around the disc). That means that 
there are four still pictures read during each revolution of the 
disc. If one track were played over and over again, as must be 
done for freeze- framing, four frames would be repeated, and the 
resulting picture would be jumpy. For good freeze framing only 
one frame should be repeated. That is why freeze frame is not 
possible when playing conventional shows on the CED system. 

The CED system is by far the simplest system. Because the 
stylus travels in a groove, there is no need for the additional 
tracking mechanism that all the other systems need to keep the 
stylus from wandering all over the disc. Also, since light isn't 
used as in the optical system, no light -focusing devices are 
needed. 

The CED disc only has one coating applied after it is pressed; 
that is a lubricant that decreases wear and increases the life of the 
disc and the stylus. 

To date, color -TV manufacturers representing over 50% of the 
U.S. color -TV market, have indicated their intention of intro- 
ducing CED -type videodisc players (RCA, Zenith, J.C. Penney, 
Sears, Sanyo, Toshiba, Hitachi, Radio Shack). RCA has already 
sold some 40,000 to 50,000 players and hopes to have brought 
that number to well above 200,000 before the end of 1981. They 
are also looking for sales of more than 2 million discs made by 
both RCA and CBS before the end of 1982. 

The VHD ( Video High Density) system 
This system has been seen only in prototype form, but its 

manufacturers promise that it will be available in the next few 
months. Originally, JVC and Matsushita developed different 
systems; but later, they decided that they would both manufac- 
ture units using the JVC technology. Matsushita, which owns a 
large part of JVC, abandoned its technology in favor of JVC's. 

The VHD (Video High Density) system uses a grooveless disc 
that comes in contact with a sapphire (or diamond) stylus (see 
Fig. 3). The stylus has an electrode tip that reads electrical 
changes in the same way as the CED system. The main dif- 
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FIG. 3- INSTEAD OF GROOVES, the VHD system uses a series of pits. As 
in the CED system, the stylus comes in contact with the disc's surface. 

OPTICAL REFLECTIVE PLAYER 

I- 

DISC 

1. LASER LIGHT 
2. LENS 
3. PHOTODETECTOR 

FIG. 4- THE VLP VIDEODISC PLAYER was the first consumer device to 
uses laser. The three main parts of the system are shown here. 

ference is that there are no grooves -only a series of pits in 
spiraling tracks situated on the disc's surface. Also, like the CED 
system, the VHD stylus generates different electrical changes as 
it comes into contact wth areas of pits versus areas of no pits. 

To explain further, the VHD playback stylus has an electrode 
that, like the CED stylus, is actually half of a capacitor. The disc 
is the other half; the electrode detects capacitance variations 
between the disc and the stylus. Again, the electrical signal is 
directly related to the spacing and the size of the pits. The 
resulting signal is converted into a video signal that plays 
through the TV. The pits are similar to those in the CED system, 
but they are turned sideways. 

There are no grooves to guide the pickup stylus and keep it on 
the right rack, so a tracking signal must be recorded on the disc. 
A corresponding tracking servo system is needed on the VHD 
stylus, to make the adjustments needed to keep the stylus on 
track. 

As the VHD stylus travels over the disc, it comes into contact 
with 10 times more of the surface than the CED stylus does in the 
CED system. As in the CED system, the stylus must be 
changged when it wears out. The VHD disc is smaller than 12- 
inch CED disc; it's 10.2 inches, and it also must be enclosed in a 
caddy to protect it from dirt and scratches. 

The VHD disc plays for 60 minutes on each side and must be 
removed from the player using the caddy, turned over, and then 
reinserted to play the flip side. There is variable slow and fast 
motion. The discs have two soundtracks, so stereo is possible if 
the system is hooked up to a home -stereo system. 

Since the VHD system has two frames per revolution, it 
cannot have still frame. An optional unit is available to use with 
JVC's player that allows for still framing. Another optional unit 
makes the VHD player capable of playing digitally recorded 
super hi -fi audio (PCM) discs. By offering those options, the 
VHD system can be aimed at both the industrial and the consum- 
er market. 

Player and disc manufacturers are General Electric and the 
Matsushita affiliated companies, JVC, Panasonic, and Quasar. 

Optical reflective system 
Me third system of the four present disc systems is the optical 

reflective format developed by MCA and Philips. This player 
(see Fig. 4) was the first consumer product to use a laser. The disc 
it plays is a record -type one, but with no grooves. It has a 
smooth, silvery, mirror -like surface as opposed to a grooved 
surface. It does not use a stylus. A safe, low -power gas laser light 
acts as a tracking guide and pick -up system as it scans across 
engraved pits on the disc. 

A spiral series of pits around the disc form tracks. One track 
plays per each revolution of the disc. That represents one frame 
(one still picture) of the program. There are 54,000 tracks (with 
one frame each) on each side. It takes Vto of a second for the laser 
to scan one of those 54,000 tracks. Because one revolution plays 
only one frame, it is possible to "still frame" a picture on the 
screen by repeating the same frame. (The laser just goes around 
the same track over and over again.) That is important for 
industrial and educational programs, where viewers want to stop 
the show and/or catalogue thousands of still pictures. 
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One side plays for 30 minutes. This unit also has multiple 
speeds in addition to standard play. They include both fixed- and 
variable -speed slow motion, fast motion, and rapid scan, in both 
forward and reverse. 

If the disc being played was recorded in stereo, the disc player 
can be hooked up to a home stereo system with an amplifier and 
two speakers for stereo sound. It would otherwise play through 
the TV speaker, which is monaural. 

A long- playing disc called CLV (Constant Linear Velocity), 
that has 60 minutes per side, can be used on the player -but the 
still frame and multiple speeds are sacrificed. 

Looking at this in more detail, the standard play, referred to as 

CAV (Constant Angular Velocity), has 30 minutes per side. 
Those discs have one frame per revolution. Since, in the standard 
play, the disc is always turning at the same speed it takes longer 
to go around an outside track than an inside track. The pits are 
more spread out on the outside rim and closer together on the 
inside rim. To extend the playing time, the CLV disc (Constant 
Linear Velocity) was developed. By putting the pits closer to- 
gether, four frames of picture could be put on the outside tracks 
instead of one. That number gradually decreases to one frame as 
you proceed to the innermost tracks. Since there is more than one 
frame of picture in some tracks, it would be impossible to repeat 
one revolution of the disc over and over for a still -frame effect. 
The long play is for movies and entertainment programs, where 
60- minutes -per -side is desirable. 

Let us now take a look at the technology behind this optical 
system. The reflective discs are covered with a metallic coating 
that enables the laser beam to reflect off the surface, through a 

lens, and onto photodetectors in the player. 
As Fig. 5 shows, the laser (I) travels through the lens (2) and is 

reflected off the disc back through the lens (2) and out into the 
photodetectors (3). The actual system has a more complicated 
path than shown; the beam is reflected by a series of mirrors 
before it strikes the disc. 

The end result is that the laser light, reflected by the disc, is 
concentrated onto a photodiode inside the player. When a light 
hits a pit in the surface, much of the light is diffracted about and 
is not reflected back into the lens. In essence, less light is 
received when a pit passes in front of the lens than when a 
smooth sectio of the disc does. In that way the pits modulate a 

current. 
Because the optical reflective system uses a disc that has a 

protective coating, no caddy is needed. The pits are actually 
imbedded in the disc underneath the protective coating. Since no 
stylus contacts with the disc, dirt or scratches on the surface do 
not affect the playback. The disc is removed from the jacket and 
placed on the disc player's turntable as is done with a phonograph 
record. 

An optical system is more complicatd than a capacitance 
system because it has more mechanisms. Two additional systems 
are needed-one to keep the beam focused on the pits and one to 
keep the beam on the right track. 

LASER BEAM BOUNCES OFF PIT 

REFLECTIVE DISC 

Lew mrrs PIT 

FIG. 5-THE UGHT FROM THE LASER goes through the lens, Is reflected 
by the disc back through the lens, and Is picked up by a photodetector. 

LASER BEAM PASSES THROUGH PIT 
TRANSMISSIVE DISC 

FIG. 6-IN THE TRANSMISSIV OPTICAL SYSTEM, light from the laser 
passes through the clear videodisc. 

The light beam needs a servo system to stay correctly focused 
on the pits within the track as the disc rotates. If the disc moves 
(vertically) up or down the light beam will not be focused on the 
track. To compensate for any such movement, there are two 
photodiodes, one on each side of the slit through which the light 
beam passes. After the beam passes through the objective lens, it 
hits the disc and reflects back equally onto the photodiodes. But 
if the disc changes position (moves vertically) the light beam is 
reflected more onto one photodiode than onto the other. Sensing 
that, the lens refocuses so that the light is evenly reflected. 

In addition to that focusing system, a tracking system is 
needed to insure that the beam stays on the track and does not 
wander radially across the surface of the disc. As the main laser 
beam strikes the disc, two other light beams also strike it -one 
on each side of the main beam. Those two additional beams send 
information back to separate photodetectors that are part of the 
tracking system. The system adjusts the main beam radially to 
keep it on track. 

It is interesting to note that in the optical system the picutres in 
the outer tracks are better than those in the denser inner tracks, 
and yet the manufacturers have seen fit to have the optical discs 
play from the inside to the outside. (The CED and VHD systems 
play like records -from the outside in.) That means that the first 
pictures seen are of the poorest quality found on the disc. 

Transmissive optical system 
The fourth and final system to be outlined is the optical 

transmissive format developed by Thomson CSF. It is designed 
for the industrial ad educational market, and is priced at more 
than $3000 for the player. It can be interfaced with a computer for 
retrieval of information. 

Thomson and 3M ae mastering discs in this format. The price 
for having a program mastered is over $1500 for one side (30 
minutes). Replication of discs from the master costs on the order 
of $18 each. 

The system works on a method similar to the reflective optical 
system in that it uses a laser beam that reads pits that have been 
developed on the disc in spiral tracks. There are two sides to the 
disc, with pits on each side. 

The disc is transmissive to light and the difference in the path 
of the laser light where there are pits, as opposed to where there 
are no pits, causes the modulation as the beam travels along the 
track (see Fig. 6). The laser light shines through the disc to 
photocells underneath the disc. Unlike all the other systems, it is 
not necessary to turn this clear disc over, since the laser can 
refocus on the bottom side. Since a protective surface is not 
applied, the disc uses a caddy that inserts with the disc into the 
player and is then removed (as with the CED and VHD system). 

Like the reflective disc, one revolution represents one frame. 
Therefore, still framing is possible by merely repeating the same 
frame; variable fast and slow motion both forward and reverse are 
possible, too. There are two audio channels, but stereo play is not 
available now since only one channel can be layed a a ime. 

As you can tell, that unit is intended to be interactive with the 
viewer and is not for the mass market, where viewers usually 
watch a program uninterrupted and do not need special features 
and retrieval capability. R -E 
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cOMPUTERSARE CREATING JOBS 
FOR N PEOPLE 

IF YOU'RE SERIOUS ABOUT 
MAKING MONEY IN 

MICROCOMPUTERS, 
NRI IS SERIOUS ABOUT 

SHOWING YOU HOW. 
The U.S. Department of 

Labor projects job openings 
for qualified computer tech- . 

nicians will soon double. 
International Resource 
Development,Inc.,estimates a 

600% increase in these jobs in 
a decade. And most of these 
will be new jobs, created by the 
expanding role of computers. 

NEVER HAS THERE BEEN A 
FASTER- GROWING FIELD 

OF TECHNOLOGY. 
Many people are afraid of 

losing their jobs to computers, 
but thousands of jobs will be cre- 
ated for those who are prepared 
to meet the challenge. 

With NRI training, you'll be 
prepared. You can have a prof ita- 

ble, exciting 
future as 

an expert 

With NRI training you'll explore 
your computer's registers, 
memory and input -output 
ports. You'll even write pro- 
grams to control the circuits 
you've designed and built. 
You'll perform hundreds of 

challenging experiments, al- 
ways backed by a full -time 
faculty ready to help you 
personally. 

When your NRI training 
is complete, you'll be a com- 
puter technician, ready for 
your first job - servicing, test- 
ing or programming all types 
of microcomputers- in a 
rewarding and challenging 
new career. 
THE CATALOG IS FREE, 

THE TRAINING IS PRICELESS. 
Send the postpaid card today 

for your FREE 
104 -page 
catalog. 

who can handle the operational, 
programming and technical as- 
pects of all kinds of microcom- 
puters and microprocessors. 
LEARN IN YOUR SPARE TIME. 

NRI trains you in your own 
home, at your convenience...no 
classroom schedules to meet, no 
need to quit your job. As a class 
of one with complete course 
materials and the backing of a 

staff of professional electronics 
instructors, you'll get extraordi- 

nary hands -on training on the 
latest, most popular micro- 

computer: the new TRS-80' 
odel 4 with Disk Drive. De- 

signed to perform diverse per- 
sonal and business functions 

and accept more software, the 
TRS -80 is yours to keep. 

LEARN HOW TO USE, 
PROGRAM AND SERVICE 

STATE -OF- THE -ART 
MICROCOMPUTERS. 

Through your carefully de- 
signed NRI course, you'll get a 

wealth of practical experience. 
You'll build circuits...from the 
simplest to the most advanced 
...with your NRI Discovery Lab!' 
You'll use a professional 4 -func- 
tion LCD digital multimeter for 
analysis and troubleshooting. 

Your NRI course will Include the new TRS -80 
Model 4 wtth Disk Drive or the TRS-80 Color Com- 
puter with NRI Computer Access Card...plus a 
professional LCD multlmater, NRI Discovery Lab 
and hundreds of demonstrations and experi- 
ments. Ito a8 yours to keep. 

TRS-80 is a trademark of the Radio Shack divivon of Tandy Carp 

For greater computer memory capacity. a double 
density disk drive is Included. 

It's a valuable guide to opportu- 
nities and training in the high - 
tech revolution. You'll see how 
easily you become part of the 
growing high -tech world of 
microcomputers. 

If the card has been removed, 
please write to us today. 

DIRNRI o/ Eics 
McGraw -Hill Continuing 

Education Center 
3939 Wisconsin Avenue 

IhrlIN 
Washington, D.C. 20016 

We'll give you tomorrow. 
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CORDLESS TELEPHONES 
With all the cordless phones on the market, making a choice can be quite difficult. 

To make things easier, here's a rundown of what's currently available. 

II. ALLXANDI :R GRAIIAM 131:1.1. SAW 'fill. 
modern versions of his invention. the 
telephone. he most likely would not rec- 
ognize them. Not because they would 
look that much different from his original 
1876 model. but because the new breed of 
telephones can do so much more. One 
particularly exciting and useful telephone 
innovation is the wireless or cordless 
phone. 

What's so special about a cordless tele- 
phone? It means no more tangled wires. 
expensive extension wiring. or missed 
calls. With a cordless phone. you can he 
up to 700 feet from your phone. and still 
be able to answer it. With many models. 
you can even originate a call from any- 
where within the unit's range. You can 
use a cordless phone both indoors and 
out -you can he working in the shop. 
washing the car. or over at the neighbor's 
house. and still catch every call. 

Cordless phones have indeed become a 

popular household tool -so much in fact. 
that there are literally dozens of models 
now on the market. With so many models 
to choose from, there's bound to be some- 
thing for everyone, but finding a perfect 
match between your needs and an avail- 
able unit can be no easy task. So we've 
put together this survey of the major cord- 
less phones now on the market. including 
what they can't do. what they can do. and 

how to make them work even better. 

The basics 
A typical cordless phone consists of 

two primary parts -a base unit (or trans- 
ponder) and a handset or remote). The 
base unit plugs into a 117 -volt AC line 
and uses your home wiring as a carrier 
current antenna to transmit a I .7 -MHz 
FM signal to the handset: the hase uses a 

separate telescopic -antenna to receive the 
incoming 49 -MHz signal from the hand- 
set. 

Often. the hase also includes a battery- 
recharging circuit for the handset's 
nickle- cadmium batteries. To recharge 
the batteries. the handset is usually placed 
into a cradle on the base when the device 
is not otherwise in use. 

The hase connects easily to your phone 
line using a standard R11 I W modular 
jack. All units ( unless specially ordered 
otherwise) use pulse dialing. even though 
the handset invariably is equipped with a 

Touch- Tone -type pushbutton keypad. 
The reason behind that is simple: All 
phone lines. whether they be designed for 
rotary pulse or Touch -Tone. will accept 
pulse dialing. However. the reverse is not 
truc: few pulse -only lines can use Touch - 
Tone. (There is an exception to that rule - 
some specialized phone systems. es- 
pecially those used within a large build- 

ing. may only be able to accept Touch - 
Tune dialing. When in doubt. consult 
your phone company. ) A few cordless 
phones are also capable of either pulse or 
tone dialing. 

Several models allow a user at the base 
to "call" the remote handset. or vice 
versa. To use that feature. a call switch is 
pressed. which transmits a loud "beep" 
to the handset. Of course. the handset 
must be turned on to receive any signal. 
although its telescopic antenna need not 
be extended since it is used for trans- 
mitting only: an internal loopstick an- 
tenna is used for reception. 

A few of the phones also include an 
intercom capability. allowing direct com- 
munications between a phone connected 
to the base. and the remote. In addition, 
quite a few of the systems can be used as a 

"limited" intercom by simply lifting the 
receiver of the telephone connected to the 
base and dialing a single digit. That can- 
cels the dial tone and allows com- 
munications between the base unit and the 
remote. Most phone systems incorporate 
a time -out feature. however. limiting that 
type of intercom operation to only a min- 
ute or so. 

The handset is composed of a speaker 
and mouthpiece. as in a regular tele- 
phone. but often includes other features 
such as a loudness control or switch. an 



on /off /standby switch. etc. More com- 
plicated models include other features 
such as an "intercom call" and "secur- 
ity ... The security feature is used to pre- 
vent unauthorized use of your phone line. 
Manufacturers routinely offer their 
phones in a variety of operating frequenc- 
ies. but it is possible that an individual 
near you could use another cordless 
phone or other type of communications 
equipment. and "tap" into your line. If 
your cordless phone does not have a 

security feature. it is recommended that 
you disconnect the unit from your phone 
line whenever you will be away from 
home for any length of time. 

As mentioned earlier. a pushbutton 
keypad is provided for dialing on those 
units that offer dial -out capability. Quite 
often. the # or * key is used for an auto- 
matic redial function: pressing the appro- 
priate key will cause the phone to redial 
that last number called -handy whenever 
the line is busy. 

Nearly all of the cordless phones on the 
market use standard duplex transmission. 
allowing either party to speak at any time: 
a few less expensive models operate in the 
simplex mode. like a walkie- talkie or CB 
radio, and only one person can talk at a 

time. Also, with very few exceptions. 
today's cordless phones use FM. That 
allows the unit to operate with much less 
static and interference. although a com- 
pletely static -free cordless phone. at this 
time at least, does not exist. 

Because the base transponder usually 
uses the AC wiring in your home to trans- 
mit its signal. the structure of your house. 
as well as how it's wired, can have a 
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significant effect on your reception. If 
your AC lines arc enclosed in metal con- 
duit. you'll have quite a bit of trouble 
getting a worthwhile signal to the hand- 
set. Aluminum -backed insulation in 
walls and attics will also impede the sig- 
nal somewhat. as will concrete and brick 
structures. Many phone manufacturers 
recommend using a 25 foot AC 
extension- cord on the base if you have 
trouble with reception caused by those 
factors. Lay out the extension cord along 
a wall or. better yet. along two walls that 
are at right angles to each other. 

Locating the base as high up as possible 
will help improve reception. According 
to many manufacturers. the higher the 
base unit. the better the reception. Avoid 
placing the base unit in basements or 
other parts of your house that arc below 
ground level. 

Obviously. since cordless phones use 
RF signals for communication. some in- 
terference problems may result when two 
or more units are used in close proximity 
to one another. Several manufacturers 
offer' as many as five different channel 
selections to help avoid that problem. The 
frequency set is not user adjustable. 
however. and. at least so far. avoiding 
such interference is mostly a hit and miss 
affair. If. when you bring the unit home. 
you notice your neighbor's cordless 
phone is also operating at or near your 
frequency. the only recourse you have is 
to bring the unit back to the store and try 
another one. As cordless phones become 
more popular. the seriousness of that 
problem will increase rapidly. Already. 
some manufacturers are petitioning the 
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THE MODEL CP100S from Cobra -Dynascan features a range of 600 feet, auto -redial, and answer and 
originate capability. 

FCC to open more frequencies for 
cordless -phone use. 

It's difficult to request specific fre- 
quency sets from the manufacturer. and 
even more difficult to order the base unit 
and handset separately. There may be an 
occasion when you may wish to have 
more than one base unit or handset on any 
one line. Keep in mind. however. that 
you cannot operate more than one handset 
with the base station at any one time. As 
the majority of models use FM. the hand- 
set with the stronger signal would simply 
capture the base station. effectively 
cutting out the other remote completely. 

What does the phone company have to 
say about cordless phones? After all. by 
using a cordless. you are bypassing the 
need for installing and wiring extension 
phones. which is one of their primary 
sources of income. Simply stated. the 
telephone company cannot do a thing. 

Over the past few years. Congress and 
the FCC have passed new laws and regu- 
lations governing the use of privately 
made equipment on common -carrier lo- 
cal and long distance phone- lines. Since 
1977. it has been legal to own and connect 
your own commercially manufactured 
and FCC- approved phone or phone 
accessory. As of this writing. the FCC has 
ruled that all phone companies must "un- 
bundle" their rates. that is. they must 
itemize your phone bill into service. rent- 
al. wiring. and other important catagor- 
ies. Thus. you may be able to reduce your 
monthly charge for phone rental by as 
much as 50% by using your own phone - 
cordless or not -meaning a yearly sav- 
ings of about 525 to $100. 

The phone company does require (le- 
gally) that you notify them whenever you 
place a new phone or phone accessory 
onto their line. All you need to do is call 
up the customer service office (or other 
number so designated in your phone 
book ). tell them you have installed a cord- 
less phone per the instructions packed 
with the unit. and read off the make. 
model. FCC registration number. and 
Ringer equivalent number. All of that 
information should be stamped on the 
base unit. or clearly marked on the box or 
instruction booklet. 

Keep in mind that no additional charge 
or fee is required when you own a cord- 
less phone. and. since there is little or no 
extra wiring involved. you save yourself a 

service call and any monthly extension - 
wiring fee as well. 

What's available 
The following is a rundown of all the 

major cordless -phone manufacturers. and 
their models that are currently on the mar- 
ket. Remember that models come and go. 
so consult with your local dealer to sec 
what's currently available. The price 
given for each model is the manufactur- 
er's list price: the price you pay may vary 
from dealer to dealer. 



TABLE 1- CORDLESS -PHONE FEATURES 

Cobra- 
Dynascan 

CP15S $ 89.95 1.7/49 600 No - 
Cobra/ 
Dynascan 

CP100S $189.95 1.7/49 600 Yes No Pulse 

Cobra! 
Dynascan 

CP200S $189.95 1.7/49 600 Yes No Pulse 

Cobra 
Dvnascan 

CP210S $219.95 1.7/49 600 Yes No Pulse 

Electra FF-200 $149.95 1.7/49 300 - Yes 

Electra FF-550 $219.95 1.7/49 600 Yes Yes Pulse 

Electra FF-1550 $279.95 1.7!49 600 Yes Yes Pulse 

Electra FF-3050 $239 95 1.749 600 Yes Yes Pulse 

Electra FF-3500 $329.95 1.7/49 600 Yes Yes Pulse 

Electra FF-4000 $349.95 49/49 600 Yes Yes Pulse 
and 
Tone 

Fracom 
Rovaphone 

Rovette $250 1.7/49 300 Yes No Pulse 

Fracom 
Rovaphone 

Rovette 2 $189.95 1.7/49 600 Yes No 

_ 

Pulse 

Midland 80 -200 $119.95 1.7/49 60 Yes No Pulse 

Midland 80 -250 $169.96 1.7/49 600 Yes No Pulse 

Midland 80 -300 $219.95 1.7/49 600 Yes 
(Nine- 
Number - 
Memory) 

Yes Pulse 

Mura MP600 $200 1.7 49 
601 

600 Yes Yes Pulse 

Mura MP510 $150 1.7 49 
511 

150 Yes No Pulse 

Pathcom Pacer $219.95 1.7 49 
7800 

1000 Yes Yes Pulse 

Pathcom Pacer $229.95 1.7 49 
7800T 

1000 Yes Yes Tone 

Pathcom Pacer $239.95 1.7 49 
7800D 

1000 Yes 
(Nine- 
Number - 
Memory) 

Yes Pulse 

Pathcom Pacer $299.95 1.7;49 
9800 

1000 Yes Yes Pulse 
and 
Tone 

Pathcom Pacer $329.95 1.7 49 
9800D 

1000 Yes 
(Nine- 
Number- 
Memory) 

Yes Pulse 
and 
Tone 

Radio 
Shack 

ET -300 $199.95 1.7/49 500 Yes No Pulse 

Radio 
Shack 

ET -310 $119.95 1.7/49 600 - No - 
Radio 
Shack 

ET -350 $ 99.95 1.7/49 50 Yes No Pulse 

Universal Tote & $249.95 1.7/49 
Talk 

(TEL -3000) 

700 Yes No Pulse 

Universal Talk -A $129.95 1.749 
Bout 

100 Yes No Pulse 

Webcor 575 $239.95 1.749 700 Yes Yes Pulse 

Webcor 555 $229.95 1.7/49 400 Yes No Pulse 

Webcor 525 $129.95 1.7/49 500 - No - 
Webcor 777 $129.95 1.7/49 100 Yes No Pulse 

Duplex FM Answer 
Only 

Duplex FM Answer/ No 
Orig 

Duplex FM Answer/ No 
Oriq 

Duplex FM Answer/ Yes 
Oriq 

No 

Duplex FM Answer 
Only 

Duplex FM Answer/ No 
Oriq 

Duplex FM Answer/ Yes 
Orig 

Duplex FM Answer/ No 
Orig 

Duplex FM Answer' No 
Orig 

Duplex FM Answer/ No 
Orig 

Duplex FM Answer/ No 
Orig 

Duplex FM Answer! Yes 
Orig 

Duplex FM Answer! No 
Orig 

Duplex FM Answer/ No 
Orig 

Duplex FM Answer Yes 
Orig 

Duplex FM Answer No 
Orig 

Duplex FM Answer! No 

_ 
Orig 

Duplex FM Answer/ No 
Orig 

Duplex FM Answer! No 14 
Orig 

Duplex FM Answer / No 
Orig *04 

Duplex FM Answer/ Yes ..E 
Orig 

Duplex FM Answer/ Yes 
Orig 
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Duplex FM Answer/ No 
Orig 

Duplex FM Answer No 
Only 

Duplex FM Answer/ No 
Orig 

Duplex FM Answer No 
Orig 

Duplex FM Answer No 
Ong 

Duplex FM Answer/ Yes 
Orig 

Duplex FM Answer/ No 
Oriq 

Duplex FM Answer No 
Only 

Duplex FM Answer,' No 
Orig 



Cobra -Dynascan 
Cobra, well known for its citizens' 

band radios, has come out with four 
cordless -phone models. The least ex- 
pensive is their CP15S, an answer -only 
phone. That model has neither security 
nor intercom features. 

The other models, the CPIOOS, 
CP200S, and CP210S, are all essentially 
identical. They all feature auto -redial cir 
cuitry, are capable of receiving as well as 
making calls from the handset, and use 
pulse dialing. All of them have claimed 
maximum ranges of up to 600 feet, 
although the manufacturer stresses that 
reception in enclosed areas, such as a 
warehouse, is usually limited to about 
300 feet. 

The only difference between the 
CPIOOS and the CP200S is cosmetic - 
the CP100S has a two- way- radio -styled 
handset. The CP210S has all the features 
of those two models, but also includes an 
intercom feature. That feature allows the 
user to disconnect the base unit phone 
from the line and use the handset and base 
unit as a wireless intercom system. 

Electra -Bearcat 
Electra has six "Freedom Phone" 

models to choose from, perhaps the most 
extensive line on the market. Available 
are units that range all the way from the 
pocket -sized FF -3500 to the fully multi- 
plexed, multi -featured model FF -4000. 

Electra's most basic model is its FF- 
200, an answer only unit. The estimated 
reception range of that phone is about 300 
feet. It includes several features that are 
found in all of this company's units. 
Those are a call button mounted on the 
base unit, a volume switch, and a security 
feature that automatically engages when 
the handset is placed in the base's 
recharging cradle. 

Up the ladder we find two nearly iden- 
tical models, the FF -550 and the FF- 
1550; both use Princess- Phone -type styl- 
ing. The biggest difference is that the 
FF -1550 comes with a separate handset 
recharger in addition to the charger built 
into the base. Both models have a range of 
up to 600 feet and feature auto -redial cir- 
cuitry. The FF -1550 also includes a fully 
automatic two -way intercom that allows 
you to carry on a conversation between 
the handset and base without using the 
phone lines. Similar to those models is the 
FF -3050, which uses "military" styling 
and does not have an intercom. 

The FF -3500 is a refreshingly different 
cordless phone -both the base and the 
handset have been down -sized consider- 
ably. The handset has a few extra goodies 
built into it as well, including a three - 
position volume switch, a pulsing light 
for dialing confirmation, and pushbutton 
dialing with tone confirmation. The FF- 
3500 is claimed to have a maximum range 
of about 600 feet. 

Electra's best is their new FF4000, a 

TABLE 2- 
CORDLESS PHONE MANUFACTURERS 

Cobra Communications 
A Division of Dynascan Corp. 
6460 W. Cortland 
Chicago, IL 60635 

Electra Co. 
300 E. County Line Road 
Cumberland, IN 46229 

Fracom /Rovafone international 
2130 W. Clybourn St. 
Milwaukee, WI 53233 

Midland International Corp. 
1690 N. Topping 
Kansas City, MO 64120 

Mura Corporation 
177 Cantiague Rock Rd 
Westbury, NY 11590 

Pathcom Inc. (Pace) 
24105 S. Frampton Ave. 
Harbor City, CA 90710 

Radio Shack 
One Tandy Center 
Ft. Worth, Tx 76102 

Universal Security Instruments, Inc. 
10324 S. Dolfield Rd. 
Owings Mills, MD 21117 

Webcor Electronics 
28 S. Terminal Drive 
Plainview, NY 11803 

fully multiplexed 49- MHz/49 -MHz unit 
that has a claimed range of 600 feet. In 
addition, that model boasts a three - 
phone- number- capacity automatic redial 
system and a three -position switch for 10 
pulse -per- second (normal), 20 pulse -per- 
second, or Touch -Tone dialing. A coded 
security system helps ensure that only 
your handset will be able to access your 
base. 

Fracom /Rovaphone 
This company's Rovette features Trim - 

Line -like styling and allows you to either 
store the base unit and handset on any flat 
surface like most other cordless models, 
or hang it up on a wall. 

The unit uses pulse dialing and has an 
estimated maximum range of 300 feet. In 
addition, the unit includes auto -redial cir- 
cuitry and pager -call buttons on both the 
base unit and remote. An intercom switch 
allows a phone connected to the base to 
communicate freely with the remote, 
bypassing the phone lines. 

A unique feature of that cordless is that 
its base has no visible reception antenna. 
Instead, the antenna is encased in the 
coiled cord that attaches the base unit to 
the modular phone jack on the wall. 

The company also offers the Rovette 2, 
which is similar to the Rovette but offers a 
600 -foot range. 

Midland 
Midland offers three cordless -phone 

models. All feature pushbutton pulse di- 
aling, auto -redialing, a call button to page 
handset users, and slim styling. In addi- 
tion, all are answer /originate models. 

The model 80 -?00 has a range of up to 
60 feet. The model 80 -250 has a range of 
up to 600 feet. The top -of -the -line model 
80 -300 also has the 600 -foot range of the 
80 -250 but adds intercom capability and a 

security feature; it can also store up to 
nine pre- programmed numbers for auto- 
matic dialing. 

Mura 
Mura Corporation has trimmed down 

its cordless -phone line and offers two 
moderately priced full -duplex versions - 
the MP600 /601 and the MP510 /511. Pre- 
viously, Mura had been offering several 
AM simplex -type units, but those have 
recently been discontinued. 

The MP510/511 has a maximum effec- 
tive range of about 150 feet. It offers 
auto -redial and pulse dialing, but has no 
intercom or security feature. The MP600/ 
601 has a maximum range of 600 feet, 
auto -redial, and a security feature. Unlike 
most other cordless units, that one does 
not have a recharging unit built into the 
base. Instead, a coiled -cord battery char- 
ger plugs into the handset; that recharger 
will recharge the handset even when it is 
in use. The base unit can then be hidden 
away in a closet, behind a bookself, or 
even in an attic. 

Pathcom (Pace) 
Pathcom offers two of the more ad- 

vanced lines of cordless phones currently 
on the market. Their 7800 series consists 
of three models. The base model Pacer 
7800 offers pulse dialing, paging from 
base to handset, automatic redial, and a 
security feature. The Pacer 7800T adds 
true Touch -Tone dialing. Their Pacer 
7800D offers pulse dialing, but features a 
nine -phone- number memory for auto- 
matic dialing. 

Unlike most other manufacturers, 
Pathcom allows you to order base units 
and handsets separately, allowing you to 
have more than one remote for each base, 
or vice versa. (Remember, you cannot 
operate more than one handset with a base 
at a time.) 

Pathcom's top -of- the -line model, the 
Pacer 9800, has everything the Pacer 
7800 has, as well as a personal wireless 
intercom, call forwarding (where avail- 
able from the phone company), and has 
switch -selectable pulse or Touch -Tone 
operation. The wireless intercom feature 
allows one user to screen calls at the base, 
call the other user with the handset, and 
speak to him or her over the intercom 
system before passing the incoming call 
to the handset. Also, while most cordless 
phones have a provision that allows the 
base to call the handset, the Pacer 9800 
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allows the handset to call the base as well. 
A Pacer 9800D, which adds a nine - 
phone- number memory is also available. 
All Pacer phones have a maximum range 
of 1000 feet. 

Radio Shack 
Radio Shack currently offers three dif- 

ferent cordless phone models: the ET- 
300, their top -of- the -line extended range 
answer /originate model; the ET -310, an 
answer -only model that is similar to the 
ET -300, and the ET -350, a short range 
answer /originate unit. 

Radio Shack claims that their model 
ET -300 has a 500 -foot operating range. 
The handset is equipped with a telescopic 
antenna (an interesting feature of that an- 
tenna is that it is connected to an internal 
switch that will allow the remote to turn 
on only when the antenna is fully ex- 
tended), a volume switch, and a pushbut- 
ton keypad. That model also has an auto - 
redial feature -but, as with all other 
Radio Shack cordless phones, no security 
feature. The model ET -310 is similar to 
the ET -300, but it is an answer -only mod- 
el. Also, the claimed range for this unit is 
slightly larger -up to 600 feet. 

The model ET -350 is an answer/ 
originate unit with a range of 50 feet. As 
this unit is intended primarily for indoor 

use, giving the user more freedom than a 

cord telephone, the keypad here is base 
mounted. Like the ET -300, this model 
features auto -redial and pulse dialing. 

Universal 
Universal Security Instruments offers 

two cordless phones, the Tote and Talk 
(also known as the TEL -3000), and the 
Talkabout. The Talkabout is an answer/ 
originate model and has a range of about 
100 feet. The handset has a spring -loaded 
switch that automatically switches the 
phone from "talk" to "standby" mode 
whenever the handset is placed face down 
on a flat surface. The pushbutton keypad 
in that model is housed in the base rather 
than the handset. 

The TEL -3000 has a handset- mounted 
keypad and a claimed maximum range of 
700 feet. Both Universal models have a 

built in recharger in the base unit and 
feature auto -redial. 

Webcor 
Webcor has four models in its "Zip" 

cordless -phone line. Their answer -only 
model, the 525, has a claimed range of 
500 feet. The model 777 is a low range 
(100 foot) answer /originate unit that fea- 
tures FM duplex -operation and auto - 
redial. Climbing up the ladder we find the 

model 555, with a range of 400 feet. 
Featurewise, it's identical to the 777. 
That model features the popular walkie- 
talkie -type styling. 

Webcor's top -of -the -line model 575 
has a claimed range of 700 feet. Like their 
other answer /originate models, it too has 
auto -redial. In addition, it has a security 
switch that prevents someone else in your 
area from using your base, or your phone 
line. The phone not only features a call 
button on both the handset and base unit, 
but comes with true intercom capability, 
allowing communications between the 
base and handset, even when the base is 
disconnected from the phone line. All 
Webcor phones use pulse dialing. 

Finding the right phone 
Today, cordless phones are available 

with a wide range of features, and at a 

wide range of prices. To help you find the 
right one for you, we've provided a sum- 
mary of the models we've discussed in 
this article in Table 1; Table 2 gives the 
names and addresses of the manufactur- 
ers. When picking a unit, be sure that you 
don't overlook such things as styling, 
simplicity of operation, and durability. 
The best way to find which model is right 
for you is to see and try as many of them 
as you can. R -E 

1 LIKE BIRDS, BUT... 
I AM NOT FASCINATED BY BIRDS, BUT I DO 

enjoy watching them as they cavort about 
my yard in the morning and evening. I 
could identify only a dozen or so species 
if the need ever arose, so it's apparent that 
I do not study them beyond casual 
observation. (But that's enough to have 
discovered some of their quirks, and to 
understand that old epithet "bird- 
brain.") 

The reason I'm saying this up front is 
just to keep you from assuming that I am 
an enemy of our feathered friends. I do 
like the little things as long as they stay 
away from where they don't belong. One 
of the places they don't belong is in the 
gutter on my patio roof. When they start 
carrying nest material in there, they're 
asking for trouble! 

Not wanting to electrocute them or 
shoot them (and put holes in the patio 
roof), I despaired of finding a solution 
other than waving them off from behind 
the sliding doors. That action, by the 
way, is effective for about two minutes. 
Lately, however, they don't care for my 
gutter. They've learned to steer clear of it 
because I used my head instead of my 
arms. In case you have a similar problem, 
here's how you can solve it. 

It's all done with an old doorbell and a 

timer. The doorbell -minus the bell 

EARL "DOC" SAVAGE. K4SDS 

part-is mounted so that the hammer 
strikes the gutter (instead of a bell) when 
it is activated. It both vibrates the gutter 
and makes a bit of noise -enough of one 
or the other to send the birds scooting out 
of there. 

At first, I rang the "bell" by pressing a 

momentary switch when the need arose. 
Later, my smarts grew, and I put a small 
clock -type motor in the control box. On 
the shaft of the motor is a cam that com- 
pletes the circuit to the bell for a few 
seconds every five minutes. The setup is 
shown in Fig. 1. Now, the "scare 'em 
away" action takes place automatically. 

After a while, even birds learn that my 
gutter is not a pleasant place to build a 

nest. 
Of course, the motor can be switched in 

and out of the circuit. It is not necessary to 
let the thing sound off every five minutes 
forever. In fact, the mechanism isn't put 
in its automatic mode except early in the 
spring, and a little bit later whenever a 

new crop of youngsters starts the nest- 
building ritual. 

The wiring diagram in Fig. 1 can also 
be used in case you need to keep away 
other animals (cats or whatever) without 
harming them. R -E 
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IMPROVE 
VIDEO 
SOUND 

LEN FELDMAN 
CONTRIBUTING HI -FI /VIDEO EDITOR 

Dissatisfied with the sound quality of the videotapes you make? 
Here are several ways to improve it. 

HOME VIDEOCASSETTE RECORDERS, LIKE 
TV receivers, tend to place more 
emphasis on the quality of the picture 
than on that of the sound. While the 
color pictures reproduced from video - 
tale are often indistinguishable from 
those obtained from good, off- the -air 
TV reception. The sound portion of 
these recordings. however, seem almost 
to have been tailored for reproduction 
by the small speakers and minimal - 
power amplifiers found in most table - 
too TV receivers. 

If, however, you have ever connected 
the audio -output jack from your home 
or portable VCR directly to your com- 
ponent stereo- system, you know that 
the frequency response of the sound- 
track on a videotape is not all that bad. 
When VCR's are operated at their 
fastest speeds (0.79 ips for Beta -format 
machines or 1.31 ips for VHS machines) 
the audio response often extends to 
beycnd IO kHz, while the signal -to- 
noise ratio may be as high as 45 dB or 
more if high -grade tape is used. While 
those specifications are not outstanding 
in h gh- fidelity terms, they would be 
more than adequate for general use 

were it not for some steps that makers 
of VCR's take to "simplify" the audio 
sections of their products. 

Live -taping situations 
Most VCR's are equipped with a 

single microphone -input and. in some 
cases, another high -level input. Home - 
video cameras usually have built -in 
omnidirectional microphones that are 
connected to a VCR by the multi -pin 
camera cable that has become fairly 
standard on this type of equipment. In 
any case, there is no means of con- 
trolling audio gain at the camera, nor is 
there a master level- control at the 
VCR. The VCR is equipped with an 
ALC (Automatic Level Control, circuit 
that restricts the dynamic range of the 
audio severely. 

The ALC can cause problems when 
the built -in camera microphone is used 
as the sole sound- pickup device in a 
home -videotaping setup. The reason is 
that, more often than not, the camera 
and microphone are several feet away 
from the subject being taped, and the 
resulting soundtrack has an echo -laden, 
reverberant quality that is incongruous 

FIG. 1 -A MIXER, such as the Shure M267, allows you to use several microphones or oth3r audio 
sot.rces. 

when heard together with close -up 
views of the subject (taken with the aid 
of a zoom lens). 

Background noise also increases. be- 
cause the ALC circuit is doing what it 
was intended to do (maintaining a con- 
stant audio level -even if the only 
audio is i-relevant background- noise), 
and the effect is anything but natural - 
sounding. In addition. if the camera is 
hand -held or shoulder- supported (rather 
than being mounted on a tripod). one 
can often hear the sound of "heavy 
breathing" from the camera operator 
because of his proximity to the camera - 
mounted microphone and the "wide 
open" gain that is provided by the ALC 
circuitry. 

The solution to the problem, ob- 
viously, is to use an off -the- camera 
microphone (or microphones). pref- 
erably of the directional or cardioid 
type. It can be kept just out of camera 
range, but still be positioned close 
enough to the subject or subjects being 
taped to give good solid audio. 

Whether you choose a dynamic 
microphone or a condenser type. the 
plugs fourd on the higher quality, low - 
impedance microphones are not likely 
to fit directly into the miniature jacks 
found on most portable and home 
VCR's. However, adaptors that con- 
vert from one type of plug to another 
are readily available from electronics - 
parts stores. 

Audio mixing 
It's just one step from using a single 

external microphone to using several 
microphores and even some line -level 
program -sources (like music from 
records or tapes). Using multiple 
sources instead of the single- micro- 
phone approach is also preferable when 
dubbing a new audio -track onto your 
existing videotapes. 
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FIG. 2-WW-CUT FILTERS can reduce the an- 
noying effects of wind noble, turntable rumba', 
and other low - frequency sounds by decreeskq 
low - frequency moons*. 

Shure Bros. (222 Hartrey Ave.. 
Evanston. IL 60204). a well known 
manufacturer of phono pickups, micro- 
phones, and professional audio equip- 
ment and accessories. has introduced 
recently a small. 4 -input audio mixer. 
the mode! M267. While it is intended 
for use primarily in audio -recording ap- 
plications, the versatile, relatively inex- 
pensive ($395.00) mixer can also solve a 

lot of problems for serious videophiles 
who want better- quality soundtracks 
on their tapes. (Shure also manufactures 
a model M268 mixer that includes many 
of the features of the model M267, but 
sells for $250.00.) 

The model M267, shown in Fig. I. 
has wide frequency -response (30 Hz to 
20 kHz. ±2 db) and low distortion up to 
+ I8 -dBm output (less than 0.35% at 
+ IS dBm at any frequency within its 
passband). extremely low noise. and 
very low susceptibility to RF inter - 
ference-a problem that can often crop 
up in an untested "field" environment. 

Four switchable microphone or line - 
level balanced inputs with individual 
gain controls and low- frequency rolloff 
switches are provided. and the output 
is switchable for either line or micro- 
phone levels. Thus, if your video 
camera is equipped with only an ex- 
ternal- microphone input (and there is 

no line -level input on your VCR). you 
can still get the benefit of good signal - 
to -noise ratios. 

There's a built -in peak limiter -to- 
gether with an LED peak- indicator- 
that can cut distortion due to overload: 
it can be switched in or out. The sen- 
sitivity of a small VU meter can be set 

for +4 or +8 dBm with a VU RANGE 
switch (normally. 0 dB on the meter is 
equal to +4 dBm: the +8 -dBm setting 
is used to reduce sensitivity). The 
meter is illuminated for easy reading 
when the mixer is AC- operated. 

VCR 

TO AUDIO IN 

ZD 

iL FIG. 3-A MASTER AUDI) TAPE Is prepared by using a mixer to combina the orginal video sound - 
CC track with new material. 
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However. the model M267 will op- 
erate either from AC or from an external 
battery pack. In case of an AC -line failure 
or power interruption. noiseless auto- 
matic switchover to the batteries takes 
place. Battery- charge condition can be 

checked at any time. A front -panel 
monitoring jack will drive just about 
any mono or stereo headphones. and a 

separate level control is provided for 
the phones. Finally. a built -in 1000 -Hz 
tone oscillator is incorporated for line 
tests and level checks. 

The low -cut filters associated with 
each of the four LINE /MIC inputs pro- 
vide a low frequency roll -off that fol- 
lows the response curve shown in Fig. 
2. The filters can be used individually 
with each input control to reduce wind 
noise or undesirable low- frequency 
signals, such as turntable rumble, or 
overly bassy voices caused by speakers 
or singers holding microphones too 
close to their mouths. 

Better audio dubbing 
Most of the owner's manuals supplied 

with VCR's suggest that the proper 
way to do audio dubbing (the process 
whereby a new soundtrack is substituted 
for the original one) on a videotape is 

simply to plug a microphone (or a mixer 
such as the one we have been describ- 

VCR 

MIXER 

tions to fit together. on cue. during the 
very first "take" is a rarity -if you've 
ever tried it. you know that the task can 
be extremely frustrating. 

A much better technique involves 
transcribing the existing audio sound- 
track from the videotape onto audio 
tape and. with the aid of a mixer. adding 
the additional microphone or line -level 
contributions. as shown in Fig. 3. If 
you don't get the "perfect" mix the 
first time. you have not destroyed the 
original videotape soundtrack and can 
try again -as many times as you need 
to get it right. 

Figure 4 shows the hookup for the 
final audio -dubbing process. In that 
step. of course. it is necessary to syn- 
chronize the newly mixed audio mas- 
ter -tape with the VCR program using 
the audio -dubbing feature on your 
VCR. The synchronization process is 

not as difficult as you may think. at least 
for scenes of relatively short duration. 
After all. the final mixed tape contains 
the original "live" soundtrack. which 
is already perfectly synchronized with 
the video. Since the same audio -tape 
deck is used both to record and play 
back the final mix. tape speed -even if 
not perfectly accurate -will be consis- 
tent for the brief periods needed to 
transcribe the new audio mix back onto 
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FIG. 4-THE ORIGINAL SOUNDTRACK is replaced by the new one by transcribing the master audio 
taps to videotape using the VCR's "dub" function. 
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ing) into the external- microphone jack 
of the VCR. hit the AUDIO DUB button. 
and substitute new audio for the old. 

There are several disadvantages to 
that procedure. For one thing. it erases 
the original soundtrack. which you may 
want to include in the new sound mix. 
Secondly. working in "real time" and 
getting all the musical and voice por- 

FROM LINE OUT 

TAPE DECK 
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the videotape via the audio -input jack 
on the VCR. 

With practice. the PAUSE control on 
the VCR (which. in most cases. pro- 
duces a still -frame picture on the 
screen). used in conjunction with the 
PAUSE button on your audio tape -deck. 
should permit a close -to- perfect audio - 
dubbing operation. (As for the VCR's 
speed stability. you don't have to 
worry because its tape -transport sys- 
tem is synchronized to the standard 
NTSC 30- frames -per- second picture 
rate.) 

Imaginative use of a microphone /line 
mixer. together with playback through 
your sound system rather than through 
your TV set. can give your home -video 
productions near -professional audio 
quality. R -E 
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Ever wonder why your 
VHF -television dial starts 
with Channel 2? Find out 
why in this brief look at the 
early days of television and 
how it all began. 

DAVID A. FERRE 

WHEN A TELEVISION RECEIVER IS PUR- 

chased in the United States, you can 
take it anywhere in the country, plug it 
in, pull up the "rabbit ears," and tune 
in a station. That is possible because 
we have national broadcasting standards 
that are common throughout the coun- 
try. Yet, at one time commercial tele- 
vision was going to be introduced to the 
American public without standards: 
fortunately, that "experiment" ended 
before it even started. But let's not get 
ahead of our story! 

Up to 1934 
During the first few months of 1933, 

RCA demonstrated the first successful 
all- electronic television system. Broad- 
casts were made from the RCA experi- 

mental television transmitter, W2XBS, 
located at the top of the Empire State 
Building in New York City. The char- 
acteristics of that early all -electronic 
television system were modest: 

Lines: 240 
Frames: 24 per second 
Scanning: sequential (no inter- 

lacing) 
Bandwidth: 2 MHz 
Video carrier AM modulated, full 

sideband 
Audio carrier: AM modulated, full 

sideband 
Yet, the results were far better than 

any mechanical television system had 
ever accomplished. For those experi- 
ments, the video carrier was at approxi- 
mately 45 MHz. 

It may be hard for us to appreciate 
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FIG. 1 -HOW THE TELEVISION ALLOCATIONS have changed over the years. This chart shows the 
approximate frequencies of the channels: the exact frequencies are given in Table 1. 

fully what RCA had accomplished in 
1933. But to give you an idea: Many of 
the experimental television broadcast- 
ers were still using frequencies in the 2- 
to 3 -MHz range. and bandwidths of 100 

kHz. In addition, the earlier systems 
were mechanical using gears, motors. 
mirrors. etc. As television advanced. 
each step pointed towards non- mechani- 
cal systems. and higher bandwidths and 
carrier freauencies. 

The Federal Communications Com- 
mission was established by an act of 
Congress on June 22, 1934. It was 
about that time that a portion of the 
VHF radio spectrum was allocated to 
television for the first time (see Fig. 1). 

Previously, any frequency above 30 

MHz was available to experimenters. 
Those experimenters included a num- 
ber of pioneering amateur -radio opera- 
tors; there were also experimental sta- 
tions that included television. In 1934, 
the experimenters were moved to the 
frequencies above 110 MHz. while tele- 
vision was allocated two bands. 42 -56 
and 60-86 MHz. There were no chan- 
nels associated with the allocations, but 
it was a beginning; television was 
making its first move. 

1934 to 1938 
Progress was slow for television 

during those years. The depression was 
at its worst, and even mighty RCA lost 



money. But advances were made in 
RCA's all -electronic system. In June, 
1936, RCA announced the start of a 
massive field test. A total of 100 experi- 
mental- television receivers were dis- 
tributed to RCA employees for place- 
ment in their homes and offices (see 
Fig. 2). RCA then began regular televi- 
sion broadcasts from W2XBS, using 
their new Radio City television studios. 
Those studios were linked to the Empire 
State Building transmitter by an experi- 
mental 177 -MHz radio link and a coaxial 
cable. The composition of the televi- 
sion signal used for that test was as 
follows: 

Lines: 343 
Frames: 30 per second 
Scanning: interlaced (2:1) 
Bandwidth: 5.75 MHz 
Video carrier: AM modulated, full 

sideband 
Audio carrier: AM modulated, full 

sideband 
On June 15, 1936, the FCC began in- 

formal hearings concerning the radio 
spectrum above 30 MHz. There was an 
increasing demand for those frequencies 
and a new word began to be heard at 
the FCC; that word was standards. The 
Radio Manufacturers Association 
(RMA), the trade association for the 
radio and television equipment manu- 
facturers, had formed a sub -committee 
on television. They attended the. June. 
1936 hearings because of their interest 
in the possible future commercialization 
of television. In addition to urging 
definite channel allocations, the RMA 
had a set of television channel standards 
to present (see Fig. 3 -a). Although 
those standards were incomplete in 
some respects, one important recom- 
mendation that the RMA made to the 
Commission was that the bandwidth of 
a television channel should be 6 MHz - 
the same bandwidth that is used today. 
The RMA television standards were: 

Lines: 441 
Frames: 30 per second 
Scanning: interlaced (2:1) 
Bandwidth: 6 MHz 
Video carrier: AM modulated, full 

sideband 
Audio carrier: AM modulated, full 

sideband 
It is interesting to note that the 

proposed 441 -line standard was beyond 
the capabilities of any system that had 
been demonstrated up to that point. It 
wasn't until eight months later, on 
February 11, 1937, that a manufacturer 
(Philco) gave a convincing demonstra- 
tion of a television system that com- 
pletely met the RMA standards. 

The FCC hearings that had started on 
June 15, 1936, resulted in the allocation 
of 19 television channels, each with a 
bandwidth of 6 MHz. The new alloca- 
tions, which are shown in Fig. 1 and 
Table 1, became effective October 13, 

1938. The RMA revised and completed 
their set of television standards, which 
were essentially the same as the 1936 

FIG. 2 -ONE OF THE LAST in existence, this re- 

ceiver was one of the ones used in RCA's test 
of the first all- electronic television system. 
The vertically -mounted picture tube was viewed 
through a mirror in the cabinet top. 
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standards except for one important dif- 
ference: The video carrier would now 
be transmitted with a full upper side- 
band and only a partial lower sideband, 
as shown in Fig. 3 -b. That vestigial side- 
band system was eventually adopted by 
the FCC and is used today. 

Television now had allocations and 
channel numbers. Our mysterious 
Channel I was assigned to the 44- to 50- 
MHz band as shown in Table I. RCA's 
experimental station quickly received a 
permit for one of those new television 
allocations and selected Channel 1! 

1938 to 1940 
The television industry was generally 

pleased with the FCC allocation of 19 

TV channels. They were hoping for a 
continuous band of frequencies to 
simplify tuner design, and were some- 
what disappointed that 12 of the 19 

channels were above 150 MHz; those 
frequencies were virtually unused, and 
thought to be useful only for television - 
relay networks. But the seven channels 
between 44 and 108 MHz were enough 
to begin plans for commercial television 
operation. By then it was believed that 
the RMA standards would be adopted 
by the FCC and commercialization 
could begin. But not everybody agreed 
with the RMA standards, and the FCC 
wasn't about to approve any standard 
unless the television industry was in 
almost total agreement. 

On October 20, 1938, just one week 
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FIG. 3 -THE FIRST STANDARDIZATION of a television signal, the system shown in a featured full 

upper and lower sidebands. A later revision, shown in b, featured a reduced lower sideband. That 

vestigial sideband technique is the one is use today. 



Channel 
1938 -1940 

TABLE 1 

Year 
1940 -1946 1946-1948 1948-PRESENT 

1 44 -50 50 -56 44-50 
2 50 -56 60 -66 54-60 54-60 
3 66 -72 66 -72 60-66 60-66 
4 78 -84 78 -84 66-72 66-72 
5 84 -90 84 -90 76-82 76-82 

6 96 -102 96 -102 82 -88 82 -88 
7 102 -108 102 -108 174 -180 174 -180 
8 156 -162 162 -168 180 -186 180 -186 
9 162 -168 180 -186 186 -192 186 -192 
10 180 -186 186 -192 192 -198 192 -198 

11 186 -192 204 -210 198 -204 198 -204 
12 204 -210 210 -216 204 -210 204 -210 
13 210 -216 230 -236 210 -216 210 -216 
14 234 -240 236 -242 
15 240 -246 258 -264 

16 258 -264 264 -270 
17 264 -270 282 -288 
18 282 -288 288 -294 
19 288 -294 

after the allocations became effective, 
RCA announced that regular television 
programming would begin as a "public 
service" on April 30, 1939. That date 
coincided with the opening of the 1939 
New York World's Fair. A number of 
manufacturers began producing televi- 
sion receivers, and by the opening of 
the fair they were in the stores and 
ready for sale. The opening ceremonies 
of the fair were broadcast on Channel 1 

by RCA's W2XBS, and featured the 
President of the United States. After 
that event, broadcasts were scheduled 
on a regular basis. 

By the end of May 1939, large depart- 
ment stores, such as Macy's in New 
York, offered as many as nine different 
models for sale; those were supplied by 
three manufacturers (Andrea, DuMont, 
and RCA). Screen sizes for those telvi- 
sion sets ranged from 5 to 14 inches, and 
prices ranged from $189.50 to $600.00. 
Most of the early sets were complete 
receivers, but one, the model 7T-5 from 
RCA (shown in Fig. 4), had no audio 
section; if audio was desired, it had to 
be connected to a compatible RCA re- 
ceiver. Unfortunately, sales of those 
early television sets were not very good, 
and by the end of 1939 fewer than 400 
of them had been sold in the New York 
area. 

All of the major television broadcast- 
ers (incidently, the stations were still 
considered experimental) had adopted 
the RMA standards by the end of 1939. 
That included the stations in New York 
City, Chicago, Los Angeles, and 
Schenectady. The FCC was urged to 
adopt the RMA standards so that com- 
mercialization could begin. The FCC 
responded to the pressure from the TV 
industry by publishing rules for limited 
commercialization on December 22, 
1939. It was a kind of Christmas present 
for the television industry. 

FIG. 4 -THIS EARLY TELEVISION SET, the RCA 
model TT -5, was one of the first offered for sale 
to the general public. It featured a five -Inch 
screen, five -channel coverage, but no audio 
section; it sold for $199.50 in 1939. 

At the time those rules were pub- 
lished, the FCC also announced that 
hearings would be held in January, be- 
fore establishing a date for limited com- 
mercialization. At those hearings, it 
was made clear to the FCC that many 
of the broadcasters did not agree that 
the RMA standards were the best. Philco 
urged the FCC to adopt their system of 
television with 605 lines and 24 frames - 
per- second. DuMont wanted standards 
that included 625 lines and 15 frames - 
per- second. In addition, there was 
some vague talk about something called 
color television. Nevertheless, in an 
order issued on February 29, 1940, the 
FCC ruled that limited commercializa- 
tion could begin on September I, but 
warned that nothing should be done to 
encourage a large public investment in 
television receivers. They refused to 
adopt any standards, with the implica- 
tion that each of the broadcasters could 
use whatever standards they liked best, 
with the public deciding who had the 
best system. 

RCA responded to the authorization 
for limited commercialization with full- 

page newspaper ads in early March an- 
nouncing the "arrival of television," 
and ordered the immediate production 
of 25,000 television receivers. The FCC 
realized that limited commercialization 
wasn't going to work, as the sale of 
thousands of television sets would, in 
effect, "freeze" the standards, making 
a change to other standards almost im- 
possible. Within a few days of the RCA 
newspaper ads, the FCC's permission 
for limited commercialization was with- 
drawn. 

Television was also about to undergo 
some more changes. Frequency Modu- 
lation (FM) had been introduced by its 
developer, Major Edwin H. Armstrong, 
in 1935. Shortly after its introduction, 
FM was granted five experimental fre- 
quencies between 42.6 and 43.4 MHz. 
By 1940, the FCC had 150 applications 
for experimental FM stations on file 
that could not be processed because of 
lack of frequencies. As a result of hear- 
ings held on March 18, 1940, the FCC 
assigned FM a continuous band of fre- 
quencies (that was done to simplify 
tuner design), and expanded the FM 
allocation to include the frequencies 
from 42 to 50 MHz. The new allocation 
included the 44- to 50-MHz band that 
had previously been assigned to Chan- 
nel 1. 

But that is not what happened to 
Channel I! The TV channels were re- 
numbered with Channel 1 now assigned 
to 50-56 MHz band and the remaining 
channels were shifted around the spec- 
trum. But when the smoke cleared, the 
television industry had lost one chan- 
nel, leaving them with 18 allocations. 

The new FM channels and the 
changes in the television allocations be- 
came effective on June 20, 1940; com- 
mercial FM broadcasting was authorized 
to begin on January 1, 1941. 

1940 to 1946 
When the revised 18- channel TV allo- 

cations went into effect, the television 
industry was unhappy, to say the least. 
The limited commercialization plan was 
suspended; the FCC continued its re- 
fusal to set television standards; a tele- 
vision channel was lost to FM, and, be- 
cause of the changes in the allocations, 
many of the experimental TV broad- 
casters had to go off the air to complete 
extensive transmitter changes. For ex- 
ample, the RCA experimental trans- 
mitter, W2XBS, had beer, operating on 
the old Channel 1 (44 -50 MHz); because 
of the changes, they were forced to 
switch to the new Channel 1 (50-60 
MHz). 

However, soon after that things be- 
gan to look up. A member of the RMA 
had met with the FCC to ask just what 
the television industry could do to win 
approval of a set of standards. The FCC 
replied that if the industry could agree 
on one set of standards, they would be 
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approved without delay. Quickly, the 
RMA organized the National Televi- 
sion Standards Committee (NTSC). 
The NTSC was open to all major inter- 
ests in the television field whether they 
were associated with the RMA or not. 
Eventually, over 160 individuals be- 

came associated with the NTSC. On 
July 31, 1940, under the RMA's spon- 
sorship and with the FCC's blessing, 
the NTSC held its first meeting. 

With the opportunity to propose a set 
of standards to the FCC, you might 
have expected that the NTSC would 
simply have endorsed the existing 
RMA standards, but that is not what 
happened. Every aspect of the televi- 
sion- standards question was re-ex- 
amined and discussed at length. On 
January 27, 1941, the NTSC met with 
the FCC and presented a progress re- 
port. The preliminary NTSC standard 
presented to the FCC at that meeting 
closely paralleled the RMA standards. 
That seemed to indicate that the RMA 
standards were essentially correct. 
There was one important difference, 
however: The audio carrier was to be 
FM. The FCC had one reservation 
about the proposed standard -they felt 
that the 441 -line standard recommended 
by the NTSC was too low. That stan- 
dard went way back to the first RMA 
standards of 1936, when both video 
sidebands were transmitted. It was 
common knowledge that the vestigial 
sideband system in use since 1938 

allowed a much higher line count and, 
accordingly, a better television picture. 
The NTSC agreed to re- examine that 
question and said that it would present 
more information at hearings that were 
to be held in March, 1941. 

Those hearings were held on March 
20, 1941. The NTSC standard that was 
presented at the hearing was almost 
identical to the one proposed earlier, 
except that the number of lines was in- 
creased to 525 lines. (Although the 
number of lines seemed to be random, 
it was not. The line count had to be an 

odd number and to be related to few 
multiples of odd numbers, such as 

3x3x7x7 =441 or 3x5x5x7 =525, for 
example. That was necessary for gen- 
eration of the synchronizing pulse.) 
The new standard was as follows: 

Lines: 525 
Frames: 30- per -second 
Scanning: interlaced (2:1) 
Bandwidth: 6 MHz 
Video carrier: AM modulated, ves- 

tigial sideband 
Audio carrier: FM modulated, ±75 

kHz deviation 
(later +25 kHz devia- 
tion) 

Virtually all of the participants in the 
hearings (they went on for four days) 
agreed that the NTSC Standards were 
correct and should be adopted quickly. 
The FCC was convinced that the indus- 

try had finally agreed and the NTSC 
Standards were adopted as the national 
standard in April 1941. The effective 
date was July 1. 1941; commercial tele- 
vision could finally begin! 

When that "Opening Day" for com- 
mercial television finally arrived, only 
two television stations were licensed 
and ready for operation; WNBT (NBC, 
old W2XBS) transmitting on Channel 1, 

and WCBW (CBS, old W2XAX) trans- 
mitting on Channel 2. Both of those sta- 
tions were in New York City. Soon 
after (on September 1, 1941) WPTZ in 
Philadelphia, transmitting on Channel 
3, came on the air. By the spring of 
1942, a total of four commercial sta- 
tions were in full operation and 10,000 
television receivers had been sold. 

Television's growth was halted by 
World War II, with the Defense Com- 
munications Board ordering the con- 
struction of new radio and television 
stations to end. Television programming 
was reduced to just four hours per 
week for the broadcasters already in 
operation (all devoted to war- related 
activities). 

As the end of the war approached, 
the FCC was faced with a monumental 
task. The war effort had brought about 
an extraordinary leap in communica- 
tions technology. Frequencies that had 
been thought to be useless were now in 
tremendous demand. The entire spec- 
trum had to be re- examined, with new 
allocations made and old ones revised. 
The FCC began by holding hearings on 
September 28, 1944. They were 
promptly overwhelmed. The 18 -chan- 
nel television allocations in effect 
since 1940 were attacked by one group 
as being wasteful of the valuable 
VHF spectrum, yet another group urged 
an increase to 26 channels. Others 
urged the FCC to move all of the tele- 
vision allocations to UHF frequencies 
immediately. But the television indus- 
try aruged that television had waited 
long enough and should develop now, 
using the existing allocations. 

After hearings that were held on 
February 14, 1945, it became clear that 
no group was going to get everything it 
wanted. In the FCC's final decision, re- 
leased on June 27, 1945, television's 
allocation was reduced to 13 channels, 
and FM was moved from the 42 -50 
MHz slot to 88 -106 MHz (the band was 
later increased to 88 -108 MHz). The 
television interests were very unhappy 
that they were left with only 13 chan- 
nels, but the FM interests suffered a 

major blow because all of the existing 
stations had to go off the air and switch 
to new frequencies. In addition, 500,000 
home -FM receivers were now obsolete. 

The reduction to 13 television chan- 
nels was accompanied by new and re- 
organized frequency allocations (see 
Table 1). Again the broadcasters had to 
go off the air to switch frequencies. 

Our Channel I was still around, but it 
was moved back to the 44- to 50-MHz 
band that it had occupied from 1938 to 
1940. In addition, there was a restric- 
tion for Channel 1: It could only be as- 
signed as a community channel, and 
was limited to a maximum power of 
1000 watts. Other TV channels were for 
metropolitan stations, with a maximum 
power of 50,000 watts permitted. All 
channels, except Channel 6, were shared 
with fixed and mobile services -a fact 
that left the television interests con- 
cerned about interference. The changes 
became effective March 1, 1946. 

1946 to 1948 
Even with the reduced number of 

channels, the boom was on! Manufac- 
turers quickly began producing televi- 
sion receivers, transmitters, antennas, 
etc. New television stations were being 
built all over the United States. The 
FCC had identified the top 140 metro- 
politan cities and assigned each at least 
one channel; a total of 400 were to be 
allotted. The FCC received many more 
applications than it had available chan- 
nels. In an effort to provide the public 
with as many channels as possible, the 
FCC routinely threw away the "safety 
factor" of mileage between licensed 
transmitters. Television -receiver sales 
were doing very well, with 175,000 sold 
by the end of 1947. Manufacturers were 
selling television sets as fast as they 
could be made, even though the sets 
were rather expensive. (A typical set 
with a 10 -inch screen sold for $375.) 

But problems began to appear. Propa- 
gation theories at that time predicted 
that television signals would not be re- 
ceived over the horizon -but they 
were, quite readily. So, even with just 
50 stations on the air, interference 
problems were beginning to appear. 
Meanwhile, the FCC had reduced the 
minimum distance between stations 
using the same channel to just 80 miles. 
An engineering study released by the 
FCC warned of interference problems if 
immediate action wasn't taken. That 
led to an FCC report, issued on May 5, 

1948, that ruled that television could no 
longer share its frequencies with fixed 
and mobile services, and that the 72- to 
76 -MHz band could be used for fixed 
radio services only. 

But where could the mobile services 
be located if they could no longer share 
the television allocations, and could no 
longer use the 72- to 76-MHz band? 
There was only one place to go-the 
television industry would have to give 
up another TV channel. But which 
channel would that be? The American 
Radio Relay League (an association of 
amateur radio operators) urged that 
Channel 2 be deleted so that the second 
harmonics of the 28- 29.7 -MHz amateur - 
radio band would not interfere with 

continued on page 132 
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Pocket sized and Portable 
SHORTWAVE RECEIVERS 

IT WASN'T MANY YEARS AGO THAT 
shortwave listening was a hobby enjoyed 
only by technically capable individuals 
who had tabletops full of complicated 
receiving equipment. But that has 
changed dramatically over the past year 
or two as advanced semiconductor tech- 
nology has found many applications in 
portable communications receivers, mak- 
ing them as easy to use as your TV set. 

Today, affordable portable shortwave 
radios offer features previously available 
only on professional -quality equipment 
costing many thousands of dollars more. 
And some of the newest portables use 
integrated circuits and miniature corn- 
ponents, allowing the sensitive electro- 
nics to be housed in cases that are small 
enough to fit in your pocket. 

The shortwave spectrum 
By international agreement, users of 

the high- frequency (shortwave) spectrum 
(3.0 -30.0 MHz) confine broadcasts in- 
tended for general listeners to several seg- 
ments of the spectrum, called bands. 
Each band is identified by both its fre- 
quency and its wavelength (in meters) as 

The newest generation of 
portable shortwave receivers 
offers features and per- 
formance previously found 
only on top -of- the -line table 
models. Here's a look at 
what's available, and what 
these small powerhouses 
can do. 

DANNY GOODMAN 

shown in Table I. Thus, the shortwave 
broadcast band that begins at 9.5 MHz is 
also called the 31 -meter band, while the 
band of frequencies that begin at 17.8 
MHz is called the 16 -meter band (see 
Table 1). You'll note, of course, that as 
the frequency increases, the wavelength 
decreases. 

The thing that makes shortwave listen- 
ing so fascinating, however, is that under 
certain conditions a transmitted signal 

can be heard halfway around the world. 
That's because signals with frequencies 
below 30 MHz are reflected by the ionos- 
phere. That phenomenon makes long - 
distance shortwave listening possible. 

Because the ionosphere is strongly 
affected by the sun, the nature of that 
reflection -and hence, how far away the 
signal can be received -depends mainly 
upon the time of day and time of year. 
What that means is that not all frequencies 
are useful for broadcasting at all times. 
What's more, various factors can make 
conditions unstable even on a day -to -day 
basis. Radiation from the sun (more 
accurately, from sunspots) changes daily 
(and, on a larger scale, over an approx- 
imately 11 -year cycle), adding un- 
certainty as to how well a signal will be 
received in a particular area. Signals may 
be strong on one frequency today, suffer 
from periodic fading tomorrow, and 
occasionally be almost inaudible. The 
last occurs especially during sudden 
ionospheric disturbances. 

Broadcasters study radio -wave pro- 
pagation carefully to help plan the times 
and frequencies for their broadcasts. 
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Equipped with predictions from propaga- 
tion scientists, station planners may 
choose several frequencies in more than 
one band to make sure that a target area is 
adequately served during the season, no 
matter what the daily propagation var- 
iances may be. Then, even if they have 
correctly predicted the proper bands, they 
must hope that other broadcasters choose 
frequencies in those bands so that neither 
one interferes with the other. That is a far 
cry from the fixed- frequency allocations 
of our own AM and FM broadcast bands. 
which are strictly regulated by the Federal 
Communications Commission. 

Tuning in 

To help SWLs keep track of 
broadcaster's schedules. the World Radio 
TV Handbook (WRTH) is like an annual 
TV Guide updated three times a year by a 

subscription newsletter. The WRTH is 

the most comprehensive listing of radio 
and television stations from practically 
every country in the world. Included with 
each listing is the mailing address foreach 
of the stations, many of whom have de- 
tailed schedules available on request. 

Once you know the time and frequency 
of a program you'd like to hear, you'll 
need to tune your receiver precisely to 
that frequency. However, on many multi - 
band radios with shortwave capability. 
the shortwave spectrum may be divided 
into only two or three sections. The tun- 
ing rates -how big a chunk of the spec- 
trum is covered with a single revolution of 
the tuning dial -of those receivers are 
inadequate for the number of stations you 
can tune in one revolution of the dial. 

Consider, for example. that the entire 
AM broadcast band (0.550 -1.600 MHz) 
is slightly more than one megahertz wide. 
and takes up the entire width of the tuning 
dial. That makes for comfortable tuning. 
given the local station spacing of 30 kHz 
or more. But a tuning range marked SW I 
on a portable radio may use the same 
tuning dial space to cram nine megahertz: 

TABLE 1- 
BROADCASTING BANDS 

Meter Band Megahertz 
120 2.30 - 2.50 

90 3.20 - 3.40 
60 4.75 - 5.06 
49 5.95 - 6.20 
41 7.10 - 7.30 
31 9.50 - 9.78 
25 11.70 - 11.98 
19 15.10 - 15.45 
16 17.70 - 17.90 
13 21.45 - 21.75 
11 25.60 - 26.10 

This band will be expanded in the late 
1980's or early 1990's. 

This band will be decreased in the late 
1980's or early 1990's. 

TABLE 2- PORTABLE SHORTWAVE RECEIVERS 

Type Brand Model No. Price LW AM FM SW Coverage (MHz) 

Pocket -sized Panasonic RF -085 5 89.95 N Y Y 2.3 - 18 

Sony ICR -4800 89.95 N Y N 5.95 - 6.2 
N N N 9.45 - 9.85 
N N N 11.70 - 12.00 
N N N 15.10 - 15.50 
N N N 17.60 -- 18.00 

Sony ICF -7600A 159.95 N Y Y 595- 6.20 
N N N 7.10 - 7.30 
N N N 9.50 -- 9.80 
N N N 11.70 12.00 
N N N 15.10 - 15.45 
N N N 17.70 -- 17.90 
N N N 21.45 - 21.75 

Digital General Electric 
readout 7-2990 235.00 N Y Y 2.3 31 

Magnavox AL999 299.95 Y Y Y 1.6 - 26.2 
Panasonic RF-2600 239.95 N Y Y 3.9 28 

RF-2900 299.95 N Y Y 3.2 - 30 
RF-3100 319.95 N Y Y 1.6 - 30 

Sony /CF-6500W 199.95 N Y Y 3.9 - 28 
ICF-6800W 699.95 N Y Y 1.6 - 30 
CRF-1 1.795.00 Y Y N 1.6 - 30 
CRF-330K 2,495 00 Y Y Y 1.6 - 30 

Microprocessor- Magnavox D2924 179.95 Y Y Y 5.95 - 15.45 
controlled Panasonic RF -799 249.95 Y Y Y 2.3 -- 26.135 

RF -6300 749.95 Y Y Y 1.6 - 30 
RF -9000 3.800.00 Y Y Y 1.6 - 30 

Sony ICF -2001 349.95 Y Y Y 1.6 - 30 

3 -12 MHz is a common range and it in- 
cludes four complete shortwave broad- 
cast bands. where crowded nighttime 
conditions will often find stations within 
5 kHz of each other. Just tuning from 
station to station requires surgeon- steady 
hands for turning the dial just a small 
fraction of a degree. And trying to find 
1 1.750 MHz accurately with a tuning dial 
on which the pointer covers a third of the 
band is practically impossible. 

Another drawback to those types of 

The Magnavox model ÁL999 . 

receivers is that they are not necessarily 
optimized for shortwave reception and 
are. therefore. not particularly sensitive 
to stations other than the powerhouses. 
Nor are their circuits selective enough to 
eliminate interference from strong sta- 
tions on frequencies close to that of the 
desired station. Many of them also are 
unable to tune above 16 MHz. cutting 
listeners off from two daytime shortwave 
bands. 16 and 13 meters. 

Today. however. You can buy portable 
shortwave radios that overcome most of 
those deficiencies. making shortwave 
listening more enjoyable t'or the casual 
listener. Less time is spent twiddling with 
the radio, and more time is spent listening 
to the program. 

Today 's receivers fall roughly into 

G-E model 7 -2990 six -band portable. 



Size ( inches) Wght. 8FO 
Wide Narrow 

Filters 
Dual 

Conversion 

Tuned 
RF 

Amplifier 
4'/,6x615/16x11/4 17 oz N N N N 

215/16x5'/4x 7/6 8 oz N N N Y 

4546x7'/6x11/4 22oz N N Y Y 

145/6x103/4X6 8 lbs Y Y Y Y 
13x9x4'/4 8 lbs Y Y Y Y 
9'-éx13'/2x49/16 7lbs. 4oz Y Y Y Y 
911/16x15X43/4 Bibs. 10oz Y Y Y Y 
43/4 X 149i16 x 91/2 7lbs, foz Y Y Y Y 
61/2x 113/ex4 4lbs. 1oz Y N Y N 
71/4x 177/6x9 13 lbs Y Y Y Y 
101/4 x 4 x 13'/6 14lbs. 9oz Y Y Y Y 
131/2 x 173/4 x 8Ye 33lbs. 15oz Y N Y Y 

91,4x6x21/4 51bs N N N 
69/16 n 1015/16 x 25/16 31bs, 7oz N N S Y 
117/16 x 17'/e x 53/16 1 11bs. 7oz N N Y* Y 
209/16x145/32x81/32 501bs. 11oz Y Y Y" Y 
6'/,6 x 12'3/16x 23/16 41bs Y N Y Y 

For most shortwave bands, single conversion for others . 

three categories: sensitive pocket port- 
ables with analog (slide -rule) tuning; 
those with simple digital frequency read- 
outs, and those with microprocessor - 
controlled phase -locked -loop (PLL) tun- 
ers. Table 2 lists some of the units cur- 
rently available. 

Shirtpocket shortwave 
Among the small shortwave portables, 

Sony's ICF -7600A is a good example of 
an easy -to -use receiver even though it 
features an analog, rather than digital, 
tuning- system. 

The receiver covers the local AM and 
FM bands, plus seven shortwave bands 
from 49 to 13 meters in a most useful way: 
Each shortwave- broadcast band has its 
own tuning range. That spreads out the 
stations within a given band so that tuning 
is not so critical. Moreover, you are better 

able to tune to a specific frequency with 
the help of dial markings spaced every 50 
kHz. 

The receiver covers the 49- through 
11 -meter bands. That coverage, plus a bit 
of tuning above and below those ranges, 
includes most of the English- language 
stations you'll want to hear. Some broad- 
casts, however, like Radio Peking's clear 
frequency of 15.52 MHz (one of several 
frequencies) and a growing number of 
stations above 12.0 MHz, are outside the 
internationally agreed bands, and the tun- 
ing range of the unit. 

Miniaturization plays a big role in the 
circuit design of that small receiver. Each 
shortwave band has its own crystal oscil- 
lator for tuning stability. It uses dual- 

Panasonic's model RF -085 five -band receiver. The Sony nine -band ICF- 7600A. 

conversion (two intermediate frequenc- 
ies) superheterodyne circuitry on short- 
wave for good sensitivity and to help re- 
duce unwanted images from interfering 
with the station you want to hear -a com- 
mon problem in small portables. It also 
features a tuned RF amplifer to help in- 
sure that the best possible signal -to -noise 
ratio is obtained. There is even a ceramic 
filter to help limit interference from sta- 
tions on adjacent frequencies, thus im- 
proving selectivity. While the per- 
formance of a radio its size -even with all 
its "big radio" features -won't measure 
up to table -model standards, that receiver 
holds its own rather well against many of 
the receivers listed in Table 2. 

The 7600A's little brother, the Sony 
ICR -4800 is one of the smallest portable 
shortwave receivers available, measuring 
51/4 x 2'%6 x 7/8 inches. It features Am 
broadcast and five shortwave bands: 49, 
31, 25, 19, and 16 meters, the ones most 
popular with broadcasters. The tuning 
range of some bands is a little wider than 
that offered by the ICF- 7600A, making it 
possible to pick up more of those 
broadcasters who are slightly "out of 
band." 

What neither of those receivers can 
tune, however, is the standard time signal 
station, WWV, a service of the National 
Bureau of Standards in Ft. Collins, CO. 
Usually audible on 5, 10, 15, and 20 
MHz, a voice announces the time (with 
atomic clock accuracy) on the minute, 
plus severe ocean -storm warnings and 
radio- propagation forecasts at appointed 
times during the hour. The paperback - 
book -sized RF -085 from Panasonic does 
allow you to receive WWV as it provides 
continuous tuning from 2.3 to 18 MHz 
(120 to 16 meters) over three bands. But, 
although it is remarkably sensitive for its 
small size, a beginning SWL may find the 
cramped and inexact shortwave band tun- 
ing a bit frustrating at times. 

With those small radios -all of them 
wonderful travel companions -you'll 
have adequate signal quality under most 
conditions with the built -in telescoping 
antennas. Reception can often be im- 
proved by placing the radio as close to a 
window as possible, or by adding an ex- 
ternal antenna, as discussed later. 

Digital readout 
Another recent advance in portable - 

receiver technology is the addition of di- 
gital frequency- readouts to assist in tun- 
ing. The units offering that feature are 
anything but pocket sized, yet once 
you've experienced the convenience of 
such a readout, you won't want to return 
to . the analog style unless you need to 
travel very light. With the digital display, 
there is no guessing whether you have the 
correct frequency. If you know that Swiss 
Radio International begins transmitting in 
English on 9.725 MHz at 0145 Green- 
wich Mean Time (8:45 pm EST), then 
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simply dial up 9.725 on the readout a few 
minutes before, and you'll be ready for 
the start of their broadcast. Digital - 
readout receivers are available with 
vacuum fluorescent displays (which con- 
sume a lot of battery power but can usual- 
ly be turned off when not needed for tun- 
ing), or liquid crystal displays (LCD's). 
The latter require a backlight for viewing 
under low -light conditions. 

General Electric's 7 -2990 is a new re- 
ceiver in this category. The GE receiver 
offers AM, FM, and four bands of short- 
wave tuning giving you continuous 
coverage from 2.3 to 31 MHz. That 
means you can hear all shortwave broad- 
cast bands as well as amateur radio and 
commercial bands. Frequency can be 
read on either an analog- (slide -rule type) 
or vacuum -fluorescent digital -display. In 
that receiver, as in others in its class, the 
digital readout is provided by adding a 
frequency counter (with some mod- 
ifications) to a standard analog shortwave 
receiver. An sw CALIBRATOR control on 
the front panel helps you align the receiv- 
er and the counter by tuning to a frequen- 
cy standard like WWV. 

The unit features dual conversion as 
well as a tuned RF amplifier. Another 
control you'll notice on that type of re- 
ceiver is a WIDE /NARROW bandwidth 
switch. The intent of a narrow bandwidth 
is to reduce the amount of interfering sig- 
nals on either side of the desired signal 
from reaching the speaker or headphones. 
Ideally, a narrow setting should keep out 
extraneous signals. But in practice, 
portable- receiver bandwidth filters are 
generally not as effective as those used in 
more expensive table radios. The wide 
setting may be fine for local AM stations 
with their healthy frequency spacing be- 
tween stations, but is impractical for 
tightly spaced shortwave stations. 
Among today's portables, the Sony CRF- 
1 has the most effective narrow band- 
width, according to specifications, but its 
price is out of reach for many. 

The Panasonic RF -3100 is one of a new 
generation of portable receivers. Adapt- 
ing a technique used in expensive table - 
model communications receivers, the 

unit features PLL frequency synthesis -a 
sign of a very stable tuning section. Even 
solid -state receivers can be unstable and 
drift off their original frequency, particu- 
larly during the first IO minutes of opera- 
tion. They may also suffer from mecha- 
nical instability just lightly tapping the 
receiver case with a finger will make the 
unit change frequency. But a PLL syn- 
thesized tuner "locks" onto the desired 
frequency. Nowhere is that more appreci- 
ated than when tuning single sideband 
(SSB) amateur radio or commercial sta- 
tions. Successfully tuning those stations 
requires that the receiver's beat frequency 
oscillator (BFO) be engaged and tuned to 
the signal's natural voice pitch. The 
slightest drifting will raise or lower the 
voice's pitch beyond intelligibility. 

To tune, say, 15.260 MHz on the RF- 
3100, you first turn the rotary BAND 

switch to the 15 -MHz band, and then tune 
the large tuning knob until the last three 
digits on the display read 260. The tuning 
range is divided into 29 one -megahertz 
bands, plus AM and FM. Sometimes, as 
when you're just tuning through the spec- 
trum to see what you can pick up, that 
one -MHz stepping can be just a little in- 
convenient because, if you want to tune 
continuously, you must whirl the tuning 
knob back to the beginning of the band 
every time you increment from one range 
to the next. 

The RF -3100, like many other port- 
ables its size, comes with a soft shoulder 
strap for the SWL on the go; it can be 
removed if the receiver stays mostly at 
home. 

Computerized shortwave 
The third type of portable receivers we 

will discuss takes the concept of PLL 
tuning a step farther. In those, microp- 
rocessors control the PLL circuit. The 
tuning knob, as we've known it, doesn't 
even exist. Instead, pushbutton key- 
boards let us "punch in" the frequency 
we want to hear. If we want to casually 
tune up or down the band looking for 
stations, we just push an appropriately 
marked button and the synthesizer will 
step up or down in frequency under mic- 
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roprocessor control until the button is re- 
leased. The microprocessor can also store 
favorite frequencies in memories; those 
can be instantly recalled by just pressing a 
button. 

The first affordable pushbutton short- 
wave was Sony's 1CF -2001. More re- 
cently, Panasonic and Magnavox have 
added "smart" portables to their short- 
wave lines. 

The Magnavox D2924, though offer- 
ing only limited shortwave band coverage 
(49 through 19 meters), has a number of 
features useful for the shortwave 
neophyte and veteran as well. The radio 
has essentially four broad bands: long - 
wave, AM, shortwave, and FM, each 
selected. by pushbutton. In the shortwave 
mode, each press of the sw SELECTOR 

button puts the receiver at the lowest fre- 
quency in one of the five international 
broadcast bands. An indicator on the 
LCD display shows which band you're 
tuned to. From the bottom of each band, 
you can either tune up or down in steps 
with the corresponding manual tuning 
buttons, or have the receiver search the 
band for a strong signal. Pressing SEARCH 

silences the receiver's audio as the radio's 
frequency display shows where it's tun- 
ing. If a strong signal is detected, scan- 
ning stops on that frequency, and the 
audio is restored. If the station is not what 
you want to hear, press SEARCH again, 
and the tuner will quietly continue up the 
band. When it reaches the top band edge, 
it re -starts the search from the bottom. If 
no signals are found, the receiver sear- 
ches twice more, just in case a station had 
briefly faded out when the tuner first 
raced by. If no signals are heard after 
three passes, the receiver then goes back 
to the lower band edge, awaiting further 
instructions. 

Just because no strong stations were 
found in the SEARCH mode, doesn't 
necessarily mean there aren't weaker sta- 
tions on the band that could be tuned 
manually. But for inexperienced listen- 
ers, using the SEARCH mode is one way to 
hear a variety of signals without a lot of 
extraneous signals to distract you along 
the way. 

If, on the other hand, you know what 
frequency you want to tune, simply press 
KEYBOARD (which tells the microp- 
rocessor that you're about to enter a fre- 
quency on the keyboard) and key in the 
frequency. With the D2924, you can also 
store up to six frequencies from any band 
in the radio's memories using a simple 
two- button sequence. When you're tuned 
to one of the stored frequencies, the mem- 
ory number appears on the LCD display 
along with the frequency. With receiver 
memories, you can switch instantly back 
and forth among broadcasters transmitt- 
ing on different bands at the same time. 
Of if you have a set sequence of programs 

continued on page 130 
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TERTAINMENT 
VIDEO ENTERTAINMENT IN THE HOME -the consumer electronics rev- 

olution has changed the way we look at and use television! 
NEW VIDEO COMPONENTS -from sizes like gigantic to tiny, new vid- 

eo packages are emerging for your indoor and outdoor viewing 
pleasure wherever you are! 

VIDEO ACCESSORIES -no longer do you have to settle for snow and 
picture jitter -bring out the best in videotapes you play! 

HOW TO CONNECT VIDEO COMPONENTS -with a small amount of 
technical knowhow and inside information on video gadgets -TV 
can still be fun! 



VIDEO ENTERTAINMENT 
The video revolution has changed the way we look at and use television. But has your set kept up. 

and will it keep up in the future? The following will help answer that question. 

A. LEVIS 

IT WAS ALL SO SIMPLE BACK IN THOSE EARLY DAYS OF VIDEO, 

BEFORE SONY'S Betamax and Atari's Pong began to change 
the way we viewed the lowly TV set. In that ancient era, 
which began drawing to a close in the early 1970's, video 
simply meant television. The only choice one faced when 
shopping for video equipment was whether or not to blow the 
entire budget on that huge 25 -inch console. 

Unless you've been asleep these past few years, you know 
that those days are most certainly gone for good. Walk into 
any video store or department and you are likely to see 
VCR's (VideoCassette Recorders), videodisc players, pro- 
jection televisions, television -component systems, VCR and 
cable -TV accessories, and perhaps 
even a complete satellite -TV earth sta- 
tion. You're also likely to find a great 
many computers and video games; 
we'll not say much about those pro- 
ducts in this section, but you can be 
certain that the next year will feature the 
kind of new products and exciting 
advancements we've all now come to 
expect. What we will be looking at is 
video -the latest developements in the 
field, as well as what the near future 
holds. But first, let's look at what our 
old family TV -set has grown into, and 
why. 

Alternative programming 
In the old days, television "quality" 

generally referred to a set's reliability 
rather than to the kind of image it repro- 
duced. After all, few consumers would 
have been willing to lay out the extra 
dollars for such things as high 
resolution-even if the manufacturers 
had been capable of producing sets with 
such features -just to watch the gener- 
ally low- quality fare offered by the net- 
works. 

That began to change with the advent 
of cable -TV services such as Home Box 
Office. That service, and others like it, 
offered viewers a real alternative in the 
form of recent movies, live sports 
events, and specials. 

The real beginning of the so- called 
video revolution, however, began with 
the introduction of the VCR. That de- 
vice gave the viewer almost complete 
programming control. Today, pro- 
gramming can be drawn from a vast 
array of pre- recorded videotapes, in- 
cluding the very latest movies (some- 
times the videotape is released sim- 
ultaneously with the movie's pre- 
miere); from both free (broadcast) and 
pay -TV services, or can be original- 

the video camera allows your video programming to be 
limited only by your imagination. For those who demand the 
very best, there are now video accessories that help clear up 
many picture, color, and stability problems; we'll take a 
closer look at those elsewhere in this section. 

A relatively new program source is the videodisc. 
Although those devices lack the recording capabilities of the 
VCR, and have not proven as successful in the marketplace 
as was predicted, there is still considerable hope that it will 
succeed as an alternative program source. Among its advan- 
tages are its lower initial outlay, as compared with a VCR, 
and its potential for use with a computer. 



IN THE HOME 
Currently, satellite -TV reception is out of reach to all but a 

few. That too is about to change as an exciting new service, 
direct broadcast satellites, will be in place by the end of this 
decade. Aside from being yet another source of alternative 
programming, it may also offer such attractive features as 
high -definition TV and stereo sound. 

A new kind of TV 
Although TV set manufacturers were slow in responding 

to the explosive growth of alternative programming and 
video -related products, they soon realized that their product 
was destined to become the centerpiece of a sophisticated, 
highly complex, and demanding electronic home informa- 
tion and entertainment system. They also realized that the 
conventional TV- receiver was inadequate for that purpose. 
There were many reasons for that, but among the most 
important was the way a signal is fed into the receiver. Up to 
recently, the only signal that the TV was required to handle 
was a combined over -the -air audio /video RF signal; that 
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signal was simply fed into the set through the antenna ter- 
minals. Once inside, the RF signal was demodulated, with 
the video information extracted and displayed on the screen. 
The result of that process was degradation of the signal that 
showed up as poor resolution, video noise, and the like. 

With some recent exceptions, that's exactly how it's still 
done. But now, as we pointed out before, the TV set is being 
called upon to handle the audio and video information from a 
variety of sources. Those signals are still fed in through the 
set's antenna terminals, and on an RF carrier. As a result, that 
same modulation, demodulation, and extraction process still 
causes significant signal degredation. And what may have 
been acceptable for watching your favorite soap opera cer- 
tainly is not when dealing with computer -generated graphics, 
videotapes, videodiscs, etc. 

The standard television set also fails in another important 
area. The audio quality of most sets is poor. And while 
high -quality audio may not be particularly important for 
getting the most out of your video game or computer, some 

things that should happen in the near 
future will make TV audio more impor- 
tant than it has ever been'before. One of 
those is multichannel, or stereo, TV- 
audio. Such audio has been available in 
Japan for many years now, and last year 
was introduced in West Germany. In 
both cases, the set manufacturers were 
prepared and had sets on the market by 
the time the service was approved. In 
this country. three TV- stereo systems 
have been proposed; as this is written, 
though. no commitment has been made 
to any of them, so neither we, nor the 
set manufacturers can be certain of 
which standard(s) will eventually re- 
ceive acceptance. In the meantime, 
however, VCR's and videodisc players 
with stereo -audio capability are already 
on the market. 

But help is on the way, thanks to a 
new generation of TV equipment de- 
signed to meet the high requirements of 
new and future video technology, and 
to be the centerpiece of that home - 
entertainment/information center of the 
future. The age of component televi- 
sion is here. 

The term component television is 
currently used to refer to a wide range 
of products. In the past year, many of 
the leading set manufacturers, and 
some manufacturers that previously 
had dealt with audio products only, 
have introduced at least a few models 
designed to solve some of the video and 
audio problems we've mentioned. In 
some cases, they've simply taken an 
existing TV chassis and added separate 
audio and video input jacks. Doing that 
allows direct access to both video and 
audio circuits, getting rid of many of 
the problems associated with feeding an 
RF signal to the set. That helps, but 
you're still stuck with a receiver with 
limited flexibility, and limited growth 
potential. 



A better alternative is the true component approach. Sys- 
tems of that type were first available last year from Sony (1 

Sony Plaza, Park Ridge, NJ 07656) and Teknika (1633 
Brdadway, New York, NY 10019); now they are available 
from a variety of manufacturers. Those systems are by no 
means identical, and each manufacturer has its own idea as to 
how a component system should be configured. For instance, 
some offer a seperate amplifier and monitor while others 
offer a combined package. Also, in some the tuner doubles as 
a switcher while in others those functions are handled by 
separate components. Since you now have a bit to choose 
from when picking your component system, it's important to 
match your needs to what's available. 

What's available 
The Profee! system from Sony remains unchanged from 

last year except for the addition of a new 12 -inch monitor to 
the series. Like the larger 19- and 25 -inch Profee! monitors, 
this one boasts good video resolution and offers an RGB 
(Red, Green, Blue) input. While currently that input will only 
be of interest to some computer hobbyists, it is hoped that 
will change with the eventual availability of RGB outputs on 

THE NEWEST ADDITION to the Prohet line, Is the model KX -121 HG shown 
here. Like all Profee/ monitors, It boasts RGB inputs. 

consumer video equipment. The main advantage of an RGB 
input is that it allows you to bypass all of the signal process- 
ing stages in the receiver. The RGB signals are fed directly to 
CRT grid amplifiers. For the time being, however, such 
outputs are available only on professional equipment. 

Sanyo (1200 W. Artesia Blvd., Compton, CA 90220) 
enters the field with their Pro -Ponent system. It features a 
19 -inch monitor with a built -in 5- watts -per- channel stereo 
amplifier, a separate TV -tuner with remote control, a com- 
panion stereo -audio sound system, and a pair of accessory 
speakers. The tuner has multiple inputs designed to accept a 
wide variety of sources (VCR, videodisc, etc.). 

Zenith (1000 Milwaukee Ave., Glenview, IL 60025) was 
the first U.S. manufacturer to offer a component TV system. 
It includes a 19 -inch monitor, TV tuner, a separate source - 
selector, a separate stereo -amplifer, and speakers. The moni- 
tor also has its own built -in audio amplifier and speaker and 
features both composite- video /audio and RGB inputs. The 
source selector allows the connection of up to six sources to 
the system. The tuner features an infra -red remote control 
and has 112- channel capability, including 42 for cable TV. 

Several high -fidelity audio- component manufacturers 
have also come out with systems. Pioneer (200 West Grand 
Ave., Montvale, NJ 07645) is offering two screen sizes, 19- 
and 25- inches, with the larger monitor offering 400 -line 
resolution, which is the highest claimed by any manufactur- 

THIS NEW VIDEO- COMPONENT SYSTEM from Jensen offers a choice of 
tuners either with (shown) or without AM and FM- stereo. 

er. The tuner is housed separately and features 127- channel 
capability and an infra -red remote control; the tuner also 
serves as the system's source selector, handling all of the 
switching functions. 

Jensen (4136 N. United Parkway, Schiller Park, IL 60176) 
has a new entry that offers the consumer an additional choice. 
While many manufacturers are marketing systems with more 
than one monitor size, Jensen is marketing two tuners -one 
for AM and FM -stereo as well as TV, and one with TV 
capability only. 

Even some smaller companies are getting into the act. 
NAD (675 Canton St., Norwood, MA 02062) and Proton 
(1431 Ocean Ave., Suite B, Santa Monica, CA 90401) are 
marketing systems built around the same 19 -inch monitor, 
but will sell them through different outlets. 

Component -TV systems are also available from Mitsu- 
bishi (7045 N. Ridgeway Ave., Lincolnwood, IL 60645), 
JVC (41 Slater Drive, Elmwood Park, NJ 07407), and oth- 
ers. And you can be sure that the list will grow considerably 
in the near future. 

The future of video 
Will your new video -entertainment/information system 

soon become obsolete? The answer to that is yes and no. No, 
because the U.S. is almost certainly tied to the 525 -line 
NTSC broadcast standard for many years to come, although 
just about everyone involved with the technical end of the 
television industry-from broadcasters to set- makers- 
agrees that it is less than perfect. (For one thing, the resolu- 
tion of current sets is not limited by technology, but by that 
standard.) Yes, because there are several developments that 
may soon result in higher definition television, with signals 
compatible with the NTSC standard. 

Work is continuing on high -definition TV (HDTV), with 
much of it concentrating on developing a system that is 
NTSC compatible. RCA, for one, is involved in an intensive 
NTSC -compatible HDTV project, and believes such a sys- 
tem can be operational within this decade. 

Another thing to look forward to is the arrival of digital 
TV. ITT in Europe is scheduled to begin offering set makers 
digital- circuit kits sometime next year, and such in- 
ternational companies as RCA, Sanyo, Philips of Holland, 
Sharp, Blaupunkt and Thomson CSF are involved in in- 
tensive research and development projects in that area. 

But one of the chief advantages of a component system is 
its adaptibility. It's relatively easy to modify your system to 
keep in step with the latest changes in technology, or your 
needs. So, don't let what's coming tommorrow spoil your 
fun today. R -E 
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From the looks of things, the video revolution is nowhere near over. Here's what's new in 
home -entertainment equipment, and what to expect in the next couple of years. 

DANNY GOODMAN 

IN THE LAST FEW YEARS, WE'VE SEEN THE INTEREST AND 
activity in video grow at an almost explosive rate, and 
there is no sign of that letting up. Consider, for instance. 
that VCR's continue to sell briskly; pre- recorded 
videotape rentals are way up: and, according to an RCA 
estimate, those who own videodisc players also own, on 
the average, a library of about 30 discs. It's also expected 
that video camera sales in 1982 may double those of the 
previous year. 

Manufacturers of home video equipment are very much 
aware of the consumer's love affair with video. They 
continue to produce better performing, more advanced 
equipment in new shapes, sizes, and concepts -all de- 
signed to lure more of us into the video picture. And, from 
the looks of the trend -setting video innovations already 
here and expected soon. they're likely to succeed. 

HI -Fi VCR 
Stereo -audio for broadcast TV is still only in the plann- 

ing stage in the U.S., but the absence of a broadcast 

standard isn't preventing stereo from being included in 
several home videocassette -recorders. For now, stereo is 
limited to the upper end of the VCR price scale. In the 
VHS format, for example, top -of- the -line models from 
Panasonic (PV- 1780), JVC (HR- 7650), Quasar 
(VH5623UW), and General Electric (1VCR3018W) all 
feature stereo -audio inputs and outputs, including Dolby 
noise reduction. As high -end models, costing roughly 
$1500 to $1600, those units also have the deluxe special 
effects features and remote control offered on last sea- 
son's expensive recorders. In the Beta format. Marantz 
has a home deck, the model VR200, with stereo and Do /by 
C noise reduction. That deck lists for $1295. 

Although there are few pre -recorded stereo - 
videocassettes currently available, there are other possi- 
ble sources for two -channel audio, including FM sim- 
ulcasts of TV concerts, stereo videodisc players. and your 
own dubbing. But, as stereo VCR's become more pop- 
ular. you can be sure that much more pre -recorded materi- 
al will become available. The quality of the audio. howev- 



er, may not measure up to what you might expect from a 
hi -fi tape recording. The audio tracks on videotape are nar- 
row, and the tape speed relative to the fixed audio tape -heads 
(ranging from 1.31- to 0.44- inches -per- second depending on 
format and selected speed) is slower than an audio cassette's 
Ws-inches-per-second. But if the stereo is played through a 
hi -fi amplifier and speakers, it will provide a spatial feeling 
and left -right separation that you can't get from any of the TV 
stereo -audio adapters currently on the market. And stereo 
isn't just limited to the home -a new portable VHS -format 
VCR, the JVC HR -2650, lets you record your own stereo 
material in the field. That unit sells for about $1150. 

Finding stereo in such compact recorders is not surprising 
considering that the trend in new portables is to equip them 
with as many features as the stay -at -home models. Today, 
the full -featured portable essentially breaks the home VCR's 
tape playing and tuning /timing elements into separate, mo- 
bile components. That arrangement offers the most in 
flexibility, since the VCR system can be a compact portable - 
recorder for remote taping with the addition of a camera, but 
can also act as a sophisticated home deck with such features 
as infrared remote control, multi- day /event time -shift pro- 
gramming, and special effects. 

The lightweights 
The race is on in the industry to see who can develop the 

smallest and the lightest VCR. Sony's SL -2000 ($1150) and 
the Zenith VR -9800, which is sold with its companion tuner 
for $1425, are the lightest Beta portables, weighing just 9.5 
pounds. But several lighter (8.5 pounds) VHS -portables 
were recently introduced; those are built on the same Mat- 
sushita chassis and carry brand names like Magnavox, Pan- 
asonic, Quasar, General Electric, and Canon. Those units 
range in price from about $750 to $1500. The high -end 
models are full- featured VCR's that include, among other 
things, I4 -day, 4 -event programmable tuner /timers. 

An intriguing new portable VCR was announced this year; 
it was developed by JVC and is called the Ultra Compact 
Machine, or UCM for short. It is just what the name implies. 
Though not yet available, Sharp has demonstrated a model of 
that machine, the VC220, which weighs just 5.8 pounds, 
including battery, and measures approximately 7 x 23/4 x 
91/4 inches. The key to the UCM is the VHS -C ( "C" for 
compact) format cassette. About the size of a pack of 
cigarettes, a VHS -C cassette contains enough 1/2cinch 
videotape for about 20 minutes of recording on a UCM 
recorder. You can playback the tape through a TV, or edit on 
to a longer -playing regular-sized deck. You can also slip the 
VHS -C cassette into an adapter that makes the tiny tape 
playable on a standard VHS recorder. 

SOLID -STATE IMAGE SENSORS, such as the one used in this NEC 
color camera may eventually replace the cumbersome and power -hungry 
image tubes of today. 

TC-100 

Many more home video- recordists are eagerly awaiting 
the all in -one camera -recorders currently under development 
by several Japanese companies. Those companies are work- 
ing toward a uniform 1/4 -inch videotape standard to help 
avoid another battle such as the one over the Beta/VHS 
format. But the way things are going, even if a standards 
agreement is reached in 1983, it may be 1985 or later before 
finished products reach the store shelves. 

Still looking to the future, most of you are probably famil- 
iar with the 1/4-inch VCR format -CVC -from Japan's 
Funai Electric. In the U.S., their small, five -pound portable 
recorder is sold by Technicolor. But an even smaller re- 
corder, using the same CVC format, will be marketed in the 
U.S. in 1983 by Grundig. Grundig, a popular brand in 
Germany, has been selling their five -pound VP -100 suc- 
cessfully in Europe. It measures only 41/4 x 23/4 x 1/2 inches 
and can be easily mistaken for a portable audio -cassette 
player; among its features are variable speed and freeze 
frame. 

Lights, camera... 
The producer and director in us all will appreciate the 

features found on advanced color cameras. General Elec- 
tric's two newest cameras, for example, both feature automa- 
tic focusing, relieving the cameraman of that chore. The 
more expensive of the two, the model I CVC3035E, which 
sells for $1350, uses a Newvicon -style pick -up tube that is 
designed to reduce "picture lag" -the tendency of an image 
to persist, thus streaking when the camera pans away from it. 
In addition, a control panel on the camera gives the operator 
fingertip command of fade -in/fade -out between scenes, and a 
built -in character generator capable of adding titles of up to 
60 characters. 

An exciting bit of news is the development of advanced 
solid -state imaging devices. Those, it is hoped, will even- 
tually replace the power -hungry and cumbersome image 
tubes found in most of today's cameras. The heart of 
Hitachi's VK -C2000 color camera, for instance, is a one -IC 
MOS image- sensor. That sensor, which is about the size of a 
postage stamp, consists of wafers of color filters over an 
intricate grid of semiconductor material. The material 
appears to be impervious to the burn -in that many cameras 
suffer when the lens is directed at a bright light. With its 
electronic viewfinder, the compact camera weighs only 33/4 

pounds, but carries a heavy price tag -about $2,000. 
Another type of solid -state image sensor is a CCD (Charge 

Coupled Device). NEC, for one, is currently developing a 
CCD color camera. The CCD in that camera will consist of a 
mosaic of 384 x 490 picture- elements and is expected to 
produce 250 horizontal lines of resolution. And, while the 
cost of cameras with solid -state image sensors will initially 
be very high, as manufacturers find ways to produce those 
sensors more efficiently, that cost should drop significantly. 

For the do -it- yourself recordists, several new accessories 
can be very helpful for producing more varied programming. 
Although converters that let you videotape 35 -mm slides for 
home -spun travelogues have been available for some time 
now, Sony has introduced a more advanced version, the 
HVT -3000 ($179.95), that gives you the option of doing the 
same with print film negatives when used with their model 
HVC -2400 ($1250) color camera. That camera converts the 
negative images to positives before they're recorded using a 
standard color video- camera. 

More dramatic and professional productions can be done 
using Sony's new HVSJ20K special- effects kit, which con- 
sists of a model HVS -2020 black -and -white canera, model 
HVS -2000 special- effects generator, graphics aids, etc. If the 
kit is used with a color VCR -camera, you can superimpose 
either titles and graphics (from a six -color palette), or any 
image from the black - and -white camera, over the color - 
camera image. A slide -control fades titles in and out for quite 
a professional look. The generator also lets you alter color 



keying (up to six different colors), which can make for some 
interesting "sci -fi" footage -as does electronic black -and- 
white reversal. The kit, which should be available by the time 
you read this, is expected to sell for around $550. 

Anyone with real creative talent will want to be first on the 
block with the Video Scribe electronic color -video titler 
($795), from Comprehensive Video Supply Corporation. 
You can be a real artist, using the device's 80 letters, numb- 
ers, and graphic elements, all addressable by a flat - 
membrane keyboard, to draw colorful titles and animation 
sequences in 8 colors -red, green, yellow, blue, buff, pow- 
der blue, orange, and magenta. Graphic output goes directly 
to the video input of your VCR. 

Videodiscs 
Videodiscs aren't generating all of the excitement they did 

about a year ago, but the two current formats, RCA's CED 
and Philips' LaserVision optical format, have been making 
some news as more consumers are selecting videodiscs as an 
alternate program source. 

New on the scene are stereo CED players from RCA, 
Toshiba, and Hitachi. RCA now offers two stereo models, 
both of which contain CX noise -reduction decoders (stereo 
CED discs are CX encoded). The top -of -the line SGT250 
sells for about $449. That model features infrared remote 
control and an automatic start function, which replaces the 
front -panel control lever. Toshiba offers a $90 accessory that 
allows owners of their monaural CED- players to get the full 
benefit of CX- encoded stereo discs. 

The LaserVision group also has chosen CX noise - 
reduction. Two North American Philips companies (Mag- 
navox and Sylvania) have newly styled stereo LaserVision 
players, featuring remote controlled random frame -access 
and special effects. Those players sell for about $750 and are 
made for N.A.P. by Pioneer. 

LaserVision backers are still looking toward the future 
with the knowledge that their optical videodisc- players can 
be more than simple playback devices. North American 
Philips (Magnavox and Sylvania) has been demonstrating 
how their players can be used interactively with home com- 
puters. Interfaces exist now that allow computers like the 
Apple II and Texas Instruments TI -99/4A to control a video- 
disc player's search and frame- access functions. Soon, we're 
likely to see very realistic video -game -type interactive video 
based on such a setup. The use of a videodisc will allow for 
realism unmatched by any other home or arcade game. 

Video separates 
With all of the new video sources available, you need 

something to use for display. That display device is, of 
course, your home television set -but even it is undergoing 
some major changes. For one thing, more and more sets are 
including separate video and audio input jacks in addition to 
the antenna -input terminals. Previously, the video and audio 
signals from a VCR or other video source had to be fed into 
an RF modulator, with the modulator's RF- output fed to the 
set's antenna terminals. The set would then demodulate the 
RF signal to extract the audio and video information. The 
addition of the separate audio and video inputs skips all of 
those steps and eliminates the losses caused by them. 

Even more significant, however, is the trend toward video 
separates or components. In a component TV- system, the 
TV set is broken up into separate units; just how it is broken 
up varies from manufacturer to manufacturer, but often the 
the system is made up of a separate video monitor, tuner, 
controller /switcher, and speakers. The monitors used in 
component TV- systems are capable of high -quality displays, 
but there is a premium to pay for that quality, and for the 
flexibility that those units can offer. For instance, Pioneer's 
Foresight 19 -inch monitor lists for about $850, while their 
25 -inch monitor lists for $1500; the companion tuner for 
those lists for about $500. Also, you should bear in mind that 

AMONG THE FEATURES of this VP -500 CED videodisc player ars stereo 
audio and CX noise reduction. 

the displayed video can only be as good as what is input. 
But, on the positive side, with a component approach to 

video you have the flexibility to build your system one piece 
at a time. With Sanyo's Pro -Ponent series, for instance, you 
can start with their model AVMI95 19 -inch monitor ($600) 
and their model AVT95 tuner /controller ($400). The audio 
outputs can be fed to a separate stereo audio -amplifer and 
played through stereo speakers; the monitor also has its own 
built -in five- watt -per- channel stereo amplifier. 

Zenith takes the component approach a bit farther. In its 
Hi -Tech system, all of the components feed into a central 
source selector, the model CV -540. That is one system in 
which the tuner and selector are separate units. The tuner 
here, the model CV -510 lists for $279.95, and features an 
infrared remote control. Getting back to the source selector, 
that $169.95 component can accept up to six video and audio 
inputs. The video inputs and mono audio -inputs are routed by 
the selector to the system's model CV -1950 I9 -inch monitor, 
which lists for $469.95; stereo audio -inputs are routed to a 
20- watt -per- channel stereo amplifer that lists for $149.95. 
That amplifier, the model CV -520, is designed specifically 
for the component TV- system; some manufacturers simply 
use one from their standard audio line. The amplifier also has 
phono and auxiliary inputs for adding hi -fi audio sources to 
your system. 

Like many of the other new component -TV monitors, the 
Zenith monitor has an RGB (Red -Green -Blue) input. While 
such outputs are currently available on only a few consumer 
products, such as the IBM Personal Computer, they offer a 
great advantage. Unlike video -modulated RF (such as broad- 
cast TV) or composite video signals, an RGB signal is fed 
directly to the video amplifiers, bypassing many stages of 
lossy signal conversion. With an RGB input, most 
component -TV monitors are capable of high -resolution dis- 
plays. 

A component -TV system, with its stereo amplifiers, 
speakers, and controller functions sounds much like a stereo - 
audio setup. In fact, it's getting harder and harder to classify 
entertainment as either all video or all audio; instead, it's 
simpler to consider the two as part of a broader home - 
entertainment catagory. Consider, for instance, Jensen's 
model AVS 1500 audio /video receiver; it's an AM/FM- and 
TV- receiver, as well as a stereo amplifier, all in one package. 
The AM /FM receiver section features a synthesized AM/ 
FM -tuner and a digital frequency- readout. On the TV side, 
there's a 133 -channel (including cable channels) TV tuner 
and National Semiconductor's DNR (Dynamic Noise Reduc- 
tion) circuit. The amplifier has an output of 50- watts -per- 
channel. The unit lists for $990. Two companion monitors 
are available -the 19 -inch model AVS -3190, which lists for 
$800, and the 25 -inch model AVS -3250, which lists for 
$1030. 

Teknika is another company that blends audio and video 
into the same components. Their $1200 ATV -19 system 
consists of a 19 -inch monitor, AM /FM/TV tuner, and 2 
speakers. A 25 -inch monitor is also available. 

Tiny TV's 
There's been a great deal of interest in small -sized TV and 

this year the first commercial flat screen (or pocket) TV's 
may become available. Sony's 2 -inch diagonal screen 



POCKET -SIZED TELEVISION, such as the Sony Watchman shown here, 
may finally become available this year. 

Watchman uses a new picture tube design which places the 
electron gun below and parallel to the screen surface. The 
scanning electron beam is magnetically "bent" to hit the 
screen at a perpendicular; the result is a TV only 11/4 inches 
thick. The estimated retail for that set is around $300. 

Sinclair, developers of another bent electron -beam flat 
TV -tube, may get their 3 -inch TV on the U.S. market soon; 
its price is expected to be in the $100 range. Both the Sony 
and Sinclair tubes are black- and -white only. 

The LCD flat -screen display is still under development, 
but may be still a year or two away. Seiko has been demon- 
strating a prototype of a wristwatch TV. Only the LCD 
screen is worn on the wrist. The bulk of the receiver, includ- 
ing an FM- stereo receiver, is housed in a vest -pocket sized 
unit. 

Turning to small -sized color TV, Panasonic is offering 
what may be the world's smallest color TV /monitor; its 
CT -3311 sells for $499.95 and features a screen size of just 
2.6 inches. It even has separate audio and video input jacks. 

Projection TV 

From the very small, we turn to the "giants" of home 
video -projection TV. More companies are heading toward 
one -piece, rear -screen projection systems. They are typically 
more expensive than front -projection units, but recent scal- 
ing down of chassis size, as RCA has done for example, 
allows 40- to 45 -inch screens to be placed in a cabinet that 
takes up no more floor space than a console TV. New for this 
year are many cabinet styles and sizes from General Electric, 
Mitsubishi, NEC, Panasonic, Quasar, Sharp, and Sony, to 
name a few; prices for those are in the $3,000 -$4,000 range. 
Many like GE's new Widescreen 40 feature built -in stereo 
amplifiers and twin, two -way speakers. 

It may sound odd to put the words projection and portable 
together, but Kloss Video Corp has developed a portable (i.e. 
movable) projection -TV called the Novabeam Model Two. 
The unit is about the size of a 19 -inch portable TV (though 
only I2- inches deep), and opens to project a 5 -foot diagonal 
image on any wall. Room lighting needs to be controlled for 
best viewing, yet the ability to use a plain wall as a screen 
allows the unit to be played anywhere in the house and makes 
the viewing angle much less critical. Assuming that most 
projection -TV buyers have VCR's with TV tuners, Kloss 
eliminated the tuner completely from that model, which 
helped keep the price to about $2200. 

It appears, then, that there's more available in video this 
year than ever before. The so- called video revolution is 
continuing, and it's getting easier all the time to become a 
part of it. R -E 

LIST OF MANUFACTURERS 

Canon U.S.A., Inc. 
One Canon Plaza 
Lake Success, NY 11042 

Comprehensive Video Supply Corp. 
148 Veterans Dr. 
Northvale. NJ 07647 

General Electric 
Portsmouth, VA 23705 

Grundig AG 
Kurgartenstrabe 37 
Furth, W. Germany 8510 

Hitachi 
401 W. Artesia Blvd. 
Compton, CA 90220 

Jensen Sound Laboratories 
4136 N. United Parkway 
Schiller Park, IL 60176 

JVC 
41 Slater Drive 
Elmwood Park, NJ 07407 

Kloss Video Corporation 
145 Sidney Street 
Cambridge, MA 02139 

N.A.P Consumer Electronics Corporation 
I -40 and Straw Plains Pike 
Knoxville, TN 37914 

Marantz 
20525 Nordhoff St. 
Chatsworth, CA 91311 

Mitsubishi 
7045 N. Ridgeway Ave. 
Lincolnwood, IL 60645 

NEC Home Electronics 
1401 W. Estes Ave. 
Elk Grove Village, IL 60007 

Panasonic 
One Panasonic Way 

Secaucus, NJ 07094 

Pioneer Electronics 
1925 E. Dominguez St. 
Long Beach, CA 90810 

Quasar Co. 
9401 W. Grand Ave. 
Franklin Park, IL 60131 

RCA 
600 N. Sherman Dr. 
Indianapolis, IN 46201 

Sanyo Electric Inc. 
1200 W. Artesia Blvd. 
Compton. CA 90220 

Sharp Electronics Corp. 
10 Sharp Plaza 
Paramus, NJ 07652 

Sinclair Research, Ltd. 
50 Stamford St. 
Boston. MA 02114 

Sony 
1 Sony Dr. 
Park Ridge, NJ 07656 

Technicolor 
299 Kalmus Dr. 
Costa Mesa. CA 92626 

Teknika 
1633 Broadway 
New York, NY 10019 

Toshiba 
82 Totowa Rd. 
Wayne, NJ 07470 

Zenith Radio Corporation 
1000 Milwaukee Ave. 
Glenview, IL 60025 
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VEO ACCESSORIES 
With the three devices described below, there's no need to put up with poor- quality video- 
tapes any longer. While they can't work miracles, they can make an amazing difference 

in the recorded image. 

GORDON McCOMB 

THERE WAS A TIME NOT TOO LONG AGO WHEN THE AMA - 
teur video enthusiast endured videotapes with poor or 
shifted colors, fuzzy details, and picture instabilities. But 
as the home -video industry has grown to include millions 
of owners of videocassette recorders (VCR's), add -on 
components have been introduced to help clear up the 
annoying color, detail, and picture problems that have 
plagued videophiles for years. 

There are three video componenets that no top -quality 
video system should be without (at least not for long): a 
color processor, an image enhancer, and a sync stabilizer. 
Color processors can shift, exaggerate, even delete the 
color information or signals from a tape, disc, camera, or 
any other standard NTSC format video source. Image 
enhancers improve the high -frequency response and help 
restore clarity and s:iarpness to old tapes, dubs, and less 

I 

than perfect video equipment. The vertical sync pulses on 
many pre- recorded videotapes have been altered in an 
attempt to prevent -unauthorized VCR -to -VCR duplica- 
tion. Unfortunately, the circuitry in some TV's can't 
handle those altered sync pulses. That results in vertical 
hold instability and horizontal 'tearing' of the picture. To 
eliminate the problem, sync stabilizers are used to restore 
the altered sync pulses to their original shape. 

Let's examine each of those components further, and 
discuss the ways they can be used to improve your video 
pictures. 

Color processors 
Color processors enable full manipulation of the color 

and brightness components of any standard NTSC video 
signal. Colors can be shifted so that reds become green, 
.greens become blue, and blues become red. The intensity 
o f the image and colors can also be modified. A videotape 
with washed out colors can be rejuvenated by increasing 
the CHROMA or COLOR controls on a color processor. 
Special effects such as fading from a black -and -white to a 

- - full color scene can also be created. 

40111 

The amain function of the cclor processor is to correct 
for error; in the brightness, color, and tint of video sig- 
nals, particularly with equipment lacking color and tint 
controls, as when dubbing between one VCR to another. 

Three important fundamentals must be considered 
when reviewing the operation of television signals and 
color processors. Those fundamentals are luminance, 
hue, and saturation. The luminance signal occupies a 
bandwidth of 0 to 4.2 MHz, anc includes all the brightness 
informal :on seen in a black- and -white or color -TV pic- 
ture. 

Hue (adjusted by the TINT control on most color -TV 
sets) is the actual colors (red, blue, green, etc.) seen in a 
picture. Saturation (adjusted by the COLOR control on most 
color -TV sets) is the degree to which a hue is diluted by 
white light, enabling differentiation between vivid and 
weak shades of the same color. Fo_ example, a vivid blue 
is a saturated hue; a pastel blLe is an unsaturated hue. 

A color -TV picture consists of hue and saturation in- 
formation, in addition to the black- and -white luminance 
information. The combination of hue and saturation is 
called chroma. The chroma signal is transmitted as a 3.58 
MHz subcarrier of the luminance signal and consists of 
two color- difference signals, designated I and Q. The I 

signal determines the saturation, and the Q signal de- 
termines the hue. The I signal :s transmitted as an ampli- 
tude modulation of the 3.58 MHz subcarrier signal, and 
has a bandwidth of 0 to 1.5 MHz. The Q signal frequency 
modulates the 3.58 subcarrier, and has a bandwidth of 0 to 
.5 MHz. A 3.58 MHz color -burst signal is inserted after 
every horizontal sync pulse in the composite video signal. 
The colo- -burst signal is used to synchronize the phase of 
the 3.58 MHz oscillator in the TV receiver, enabling 
proper color demodulation. 

The instantaneous phase angle of the modulated chro- 
ma signal, with respect to reference color burst, controls 
the hue. The variations in the amplitude of the modulated 
chroma signal, in relation to the corresponding brightness 
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THIS COLOR PROCESSOR from Showtime Video Ventures features in- 
dependent chroma and burst amp controls. 

or luminance level of the scene, determines the saturation of 
the color. 

Color processors can manipulate the amplitude and phase 
of the chroma signal, and thus can vary the tint and saturation 
of any scene. Old movies, either recorded or broadcast with 
weak color, can be rejuvenated by boosting the amplitude 
(saturation) of the chroma signal. Poorly taped home movies 
with incorrect colors can be corrected by altering the phase 
angle of the modulated chroma signal. Of course, there is no 
way to selectively boost, retard, or shift only certain colors 
with this type of color processor. If skin tones are excessively 
yellow, shifting the scene to normalize the skin color may 
also change the color of blue swimsuits to green. But those 
side effects, usually slight, are more than compensated for by 
the overall improvement of the video image. 

A TRUE PROCESSING AMPLIFIER. this unit from Vidicraft allows full 
control over both the color and sync of the video image. 

Operating a color processor, like the one manufactured by 
Showtime Video Ventures (2715 Fifth Street, Tillamook, 
OR 97141), is relatively easy. Showtime's color processor, 
model W -777P , sells for $377 and uses a MODE switch along 
with four front -panel controls for manipulation of the bright- 
ness, color saturation, and tint of a TV picture. 

The LUMA control determines the relative amplitude of the 
luminance signal being processed. Decreasing the LUMA con- 
trol darkens the scene; increasing the control brightens the 
scene. Color saturation is determined by the CHROMA and 
BURST AMP controls. The CHROMA control adjusts the ampli- 
tude of the color subcarrier with respect to luminance (hence 
the LUMA and CHROMA controls are interactive), and so alters 
the degree of color intensity. A BURST AMP control, unique to 
the W -777P, adjusts the color -burst amplitude without 
actually affecting the subcarrier level itself, and is used as a 

fine adjustment for resolution and proper skin tone. Rotating 
the BURST PHASE control counter -clockwise a quarter -turn 
shifts reds toward blue, blues toward green, and green 
toward red. Rotating the BURST PHASE a quarter -turn clock- 
wise will have the reverse effect. Secondary and com- 
plementary colors undergo a similar change. Switching the 
MODE switch to MONOCHROME squelches the color -burst sig- 
nal, rendering a black -and -white picture. 

Showtime's W -777P color processor, like nearly all 
video components made by Showtime and others, operates 
with a demodulated composite video signal. To use the color 
processor with an RF signal (from the RF output of a VCR or 
from an antenna downlead, for example) the signal must first 
be demodulated by use of an RF demodulator. An RF mod- 
ulator or converter is then used to remodulate the processed 
video to a suitable RF channel (usually Channel 3 or 4) for 
reception on a standard TV set. Most VCR's have separate RF 

IN /OUT and VIDEO IN /OUT connections, and in some instances, 
an RF demodulator and RF modulator may not be required. 
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AN RF CONVERTER or modulator is used to modulate separate audio and 
video signals for viewing on a standard TV. 

GUARD STABILIZER - RF CONvEr'E' 

SYNC STABILIZERS. such as this one from Vidicraft, are used to eliminate 
side effects caused by tape -duplication prevention schemes. 

Image enhancers 
Image enhancers are used to improve the detail and sharp- 

ness of programs viewed off -the -air, while recording or 
playing videotapes, and during tape -to -tape duplication. Im- 
age enhancement involves boosting or accentuating high - 
frequency video signals, thus increasing overall detail. 

The picture displayed on a TV screen is produced by 
varying the intensity of an electron beam (or three beams in 
the case of a color TV) as the beam sweeps across from left to 
right, and from top to bottom on the face of the picture tube. 
Extremely fine detail and outlines require the beam to vary its 
intensity more often -up to several million times per second. 
The smaller the detail in the image, the higher the frequency 
required to produce it. Likewise, the sharper the outline of an 
object, the faster the beam must cycle from light to dark or 
vice versa. Again, high frequencies are involved. 

The bandwidth of the TV luminance (brightness) channel 
is from 0 to 4.32 MHz. However, high frequencies are often 
distorted and rolled off by the less than perfect circuitry used 
in most home VCR's and TV sets. That combined with the 
maximum bandwidth of most VCR's of about 2.0 MHz, 
leaves only a 0 to 2 MHz bandwidth for all the picture detail 
and information displayed in any given video frame. Re- 
duplication of a videotape -three of four generations from 
the original -will yield a muddy, hardly discernable image 
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DETAILER II VCR image enhancer 

THE SHARPNESS AND DETAIL of both recorded and broadcast video can be improved by using an 
Image enhancer. 

where only the largest objects can be recognized. 
The easiest way to think of an image enhancer is to look at 

it as a video version of an audio -frequency equalizer. But 
instead of dealing with audio frequencies, video image 
enhancers handle frequencies of 1.0 MHz and beyond. By 
boosting high- frequency signals, much in the same way as an 
equalizer or treble control boosts audio high frequencies, 
sharpness and detail can be improved. Low -freqency signals 
(0 to .5 MHz) are ignored by the image enhancer as they do 
not contain any detail or sharpness information. 

Most image enhancers split the high- frequency signals 
into separate bands by using a comb filter. then selectively 
amplify the signals giving them an extra boost. Preshoots and 
aftershoots are added to the signal, driving the signal transi- 
tions (dark -to -light and light -to -dark) at a steeper amplitude 
than normal. That helps eliminate the soft edges in light -to- 
dark and dark -to -light transitions in the picture. 

Of course, an image enhancer cannot produce something 
that isn't there in the first place. If the delineation of each 
blade of grass no longer exists in the image recorded on a 
videotape, no enhancer -no matter how well designed or 
made -will restore the lost detail. 

Boosting the high- frequency content of a video signal also 
brings out noise, seen as snow. Most enhancers incorporate 
noise -reduction circuitry in addition to the main enhance- 
ment circuitry. The noise -reduction circuit reduces the level 
of enhancement to compensate for the introduction of snow, 
and usually works in direct opposition to the enhancement 
circuit. Noise, usually of high- frequency content, has a low- 
er amplitude than most desired signals. Noise reduction 
circuitry is designed primarily to suppress low- amplitude, 
high- frequency signals. 

For example, Vidicraft's (Box 13374, Portland, OR 
97213) Detailer I. (selling for approx. $149) and Detailer 
(selling for approx. $295) incorporate a VNX control that 
suppresses noise. It performs the opposite function of the 
DETAIL control, but uses a different set of amplitude 
thresholds, thus removing a majority of the increased noise 
and a smaller portion of the enhanced signal. There are 
trade -offs to be considered when using an image enhancer, as 
excessive noise cancellation can totally counteract all efforts 
to enhance detail. The proper enhancement level for any 
given program, with relation to detail and snow. is performed 
by interactive adjustment of both the enhancement and noise - 
reduction controls. 

Connecting an image enhancer to a video system is similar 
to the hook -up procedures for the color processor, in that all 
units on the market can accept demodulated video signals 
only. Depending on the installation, RF modulators and/or 
RF demodulators may be required. 

vidicroR 

The operation of an image enhancer, such as the Detailer 
from Vidicraft, uses several knobs for enhancement con- 

trol. The DETAIL control is used to compensate for detail loss 
encountered in VCR recording and playback. It can be used 
to exaggerate detail before the signal is recorded (and so 
precompensating for high frequency roll -off inherent in 
home VCR's) or to help restore a VCR signal on playback. 
The SHARPNESS control increases the overall sharpness of the 
picture whether the signal be from a tape, camera, videodisc, 
or off -the -air. The SHARPNESS control is adjusted for max- 
imum edge detail without creating false, black outlines. The 
vNx control (also called CORE, NOISE SUPPRESS, or NOISE 
CANCEL on some other models and brands) helps reduce snow 
and other low- amplitude, high- frequency interference - 
however, at the expense of detail. It's function is very much 
opposite that of the DETAIL control and is most helpful when 
sharpness -only enhancement is used. Normally. fine adjust- 
ments of all three controls must be made to obtain the best 
results, and the settings must be optimized for each program. 

It should be noted that image enhancers improve the hori- 
zontal resolution of a video image -that is, fine details that 
occur from left to right in a TV picture. Image enhancers, 
unfortunately. aren't tested for any given horizontal resolu- 
tion standard or minimum, since the quality of the original 
program will determine the results achieved by the enhancer. 

Sync stabilizers 
Many pre- recorded videotape program distributors, to 

protect against unauthorized duplication of their product, 
have altered the vertical sync pulses recorded on their 
videotapes. That technique, most often called Copy guard, 
(although similar systems with different tradenames are 
available) disables the sync circuits in a VCR. However, 
several side effects of sync alteration can appear on the 
screen of a standard television receiver. Copvguarded tapes 
have a tendency to make the picture on a TV screen roll and 
shake, as well as "tear" at the uppermost portion of the 
picture. Adjusting the vertical -hold control on the TV can 
correct for most of the problems. but many of the newer sets 
often have the vertical -hold control mounted inconveniently 
on the back of the chassis, or may even lack a vertical -hold 
control altogether. 

Sync stabilizers restore the vertical sync pulses and pro- 
vide sync stability to TV's and VCR's. In the NTSC broad- 
cast standard used throughout the United States (as well as 
Canada, Mexico, and Japan), an electron beam scans 525 
horizontal lines 30 times each second. Every picture then 
consists of 30 frames composed of 525 vertically stacked 
lines. The scanning process is actually done in a 2: I interlace 
pattern, so 262.5 lines are scanned in one pass over the tube. 
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and the second 262.5 lines in a second pass. The scan lines of 
the first pass or field is comprised of all the odd- numbered 
lines; the second field is comprised of all the even -numbered 
lines. 

When the beam reaches the bottom of the screen after each 
field, it is then directed to retrace back to the top of the 
screen, and repeat the scanning process again. The syn- 
chronization pulses required for the circuit to direct the beam 
to the top of the screen are contained in the vertical blanking 
interval. 

Within that vertical blanking interval, six vertical sync 
pulses, bracketed on both sides by equalization pulses, are 
used to trigger the vertical sync circuits in the receiver (those 
pulses are at one -half the normal horizontal line rate). Ver- 
tical sync pulses have extremely long duty cycles of 87% (the 
longest duty cycle involved in TV sync timing). In most 
TV's, only one vertical sync pulse is required to trigger the 
vertical -sweep circuits. In VCR's, however, nearly all of the 
vertical- timing pulses are required to ensure full sync stabil- 
ity while recording. 

Sync -alteration techniques, (again, there are numerous 
types currently in use), normally pass just one pulse -the 
remaining five pulses are changed or distorted. 

Nearly all sync stabilizers currently on the market, such as 
MFJ Enterprise's (921 Louisville Rd., Starkville, MS 
39759) model 1400 (selling for approx. $80), reshape the 
vertical sync interval to the point where a stubborn TV or 
VCR will trigger properly. A timing circuit is normally used 
that triggers when the circuitry in the stabilizer detects the 
first vertical sync pulse. The stabilizer circuit then generates 
a single long pulse equal to the normal vertical sync interval 
(three horizontal lines long), overriding the altered signal 
produced by the tape. The sync stabilizer has a frequency 
adjustment to allow the unit to match its frequency with that 
of the incoming vertical sync pulses. 

The actual half -line equalizing pulses of the vertical blank- 

ing interval are lost by use of most sync stabilizers, meaning 
that the horizontal sync circuits in the TV lack a timing 
reference for three lines in each field, which can cause 
horizontal sync loss during the vertical blanking interval. 
This can create some picture instabilities as well as horizontal 
tearing at the top of the screen. Only one sync stabilizer, the 
Showtime Video Ventures' model W -170P, recreates the 
pulses contained in the vertical interval. Usually, however, 
simply adding one long pulse to the vertical interval com- 
pensates for most of the serious side effects caused by Copy - 
guard or similar encoding, and produces a relatively stable, 
jitterless picture. 

Sync stabilizers work only with demodulated video sig- 
nals, although some units are now available with built -in RF 
modulators. To use a video -only stabilizer, the VIDEO OUT 

jack on the VCR is connected to the VIDEO IN on the stabilizer. 
An RF modulator is then used at the output of the stabilizer. It 
should also be noted that video processor components can be 
combined in one installation along with a sync stabilizer. 
Normally, there are no restrictions as to the order in which 
the components should be placed in the signal path. Be 
certain, however, that a sufficient video level ( I volt peak -to- 
peak) is supplied to the input of each component. Many video 
accessories incorporate distribution amplifiers (some with 
adjustable gain) that can be used to overcome excessive 
signal loss when passing the signal through several com- 
ponents. Video distribution amplifiers are available sepa- 
rately as well. 

Quite a few video components have provisions whereby 
more than one input source can be connected to the unit at one 
time. A front -panel switch is used to select the desired input. 
Additionally, many units have several outputs allowing for 
multi -point signal distribution. 

Operating a stabilizer requires the user to adjust one knob, 
the STABILIZE control. The control is usually readjusted for 
each tape viewed. R -E 

NEARLY ALL of the sync stabilizers on the market, including the one from MFJ enterprises shown 
above, reshape the vertical sync interval. 



NOW TO CONNECT 

VIDEO COMPONENTS 

VIDEO 

ENTERTAINMENT 

Watching TV is no longer a matter of simply turning on the set and sitting back. Here's a 

look at some devices and ways to take the nuisance out of what should be a pleasure. 

GARY McCLELLAN 

THANKS TO CABLE AND SUBSCRIPTION TV, TV GAMES, AND 

personal computers, television is becoming more interest- 
ing and useful than ever before-not to mention a lot more 
fun. Furthermore, VCR's (Video Cassette Recorders) and 
videodisc players are making available to us an even wider 
range of entertainment. And, on the horizon, there is the 
promise of interactive videotex, which can allow us to 
shop and be informed from the comfort of our living 
rooms. 

Hooking up all the equipment needed to an existing TV 
set can become a bit confusing, especially if several 
devices are involved; this situation is becoming more and 
more common these days. Most people start out with a 
VCR, and over a period of time add other equipment, 
turning a TV set into a video system. Perhaps there's a 
cable box with a decoder for sports and movies; then a 
programmable TV -game for the kids, a personal compu- 
ter for Dad, and so on. 

The result is often a rat's nest of wiring centered around 
a complicated switching arrangement. And, while you 
may understand it, it can make life very difficult for other 
people who use the system, especially if they have to 
change cables! Also of concern is the fact that every 
connection in that maze of cables causes signal losses that 

can degrade picture quality. What's needed is an easy and 
simple way to mate all that new equipment with the TV 
set, creating a true integrated video -system that's easy to 
use and provides the highest quality possible. 

In this article we'll discuss how to connect additional 
equipment to your TV set. We'll start with the simple 
addition of a VCR and build up to a "full house" video 
system featuring almost every device you are likely to 
want. We'll finish up by adding useful accessories such as 
cameras, enhancer /stabilizers, commercial editors, and 
others. 

The hookups described will bring many benefits. For 
example, your video system will be easier for the family to 
use (no cable swapping), and there will be fewer con- 
nections and less signal loss. All you have to do is to read 
through the article to find the descriptions that best match 
your equipment, and then follow the diagrams to hook it 
up. It's as easy as that! 

Of course, it isn't possible to cover every possible 
combination in this short space; there are just too many 
variations. Instead, we'll concentrate on the ones that 
most people are likely to use. With a little thought you 
should be able to adapt those ideas to your particular 
situation. 
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Basics 
Before you do anything, there are few simple rules to 

remember when making these hookups, and they boil down 
to one thing -go first class, inside and out. Lots of people 
will spend a thousand dollars or more for a VCR, $15 and up 
per month for subscription -TV service...and then use a 15- 
year-old antenna and rotten cables. Naturally, they get angry 
when their expensive equipment performs poorly. The moral 
is to save a little extra cash for a new antenna and lead -in. If 
you don't, you'll wind up paying for your "economy" with 
poor reception. Read the following basics, and apply them to 
your own situation. Make any improvements required. 

Start outside with the TV antenna and lead -iii, if you use 
them. They are often overlooked because rooftop mounting 
makes antenna inspection an unpleasant chore. Yet, if your 
antenna and lead -in have been up 4 -5 years or longer, you 
may not be getting the best picture possible. Why? To begin 
with, the sun's heat and ultraviolet radiation degrade the 
insulators and lead -in, which means increased signal -losses. 
Also, soot deposits and humidity will cause breakdown of the 
cable insulation, and wreak havoc with connections. The 
result is predictable; more losses and noisy pictures! And, in 
extreme cases, corroded connections, combined with a near- 
by CB or ham transmitter, will invite interference. So if your 
antenna and lead -in are four years old or more, check them 
out carefully, and replace them if necessary. The same goes 
for lightning arrestors and guy wires. 

If you are going to replace your lead -in, you should use 
coaxial cable, rather than twin lead. For one thing, it tends to 
reduce noise pickup, and for another, it is more compatable 
with the newer equipment. In my own case, using coaxial 
cable cut ignition -noise pickup noticeably and reduced ghos- 
ting; the extra cost was worthwhile. 

Once the antenna and lead -in have been taken care of, the 
antenna should be carefully oriented for the best picture - 
quality on all channels. Often that requires a compromise, 
but with patience, things can be worked out. Of course if you 
have a rotator, antenna positioning will be no problem! 

Go first-class inside the house, too. The lead -in cable 
should be routed to the area where the video equipment is 
located, and F -type connectors used. If necessary, use a 
VHF /UHF signal -splitter between the cable and TV set. 

Now turn your attention to the TV set you will be using. It 
should be in good condition and provide a good color picture. 
Adjust the fine- tuning control for the best sound and picture 
quality. If you don't get a good picture and sound, repairs or 
adjustments may be required; have them made. You should 
then be getting first -rate results, and will be ready to add 
other equipment. 

You are going to need baluns (impedance- matching 
transformers), short lengths of cable with F -type connectors 
on each end, and other parts. Refer to Table 1 for a list of 
parts of this sort that you will probably require. 

Adding a VCR 
Video cassette recorders (VCR's) are very popular, and 

thanks to decreasing prices, are becoming quite widespread. 
Figure 1 shows a simple VCR/TV hookup. The antenna cable 
connects to a VHF /UHF splitter that goes to the VHF and 
UHF inputs of the VCR. From the VCR, separate cables are 
connected to the antenna inputs on the TV set. 

Several remarks concerning that arrangement are in order. 
First, many older TV sets have balanced 300 -ohm antenna 
inputs. To use the cable hookup shown, a 75 -300 -ohm 
matching transformer (balun) will be needed between the 
75 -ohm RG -59 cable and the TV set's VHF terminals. Don't 
try to do without the transformer or you may get a noisy 
picture. Second, some early VCR's don't have UHF output - 
terminals. If that's so in your case, run a short length of 
300 -ohm twin -lead from the VCR's UHF input -terminals to 
the UHF antenna -input on the TV set. 

Adding CATV /MAN 
In some parts of the country, cable TV (CATV) or master - 

antenna TV (MATV) takes the place of an outside antenna. 
Figure 2 shows a hookup for such systems. Note that the 
switch box is not required if just one of those services is 
available. 

Your setup may differ somewhat from the one shown, but 
can probably be handled in a similar fashion. For example, 
your area may have CATV and still permit outside antennas. 
If that's the case, just substitute the antenna cable for the 
MATV connection to the switch box. 

Subscription -TV service has become popular, thanks to its 
uncut, no- commercials, format of movies and sporting 
events and the fact that the programming is sent over the air 
and no cable -service is required. Figure 3 shows two simple 
ways to connect a subscription -TV decoder to your VCR and 
TV set. 

The hookup shown in Fig. 3 -a will work well except for 
one thing: when the decoder is turned on, the VCR or TV will 
receive only the decoder! That can be a problem if there are 
two good programs broadcast at the same time on 
subscription- and free TV. 

The solution is shown in Fig. 3 -b. By adding the a device 
like the Channelizer (made by Energy Video Corporation, 
20371 Prairie St., Chatsworth, Ca. 91311), it is possible to 
receive all channels without any switching. You can tape one 
program for viewing later, and watch the other program right 
now. Special circuitry inside the unit makes that possible 
without interference, and the decoder output appears on a 
channel unused in your area (channel 3 in mine). 

There may be an unused input on the subscription -TV 
decoder that can be used to connect the output from any other 
video equipment (game, computer, videodisc player, etc.) to 
it, and you can then use those devices without throwing any 
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FIG. 1-CONNECT THE TV ANTENNA to your VCR, and then connect the 
recorder to your TV set. Keep the VHF and UHF signals separate. 
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FIG. 3-A SUBSCRIPTION -TV DECODER In the line usually restricts you to receiving only one channel 
at a time (a). A device like the Channelizer (b) removes that restriction. 

switches. Just set the TV set to your local "vacant channel," 
turn on the equipment, and go. That's great for the non- 
technical members of the family who hate to figure out 
switches! 

Adding other equipment 
Add -on devices like video games, personal computers, 

and videodisc players are rapidly increasing in popularity, 
and making one part of your video system is easy just use a 
two -position switch as shown in Fig. 4. 

That arrangement does have a drawback; it allows you to 
connect only one device at a time. If you're lucky enough, 
however, to have a device with a VHF antenna -input (per- 
haps a videodisc player), you can "daisy chain" it with 
another device. Figure 5 shows how that kind of hookup can 
be made. You might be able to connect the output of your 
video game to the antenna input of the videodisc player, and 
the output of the player to the switch. Often that method will 
work well, and will eliminate a second switch. However, 
since not all video equipment has an antenna input, that 
hookup may not be practical for you! The solution, then, may 
be a video switch, our next topic. 

Getting sophisticated 
All the hookups described so far have assumed that you 

would be adding just one device to your video system but the 
chances are that, with time, you will be adding several pieces 
of equipment. That can complicate things greatly if you are 
not careful, and you can end up with a rat's nest of cables. 
But take heart; there's a way around that problem. 

This solution is simple enough: Use a multi -position video 
switch to select the output of a particular device for viewing 
on the TV set or for recording. 

Actually, the term "video switch" is a misnomer. Those 
devices actually switch VHF /UHF RF signals, not low - 
frequency video, as their name would imply. However, since 
most manufacturers refer to their products as "video" 
switches, we'll do so, too. 

The switches are sold under various names: Bambi Elec- 
tronic. Video Switch from Simple Simon Electronics (3871 S. 
Valley View No. 12, Las Vegas, NV 89103), Video Orga- 
nizer from Zenith (1000 Milwaukee Ave., Glenview, IL 
60025), and many others. All those products have one pur- 
pose: to switch in or out a number of program sources with a 
minimum of loss and crosstalk. They neatly replace the array 
of 2- position switches that are often used, and eliminate 
cable swapping. So, once your video system reaches the 
point where a 2- position switch won't be enough, or where 
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FIG. 4 -USE A 2- POSITION switch to select between off- the -air TV recep- 
tion and using an add -on video device. 
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FIG. 5- "DAISY CHAINING," when you can do it, can reduce or eliminate 
the need for switches. 

cable swapping is required, a video switch would be a wise 
investment. 

To really appreciate how neatly a video switch simplifies 
cabling, suppose you add a video game, personal computer, 
and a videodisc player to your system. You could make the 
whole thing work by using the scheme shown in Fig. 4 and 
using three 2- position switches. Or, you could daisy -chain 
the devices as shown in Fig. 5. A better way, though, is 
shown in Fig. 6. There, a single video- switch takes care of 
everything and fewer cables and connections are required. 
That means less fuss in hooking the devices up, and less 
signal loss. But, best of all, using the switch is easy -all that 
you need to do is press the appropriate button to get what you 
want. 
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A full -house system 
There are many people who take video very seriously, 

and. as a new item is introduced, they will add it to their 
systems. With each addition, the switching becomes more 
complicated, until most video switches become inadequate. 
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FIG. 7- FULL HOUSE VIDEO SYSTEM is easy with an electronic video 

switch. Any input can feed any output. 

The solution to that problem is to select a more versatile 
video switch. 

A setup for those who have "everything" is shown in Fig. 
7. That particular arrangement is based upon the Bambi 
Electronic Video Switch. It can handle up to six inputs. and 
can route the signals from any of those inputs to any of three 
outputs. 

The manufacturer quotes an especially high isolation - 
figure (65 dB) for the unit, which is important because that 
reduces interference among sources. Interference can occur 
because most inputs to a video switch are on the same 
channel (typically channel 3), and that can cause multiple 
pictures and interference lines to appear on your TV set(s). 
The solution is to use a switch with a high isolation- figure, 
indicated in dB. Watch for that specification when you buy. 

As shown in Fig. 7, an outdoor antenna, subscription -TV 
decoder. VCR, videogame. personal computer and a video- 
disc player provide inputs to the video switch. Those devices 
can be switched independently, and the VCR can tape a 

program while the kids use the TV game and you watch 
another program off the air. A video switch makes it easy; in 
the case of Bambi. just press two buttons and go! 

Selecting a "full- house" video- switch is easy. First. fig- 
ure out how many devices you will be hooking up to your 
system. You will need a video switch with at least that many 
inputs. and -I would recommend -a spare or two. If you 
buy a switch without allowing for future expansion. you'll 
soon regret it. 

There are plenty of video switches on the market, with a 

wide number of inputs and outputs. so scan the ads when you 
get ready to buy a switch. When you have narrowed your 
choice down to a few units. select the one with the greatest 
isolation figure, if those numbers are available to you. Once 
you have a video switch, just hook it into your system as 

shown in Fig. 7. 

Copying 
There are times when it becomes necessary to copy materi- 

al recorded on one VCR onto another. For example. I recent- 
ly replaced my Beta- I machine with a newer VHS model and 
had to re- record my old lectures and family outings onto 
VHS - format tapes as the new machine couldn't handle Beta - 
format tapes. 

There are two methods that can be used for dubbing 
videotapes. You could use an RF hookup to the antenna 
terminals of the second recorder, but that would put a lot of 
signal -processing circuitry between the two machines and 
cause a reduction in picture quality. A direct- video /audio 
hookup using separate audio and video cables is preferred. 

You may have to make the cables if you can't buy them 
locally. The audio cable can be standard audio or microphone 
cable with RCA phono plugs, or miniature phone plugs on 
the ends. The video cable should be RG- I74 coax with RCA 
phono plugs on each end. The reason for for using coaxial 
cable is to reduce losses. While a very short length of mi- 
crophone cable could be used, it is very lossy and will reduce 
picture definition. 

In some cases you may want to make a copy of an old tape 
that is of poor quality. Sometimes a video enhancer /stabilizer 
can make improvements in the quality, if the tape isn't too 
bad. 

Enhancer /stabilizers are available from a wide range of 
suppliers (many of whom advertise in Radio -Electronics), 
and are very useful. The enhancer section of the device 
boosts -or peaks -the high - frequency portion of the video, 
which makes the picture look better. The stabilizer portion is 

used to stop vertical roll when some commercially available 
tapes are viewed on certain TV sets -especially some of the 
newer ones. Thus, the enhancer /stabilizer can be is a valu- 
able tool when it becomes necessary to copy tapes. R -E 



More and more, 
the world is 
becoming the 
world of 

electronics. 
You probably have what it takes, so let 

CIE help you find a better place in that world. 
Look at the world as it was 20 years ago and as it is 
today. Now, try to name any other field that's grown 
faster in those 20 years than electronics. Everywhere 
you look, you'll find electronics in action. In industry, 
aerospace, business, medicine, science, government, 

YOU MAY ALREADY HAVE THE 
MOST IMPORTANT THING 
IT TAKES. 
If you read magazines like this one regularly, 
chances are you like electronics. And since 
interest is the biggest motivator in learning, 
we're directing this message to you. 
Because if you combine your interest with 
common sense, a willingness to work, and 
our independent home study program, you 
could turn it all into a career in electronics, 
doing what you like to do for a living. 

SPECIALISTS NEED 
SPECIALIZED TRAINING. 
It stands to reason that you learn anything 
best from a specialist, and CIE is the largest 
independent home study school specializing 
exclusively in electronics, with a record 
that speaks for itself. According to a recent 
survey, 92% of CIE graduates are em- 
ployed in electronics or a closely related 
field. When you're investing your time and 
money, you deserve results like that. 

YOU'RE ON YOUR OWN, 
BUT NEVER ALONE. 
We believe in independent study because it 
puts you in a classroom of one. So you can 
study where and when you want. At your 
pace, not somebody else's. And with 50 
years of experience, we've developed 
proven approaches to give you the support 
such study demands. For example, our 
Auto -Programmed' lessons are carefully 
designed by specialists to present topics in 

a clear, logical, step -by -step sequence. 
Your lessons are graded and mailed back 
promptly with appropriate instructional 
help for instant learning reinforcement. And 
our experts are always ready to respond 
in writing whenever you have a question 
or problem. 

communications - you name it. And as technology 
grows, electronics will grow. Which means few other 
fields, if any, offer more career opportunities, more job 
security, more room for advancement - if you have the 
right skills. 

WE TEACH YOU THEORY 
BACKED WITH PRACTICAL 
HANDS -ON TRAINING. 
To bring textbook theory alive, many of our 
courses let you work with the actual tools 
of the trade. CIE's Personal Training Labora- 
tory, part of several career courses, helps 
you put the theories of basic circuitry into 
practice. Other courses include equipment 
like a 5MHz triggered sweep, solid state 
oscilloscope and our Microprocessor Train- 
ing Laboratory, with 512 bytes of random 
access memory, to let the advanced stu- 
dent apply digital technology in many of the 
same ways electronics 
professionals do. 

CIE 

YOU CAN START WHERE YOU 
WANT, GO AS FAR AS YOU WANT. 
CIE's broad range of entry, intermediate, 
and advanced level courses in a variety of 
career areas gives you many options. Start 
with the Career Course that best suits your 
talents and interests and go as far as you 
want. More than half of CIE's courses in- 

clude optional lessons to prepare you for 
the Federal Communications Commission 
exam for an FCC Radiotelephone License - 
a requirement for some electronics jobs, a 

credential for all. And all of our courses can 
also advance you towards an Associate in 

Applied Science Degree in Electronics Engi- 
neering Technology from CIE. 

IT'S NO PICNIC, BUT IT'S 
NOT IMPOSSIBLE. 
We won't kid you. CIE's courses require 
work and self -discipline. But then if they 
didn't, they wouldn't be worth much. So 
ask yourself if you have what it takes. And 
if the answer is yes, send today for our CIE 

school catalog and complete package of 
career information. The information is all 
FREE and it will help you decide where to 
start and how far you want to go. Also, for 
your convenience, we'll try to have a school 
representative contact you to review the 
various educational programs and assist in 

course selection. Just mail the postage - 
paid card or write, mentioning the name 
and date of this magazine. But please, send 
for your FREE catalog today. There's a 

whole world out there waiting for you. 

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

Accredited School National Home Study Council 
RA -03 

69 



o o o 

STEREO AUDIO 
FOR TV 

Stereo and multichannel TV programming is already a 

reality in several countries. Here's the latest on 
what's happening here. 

LEN FELDMAN 
CONTRIBUTING EDITOR 

BY THE TIME YOU READ THIS, ALL THE 

tests should have been completed. Even 
the report prepared by the Electronic In- 
dustries Association's Broadcast Trans- 
mission Standards (BTS) Committee may 
already be in the hands of the FCC, and 
we will be a step closer to having stereo 
audio for television broadcasts in the U.S. 
And, with two (or more) audio channels 
available, not only will stereo be able to 
be broadcast, but the second channel can 
also be used for the transmission of a 
second monophonic program -perhaps a 
soundtrack or commentary in a second 
language, for viewers whose native 
tongue is not English. 

No matter how soon a multichannel 
audio system is adopted for U.S. TV, and 
no matter which system is chosen, the 
U.S. will still be a late starter in adopting 
stereo for TV. In Japan, that type of ser- 
vice has been available since 1978. In fact, 
of the three basic systems being proposed 
for use in the United States, one is the 
Japanese system that was developed and 
tested over a period of four years by the 
Technical Research Laboratories of 
NHK, the Japanese Broadcasting Corpo- 
ration. 

The two other systems currently being 
considered for use in this country are by 
Telesonics Systems, Inc. and by the 
Zenith Radio Corporation. The Japanese 
system under consideration is officialy 
known in this country as the EIAJ system, 
since it is being sponsored in the U.S. by 
the Electronic Industries Association of 
Japan. Finally, a fourth system, develope- 

d-and just being introduced -in Ger- 
many, may have some influence on what 
method is finally adopted. (That system 
will be discussed in detail soon in a future 
issue of Radio -Electronics). 

Further complicating the decision - 
making process is the fact that, in addition 
to the three basic transmission- systems 
just referred to, there are also three noise - 
reduction systems being proposed for use 
with them, making a total of nine possible 
combinations. The incorporation of more 
audio channels in the bandwidth now as- 
signed to a single TV audio channel will 
degrade the audio signal -to -noise ratio, 
regardless of which of the three stereo 
systems is selected. That is what has 
prompted Dolby, dbx, and most recently, 
CBS, to propose noise- reduction encod- 
ing /decoding systems. Those, coupled 
with any of the proposed multi -channel 
TV -audio systems, would reduce back- 
ground noise to acceptable levels and al- 

low broadcasters to maintain the quality 
of fringe -area signals. 

Since multichannel TV -audio will 
eventually be with us, it would be a good 
idea to understand how the three basic 
transmission:systems that have been pro- 
posed work. The principles involved in 
audio companding are familiar to most 
readers of Radio -Electronics so we will 
not include a description of the three 
noise -reduction schemes in this discus- 
sion. 

The EIAJ system 
The components of the signal used by 

the Japanese system are shown in Fig. 1. 

Note that the "x" axis (horizontal) serves 
two purposes -it shows both the audio - 
frequency response of each channel and 
the frequency of the subcarrier and pilot 
tone relative to that of the main audio 
carrier. The "y" axis (vertical) shows the 
frequency deviations of the main and sub- 
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carriers. 
The main audio carrier -used for 

monophonic transmissions, for one chan- 
nel of multichannel transmissions, or for 
the L + R component of a stereo transmis- 
sion -has a maximum deviation of ± 25 

kHz (just like the NTSC system used in 
the U.S.) and a frequency response from 
50 Hz to 15 kHz. 

The subcarrier, located at a frequency 
of 31.47 kHz (twice the TV horizontal 
line- frequency) above the main carrier, is 

used for the second channel of a multi- 
channel transmission, or for the L-R com- 
ponent of a stereo transmission. That 
frequency was chosen because it mini- 
mizes interference between the video sig- 
nal and the subcarrier in intercarrier -type 
receivers. When frequency -modulated, 
the subcarrier has a maximum deviation 
of 10 kHz on either side of the center 
frequency. In Japan, the frequency re- 
sponse of that channel is from 50 to about 
12 kHz, but the system has been modified 
for use in the U.S. to extend the response 
to 15 kHz. 

The subcarrier is used to modulate the 
main carrier -a technique known as in- 
jection. When stereo is being transmitted, 
the amount of injection is ± 20 kHz, giv- 
ing the main carrier a total deviation of 
±45 kHz; in the multichannel mode, the 
amount of injection is ± 15 kHz, produc- 
ing a total deviation of ±40 kHz. 

An amplitude -modulated control sig- 
nal having a bandwidth of 2 kHz is trans- 
mitted at a frequency 55.07 kHz (31 
times the horizontal line- frequency) 
above the main carrier. Its purpose is to 
inform the decoding equipment at the re- 
ceiver which mode is being used. A 
982.5 -Hz tone indicates that a stereo pro- 
gram is being transmitted; a 922.5 -Hz 
tone indicates that a multichannel pro- 
gram is being broadcast. The absence of a 
tone means that the program material is 
monophonic. The control signal can also 
be used to activate a visual indicator to 
inform viewers /listeners which audio 
mode was being used with the video they 
were watching. 

Tests made by the developers of the 
Japanese TV multiplex- system have 
shown that a second subcarrier can be 
added without making it necessary to 
change the parameters of the first subcar- 
rier. In tests conducted by the EIA last 
summer in Chicago, such a system -as 
shown in Fig. 2 -was used. The charac- 
teristics of the second subcarrier were the 
same as those of the first, with the excep- 
tion that the audio -frequency response 
was restricted to an upper limit of 8 kHz. 
It is expected that that subcarrier would be 
used for services where limited frequen- 
cy- response would not pose a problem. 

The Telesonics system 
The Telesonics system, whose arrange- 

ment is shown in Fig. 3, uses a double- 
sideband , suppressed -carrier, AM subcar- 
rier similar to that used in stereo -FM 
broadcasting in the United States and 
many other countries. (The EIAJ system, 
with the exception of the control signal, is 
all -FM.) Such an arrangement requires a 
pilot signal, which is used at the receiving 
end to restore the suppressed carrier. In 
the Telesonics system, the pilot signal has 
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a frequency of 19.668 kHz, or 1.25 times 
the TV horizontal line- frequency. The 
double -sideband suppressed -carrier used 
for transmission of L-R information is 

39.939 kHz, or 2.5 times the horizontal 
line -frequency, away from the audio car- 
rier center -frequency. Tests of the system 
have been proposed using three different 
levels of deviation of the main carrier by 
the subcarrier: 11.25 kHz, 25 kHz, and 
33.75 kHz. Tests using additional FM 
subcarriers at other frequencies, in order 
to provide a second subchannel for sound 
transmisison; a third carrier for ENG 
(Electronic News Gathering), telemetry, 
or another service, and a fourth subcarrier 
for telemetry alone have also been sug- 
gested. The additional FM subcarriers are 
impressed upon the main carrier at very 
low levels and with highly restricted au- 
dio- frequency ranges, as shown in Fig. 3. 

The Zenith Radio system 
Frequency allocations and subcarrier 

arrangements used in the Zenith Radio 
Corporation system are shown in Fig. 4. 
Like the Telesonics system, the Zenith 
system also uses a double -sideband, sup- 
pressed- carrier AM subcarrier. Instead of 
using a separate pilot signal, the Zenith 
system uses the horizontal line- frequency 
itself for that purpose, with the center 
frequency of the suppressed subcarrier 
falling at twice the horizontal line -fre- 
quency, or 31.47 kHz. Provision for a sep- 
arate audio program (such as a second - 
language summary of the news) is made 
using an FM subcarrier having its center 
frequency at four times the video horizon- 
tal -line rate, or 62.94 kHz, while other 
FM subcarriers at 5.5 and 6.5 times the 
horizontal frequency can also be included 
for telemetry or other telecommunica- 

tions purposes. 

Signal -to-noise ratios 
As we noted earlier, all the stereo /mul- 

tichannel TV -audio systems involve some 
degradation of the signal -to -noise ratio. 
In Japan, where the system employed uses 
a frequency- modulated subcarrier for 
transmission of the L-R information (or 
the second -channel information), results 
at station JOAX (the anchor station of the 
national network, based in Tokyo), using 
an 85 kW audio carrier, show that the 
signal -to -noise ratio is about 60 dB on 
both the main and sub -channels at receiv- 
ing points within the city, fairly close to 
the transmitter site. In fringe areas, of 
course, that figure would be worse. 

Experiments have already shown that 
the systems using AM subcarriers (Tele- 
sonics and Zenith, so far) for their dif- 
ference (L-R) information or second - 
channel transmissions suffer a greater re- 
duction in signal -to -noise ratio than do 
all -FM subcarrier systems. That's es- 
pecially true in fringe areas, where the 
main audio -carrier is of insufficient 
strength to send the receiving circuitry 
into full FM- limiting. 

Several critical listeners, none of whom 
knew which companding systems were 
being used (or, for that matter, that they 
were being asked to judge the merits of 
three companding systems), were asked to 
listen to a variety of recorded material and 
to judge which "sounded best." Having 
monitored some of the tests myself on 
behalf of the EIA, I can report that, while 
each companding system was judged 
effective for certain kinds of music, the 
difference in background noise between 
all the uncompanded transmissions and 
those using noise reduction was obvious, 
regardless of which system was used for 
the test. That was particularly true when 
"fringe area" reception conditions were 
simulated. 

Audio enthusiasts have complained for 
many years about the poor quality of TV 
sound. In fact, the NTSC system has al- 
ways been capable of providing "high 
fidelity" FM sound, with response up to 
15 kHz. Small- speaker TV sets, together 
with TV- station -owner apathy, has re- 
sulted in a vicious circle that has kept us 
from enjoying the kind of sound we get 
from FM radio and other high -fidelity 
program sources. 

The coming of stereo -TV sound may 
change all that, if only for the reason that 
the TV tuners and adaptors needed to sup- 
ply the two channels of audio will permit 
us to connect our stereo component -sys- 
tems directly to the line outputs of those 
new products. In that way, we will finally 
be able to bypass the sound systems con- 
tained in our TV sets. 

I am indebted to my friend William S. 
Halstead, who provided me with much of 
the background material used for this arti- 
cle. R -E 
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VIDE 
SYNC 
STAßI 

Some VCR's and TV sets have difficulty 
in playing back certain videotapes. This sync corrector will eliminate that problem. 

IRE LAST FEW YEARS HAVE SEEN A REVO- 
lution in home -TV entertainment as video 
cassette recorders (VCR's) and the pro- 
gram material available for them have pro- 
liferated. 

A problem that has plagued many VCR 
users has been picture instability, in the 
form of vertical roll. It afflicts many of the 
older VCR's and newer TV receivers - 
the ones without external vertical or hori- 
zontal -hold controls. This can also occur 
when viewing prerecorded videocassettes 
that have been recorded using a system to 
prevent tape duplication. The instability is 
generally caused by a distortion of the 
vertical -sync pulse, and, to say the least, 
is an annoyance. 

The device described here will recon- 
stitute distorted vertical -sync pulses and 
eliminate the vertical -roll problem. It can 
be built in two different versions: The first 
is a baseband -video unit that performs the 
sync -correction and outputs a video sig- 
nal. It can be used only in video -to -video 
applications -it does not provide an RF 
signal. 

The second version incorporates an RF 
modulator and outputs the corrected vid- 
eo (and the audio, as well) on VI-IF Chan- 
nel 3 or 4. Feed the RF signal to your TV 
and glitch -free viewing is yours. Further- 
more, this version can be used with a TV 
camera or computer to turn your TV set 
into a monitor. 

Construction of the stabilizer is simple, 
and alignment can be done with only a 

GENE ROSETH 

FIG. 1-ONE VIDEO FIELD. Vertical blanking. 
intervals aro visible to right and left of video 

voltmeter (although an oscilloscope is 
helpful). 

A little background 
Let's begin with a look at a video sig- 

nal. Figure 1 shows one field of video (our 
system uses 60 fields per second). Most of 
what can be seen (the "fuzz ") is picture 
information and will be different for each 
field. At 60 fields per second, the individ- 
ual fields blend into a continuous, 
smoothly changing display on the screen. 
There is one element of the field, though, 
that does not change -the sync pulses. 

At the left and right ends of the scope 
trace there is a short, flat area that contains 
no picture information, but just a short 
negative -going pulse. That portion of the 
signal is termed the vertical blanking -in- 

terval. We'll talk more about it momen- 
tarily. There are also other sync pulses 
(called horizontal sync pulses, and occur- 
ring 15,734 times per second) in addition 
to the vertical blanking -intervals. Since 
they are of very short duration, they do not 
show up well in Fig. 1. The purpose of the 
sync pulses is to match the timing of a TV 
receiver to that of a video source (VCR, 
camera, of -the -air signal, etc.). 

The vertical blanking -interval can be 
seen more clearly in Fig. 2. It is at the 
center of the screen, with picture informa- 
tion to its right and left. The horizontal 
sync pulses can now be seen as well - 
their tips appear as two rows of dots below 
the picture information and the vertical 
blanking -interval. The negative -going 
pulse within the blanking interval is the 
vertical -sync pulse, and it is this that can 
cause picture instability if it is not record- 
ed properly. 

Circuit description 
A circuit to correct distorted vertical - 

sync pulses is shown in Fig. 3. It contains 
two isolated video buffer /amplifier 
stages, Ql and Q2, and a vertical -sync 
detection and regeneration subsection 
that adds a stable vertical -sync pulse to 
the composite -video signal through diode 
D6. 

In operation, the clamped video (with 
the sync tips at + 5 volts) is passed 
through buffer /amplifier Ql -Q2 and is si- 
multaneously applied to pin 5 of IC1 -a 



(one -fourth of a CA339 quad compara- 
tor). Pin 4 of that comparator is biased a 

few tenths of volt above the clamp level; 
that causes a positive -going pulse to ap- 
pear at pin 2 every time a sync pulse 
occurs. 

Resistor R5 , R6, and capacitor C2 form 

2- EXPANDED VIEW of vertical blanking- 
Interval showing vertical -sync pulse. Blips Indi- 
cate tips of horizontal -sync pulses. 

an integrator circuit that allows the hori- 
zontal and vertical sync pulses to be dis- 
tinguished from one another. The bias at 

pin 7 of ICI -b sets the level at which that 
will take place and a negative -going pulse 
occurs at pin 1 of that IC only when a 

vertical -sync pulse is present. 
Another section of the quad compara- 

tor, ICI -c, is configured as a one -shot with 
a time constant of about 180 microsec- 
onds (the same as the vertical -sync pulse 
interval). The pulse generated is inverted 
by ICI -d and its amplitude adjusted by 

R14, after which it is mixed with the origi- 
nal video signal through D6. The result is 

a signal with a vertical -sync pulse of the 

proper strength and duration that "fills 
in" any gaps in the original signal. 

RF modulator 
The modulator shown in Fig. 4 will 

allow you to combine the audio and cor- 

rected video from the VCR and display 
them on your TV set using channel 3 or 
channel 4. 

Most of the work is done by IC3. All 
that has to be added is an RF tank- circuit 
to determine the RF- carrier frequency, an 

audio tank- circuit for the FM audio -sub- 
carrier, and a bias circuit. The RF tank- 
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PARTS LIST 
All resistors 5 %, 1/4 -watt 
R1, R11 -1 megohm 
R2, R15, R30 -1000 ohms 
R3, R5, R8, R13, R16, R20, R32- 10,000 

ohms 
R4- 12,000 ohms 
R6, R21- 33,000 ohms 
R7, R14- 25,000 ohms, trimmer potentiome- 

ter 
R9-10 megohms 
R10 -1.5 megohms 
R12, R19- 100,000 ohms 
R17, R27, R28 -220 ohms 
R18, R29, R31 -75 ohms 
R22, R23- 15,000 ohms 
R24 -2200 ohms 
R25 -1000 ohms, trimmer potentiometer 
R26 -100 ohms 
Capacitors 
C1-47 F. 16 volts, electrolytic 
C2 -.022 µF, Mylar 
C3, C10-75 pF, dipped silver mica 
C4, C11 -.001 µF ceramic disc 
C5-220 µF, 35 volts, electrolytic 
C6, C15-1 µF, 25 volts, tantalum 
C7 -100 pF ceramic disc 
C8-.01 µF, Mylar 
C9-22 pF ceramic disc 
C12, C13, C16 -0.1 F. Mylar 
C14 -470 µF, 25 volts, electrolytic 
Semiconductors 
IC1 -CA339 quad comparator 
IC2 -741 op amp 
IC3- LM1889 video modulator 
IC4 -7812 twelve -volt regulator 
Q1- 2N3904 
Q2- 2N2219A 
Q3- MPSA05 
D1 -03, D6, 07 -1N914 
D4, 05-1 N34A 
D8- 1N751A 5.1 -volt Zener 
BR1- full -wave bridge rectifier, 1 amp, 50 

volts 
T1 -12.6 volts, 300 mA, PC -mount (Radio 

Shack 273 -1385 or equivalent) 
L1-071-.082 µH (J.W. Miller 48A778MPC or 

equivalent) 
L2 -7 -12 µH (J.W. Miller 23A105RPC or 

equivalent) 
Fl -Y4 amp, 3AG pigtail fuse 
Miscellaneous: PC board, enclosure, hard- 

ware, connectors, optional vestigial -sideband 
filter (Plessy SW300), etc. 

The following are available from JENGCO, 
3232 San Mateo NE, Suite 75, Albuquer- 
que, NM 87110: KRF -1 -kit including 
etched, drilled, and plated PC board and 
all board- mounted components, $65.00; 
KRF -2 -PC -board only, $15.00; KBBV -1- 
same as KRF -1 but without RF modulator 
(for video -to -video applications only), 
$42.00; KBBV -2 -PC board only, $13.00. 
Kits do not include cables, hardware or 
connectors. Please add 5% for postage 
and handling; NM residents add 4% sales 
tax. Please allow six weeks for delivery. 

circuit is made up of LI and C10; adjust- 
ing LI allows the carrier to be tuned to 

either Channel 3 or Channel 4. 
The audio tank- circuit uses L2 and C7 

to generate a subcarrier 4.5 MHz above 
the video carrier. This circuit is shunted 
by the base -collector capacitance of Q3. 
The audio input is buffered and amplified 
by IC2, and then applied to Q3 which acts 



as a varactor diode in parallel with C7 -L2. 
(You can use a regular varactor diode in 
place of Q3, but may have to change the 
value of R21.) 

The audio subcarrier and the corrected 
video are applied in the proper ratio to pin 
12 of IC3. Resistor R25 supplies bias for 
the IC, and affects both the degree of 
modulation and the level of the RF camer. 

The output of IC3, from pin 10, is at- 
tenuated by R30 and R31, and then cou- 
pled to the RF- output connector by C13. 

Capacitor C13, at the output jack, can 
be either a capacitor or a vestigial side - 
band SAW (Surface Acoustic Wave) filter. 
The filter eliminates the lower sideband of 
the TV signal and helps prevent adjacent - 
channel interference. Normally it is not 
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FIG. 5- SIMPLE 12 -VOLT POWER SUPPLY Is constructed on same PC board as rest of circuit. 

needed, but should you experience inter- 
ference problems, you may want to in- 
clude it (see the "Construction" section). 

Finally, as designed, the RF output is 
intended to match 75 -ohm coaxial cable 
(RG -59). If you prefer to use 300 -ohm 
twin -lead, change the value of R31 to 300 
ohms. 

Power supply 
The power supply (Fig. 5) is of con- 

ventional design and is wholly contained 
on the same PC board as the rest of the 
circuit, making construction easier. A 
7812 positive 12 -volt regulator, IC4, sup- 
plies power for both the sync -corrector 
and RF modulator sections of the circuit. 

Construction 
Because lead length and layout are crit- 

ical, wire- wrapping or point -to -point wir- 
ing techniques are not recommended for 
this circuit. A foil pattern is provided in 
Fig. 6 and a board is available from the 
source shown in the Parts List. A parts - 
placement diagram is shown in Fig. 7. 
Note that the section of the board to the 
right of the dashed line is used only for the 
RF modulator and may be omitted if a 
baseband video unit is required; the board 
could be reduced in size by about 25%. 

When installing the polarized compo- 
nents (diodes, IC's, electroytic capaci- 
tors, etc.) make sure they are oriented 
properly. That is especially true for the 
power transformer. It's also a good idea to 
put a piece of heat -shrink tubing over the 
pigtail fuse to reduce the possibility of 
getting a shock during the alignment pro- 
cedure. 

Mount Q2 a little more than 1/4-inch 
above the PC board to allow its heat sink 
to clear nearby parts. The heat'sink is not a 
necessity, but serves to add some operat- 
ing margin to the design. 

The heat -sink the voltage regulator, 
IC4, mount it on the bottom of the board 
and then bend it over so its mounting hole 

5 1/2 INCHES 

FIG. 6- SINGLE SIDED PC BOARD fontalns sync corrector, RF modulator, and power supply. 
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aligns with one of the transformer's. Place 
a short spacer -about I/4 inch -between 
the tab of the IC and the board and pass 
the mounting bolt through the aligned 
holes so that the IC lies flat on the floor of 
the enclosure. The enclosure will then 
serve as the regulator's heat sink. 

The 75 -ohm RG -59 video -input line 
can be connected directly to the board, if 
desired, eliminating the need for J1. For 
best results keep it short-less than 11 
feet. The output line can be of any reason- 
able length. Mount the PC board on 
spacers in a metal cabinet; add the appro- 
priate input and output connectors, and 
the power cord. 

If you intend to use the vestigial side - 
band filter, proceed as follows: Remove 
R31 and R30, and replace R30 with a 
jumper. Remove CI3 and insert the filter 
in its place. The Plessy SW300 filter has 
about 20 dB of attenuation at midband, so 
the RF- output signal level will remain ap- 
proximately the same as before (2 mV). 

Checkout and alignment 
This procedure assumes that you have 

included the RF modulator on your board. 
If not, disregard the portions that do not 
apply. 

Apply power to the unit and insure that 
the 12 -volt supply voltage is present at the 
output of the regulator. Use a meter or 
scope to verify that this voltage is present 
at several spots throughout the circuit, 
such as the IC supply -voltage pins. Also 
check for 5 -volts DC at the cathode of 
Zener diode D8. (If the voltages are incor- 
rect, D8 is probably installed backwards.) 

Not turn R7 (THRESHOLD) fully clock- 
wise and R14 (AMPLITUDE) fully coun- 
terclockwise. Adjust R25 until you read 
about seven volts at pin 2 of IC3. When 
you're satisfied that al the voltages are 
correct, you're ready to start the align- 
ment procedure. 

Your'll need a video source to perform 
the alignment. That can be your VCR, a 
video camera, or any other video- gener- 
ating device. If you use a VCR, make sure 
that it is supplying a clean, noise -free 
signal. Connect the video source to the 
video input of the sync connector. 

If you're using a scope, connect it to 
pin 1 of ICI and adjust R7 until the display 
resembles the top trace of Fig. 9. The 
negative -going pulses should be about 
two milliseconds in duration. 

If you are using a meter, connect it to 
pin I of IC1 -it should read close to zero 
volts. Slowly turn R7 counterclockwise. 
At some point, the voltage should jump 
up to about 10 volts. As soon as that hap- 
pens, stop turning R7 -it's now correctly 
adjusted. 

The AMPLITUDE pot, R14, can be ad- 
justed by trial- and -error using a video- 
tape with distorted sync (such as a rental 
movie) as a video source. If you don't 
have a scope, turn R14 about 1 -turn 
clockwise (approximately its correct set- 
ting). Jump ahead to the RF- modulator 

alignment. Return to this step last. 
You can set R14 most accurately by 

connecting a scope to the video output 
(emitter of Q2) and observing the vertical - 
sync pulse. Most general -purpose scopes 
will not lock on to the composite -video 
signal due to its complex shape. These 
tips may help: Try using the scope LINE 

SYNC position -the frequency of the ver- 
tical blanking -interval will either be 
locked to, or very close to, the 60 -Hz 
power line frequency. If the scope has a 
trace expander (i.e. 5 x or 10 x ), do the 
following: Trigger the scope's sync with 
the signal present at pin 1 of IC1; set the 
sweep rate at about 2 ms /division; expand 
the trace, and then adjust the trace's hori- 
zontal position until a vertical blanking - 
interval comes into view. (That is how the 
display shown in Fig. 2 was obtained.) 

Once you have a good display, ajdust 
R14 until the track looks like the one 
shown in Fig. 9. Notice that it is exactly 
like the "ideal" trace in Fig. 2 except for 
the small addition to the peak of the sync 
pulse. Be sure you have that extra ampli- 
tude, because it will insure proper switch- 
ing of diodes D6 and D7 when portions of 
the vertical -sync pulse are missing. 

You are now ready to align the RF mod- 
ulator. Leave the video signal connected 
to the input of the sync connector and 
connect the RF output to the antenna ter- 
minals of your TV set. Use an impedance - 
matching transformer (balun) if neces- 
sary. Tune the set to Channel 3 or 4- 
whichever's not used in your area -and 
disable the set's AFT (Automatic Fine 
Tuning) if possible. 

Use a none -conductive tuning wand to 
adjust LI until you observe some sort of 
picture on the TV screen. Adjust R25 
(MODULATION) and LI altematly until you 
get the best picture quality you can. Now 
you can bring in the sound by adjusting 
L2. The two coils and R25 are interactive, 
so readjust several times to get the best 
results. 

If you have been working without a 
scope, now is the time to return to R14 and 
carefully adjust it for the best and stead- 
iest picture from the distorted tape you've 
been running (this stage had to wait until 
the RF modulator was adjusted so you 
could refer to the picture on the TV 
screen). As you turn the pot, the picture 
should suddenly "lock in." Stop at that 
point -if you go farther, the regenerated 
sync pulse may be too strong and interfere 
with the rest of the signal. 

Should you run into any problems in 
performing the alignment, go back and 
check your work -specially for poor sol- 
der joints, solder bridges and for correct 
component- orientation. Also try readjust- 
ing R7 and R14 slightly. If the circuit 
seems to be working properly but you are 
still having problems with vertical roll, try 
increasing the value of R12 to 150K or 
220K. That will widen the vertical -sync 
pulse farther, and lock -in even most stub- 
born TV set. R -E 



mok Your Own 
cOmPUTER 

CABLE! 
JOHN SMITH- RICHARDSON 

Computer cables either stock items or custom design 
are very expensive. Make them yourself and 

experience a retail savings from 50 to 75 percent! 
IT IS SAID, NOT COMPLETELY IN JEST, THAT POLAROID COULD 
afford to give their cameras away, because once you own one 
you're married to Polaroid forever. Only they make the film; 
they can charge what the traffic will bear, and that's eco- 
nomics! 

The same can be said of computer -peripheral manufactur- 
ers. There are many places to get a discount on hardware such 
as modems, printers, and the other gizmos that make per- 
sonal computing a pleasure, but in almost all instances the 
gear comes without cables. When you ask for the cables, you 
then find out why they can sell the peripherals at such 
fabulous discounts -most of the profit is in the cables. For 
example, an ordinary Centronics -type printer cable that you 
can assemble yourself for about $18 costs between $40 and 

$60 at your local computer emporium. And ordinary RS -232 
extens on cables for a modem. printer, or a terminal are a 

literal gold mine: a 5 -foot length with something like $13 
worth of parts sells for $40 and up, -while a simple gender - 
reverser you can throw together from some junk connectors 
starts at $30. 

The best way to overcome the greed of the computer 
shcps, and save a bundle at the same lime, is to simply make 
your own cables. Sometimes it's a snap, 10- minute job to 
ass: mble the equivalent of a $60 Printer cable, other times it 
takes a little more effort because some of the manufacturers 
throw a "hook" into their connections to force you to buy 
their cables. For example, the nen- standard Apple parallel 
printer connections are legendary. The quixotic numbering 
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THE CONNECTORS specifically 
made for ribbon cable have 
razor -sharp "insulation dis- 
placement" terminals. When the 
ribbon is pushed against the 
terminals the "knives.' slice 
through Me insulation and the 
wire makis contact with the ter- 
minal's). No soldering of any 
kind is required. 
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of Radio Shack's original printer -port connections led to 
many repairs during the warranty period -and many users 
believe it was innumerable freebie repairs that convinced 
Radio Shack to use standard terminal numbering. Then there 
was Heathkit with an RS -232 terminal *20 connection 
known only to Heathkit. 

But does anyone every learn? Never! The latest version of 
the Osborne computer instruction manual has a completely 
erronious set of parallel- printer connections; after you blow 
your mind and a few days work. most users wind up spending 
$40 to $60 for an "approved" cable. And let us not forget 
that if you use a standard "reversed" modem cable between 
an Osborne and a professional RS -232 modem the computer 
will lock -up. Or how about Radio Shack's Color Computer? 
The rest of the world uses a D- connector fora serial interface; 
the CoCo uses a 4- terminal DIN connector. 

When you come right down to it. in many instances there is 

no such things as a standard cable. If one end is standard the 
other probably isn't: but that's no reason why you still can't 
save big bucks by making your own cables. 

Most computer cables can be easily assembled from a 

small assortment of parts: some ribbon cable, press -fit ribbon 
connectors. multi -wire (round) cable with solder connectors, 
or some combination of ribbon and solder connectors. At 
most. it's simply a question of using the easiest cable and 
connector for a given job. 

Ribbon cable is usually preferred because the connectors 
clamp on: they are not soldered. Ribbon cable consists of 
may individual plastic- insulated wires moulded side -by- 
side. It's usually available in specific wire widths, such as 

20. 26. 30. 36, or 40 wires. If you need something like 38 
wires you simply strip away 2 wires from a 40 -wire ribbon 
cable. Ribbon cable can be either all one color with one 
single wire on either side a different color, or every fifth wire 
might be a different color to help you count from either end, 
or every group of wires might have individual colors, say all 
colors of the rainbow repeated in sequence. 

Regardless how it's done, the two outside wires are never 
the same color unless someone has deliberately gone out of 

RIBBON connections are sim- 
ultaneously secured by squeez- 
ing the connector -with the rib- 
bon wire in position- between 
the jaws of a vise. Use only as 
much pressure as necessary to 
seat the ribbon completely 
against the connector -there 
must be no daylight between 
the ribbon and the connector. 

their way to be stupid by stripping multi -color wire in such a 

manner the two outside wires are the same color. The outside 
wires are polarized tracers and must be a different color. If 
you use conventional ribbon cable one side wire will be red. 
or black.or blue. while the other wires are one other color. If 
every fifth wire is color- coded. only one outside wire will be 

color marked. 
To save yourself the heartache of an inadvertently 

"blown'. periperal. standardize and use the color -coded wire 
as the * I lead connected to the *1 terminal. Regardless of 
what the manufacturers of your computer and peripherals do, 
your cables will be OK if you use one. and only one. cable 
wiring standard. 

Ribbon cable comes in several different gauges. The stuff 
from Radio Shack. however. is the easiest to locate and is 

among the least expensive; it works just fine because its 

insulation appears to be the exact thickness required for most 

ribbon -type connectors. If the wire is too heavy. you can 

easily damage a connector during assembly. 
Unfortunately, while I have always been able to purchase 

the wire in a Radio Shack store I have never been able to find 
it in the catalog. though it must be there somewhere. 

At times. you'll have had no choice but to use solder 
connections and you'll create the least problems if you: A) 
use a "light" iron (about 22 watts) with an ultra -thin (1/6- 
inch) soldering tip; B) use the so- called "wire type" solder 
of *22 or *24 gauge: and C) you twist the wire ends very, 
very tightly and tin them solid from the insulation to the tip 
before you try to install them on the connector's terminals. 

Is it really standard? 
The first step in making your own computer cables is to 

determine if the things you want to connect together are 

"standard " -whatever standard is supposed to mean. If 
you're connecting to a Centronics -type printer, the con- 
nections at the printer itself are standard, or at the very least 

the eight signal lines, the ground. the strobe. the busy. and 

the ACK connections will be standard. 
If you're making up an ordinary RS -232 extension cable, 



HERE'S HOW you handle a 

cable that can use a ribbon con- 
nector on one end (bottom con- 
nector) but needs a solder -type 

connector (top connector) on 
the other. At the solder -type 

connector, fold the sides of the 
ribbon inward to form what is 

best described as "a flat tube :' 
then wrap the tube with several 

turns of plastic tape where it 
enters the connector's cable 

clamp. If the cable clamp 
doesn't bite down hard into the 
tape, add a few more turns; the 
wire(s) must be secured by the 

clamp, not by their soldered ter- 
minal connections. Note how 

the top of the ribbon connector 
has been labled to prevent it 

from being installed the wrong 
way. 

which usually sells for between $40 and $60 depending on its 
length, both ends are usually "standard" unless its a modem 
cable which reverses pins 2 and 3 on one end. If there are any 
peculiar connections, they won't be in the cable, but rather in 
the equipment. For example, if you're connecting serial I/O 
(input/output) equipment the ground, TX (transmit), and RX 
(receive) connections are standard, or TX and RX will be 

reversed for a modem, but after that anything goes -and 
usually does. On some RS -232 modem cables the RTS and 

CTS connections must be reversed for a modem, or com- 
pletely disabled, or the #20 terminal polarity must be re- 
versed through an outboard integrated circuit serving as an 

"inverter ". All those things are your problems. But once 
they're resolved it's on to assembling the cables. 

Ribbons are easiest 
Quite possibly, the cables for the most of the Radio Shack 

computers and printers, Heath /Zenith equipment, the 
Centronics -type printers, and RS -232 extensions are the easi- 

IF YOU MUST use a solder -type 
connector, make the con- 

nections short- circuit proof. The 
wires' insulation should extend 

right up to the terminal, and a 

little bit into the terminal if you 
can manage it. It takes practice. 

The trick is to have only about 
1 8 -inch of tinned wire protrud- 
ing beyond the insulation. Here 

is where "practice makes per- 
fect," and patience is a virtue!" 

est to make because the terminal connections were intended 
for flat ribbon cable; hence, they match on both ends even if 
the connectors are different. By "match" I mean that the 
order of the wires is the same even if the connectors and their 
numbering aren't. For example, if wire *1 on one end is 
ground, it's ground on the opposite end. If wire *I I is the 
printer busy on one end, it's in the same order on the other 
end even if the connector terminal isn't *II. Except for the 
CoCo, Radio Shack computers are a good example of wire 
standardization; while a Radio Shack computer's parallel - 
printer output connector isn't necessarily the same as the 
connector used on the printer, the wires are in order, and to 
make your own cable -at a savings of at least $23 -you 
simply crimp connectors conventionally to both ends of a 

length of ribbon cable and the whole thing works. 
In most instances -cables for modems being the 

exception -ordinary ribbon cable is the best thing to use. 
Though connectors for ribbon cable are the easiest to 

install. they are also the easiest to damage or completely foul 
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up, and you usually don't get two chances with ribbon 
connectors. Unlike solder -type connectors with some form 
of channeled terminals, ribbon connectors have nasty little 
razor -sharp knives euphemistically called "insulation dis- 
placement terminals." The connector itself has at least two 
components, possibly three: the main body, a pressure bar 
that secures the wires, and possibly an orientation bar that 
guides the wire out of the connector straight up, straight 
down, or out the back. 

The main body, which is usually a plastic material, has 
V- shaped, razor -sharp terminals moulded into the body. The 
ribbon wire is placed on top of the "terminals" and the 
plastic bar is placed over the wire. When the bar is squashed 
down by squeezing the connector in a vise, the wire is forced 
down on the V- knives. The knives simultaneously pierce the 
wires' insulation. When the bar is fully seated each wire is 
sitting at the base of the V- shaped terminal, with plastic 
insulation between the terminals. 

There is no difficulty in assembling a ribbon connector if 
you take your time. The wire must be trimmed straight 
across, and a large scissors beats most other kinds of cutter. 
Then, the wire must be positioned precisely over the ter- 
minals and held in place while the bar is positioned and the 
first pressure is applied. If the wire drifts out of position you 
can end up with some V -knife terminals cutting through a 
few wires, a short or two, or some open connections. If 
possible, just force the bar down by hand to hold it in 
position, then place the whole connector in a small vise, as 
shown in the photograph, and close the vise until the bar is 
completely seated. 

It's a lifetime connection, so don't attempt to salvage a 
used or defective ribbon connector, because it usually won't 
work. One of the terminals is bound to get bent askew and 
won't seat around its wire; you'll connect everything 
together and then spend hours troubleshooting inoperative 
equipment. 

If you're lucky, the other end will take a matching ribbon 
connector; or if it's a different connector, it will use the exact 
same wire order. If you're unlucky, which is more than 
likely, the wires on the other end won't be in the same order. 
What you must do is use a "cable type" connector which was 
initially intended for multi -wire round cable -the stuff with 
which we're usually familiar. 

Cable -type connectors usually have solder terminals, 
though some of the "industrial grade" cable connectors 
utilize crimp -type connectors that require a special tool that 

IF YOU FOLLOWED in- 
structions very care- 
fully, used all your 
basic skills and pro- 
ceeded with care, your 
computer cables as- 
sembled from the 
instructions in this arti- 
cle should have a pro - 
type look. 

costs between $100 to $250. Do not get talked into any kind 
of sockets using "push in" crimp terminals; you'll cause 
unbelievable damage if you get one in the wrong connector 
hole and then try to get it out. 

If you must use solder -type terminal connectors on both 
ends of the wire, your best bet is to use multi -wire round 
cable. But if one end of your cable can be a ribbon connector, 
then use ribbon cable, and wrap both sides inward where it's 
to enter the clamp of a solder -type connector. Wrap several 
turns of plastic tape around the ribbon wire's "fold ", pass it 
through the clamp and shell, and solder to the connector 
terminals. 

Usually, if you must use a solder -type connector, the 
wiring order will have no relationship to the order on the 
other end, so double -check each individual wire with an 
ohmmeter when it's installed. And when you check the latest 
wire, double -check the connection that preceeds it to make 
certain there's no unseen short circuit. As a rule of thumb, if 
your cable has a ribbon connector on one end and a solder 
connector on the other, install the wires at the solder con- 
nector in the order used at the solder connector, starting with 
the lowest number terminal-* 1, or *2, etc. Forget about 
the other end. You're more likely to get tangled up in the 
order if you try to follow the order of the ribbon connector 
when installing soldered wires. 

If you're making an RS -232 gender -reverser cable make cer- 
tain the #1 terminal on connector at each end of the cable is 
correct. If you have it right, one end will have the #1 to #13 
terminals at the top; and when you turn the "reverser" end to 
end, the other connector will have the #1 to #13 terminals on the 
bottom. 

Hard to get connectors 
As a general rule, Radio Shack stores stock an excellent 

assortment of ribbon connectors at reasonable prices. 
However. there are many common connector types they 
don't have. such as a ribbon or solder Centronics connector, 
and the 9 -pin cable -type connector. Unfortunately, many 
local electronics parts stores charge up to 50% above list for 
the special connectors. One of the lowest -cost sources for 
unusual connectors is a data -supply accessories distributor, 
MISCO, Inc., Box 399 -SP, Holmdel, NJ 07733. Write for 
their catalog. They have such items as Centronics con- 
nectors, 9, 25 and even 50 pin D- connectors, and they stock 
the D- connector hood large enough to accommodate an in- 
ternal miniature switch for only $1.85. R-E 



NEW HIGH-POWER OP AMP CHIP 
Two Amperes of Output from DC to 4 MHz! 

I HAVE WONDERED, AND I SUPPOSE YOU 

have also, about the performance and the 
circuitry involved in those LSI audio - 
power amplifiers that are offered by a 
number of mail -order electronics supply 
houses. I haven't been able to come up 
with any technical data on those devices 
but was fortunate in running across an 
application note on a new and interesting 
device from National Semiconductor. It is 
the LH010I low -distortion high -power 
wideband operational amplifier designed 
to deliver a high current into a variety of 
loads. It is conservatively rated at 2 amps 
with negligible crossover (zero- crossing) 
distortion. Frequency response is from 
DC to above 4 MHz. It is in a hermetically 
sealed TO -3 package. Table 1 shows the 
typical performance characteristics at 
25 °C ambient and a + 15 -volt supply. 

The LH0101, shown schematically in 
Fig. 1, has three basic sections: an op- 
amp, buffer amplifier, and power ampli- 
fier. The op-amp uses a BI -FET config- 
uration to take full advantage of the 
superior DC performance offered by the 
FET input and the desirable slew rate, 
settling time, and low bias -current 
characteristics of this type of device. In 
addition, the internal frequency compen- 
sation makes the BI -FET an ideal around 
which to design a power amplifier. 

Most power amplifiers designed for 
high current output over a wide frequency 
range are either designed for Class AB or 
Class B operation. Both of those designs 
have a tendency to produce crossover dis- 
tortion. For minimum crossover distor- 
tion, a power amplifier must maintain a 
low output impedance throughout zero- 
crossing. To do that, the push -pull output 
transistors must smoothly drive the load, 
alternately switching current- sinking and 
current- sourcing duties at the crossover 
point. 

In a Class -B configuration, both output 
transistors are completely cut off at the 
crossover point. Thus, output impedance 
is relatively high and crossover distortion 
is severe. In a Class -AB design, both out- 
put transistors are biased on during no- 
load conditions, thus providing a low out- 
put resistance and thereby eliminating 
crossover distortion. 

However, in a Class -AB design, 
crossover distortion can develop with 
high -level input signals. For example, 
when the input -signal voltage causes full 

ROBERT F. SCOTT 

Parameter 

Output current 
Input offset voltage 
Input bias current 
Input offset current 
Input resistance 
Large signal voltage 

gain 
Output voltage swing 

TABLE 1 

Conditions 

Slew rate 
Full power bandwidth 
Small signal rise time 
Small signal setting 

time to 0.01% 
Gain bandwidth 
Harmonic distortion 

RL = 10052 
R = 1011 

R = 5.011 
Av = +1 
Av = + 1, RL = 1011 
Av = +1, RL = 1011 

VIN = 10V, Av = + 1 

f = 1kHz, Po = 1W 
R = 1012. Av = + 1 

f = 20kHz, Po = 1W 
RL = 10f2. Av = + 1 

Value 

2A 
5mV 
SopA 
25pA 
101251 

200V/mV 
- 12.5V 
-11.6V 
-11V 

10V'µs 
300kHz 
100 NS 

2µs 
4 MHz 
0.005% 

0.05% 
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output current to be delivered to the load, 
the increased base -emitter voltage of the 
driving transistor tends to bias the resting 
transistor off. Now, when the input signal 
reverses polarity, so that the output swings 
negative, the amount of crossover distor- 
tion, if any, depends on how fast the rest- 
ing transistor can turn on and assume its 
share of duty cycle. The condition wors- 
ens as the frequency of the input signal 
increases. 

The output stage of the LH0101 com- 
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bines both Class B and Clas AB designs to 
achieve smooth distortion -free switching 
at the crossover point. 

The buffer stage of the LH0101 (Hg. 1) 

is a unity-gain current amplifier consisting 
of transistors Q3 -Qll and Q5 and QIO. 
Operating in the Class AB mode, what the 
buffer does is to provide distortion -free 
drive during the zero crossing. Bandwidth 
extends beyond 50 MHz to eliminate the 
possibility of bandwidth- induced distor- 
tion. 

FET's Q7 and Q8 limit the buffer -stage 
output current to 50 mA. However, the 
output stage, consisting of Darlington 
transistors Q1 and Q2, is set up so that 
both transistors turn on as the ouput -load 
current reaches 25 mA. Under operating 
conditions, the buffer drives the load at 
currents up to 25 mA. Above that point, 
the output stage takes over, delivering 
power up to the rated output limit. Thurs, 
the power -driving ability of the buffer 
stage is used to "smooth" the turn -on 
delay of the output stage and eliminate 
crossover distortion. 

Transistors Q6 and Q9 are in the circuit 
to prevent the output stage from being 
over -driven. Current -sensing resistors 
(Rsc) may be connected between the sup- 
ply and sc terminals to set the limiting 
level. A drop of approximatley 0.6 -volt 
across a sensing resistor turns on either 
Q6 or Q9. That in turn, turns on Q12 or 
Q4, respecitvley, to prevent excess base 
current from driving the output stage 
beyond the design limit. Current -sensing 
resistors Rsc = 0.6 /Isc. When Isc = 2 
amps, Rsc = 0.3 ohms. 

Low distortion 40-waft power amp 
Figure 2 shows how two LH0101's can 

be used in a bridge configuration to obtain 
maximum available power output from a 
specified supply voltage. Amplifier dis- 
tortion curves are shown in Fig. 3. A slew 
rate of IO volts -per -µs extends the full - 
power bandwidth to beyond 100 kHz. 

Application precautions 
In this and other high -current high - 

power amplifiers, particular attention 
must be given to ground connections and 
the length and diameter of PC traces car- 
rying high currents. Keep them short to 
minimize the development of error vol- 
tages. Figure 4 shows a suitable method of 
circuit grounding. The heavy lines repre- 
sent paths or traces carrying high cur- 
rents. 

The importance of minimizing error 
voltages can be seen as we examine the 
current- sensing circuitry in the amplifier 
in Fig. 2. The current -sensing resistors are 
RI, R2, R3, and R4; 0.15 -ohm, 2 -watt 
units that develop the 0.6 -volt needed to 
trigger the current -limiting circuit. A PC 
trace with a resistance of only 10 milliohm 
(0.01 ohm) carrying 2 amps will develop a 
20 -mV error voltage. Add to that the pos- 
sible error voltages that may develop 
across the 5- milliohm resistance of a good 
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solder joint and the 10- milliohm resis- 
tance of a socket contact. 

A heat sink is a must to keep the 
LH0101's operating temperature within a 
safe range. It should have a thermal resis- 
tance of 3.5 °C- per -watt ambient. A typi- 
cal heat sink with that rating, and suitable 
for a TO -3 device package, is the Ther- 
malloy 6141. It should be mounted with a 
mica insulator and a liberal application of 
a thermal- contact fluid or silicone grease. 

Other applications 
The LH0101 is ideally suited for service 

as a programmable current source, coax- 
ial cable driver, CRT yoke driver, and a 
driver for inductive loads. For informa- 
tion on adapting the device to those ap- 
plications, refer to Application Note 
AN- 261- Low -Distortion Wideband 
Power Op Amp and L110101 Power Oper- 
ational Amplifer Data Sheet available 
from National Semiconductor, 2900 Sem - 
iiconductor Drive, Santa Clara, CA 
95051. R -E 

DIVIDE-BY-FOUR-PRESCALER 
The RCA CA3I99E divide -by -four 

prescaler takes signals in the VHF /UHF 
band (up to 1.3 GHz) and reduces them to 
low- frequency logic levels. The device's 
high sensitivity eliminates the need for 
preamplification in most cases. Applica- 
tions include digital frequency synthesis 
in VHF /UHF receivers, frequency stan- 
dards, and as high -frequency dividers in 
UHF timers and counters. 

Accepting either single- or double - 
ended AC- coupled input signals, the 
CA3199E provides complementary emit- 
ter- follower outputs at standard ECL lev- 
els. With unloaded outputs, the typical 
logic 1 level is 4.2 volts while the logic 0 is 
3.4 volts. The device operates from 5 
±0.5 volts. The nominal input signal is a 
100 mV sinusoidal waveform in the range 
of 100 MHz to 1000 MHz; the maximum 
RMS input voltage is 0.5 volt. 

Transition time of logic output is 0.6 ns 
for both risetime and falltime. In an 8 -pin 
mini -DIP, the device is $2.79 at the 100 - 
piece level -RCA Solid State Div., Box 
3200, Somerville, NJ 08876. R -E 
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FILTERS 
Filtering an analog signal using digital techniques is becoming more and more 

commonplace. Here is a look at digital filters and how they work. 

TRADITIONALLY. ACTIVE AUDIO -FILTER 
designs have used either L-C or R -C 
networks in combination with phase- or 
gain -compensating amplifiers. While 
such filters are relatively simple and 
economical when designed for one or 
two frequencies. they become complex 
and expensive if required in large num- 
bers. as, for instance. in a 1/2 octave 
audio- spectrum analyzer. A device 
with a 20-Hz to 20-kHz range would re- 
quire over 30 separate bandpass filters. 
or 360 precision capacitors and resis- 
tors for filter- tuning alone. That is in 
addition to the problems of achieving 
adequate temperature and amplitude 
stability, as well as maintaining accept- 
able reliability. 

With the development of digital IC's 
in the late 60's, designing digitally con- 
trolled audio filters became possible. 
One of the first designs considered. was 
the digitization of the old mechanical 
commutating -filter: that filter is shown 
in Fig. I. 

Commutating filter 
How the commutating filter works 

can best be understood by considering 
the simple low -pass section of Fig. 2 as 
an integrator with a time constant r = 
RC. If n such sections are cascaded and 
sequentially switched at a rate off times 
per second, the net time -constant in- 
creases by n, so that the new time -con- 
stant r = nRC. That will yield a 3 dB 
low-pass response at fLow PASS 
= I /(2nRC). 

ARTHUR MAKOSINSKI 

If a signal at the commutating fre- 
quency. fe. is now applied to the filter. 
each individual capacitor sees a par- 
ticular -and fixed- average voltage 
(the voltage is dependent on the phase 
of the input frequency) each time it is 
switched into the circuit. Each capaci- 

FIG. 1 -A MECHANICAL commutating filter. If 

the input signal is equal to the switching fre- 
quency, the filter would reproduce the input 
signal at the output as a series of steps. 

-3dB 

RELATIVE 
AMPLITUDE dB 

r=RC 

,-C 

LOW PASS 

FREQUENCY Hi 2s RC 

FIG. 2 -THE RESPONSE of a simple low -pass 
filter is shown here. The time constant of the 
curve is determined by the values of R and C. 

tor therefore charges to a fixed voltage. 
and as the individual capacitors are 
switched in. or commutated. the origi- 
nal signal is reproduced as a series of 
discrete values or steps. 

The commutating filter is often called 
a comb filter because it will only pass 
signals with a frequency of fe-the 
resonant frequency of the filter -and 
its harmonics. That response is shown 
in the graph of Fig. 3. If, however. only 
the resonant frequency is desired. low - 
pass filters can precede or follow the 
commutating filter. attenuating the 
other "teeth" of the comb. 

In modern commutating filters. the 
commutating is done by shift registers 
or counters. Standard transistors. or 
FET -s, can be used to switch the 
capacitors. Figure 4 shows an eight - 
section commutating filter in which the 
necessary sequential switching is done 
by a combination of a CD4040 BCD 
ripple counter and a CD4051 BCD -to- 
decimal decoder. The CD4040 counter 
is triggered by a squarewave clock sig- 
nal. As the counter advances. on the 
negative -going clock transitions. the 
first 3 bits of its I2 -bit BCD output are 
connected to the BCD input -lines of the 
CD4051 decoder. That IC translates the 
BCD code into sequential decimal steps 
that switch the internal CMOS transis- 
tors on and off: those transistors. in 
turn. switch the connected capacitors. 
In that circuit. the filter's frequency is a 
function of the clock rate. and the num- 
ber of poles. or sections. in the filter. In 
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THE BANDPASS CHARACTERISTICS of a Reticon R5604 switched- capacitor filter is shown in a. Con- 
trast that to the frequency response of the Reticon R5602 -3 transversal filter, shown in b. 

r 
THE CLOCK INPUT to a commutating filter, and the resulting output is shown here. The signal input 
to the device is a sine wave. 

R5602 Transversal Filter Family Data 
Sheet for details), let's take a brief look 
at how it works. 

Basically. the IC uses a new MOS 
charge transfer technique to form a 
monolithic bucket brigade. The bucket 
brigade is a chain of N- channel MOS 
transistors connected to small monolithic 
storage capacitors. The input signal is 
sampled, and the sampled charge is 
transferred from one capacitor to the 
next by alternately switching the MOS 
transistors. 

As the sampled charge is transferred, 
it is simultaneously summed with a 

fixed analog reference. Thus, at every 
clock transition an alternate pattern of 
signal samples and reference charges 
are shifted forward. By multiplying the 
sampled and reference values by pre- 
programmed weighting factors and 
combining them at the output, various 
responses can be simulated. 

The Reticon transversal filters con- 
tain a 64- section bucket brigade, as well 
as timing and output circuitry. Like the 
switched -capacitor filters, transversal 
filters are available in several configura- 
tions including low -pass and bandpass 
filters. 

The filters have linear phase response 

and skirts, with a 150 dB- per -octave 
roll -off rate. The same aliasing prob- 
lems found in switched -capacitor filters 
can impair the transversal filter's per- 
formance if input circuitry is not care- 
fully designed. The Reticon R5602 
family requires more outboard circuitry 
than their switched -capacitor counter- 
parts, as well as a + 15 -volt power 
source. They cost $40.00 each in quan- 
tities of less than 10. 

Presently, a general limitation with 
the transversal filters is their poor low - 
frequency response, which, in turn, is a 
function of the minimum sampling 
(clock) frequency required to shift the 
capacitor voltage levels along the 
bucket brigade. That "refresh" rate 
must be fast enough not to allow loss of 
charge in the capacitors due to leakage. 
Currently, those filters can be used 
down to input frequencies of at least 

1 kHz. 
Recently, Reticon reported work on 

a transversal filter IC that uses double 
polysilicon low -loss capacitors, extend- 
ing the low- frequency response down 
to 50 Hz; the high- frequency limit is 125 
kHz. The IC has a dynamic range of 
over 65 dB and, what is perhaps most 
remarkable, it offers digitally pro- 

grammed characteristics. Texas Instru- 
ments (PO Box 225474, Dallas, TX 
75265) has also developed an advanced 
1024 -stage transversal filter with an 8- 
bit programmable response- character- 
istic and Q. in addition to a 60-dB 
dynamic range, 50-dB stopband at- 
tenuation, and a 1 -MHz maximum filter 
frequency. No mention was made of 
the low- frequency capability. At the 
time of writing, neither the Reticon nor 
the Texas Instruments filters were com- 
mercially available. 

Applications 
With features like broad frequency - 

capability, digitally programmable cen- 
ter frequency, and, in the near future, 
programmable response characteristics, 
digital audio filters -and especially the 
switched -capacitor and transversal 
types -are a natural for use in com- 
puter- controlled networks. With those 
devices, a 1/2- octave spectrum analyzer 
could be built using only one filter IC to 
cover the whole range from 20 Hz to 
20 kHz. If proper anti -aliasing measures 
are taken at the filter's input, switching 
the clock frequency will be all that's 
needed to sweep the filter through the 
entire range. Some other applications 
could include harmonic analyzers, pro- 
grammable noise analyzers, modems, 
and any kind of audio or sub -audio 
filter. R -E 

"Oh! You mean you wanted me to 
clean the videodiscs with the disc - 
washer ?" 
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receiv ens that are capable of continuously 
tuning from IO kHz to 30 MHz are he- 
coming ever more popular. However. us- 
ers are oftm disap ointed with their per- 
formance at the c .trcme low end of the 
spectrum -hut it's. not always the recei\ 
er that's to Maine. Often. poor VLF I Very 
Low Frequency) performance is due to 
the use of an untuned. random - length an- 
tenna. Such antcntas are often used he- 
cause of the difficulty of building a full - 
size VLF a'itenna. As. well soon see. 
howe\rI. full size antennas. aren't al- 
way s necessary fur good reception at low 
frequencies 

This setics of ankles will introduce 
you to practical active-antenna systems 
that are physically very short. For ex- 
ample. Fig. I shows some experimental 
wide -hand active antennas using whips 
that are .just one -meter long. The casual 
SWL or VLF -LI- istener with an appro- 
priate receiver will get good results using 
those -provided that appropriate atten- 
tion is paid to such things as antenna 
location. interference considerations. cir- 
cuit construction. and ground systems 

Active antenna basics 
In this discuss', n, we will restrict our - 

selsc, to active ,\ stems using vertical 
whips. Loop anternas are very useful but 
tuning. coil changing. and an entirely dif- 
ferent type of circuitry are needed for that 
type of active antenna system. Short 
whips are usually easier to make and 
operate. but have the disadvantage of be- 
ing more sensitive to local noise (power - 
line noise. :Or example). Loop antennas 
are directional -they have to be oriented 
with respect to the signal fur best sensitiv- 
ity. On the other hand. vertical whips are 

lal- sensili\'it >' is not 

1 . 

VLF 
Active 

Antennas 

Because of poor antenna 
performance. the low 
frequencies are. as a 
rule.neglected by shortwave 
listeners. This series of 
articles will show you how 
you can overcome those 
problems and hear what 
you've been missing. The 
principles we'll discuss can 
even be used for reception 
up to 30 MHz. 

R.W. BURHANS 

lark 

af'f'ected by the antenna's orientatior. 
Typical active antenna preamplCiers 

operate primarily as impedance convert- 
ers or current amplifiers -they convert a 

small input -signa. voltage at a high - 
impedance input to nearly the same volt- 
age at a low- impedance output. A coaxial 
cable is connected from the output to the 
receiver's low- impedance antenna i-lput 
t\ pically 50 to 500 ohms). As is common 

in many TV antenna -mounted pre- 
amplifiers. the power for operating the 
active preamplitieruses that same coaxial 
cable. There are, however. basic differ- 
ences between the VLF -HF systems and 
the TV -type active preamps. For ex- 
ample. the VLF -HF active antenna must 
have a higher input impedance and more 
attention must be paid to the details of the 
amplitier'sdyiami: range and distortion. 
Another difference is that the frequency 
range covered by the VLF -HF preampli- 
fier is a couple of orders of magnitude 
greater than that covered by the TV -FM 
units. 

Active antenna preamplifiers mounted 
at the base of a slim whip antenna are 
most often used at low frequencies ( IO 
kHz. to 10O kHz). There. the antenna 
length is much less than All wavelength. 
The general rule in airborne or marine 
VLF communications, or Omega and 
Loran -C navigation systems is to use a 

short active -antenna system . 

Antenna sensitivity 
Let's now introduce the concept of 

effective length (Ii.). (In low- frequency 
usage. that is sometimes referred to as 
effective height). The effective length of 
an antenna is equal to the ratio of the 
voltage at the antenna output terminals to 
the field strength of the input signal 
(measured in volts /meter). In equation 



form that is stated as: 

V 

The ratio of the effective length to the 
physical length (I) is a measure of the 
antenna efficiency. For example, an an- 
tenna with a physical length of 100 cm 
could have an effective length of 20 cm. 
The resulting output signal strength Eo 
would then be only one fifth that of the 
input. 

The effective -length -per- unit -length of 
an active antenna can be estimated by 
determining the input capacitance of the 
system. That input capacitance includes 
the antenna -mount capacitance, Cm; the 
input- wiring capacitance, Cg, and the 
antenna -whip capacitance, C. (See Fig. 
2 -b.) The relationship is: 

Ca 
(1) 

I Ca + Cm + Cq 

A typical one -meter long whip antenna 
might have a measured Ca of about 10 pF 
over a flat ground plane. Also, an antenna 
mount might have a fixed capacitance of 
Cm = 5 pF and the input wiring and 
active circuit capacitance might be Cg = 
8 pf. The efficiency for a system with 
those values would be: 

+ 
10 K-0.434K (2) 

The factor K (which was assumed to be 
equal to 1 in equation 1) is a measure of 
the nearby shielding or coupling effect of 
the local ground plane (trees, structures, 
buildings, etc.). In practice, K is always 
less than one. A value of 0.75 might be 
obtained with a top -hat capacitive -loaded 
vertical antenna mounted on a pole or 
structure such that the local ground plane 
slopes away from the antenna on all sides. 
Values of K as low as 0.1 might be possi- 
ble for a low horizontal wire with trees or 
buildings close to and higher than it. For 
example, let's presume that the K of 
equation 2 was equal to 0.5. The effective 
length would then be 0.434 x 0.5 = 
0.217 meters. That is typical of what is 
actually observed with a medium- quality 
active antenna with a length of 1 meter. 
Another way of thinking about that an- 
tenna is to say that its efficiency, in terms 
of converting the input field strength to a 
corresponding level at the output ter- 
minal, is about 21.7%. 

Because of the coupling factor, an ac- 
tive antenna mounted up in the clear will 
generally outperform an antenna 
mounted near obstructions. At VLF fre- 
quencies, a hill or mountain 0.5 km away 
from the antenna can reduce the antenna's 
sensitivity. Precision measurements of 
the phase and amplitude of 100 -kHz 
Loran-C signals, made while flying over 
hilly terrain at low altitudes, can yield 
information about the variations of 
ground conductivity and terrain contours, 
which are related to K. 

FIG. 1- EXPERIMENTAL WIDE -BAND ACTIVE ANTENNAS. The ones shown here are approximately 
one meter (39.47 inches) long. The tape measure is pulled out to 41 inches. 

Input impedance 
Active antenna receiving preamplifiers 

at frequencies of about 10 kHz have a 
high input impedance (greater than 1 

megohm). That is because of the low an- 
tenna capacitance (Ca). Thus, the whip 
antenna can be considered to be a voltage 
source with a high internal impedance 
when coupled to the preamplifier input 
terminal (see Fig. 2). That internal im- 
pedance becomes lower as the frequency 
of operation is raised -reaching a value 
around 10,000 ohms at the AM broadcast 
band (1 -MHz region). 

If a short whip were connected directly 
to a 500 -ohm receiver input terminal, a 
LF signal would be greatly attenuated as a 
result of the mismatch. For example, let's 
look at what would happen to a 10 kHz 
signal. The reactance of Ca for a 1 -meter 
whip would be about 1.6 megohms at 10 
kHz. Without an active preamplifier, the 
attenuation would be about 500/ 
(1.6 x 106 + 500) ohms, or roughly - 72 
dB! If, on the other hand, an active pre- 
amplifier were used, the same 1 -meter 
whip would provide ample signal at 10 
kHz, as the source would be much more 
closely matched to the load. 

The effective capacitance of a wire an- 
tenna is approximately 10 pF /meter. 
Thus, at 10 kHz, a 30 -meter wire antenna 
directly connected to a 500 -ohm receiver - 
input terminal is a 50,000 -ohm reactance. 
Another way of looking at that is to say 
that the antenna efficiency is 500 /50,000 

= .01, or 1%. At 10 kHz, our 21.7%, 
1 -meter active antenna looks much better 
than that 30 -meter wire. 

As we go higher in frequency, up to the 
30 -MHz region, the impedance of the 1- 

meter whip decreases to the point where it 
could be connected directly to a low - 
impedance receiver input. Hence, active, 
high- input -impedance antenna systems 
are most useful at the VLF -LF range 
(usually below 500 kHz); at those fre- 
quencies they can perform as well as a 
very- long -wire antenna that is connected 
directly to the receiver's low- impedance 
input. 

Antenna noise levels 
In airborne applications, for 

aerodynamic considerations and to 
minimize interference, it is desirable to 
use as small an antenna as possible in the 
VLF range. A recent FAA report suggests 
a minimum effective length of about 20 
cm when operating at 100 kHz (Loran -C). 
An active antenna with a 20 cm le will 
provide an output signal level of 20 /AV 

across a 50 -ohm receiver input terminal 
when it is immersed in a 100 /AV /meter 
electric field. 

The antenna noise level found in a re- 
ceiver is a function of the receiver band- 
width. A typical Loran-C reciever might 
have a noise level of perhaps 1000 /AV /m. 
Thus, a weak Loran-C signal may be 
buried in noise to the 100 /AV /1000 /AV, 
or - 20dB S/N level at the antenna input, 
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even though the total signal and noise 
level (S + N) is quite high at the preamp 
output. That is a general characteristic of 
most VLF -LF receiver systems. The an- 
tenna noise is much larger than the 
receiver -circuit noise levels by at least an 
order of magnitude. 

Figure 3 is a chart that shows the mag- 
nitude of the atmospheric noise level (in 
the midwestern United States at 170 kHz) 
as a function of the receiver bandwidth. 
Summer afternoons are dominated by the 
noise of thundershower spherics. They 
produce a typical noise level of 100 µV /m 
(40 dB above 1 µV /m) in a receiver with a 
400 -Hz bandwidth. In the morning, sum- 
mer noise levels are lower. Lower still are 
the winter noise levels, which are usually 
less than 1µV /m. However, in the winter, 
the antenna becomes less sensitive de- 
spite the reduced noise level. That is due 
to the lower conductivity of ice and frozen 
ground. For example, propagation of 
VLF signals is very poor over a large ice 
mass like the Greenland ice cap. The ac- 
tion is similar to that of a carbon wedge 
inserted into a microwave waveguide. 

Intermodulation distortion 
We want an active -antenna system that 

will ensure that the signal heard on the 
receiver is not some spurious response of 
the preamplifier or the receiver itself. 
That may be rather difficult in some urban 
areas, where the general RF- "pollution" 
level is high over the entire VLF through 
HF spectrum. We do not want our an- 
tenna system to amplify strong signals 
that are in the passband of the active an- 
tenna but not on the frequency we are 
interested in receiving. 

Achieving those goals is difficult in 
practical wide -range semiconductor pre- 
amplifier circuits. That's because they 
suffer from problems caused by second - 
and third -order intermodulation distor- 
tion products that are created by small 
non -linearities in the active preamp. 

Second order distortion 
Suppose we have an active- antenna 

system connected to a receiver tuned to 
370 kHz in the LF beacon band. Let's also 
suppose that there are local broadcast - 
band transmitters on 1340 kHz and 970 
kHz that produce a difference frequency 
of 1340 - 970 = 370 kHz. If the active - 
antenna preamplifier is not perfectly 
linear-and it never is in practice -then 
at some high signal level, a mixture of the 
two broadcast -band AM signals will be 
superimposed on the desired 370 -kHz 
beacon signals. If the listener is located 
close to the AM transmitters, the in- 
terference signal level might be quite 
high. It increases by 20 dB every time that 
the strength of the signals causing the 
interference increases by 10 dB. The 
problem can be reduced by using semi- 
conductor circuitry that is more linear, or 
by using high -impedance traps and low- 
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pass filters connected directly to the 
active -antenna input circuitry. 

Third order distortion 
Third order distortion can be a more 

severe problem. It occurs when a strong 
local AM broadcast -band signal mixes or 
multiplies with a weaker signal producing 
interference frequencies of 2f, -f2 or 212 -f, . Suppose f, is a weaker signal on 700 

2K 6K 

of the receiver's bandwidth and differ from season to 

kHz andf2 is a strong local signal on 1340 
kHz. Then 2f, -12 = 60 kHz and 212 - 
f, = 1980 kHz. If we tune our receiver to 
each of those frequencies, signals will be 
heard faintly in the receiver. The one at 60 
kHz is particularly troublesome, since it 
is right on top of a normal VLF time 
signal from WWVB and produces annoy- 
ing fading that coincides with the signal 
variations from the broadcast stations. 

ACTIVE ANTENNA PREAMPLIFIERS can be made very small. 



An active- antenna system presents few mounting -problems. 

That type of two -tone interference in- 
creases by 30 dB for every 10 dB increase 
in the level of the two interference sig- 
nals. The large number of broadcast -band 
stations, and the thousands of LF beacons 
in the continental United States (as well as 
the world), means that there are many 
potential interference sources that could 
cause problems for VLF -LF receiving 
setups. 

Harmonics and overload 
Another common type of interference 

that plagues all types of reception setups 
is simple harmonic multiplication. In 
other words, a strong signal on 250 kHz 
can produce weaker harmonic signals at 
500 kHz, 750 kHz, etc. At the VLF -LF 
range, that problem is usually not as much 
of a concern as those mentioned above, 
since the interference caused by second, 
third, etc. harmonics is usually not as 
severe as that caused by second or third 
order distortion. Also, the higher the 
harmonic number, the weaker the in- 
terference signal will be. 

Input preamplifier overload can occur 
when a locally strong station is transmit- 
ting at a frequency that falls within the 
antenna's passband. That problem can 
sometimes be cured by using traps or in- 
put low -pass filters, or by shorting the 
whip to ground with a remote, weath- 
erproof, low- capacitance relay. Howev- 
er, it is very difficult to get rid of a signal 
from a nearby amateur or CB transmitter 

if the active antenna is designed to operate 
in the same frequency band. 

Other interference 
Most TV receivers radiate some 

horizontal -oscillator signal (15.734 
kHz); that problem is especially severe in 
modem solid state and IC sets. The har- 
monics from that source, up through 400 
kHz, can often be heard in a VLF -LF 
receiver. A list of the TV- oscillator 
harmonic frequencies up to 409.091 kHz 
range is shown in Table 1. If your corn - 
munications receiver lacks a precision 
digital readout, those interference signals 
can be used for frequency markers in the 
VLF -LF range. Sometimes, however, 
those signals can interfere with the recep- 
tion of an important beacon. In the case of 
Loran-C, for instance, the interference 
from TV harmonics at 94.406 kHz and 
110.140 kHz have been reported to dis- 
turb the operation of some marine Loran- 
C receivers near marinas in populated 
areas; in such situations, audio or notch 
filters can be used to reduce that problem. 

Harmonics from 60 -Hz power -line- 
operated systems can also cause in- 
terference. For instance, the 170th 
harmonic of 60 Hz is 10.200 -kHz, which 
happens to be the Omega navigation - 
system frequency. That, as you might 
imagine, can cause problems, especially 
when an Omega receiver is poorly located 
with respect to power lines or faulty 
power -line ground systems. Rusty 

TABLE 1 

Harmonic number Frequency -kHz 
1 

2 
3 
4 

5 

6 
7 

8 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 
23 
24 
25 
26 

15.734 
31.468 
47.203 
62.937 
78.671 
94.406 

110.140 
125.874 
141.608 
157.343 
173.077 
188.811 
204.545 
220.279 
236.014 
251.748 
267.482 
283.217 
298.951 
314.685 
330.419 
346.154 
361.888 
377.622 
393.357 
409.091 

marine vessels that use 60 -Hz power sys- 
tems have reported problems with those 
harmonics when operating Omega re- 
ceivers while at sea. 

In some cases, better grounding of 
house -wiring systems can help reduce in- 
terference from power systems. Active 
antennas work best when some ground 
reference is provided at the antenna base. 
That's because any antenna that is very 
much shorter than one -quarter 
wavelength acts like an electric field 
probe that measures the potential differ- 
ence between itself and its ground plane. 
Thus, good grounds are always a necess- 
ity and they can eliminate many reception 
problems. As to what type of ground sys- 
tem to use, a cold -water copper -pipe sys- 
tem or deep -driven copper rods and heavy 
conductors will do; but a large number of 
copper radial -wires laid out around even a 
short pole- mounted whip will provide 
marked improvement in VLF reception. 

A wide variety of other types of in- 
terference are often heard throughout the 
VLF -HF region; their sources include 
garage -door openers, microwave ovens, 
motor controllers, personal computers, 
and TV -set remote tuners. The active cir- 
cuitry contained in such devices often 
radiates signals at frequencies between 40 
and 200 kHz. Many microcomputer sys- 
tems radiate strong harmonic energy in 
the 1- to 30 -MHz range. Some control 
systems are vibration- sensitive and can 
be frequency- and amplitude- modulated 
by room or household noises. Those sig- 
nals cause interference that is in- 
dependent of the type of active or passive 
antenna used on the receiver. 
The active antenna systems that we will 
discuss here are used with a one -meter 



long whip. That helps reduce the sensitiv- 
ity to local noise from sources such as 
power lines. Because of the active an- 
tenna's high input -impedance and low 
output -impedance, it is more efficient 
than a simple wire antenna in converting a 
received signal at the antenna to a 
corresponding voltage level at the receiv- 
er's antenna terminals. 

In general, the properties that we want 
our active receiving antenna to have are: 
high input- impedance, low input - 
capacitance, low output -impedance, and 
minimum distortion/high linearity. 

Another objective is to keep the circuit 
as simple as possible. A single -stage 
JFET amplifier has the best combination 
of properties for active antenna preampli- 
fier applications -and it allows the cir- 
cuit to be kept relatively simple. (This is 
not to suggest that there might not be 
better, more complex circuits, using 
several semiconductors or IC's.) 

Wide -band amplifier circuit 
The JFET that we have chosen to use is 

the Siliconix J -310 (or U -310 in metal 
can). That JFET is often used as a 
grounded -gate transmission -line ampli- 
fier for TV and FM reception (at a 75 -ohm 
input/output level). The J -310 will usual- 
ly handle short- duration static surges up 
to 100 volts or so without damage, so a 
single low- capacitance neon bulb can 
provide input static -charge protection. 
That is of value since semiconductor di- 
odes usually have a much higher junction- 
capacitance when used as protection de- 
vices and, if used, would increase the 
input capacitance of the preamplifier. 

In our application as an active VLF -HF 

preamplifier, the J -310 is used in a 
common -source common -drain con- 
figuration with inductive feedback (that 
improves the linearity and lowers the out- 
put impedance). Figure I shows our 
wideband circuit for the range of 10 kHz 
to 30 MHz. Note that the feedback from 
drain to source is large because of the low 
resistance of the transformer and its 1:1 

turns ratio. (We will discuss how to wind 
that transformer in Part 3 of this series; 
that part will contain actual construction 
details.) For the circuit to operate pro- 
perly, the transformer's output should be 
opposite in phase to its input (with respect 
to ground). 

The amplifier circuit is intended to be 
used with a 1 -meter vertical whip. The 
antenna and its mount capacitances serve 
as part of an input filter. The input capaci- 
tance of the JFET is quite low (about 7 
pF). The 2.2 -µH inductor at the gate of 
the JFET serves as a lowpass filter or trap, 
resonating with the junction and circuit 
(including antenna) capacitances at a fre- 
quency near 30 MHz. That input filter 
aids in reducing FM -VHF interference 
over a range of 50 to 500 MHz where the 
1 -meter whip acts like a resonant antenna. 

Receiver coupler 
The receiver coupler both provides 

power to the preamplifier and extracts the 
signal from the coaxial transmission line 
(from the preamp). A wideband receiver 
coupler is shown in Fig. 2. Capacitor C 
and inductor L1 form a highpass L- 
section filter (with about a 10 -kHz 3 -dB 
rolloff). Resistor RI is used to ensure that 
the preamplifier output sees a low - 
impedance load no matter what sort of 
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receiver is connected. Resistor R2 is used 
for matching to a receiver with a higher 
input impedance. That resistor would 
cause a signal loss of 6 dB if the input 
impedance to the receiver were 500 
ohms. 

The coupler circuit provides DC power 
to the preamp through the coaxial cable. 
Power sources less than about +8 volts 
will reduce the dynamic range and linear- 
ity of the amplifier. The power dissipa- 
tion of the JFET using a + 8-volt supply 
will be about 200 mW. The rating of the 
J310 at 25 °C is about 360 mW maximum. 
In practice, we have not burned one up 
even when operated with a + 12 volt 
supply for an extended length of time. 

The active antenna preamp is like a 
Class -A amplifier (where the output has 
low distortion, but the power furnished by 
the DC power supply is much greater than 
the power dissipated in the load). Howev- 
er, some distortion does ultimately 
appear in the output at high input- signal 
levels. That is due to the fact that a JFET 
biased in that way cannot be made per- 
fectly linear over a wide dynamic swing 
of the output voltage. Other modes of 
operating the JFET with different biasing 
have been tried, but they have not resulted 
in any significantly better performance. 
So, in a sense, the circuits of Figs. 1 and 2 
are of the "simpler is better" type. 

Intermodulation distortion 
A wideband active antenna covering 

from 10 kHz to 30 MHz has poor per- 
formance with regard to IMD (In- 
terModulation Distortion) because little 
input filtering is provided. Interference 
will be noted especially if the observer is 
close to strong AM broadcast -band 
transmitters. The standard method for 
evaluating the intermodulation response 
of a receiver is to measure the 2nd and 3rd 
order intercepts. 

Figure 3 shows a plot of the output 
power of the two fundamental signals (ff 
f,) versus the output power of the second 
order and third order distortion products. 
(We discussed intermodulation distortion 
products in the first part of this series, 
which appeared in the February issue of 
Radio -Electronics). Those are shown as 
a function of the power of a two -tone 
input signal. 

One thing we should mention first is 
that when the input signals are too large. 
the amplifier output will not follow the 
input linearly. That is called gain com- 
pression and can be seen in Fig. 3. 

If the linear portions of the curves are 
extended. they will eventually cross each 
other. That is shown in Fig. 3. where the 
curves are extended by dotted lines and 
cross at an output level that cannot be 
reached by the amplifier. The point where 
they cross is called the amplifier in- 
tercept. The input and output coordinates 
where they cross give you the input and 
the output intercepts. 

In general. the higher the intercept 
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point is on the graph, the better the 
amplifier's capability. Those measure- 
ments are best made with a sensitive spec- 
trum analyzer, but an approximate idea 
can be obtained by using a receiver and 
recording the S -meter readings with 
appropriate signal -generator sources. 
The relatively low number of only + 10 
dBm for the 3rd order intercept indicates 
that the active antenna should be used 
over a wide frequency range only where 
the local interference level is not severe. 
The antenna, of course, might be used in a 
high -signal area but the observer has to 
exercise some caution in making sure that 
the IM signals are not obscuring some 
desired signals on the same frequency. 

For the wideband case of 10 kHz to 30 
MHz, those intermodulation -distortion 
measurements suggest that only a short 
antenna of perhaps 1 meter or even less 

ti 
FIG. 4 -THE INPUT INDUCTORS and circuit capacitance form a lowpass filter that makes this an 
amplifier for restricted use In the VLF -LF range. 

ANTENNA 
(SEE TEXT) 

L1 

6.8mH 

NE1 

will provide the least amount of spurious 
responses -increasing the antenna length 
will only tend to increase the distortion 
level. Longer antennas should be used 
only when the active preamplifier is pro- 
vided with some form of input and/or 
output filtering to reduce the out -of -band 
interference effects. With added input 
filtering, an active antenna with a 1 -meter 
whip can provide less IMD because the 
input filter reduces the likely iticerfering 
signals before they have a chance to op- 
erate on the preamp input circuitry. 

Although the wideband active antenna 
should not be used with anything longer 
than a 1 -meter whip in areas of high 
adjacent- channel interference, longer 
antennas -perhaps up to 10 meters -can 
be tried in a "quiet" location for operat- 
ing in the VLF -LF range. However, when 
using long antennas in the HF region there 

R14 
1MEG 

is an additional interference problem be- 
cause the antenna is resonant at more than 
one frequency. One rule to follow here is 
to keep the length of the antenna less than 

wavelength at the highest frequency 
used for a wideband system. Although 
that is short at the highest frequency, an 
antenna of that length used with the wide - 
band preamp will perform almost as well 
as a 48 -inch top -loaded vertical con- 
nected to a 50 -ohm system (as in mobile 
CB radios at the 27 -MHz region). A prim- 
ary reason for using an active -antenna 
system is to provide good performance 
over a wide range with small physical 
size. Thus, if the antenna is to be used 
only for the CB range, it would be simpler 
to use an ordinary CB antenna and avoid 
all of the wideband problems. 

Amplifier circuit -VLF and LF 
At frequencies below about 500 kHz, 

the amplifier circuit is modified to pro- 
vide input filtering and higher voltage - 
gain. Figure 4 shows the modified circuit. 
Two input inductors and the circuit 
capacitances form a lowpass filter with a 
cutoff frequency near 450 kHz (see Fig. 
5 -a). The choice of those inductors is 
somewhat critical because the preamp's 
operation depends partly on the resonant 
frequency of the coils, the distributed 
capacitance, and the capacitance of the 
windings to the shield housing. To reduce 
mutual coupling, the coils are connected 
in series with their windings opposing 
each other. Therefore, they still can be 
mounted close together on a small circuit 
board with no interstage shield. That 
arrangement provides at least another 30 
dB of attenuation for broadcast -band sig- 
nals directly at the input to the preampli- 
fier where the problem of intermodula- 
tion starts. A single inductor can be used, 
but it will not provide quite as sharp a 
cutoff for interference from the AM 
broadcast band. 

The output transformer is an ultra - 
miniature audio -output transformer with 
a 200 -ohm center -tapped primary and an 
8 -ohm center -tapped secondary. (We will 
talk more about that transformer when the 
series continues.) The output transformer 
has good response to at least 400 kHz, 
even though it was originally intended for 
audio -frequency use. The smaller amount 
of feedback applied from drain -to- source 
results in higher voltage gain of about + 6 
dB at the expense of slightly less power 
gain, or a higher output impedance when 
compared to the 1:1 wideband toroid. 
However, we use the iron core transfor- 
mer because of its low cost as well as the 
lowpass output filtering provided. 

When used with a 1 -meter whip, the 
VLF -LF version of the active antenna- 
with an input lowpass filter with about a 
450 KHz rolloff- provides higher in- 
tercept points with respect to broadcast - 
band interference (although it is about the 
same for interference from other 
frequencies). If you are located in a reg- 
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ion free from high -power broadcast -band 
transmitters, then you can use the pre- 
amplifier of Fig. 4 with longer antennas. 
However, a point is reached with any 
active system where merely increasing 
the antenna size does not improve the 
overall signal -to -noise ratio because the 
atmospheric noise level increases at the 
same rate as the signal. 

Resonant input circuit 
Figure 5 illustrates various high - 

impedance input networks for restricted 
use in the VLF -LF region (such as Loran - 
C only, or WWVB, or for the 160 
kHz -190 kHz experimenters' license - 
free band). A series inductor with a small 
input tuning capacitor can be used to 

further reduce interference and increase 
the antenna performance. A miniature 
trimmer- capacitor with a tuning range of 
8 to 50 pf placed from the gate to ground, 
directly across the 1 megohm input resis- 
tor (see Figs. 5 -b and 5 -c) provides a 
means of tuning the series inductor for a 
peak at the desired frequency range. The 
result is a sharp, high- frequency cutoff 
with a more gradual low- frequency rol- 
loff. The inductor was chosen to be self - 
resonant (remember, real inductors also 
have capacitance) at a somewhat higher 
frequency than the top of the desired tun- 
ing range. That technique will work for 
some pot -core or slug -wound inductors 
but will usually not work well with large 
toroids, as they have too much distributed 

TABLE 1 

Parameter Whip 1 Whip 2 Flat Top 
Physical Height (h,,) 1m 2m 10m 

Antenna Capacitance (Ca) 10pF 20pF 118pF 

Fixed Capacitance (Cm + C9) 15pF 15pF 15pF 

Voltage Gain at Preamp (Au) 1 (0dB) 1 (0dB) 2 (- 6dB) 
Estimated Ground (K) 0.7 0.7 0.05 

Coupling Effect 
Effective Height (he) 
WWVB Reading on 

YAESU FRG -7700 
Estimated E -field for (E,) 150 µV -per -m 

WWVB (from NBS chart) 
Output S N for (E0 = E, x he) 42 µV 

60kHz WWVB at Preamp 
Estimated (S N) N during 10dB 

60 Hz "quiet hours" 
Overall Noise Rating good 
IM Distortion Rating fair 

0.28m 0.80m 0.88m 
S6 S9 S94- 

150 µV-per-m 

120 µV 

20dB 

fair 
poor 

150 µV-per-m 

132 µV 

+ 20d B 

poor 
very poor 

capacitance at VLF. It is also possible to 
shunt a slug -tuned inductor from the gate 
to ground (as in Fig. 5-d) but the preamp 
will then require a larger housing. For that 
parallel -tuned case, the 1- megohm resis- 
tor can be removed because the inductor 
provides the ground return for the gate. 
The antenna is then connected directly to 
the gate terminal with the inductor chosen 
to resonate with the antenna, input - 
circuit, and antenna -mount capacitances. 
The minimum of external tuning capaci- 
tance provides the highest Q (most selec- 
tive) antenna in this application. For DX 
hunting in the low- frequency experiment- 
ers' band (at 180 kHz), a narrowband 
antenna with a Q of more than 50 can be 
achieved with a parallel -tuned circuit. 

One problem with using a tuned circuit 
is that it restricts the remote applications 
of the active antenna. That is because the 
antenna must be located conveniently so 
that it can be retuned. However, for 
covering some fixed frequency (such as 
the experimenters' band) the antenna sys- 
tem can be aligned on the bench and then 
mounted for unattended operation. When 
tuning those systems, it is advisable to 
temporarily mount the preamplifier 
assembly in a fairly clear area (preferably 
where it will be permanently located) to 
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FIG. 6 -TRAPS CAN BE USED to reduce In- 
terference from broadcast band stations -in 
this case from stations at 970 and 1340 kHz. 

avoid nearby capacitive coupling, which 
might detune a very selective system. 

One technique for broadbanding a 
tuned circuit is to place a resistor in paral- 
lel with the inductor (See Fig. 5-e). Resis- 
tor values in the range of 50K to 500K 
ohms can help broaden Loran -C systems 
where a wide bandwidth is necessary. 

Traps 
Series -connected transmission -line 

traps tuned to local broadcast -band sta- 
tions and placed just ahead of the receiver 
coupler can improve the IMD somewhat 
and reduce overload or gain- compression 
problems (see Fig. 6). The tuning capaci- 
tors must be isolated from ground and the 
inductor must be chosen so as to have a 
reactance greater than 50 ohms at the de- 
sired notch frequency. Dual traps are 
possible. For example, Fig. 6 shows a 
trap for 970 kHz and another for 1340 
kHz connected in series. The combina- 
tion of input lowpass filters at the antenna 
and traps at the preamp output can usually 
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provide sufficient attenuation for cases of 
severe interference in the VLF -LF band 
from stations in the broadcast band. 

A summary of some measurements 
made with different antennas at 60 kHz 
for WWVB reception is shown in Table 
1. It should be noted that a 2 -meter ver- 
tical whip is about equivalent in sensitiv- 
ity to the much larger flat -top antenna. 
However, the flat top is much more sus- 
ceptible to noise and interference, even 
when it is operated with a lowpass filter at 
the preamp input. The effective -height 
estimate may not be the same over the 
entire frequency range. For example, the 
flat top appears to have an effective height 
of about 2 meters at 200 kHz but less than 
0.9 meters at 60 kHz. That is because of 
K-the shielding effect and conductivity 
of the local ground terrain, which in- 
cludes all the trees, power lines, and 
building structures. However, we are still 

able to operate the antenna even down to 
the 10.2 kHz Omega frequency with 
reasonable success and it is used routinely 
to check GBR on 16 kHz for VLF pro- 
pagation conditions. (GBR is a high - 
power military VLF station from Great 
Britain.) In practice, it is always wise to 
check for IM effects at the specific fre- 
quency range that you plan to use the 
antenna. Sometimes they are severe but 
only at relatively narrow frequency 
ranges usually not in the VLF range. 

For general wideband surveillance, the 
1 -meter whip with an effective height of 
about 30 cm is the best antenna of all, 
because it has fewer IM interference 
effects and less local noise from the pow- 
er lines. 

A general conclusion from all of the 
experiments is that the local environment 
and the ground- conductivity effects of 
nearby structures are the most important 

factors in determining antenna sensitiv- 
ity. Small changes in antenna location can 
produce remarkable differences in the an- 
tenna's performance. 

Another observation is that the best 
location for a short whip is invariably up 
high in the clear. (That can especially be 
seen in aircraft applications where a very 
short vertical whip is used with remark- 
ably good performance.) 

Low- frequency experimental radio sta- 
tion operators have reported good results 
in mobile operation with reception of 160 
to 190 kHz signals using 2.5 -meter CB 
whips and parallel -tuned input networks. 
We have conducted similar experiments 
with Omega and Loran -C receivers in 
mobile vehicles where the only problems 
were those of shielding from buildings or 
when driving under bridges or near power 
lines. An additional problem in mobile 
operations is harmonic radiation from the 
vehicle's AC alternators. 

Active receiving antennas 
can offer a surprising 
improvement in the 
capabilities of your receiver. 
However, as we will show 
you, building one does not 
have to be difficult. 

The active- antenna system consists of 
three main parts: a whip antenna, a pre- 
amplifier, and a receiver coupler. The 
whip 'antenna is directly attached to the 
preamplifier, and both are remotely 
mounted. The receiver coupler is 
mounted at the receiver, and is connected 
to the preamplifier by a length of coaxial 
cable. Let's now take a look at the com- 
ponents of the system in more detail. 

Wideband preamplifier 
The wideband preamplifier circuit was 

discussed in the March 1983 issue of 
Radio -Electronics. Its schematic is re- 
produced in Fig. 1. 

The wideband preamplifier is assem- 
bled on a printed -circuit board. The foil 
pattern of that PC board is shown in Fig. 
2, and its parts -placement diagram is 
shown in Fig. 3. You should note that 

there are some "extra" pads near the 
input terminal. They are there to 
accommodate different input filter net- 
works and/or variations in the size of the 
components used. The board is intended 
to fit snugly in a 11/4 x 2 x 1 inch 
drawn -steel case, although it can be used, 
of course, with a larger box. The only 
"fussy" component is the toroidal trans- 
former. 

The toroidal transformer is wound by 
first measuring out two 15 -inch lengths of 
different -colored, 30 gauge, solid, in- 
sulated, wire-wrap wire. Those wires are 
twisted together about 8 turns -per -inch, 
and then that cable made up of the twisted 
pair of wires is wound for 17 turns on an 
Amidon (12033 Ostego St. , North Holly- 
wood, CA 91607) part No. FT50 -75 (or 
similar) ferrite core. The windings should 
be tight, with a small gap at the start/ 
finish point. The wire is held in place at 
the ends with a small drop of cement, and 
about I inch is left for connection to the 
circuit board. The insulation at the ends of 
the wires is stripped back about' inch for 
soldering to the board. 

One important note is that the windings 
should oppose each other. What that 
means, is that while one wire at one end of 
the two -wire cable is connected to 
ground, the other wire at the same end is 
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FIG. 1- WIDEBAND PREAMPLIFIER SCHEMATIC. The neon bulb. NE1, provides adequate input static 
charge protection. 

connected to the drain of the JFET. To 
furthur clarify that, Fig. 3 shows a dot at 
the one end of each winding -the dots are 
at a common end of the cable. 

After the transformer wires are con- 
nected through the circuit -board holes, 
the core assembly should be cemented to 
the board perpendicularly. Be sure to fol- 
low Fig. 3 and make sure that the neces- 
sary jumper wires are also connected on 
the board for the wideband version (a 
version of the preamp for restricted VLF 
and LF use uses the same circuit board, 
but some different components). 

The lower 3 -dB point (where the re- 
sponse of the preamp drops 3 dB from its 
maximum) is at 10 kHz, where the tor- 
oidal transformer has an inductance of 
about I mH. At high frequencies, the core 
material effectively disappears, and the 
response might be good to 100 MHz or 
so. However, the 2.2 µH input inductor 
(L1)-along with the board, the JFET 
capacitance, and the steel case- limits 
the preamp's upper 3 -dB point to about 30 
MHz. That helps to reduce interference 
from signals outside the desired band - 
say, TV and FM signals. 

The receiver coupler 
The foil pattern ut the receiver- coupler 

board is shown in Fig. 4. (The receiver- 

1-7/8 INCHES 

FIG. 2 -FULL SIZE foil pattern for the the pre- 
amplifier circuit -board. 
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FIG. 3- PARTS -PLACEMENT DIAGRAM for the wideband version of the preamp. 

coupler circuit was discussed in Part 2 of 
this series, in the March 1983 issue of 
Radio -Electronics. The schematic of the 
receiver coupler is reproduced here in 
Fig. 5). The board's parts placement is 

shown in Fig. 6. The board for the receiv- 
er coupler is the same size as that used in 
the preamp, and can be mounted in a 

similar case, if desired. In addition to the 
coaxial input and output terminals, a 

twisted pair of insulated wires are in- 
cluded for the power- supply leads (8 -I2 
volts) and are fed through a small grom- 
met or hole in the receiver -coupler case. 
We will not discuss the construction of a 

power supply. 

Preamplifier for VLF -LF 

The circuit for the VLF -LF preampli- 
fier was discussed in Part 2 of this series, 
in the March 1983 issue of Radio - 
Electronics. For your convenience, we 
have reproduced the schematic of that 
circuit in Fig. 7. 

The circuit board for restricted VLF - 
LF operation is the same as the one used 
for the wideband preamp. (of course 
some components are different, and the 
jumpers that were used in the wideband 
case are not used here.) The parts - 
placement diagram is shown in Fig. 8. 
The RF chokes are short, encapasulated 
types that are designed for vertical PC- 
board mounting. The winding "polarity" 
or the start of the windings are indicated 
in Fig. 8 by black dots and on the choke 
package by a label dot and a longer lead. 

The output transformer that we chose 
will fit exactly into the holes indicated, 
with the correct winding polarity already 
provided. Therefore -unlike the tor- 

TO ANTENNA 

roidal transfomer-it is unnecessary to 
cross over the transformer leads. 

If you are in doubt about which side of 
the transformer is the primary or secon- 
dary, check with an ohmmeter. The high- 
er resistance reading (around 20 ohms) 
will be the primary winding. 

Preamplifier variations 
In Part 2, we discussed several differ- 

ent resonant input circuits that could be 

used to provide low- frequency cutoffs, or 
to yield operation at a small, fixed band of 
frequencies. (The input networks were 
discussed in the "Resonant input cir- 
cuits" section of Part 2.) The preampli- 
fier can be modified with one of these 
input networks with relative ease. For 
example, a microminiature trimmer - 
capacitor can be soldered on the foil side 
of the board, directly across the 1- 

megohm input resistor (R1) after the 
board is mounted in the box. One possible 
source for the inductors and capacitors is 

Mouser Electronics (11433 Woodside 
Ave., Santee, CA 92071), although other 
suppliers can be found by checking the 
ads in the back of this magazine. 

You may have to bend the leads or 
change the part orientation if a particular 
component will not exactly fit the board 
holes. If you use I00- 150 -mH RF chokes 
(for a tuned amplifier for 60 -kHz to 100 - 
kHz operation), they will be quite close to 
the board edges because of their larger 
size. That will alter the circuit capaci- 
tance somewhat when the board is placed 
inside the box. The small trimmer 
capacitor-on the foil side of the board - 
can be used to compensate for that. 

For wideband, lower -Q circuits with 
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FIG. 4 -FULL SIZE foil pattern for the receiver - 
coupler circuit- board. 

PARTS LIST 
WIDEBAND ANTENNA PREAMP 

R1 -1 megohm, '.., watt 
C1 -1 F. 25 volts, tantalum 
01 -J310 FET (Siliconix or equivalent) 
NE1 -NE99 neon lamp 
L1 -2.2µH (Mouser 43LS226 or equivalent) 
T1- Bifilar wound transformer on Amidon 

FT50 -75 core or equivalent (see text) 
Miscellaneous:PC board. case. coaxial con- 
nectors, hardware, etc. 

PARTS LIST 
VLF LF ANTENNA PREAMP 

R1 -1 megohm, '.n watt 
C1 -1 µF, 25 volts, tantalum 
C2 -0.001 µF ceramic 
Q1 -J310 FET (Siliconix or equivalent) 
NE1 -NE99 neon lamp 
L1. L2 -6.8 mH (Mouser 43LH268 or equiv- 

alent) 
T1 -Audio transformer (Mouser 42TL004 or 

equivalent) 
Miscellaneous:PC board, case, coaxial con- 
nectors, hardware, etc. 

no trim capacitor, it may be necessary to 
check the response of the preamp after 
temporarily mounting it in the shield/ 
case. The board can, of course, be used in 
a much larger box, with larger inductor 
assemblies, but keep in mind that for 
maximum antenna sensitivity with a 

minimum antenna height (in other words, 
for maximum efficiency), the input 
capacitance at the antenna terminal 
should be as low as possible. 

Table 1 shows the results of tests made 
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Frequency /Application 
180 kHz Experimenters' Band 
180 kHz Experimenters' Band 
100 kHz LORAN -C 
100 kHz LORAN -C 
60 kHz WWVB 
60 kHz WWVB 

TABLE 1 

3-dB Antenna 
Bandwidth length C. L C2 Gain 

170 -190 kHz 10 meters 120 pF 33 mH .001 +20 dB 
175 -185 kHz 1 meter 10 pF 39 mH .001 +15 dB 
95 -105 kHz 1 meter 10 pF 120 mH .01 +6 dB 
91 -108 kHz 10 meters 120 pF 100 mH .01 +12 dB 

55-65 kHz 10 meters 120 pF 150 mH .01 + 10 dB 
58-63 kHz 1 meter 10 pF 300 mH .01 +6 dB 
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FIG. 7 -THE INPUT INDUCTORS and circuit capacitances form a lowpass filter that makes this 
amplifier for restricted use in the VLF -LF range. 
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with different inductor- capacitor corn - 
binations for covering different segments 
of the 60 -200 kHz range. (See Part 2- 
Figs. 1, 4, and 5 for the particular cir- 
cuits.) Note that in some cases the value 
of the preamp's output capacitor (C2) at 
the drain of Q I is changed to improve the 
low- frequency cutoff. 

Bench testing 
A signal generator and suitable oscillo- 

meter to determine the antenna capacitance. 

scope are used to observe the response of 
the active antenna system with a setup as 
shown in Fig. 9. When tuning any of the 
amplifier variations on the bench, or 
when checking the response of the ampli- 
fier, a small coupling capacitor -of a 
value equal to the expected antenna 
capacitance -is connected to the input 
terminal of the preamp. (A vertical or 
slant -wire antenna will have an approx- 
imate capacitance of about 10 pF -per- 

For information on availability (includ- 
ing custom -built active -antenna pre - 
amps and coupler assemblies), send a 

SASE to R. W. Burhans, 161 Grosvenor 
St., Athens, Ohio 45701 

PARTS LIST 
RECEIVER COUPLER 

All resistors are' /, watt, 5% unless other- 
wise specified 
R1 -51 ohms 
R2 -510 ohms 
R3-22 ohms 
C1 -0.22 1 F, Mylar 
C2, C3-1 µF, 25 volts. tantalum 
L1 -1 mH (Mouser 43LR103 or equivalent) 

meter.) That will roughly simulate the 
response of the electric field at the an- 
tenna. A tuned preamp assembly can be 
aligned on the bench and then the antenna 
can be plugged in for operation. The 
input/output response obtained this way 
will fairly -well resemble the response 
that you will obtain in the field -except 
for the K factor that is dependant on the 
local ground- shielding effect. 

Preamp and coupler housing 
The amplifier and coupler boards have 

been designed to fit in a small cast alumi- 
nium or drawn -steel case such as Mouser 
part No. 537 -M 12 for compact assembly. 
(See Fig. 10.) The circuit boards are held 
in place in the boxes by short, solid ju- 
mper wires that are soldered to the an- 
tenna input terminal and to the coax re- 
ceptacles. The ground connections can be 
either short jumper wires to the ground 
lug on the cable receptacle or the circuit 
board ground can be directly soldered to 
inside edges of the drawn -steel case. 

The case should be mounted on an an- 
gle bracket for bolting to a short mast. A 
press -in or solder -in type RCA phono 
receptacle (Mouser part No. 16PJ051) is 

soldered on the inside of the box for the 
antenna terminal. That has a capacitance 
of only 5 pF at most, and it is suppled with 
a ceramic spacer. The output coax con- 
nector can be a UHF type. We have used 
SO -239 type receptacles by breaking off 
the flanges and pressing into a hole care- 
fully reamed to fit. The output coax con- 
nector can be a single -hole- mounting 
type that uses a nut on the inside of the 
case. However, that takes up room inside 
the case and the PC board will have to be 
further cut and filed. Whichever type of 
connector you use, make sure you solder 
it to the inside of the case. 

Prior to mounting the connectors, the 
box should be degreased with solvent, 
polished with steel wool both inside and 
out, and (after soldering the connectors) it 
should be painted outside with auto- 
mobile primer and finally with a clear 

continued on page 130 
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FOR VLF-LF 
One way to improve the performance of VLF -LF antennas is through the use of a passive 

antenna tuner. Here's the theory, and some ideas on how to use it. 

A passive antenna -tuner for random - 
length wires in the 10 kHz to 30 MHz 
usable range is a good approach to the 
problem of good signal reception in lieu 
of an active antenna. Commercial models 
are available, but they are usually de- 
signed for the medium- and shortwave 
bands above 150 kHz; only one system 
claims to be effective all the way down to 
10 kHz. 

Since the greatest reception problems 
are encountered at low frequencies, let us 
discuss the design of selective antenna 
tuners covering the range of IO kHz to 
500 kHz. 

Antenna lead -in 
It is interesting to consider the idea of 

locating the antenna tuner at the receiver, 
with the antenna wire connected by a 

length of coaxial cable to the receiver and 
tuner as illustrated in Fig. I.One problem 
at low frequencies is that the shunt cable - 
capacitance, Cc, in parallel with the an- 

R.W. BURHANS 

tenna capacitance, Ç. reduces the sen- 
sitivity by the factor: Ca /(Ca + C, + Ct). 
By choosing a length of relatively high 
impedance, low -capacitance cable, it is 

possible to design a tuner that takes into 
account the cable capacitance as part of 
the tuner network, and that can operate 
with up to 50 feet (about 15 meters) of 

cable separating the antenna wire from 
the receiver and tuner. That antenna will 
be less effective than an active- antenna 
preamplifier system for the same length 
of antenna wire, but there will be fewer 
problems of intermodulation distortion 
because of the high selectivity, and no 
active preamplifier is involved. The 

K 

E0 

(TO RECEIVER) 

FIG. 1 -IT IS IMPORTANT to take into account the capacitance. C. added by the coaxial cable between 
the antenna and tuner. 



TABLE 1 

Frequency range Inductance 
(kHz) (mH) 

10 -16 150 
15 -27 68 
23 -38 33 
37 -67 10 
67 -120 3 

119 -210 1 

208 -380 0.3 
380 -630 0.1 

advantage of having the antenna tuner 
located at the receiver is obvious. The 
coaxial lead -in helps reduce local -noise 
pickup since the antenna wire can be lo- 
cated away from power lines, home ap- 
pliances. and other noise sources. 

Design considerations 
To design such a tuner system we must 

first measure or estimate the total mini- 
mum capacitance, including the antenna, 
cable, and minimum tuning capacitance. 
A relatively- high -value tuning capacitor 
is required, having a value several times 
greater than the total minimum capaci- 
tance. We chose a 3 -gang variable capaci- 
tor, each section having a range of about 
12 to 440 pF, like those found in older - 
style AM radios (commonly referred to as 

360 -pF units). They are still available 
new at rather high prices, but similar de- 
vices can often be found at surplus - 
electronics -parts stores. 

Taking all the components together, 
the total minimum capacitance is: 

Antenna capacitance 120 pF 
Cable capacitance 360 pF 
Minimum tuning capacitance 36 pF 
Total minimum capacitance 516 pF 

The total maximum capacitance (with the 
tuning capacitor fully meshed) is: 

Antenna capacitance 120 pF 
Cable capacitance 360 pF 
Maximum tuning capacitance1320 pF 
Total maximum capacitance 1800 pF 

Tuner circuit 
Now that we have estimated a capaci- 

tance range for the tuning circuit of 
516 -1800 pF, a set of inductors is needed 
that will resonate with that capacitance at 
the frequencies we're interested in. The 
ratio 1800:516 gives us the tuning range 
for a given fixed inductor in the circuit -a 
range of about 1.86:1 for each coil. A set 
of inductors that will provide the results 
we're looking for over the range of 
10-500 kHz can be chosen from Table 1. 

The inductors are connected in series with 
the antenna and cable lead -in, along with 
a very- low- resistance toroidal coupling - 
transformer designed to match a 500 -ohm 
load at the receiver as shown in Fig. 2. 
The inductors are selected so that each 
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FIG. 2 -THE VALUE OF INDUCTOR L can be determined from Table 2. In practice, several inductor, 
would be present, only one of which would be switched into the circuit at a given time. 

TABLE 2 

Midband frequency 
(kHz) 

Loss 
(db) 

Q Bandwidth Inductance Inductor part number 
(kHz) (mH) 

13.9 24 47 0.3 150 Mouser 43LJ415 
20.1 17 92 0.22 68 Mouser 43LJ368 
30.1 15 56 0.54 33 Mouser 43LJ333 
52.7 - 10 53 1.0 10 Mouser 43LH310 
93.6 - 9 36 2.6 3 Mouser 43LH233 

168 -8 22 7.7 1 Mouser 43LH210 
298 -9 12 24. 0.3 Mouser 43LR334 
518 -9 12 42. 0.1 Mouser 43LR104 

frequency range will overlap the next 
slightly; that means an inductance change 
of less than (1.86/1)2 between each set of 
coils selected for this example. 

The wideband- output coupling - 
transformer takes the place of an addition- 
al set of parallel inductors to match the 
receiver's input impedance. In addition to 
the capacitive- divider loss at the antenna 
input, the transformer in series with a 

high reactance coil adds an insertion loss 
at the low- frequency end. That is, in part, 
compensated for by a higher Q. That 
selectivity decreases at higher frequen- 
cies, but gain increases. When connected 
to the 500 -ohm receiver input -terminals, 
the low- impedance -input tap point of the 
output transformer looks like a 30 -ohm 
load to all the coils. That is about the best 
that can be achieved because of the very 
wide variation in reactance and L/C ratio 
of the input network, but the overall per- 
formance is quite satisfactory, consider- 
ing that we are using a single output - 
transformer to cover the range of 10 kHz 
to over 500 kHz. 

The coil arrangement uses a multiple - 
position selector to switch frequency 
ranges and has a constant bandwidth - 
characteristic for each coil. That is, the Q 
for a given coil will be highest at the 
minimum capacitance- setting, decreas- 
ing by an amount equal to about the tun- 
ing ratio at maximum capacitance. The 

results obtained using low cost RF- 
choke -type inductors with the 120 -pF an- 
tenna are shown in Table 2. The antenna 
used was a 10- meter -high, four -meter 
flat -top. 

Input -capacitance variations 
If you use an antenna wire or cable with 

more or less capacitance than the one we 
did, the inductance ratios will have to be 
computed for a different set of coils. The 
cable we used was surplus marked 
"FT &R Corp. Type K 109," and meas- 
ured only 8 pF /ft. Thus, 45 feet of cable 
had a capacitance of 45 X 8 = 360 pF. 
For other high -impedance cable such as 
RG62, with a capacitance of 13.5 pF /ft., 
360/13.5, or 27 feet, would be used with 
the same variable capacitor and coil -set. 
You may be able to find some high - 
impedance, low capacitance cable of the 
type used in automobile -radio in- 
stallations. Each different system will in- 
volve a session of L -C calculations to 
match inductances and capacitances to 
the frequency range desired. 

The following two formulas will help 
in those calculations: 
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TABLE 3 

Frequency 10 kHz 

Capacitive loss factor 
C. (Ca +Cc+C1) = C 

Ground loss factor 
estimate K 

Measured network loss with 
antenna & cable capacitance = N 

Antenna -to- receiver Z loss- factor, 
direct, no cable 500.Xca = A 

Antenna sensitivity without 
tuner or cable -- K + A 

Antenna sensitivity with 
tuner and cable = K + N 

Net improvement in 
sensitivity (K + N)-(K - A) 

- 23dE 

26dE 

- 24dE 

49dß 

-- 75dB 

- 50dB 

+ 25dE 

400 kHz 

12dB 

14dB 

9dB 

17dB 

31dB 

23dB 

- 8dB 

111%\1\V\\' 
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FIG. 3- INTERIOR OF THE AUTHOR'S prctct'pe tuner. Note inauc:Drs mounted on rotary switch. 

where fis the frequency measured in kit_ 
Lis the inductance measured in µH (1000 
µH = ImH), and C is the capacitance in 
pF. 

Performance data 
Table 2 illustrates well the Q and mid - 

band loss of the tuning network with the 
antenna and cable connected; the figures 

were determined on the bench using a 

signal generator. Actual antenna perfor- 
mance will be somewhat worse than in- 
dicated by the loss factor because it will 
also be affected by the ground coupling K 
factor. (See Part 1, in the February 1983 
issue of Radio -Electronics.) In our tests, 
K varied from .05 (an additional - 26 dB) 
at IO kHz to about 0.2 ( - 14 dB) at 400 
kHz. 

An estimate of overall efficiency made 
by comparing the wire antenna connected 
directly to the 500 -ohm input of the re- 
ceiver with the same antenna connected 
through the coaxial cable and tuner to the 
receiver, is illustrated in Table 3. From 
that table you can see that there is an 
overall improvement of 25 dB at the bot- 
tom of the VLF band (IO kHz), which 
decreases to only 8 dB at the high end of 
the LF band (400 kHz). 

The high antenna -loss factors shown 

PARTS LIST -PASSIVE TUNER 

C,- three -gang tuning capacitor. 12 -440 
pF per gang (Allied 695 -4200 or similar) 

T- quadrifilar toroidal transformer, 28 
turns of four No. 30 insulated wire. 
twisted four -turns -per -inch on Amidon 
FT82 -75 (or similar) core 

L -RF- chock -type inductor(s) (see 
Tables 1 and 2) 

Miscellaneous: high- impedance low - 
capacitance coaxial cable, rotary 
switch, metal enclosure, connectors. 
etc. 

are typical of what happens when a ran- 
dom wire is connected directly to a 500 - 
ohm receiver- input. The tuner provides 
an obvious improvement that is roughly 
proportional to the Q of the tuned circuit. 
In addition to increased sensitivity, the 
antenna tuner also provides high selectiv- 
ity with practically none of the preampli- 
fier or receiver IM problems noted with 
active antennas. On the other hand, 
active -antenna systems have better 
sensitivity. 

The antenna tuner's narrow bandwidth 
requires that it be peaked whenever you 
shift frequency. That's easy to do if you 
have an S- meter, or you can listen for an 
increase in the signal- or background - 
noise level from the receiver as you adjust 
the tuner. For experimenters who wish to 
vary that method of antenna tuning, there 
are many factors to consider. The an- 
tenna's Q is limited by both the coils used 
and the series resistance of the network. 
That means that, even with the very best 
of inductors, the series resistance of the 
high -impedance cable and the output 
transformer, as well as the ground resist- 
ance, will ultimately affect performance. 
At the higher frequency- ranges, a lower 
Q is inherent in the system because of the 
lower coil reactance compared to the re- 
sistance in the system. Another variable is 
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the turns ratio of the output transformer. 
One possible improvement that could 

be made after inspecting the data in Table 
2 would be to switch the tap on the output 
transformer for a 4:1 ratio for the frequen- 
cies below 50 kHz, where the coils' re- 
sistance and loss are much higher. The 
16:1 tap could be used for the coils for 50 
kHz to 500 kHz, where the loss is re- 
latively constant at 9-10 dB. That change 
would result in a lower Q for the larger 
inductors, but a net improvement in pow- 
er transformation to the receiver as sug- 
gested in the circuit shown in Figure 2. 

Figure 3 shows the parts placement in 
the experimental version of the antenna 
tuner. The inductors are mounted radially 
around the switch, with the output - 
transformer toroid toward the rear of the 
housing near the receiver -output ter- 
minal. The prototype shown had an extra 
non -standard inductor at the lowest - 
frequency switch position for reception 
below 10 kHz. 

Antenna -capacitance measurement 
Most experimenters own a signal 

generator, oscilloscope, and frequency 
counter. They can be used to get a good 
estimate of the antenna's capacitance by 
following the method shown in Fig. 4. 
That is a simplified return -loss method 
where a small series -resistor takes the 
place of a 3 -dB hybrid transformer. The 
resistor should have a value much lower 
than the reactance of the inductor at the 
frequency at which the measurement is 
made. Resistors in the range of 50 to 100 
ohms, together with inductors having 
known values between 5 and 10 mH, can 
be used for antenna-capacitance measure- 
ments over the range of 10-500 pF for 
frequencies between 50-500 kHz. It is a 

good idea to make a preliminary estimate 
of the antenna capacitance by using the 
approximation of 10pF /meter of antenna 
length for wire antennas, and to use that 
figure as a rough guide to values for use in 
the initial test. After estimating the an- 
tenna's capacitance, the resonant fre- 
quency can be checked by substituting a 

capacitor of about the same value as that 
calculated for the antenna. 

In our case, the flat -top antenna was 
terminated on a back porch, where it was 
easy to connect various pieces of test 
apparatus -and even a receiver -directly 
to its base. Variations on the substitution 
method can be used to measure cable 
capacitance with known inductors, or for 
unknown inductors with known capaci- 
tors, or even for coil distributed- capacity, 
using difference methods with known 
capacitors in parallel. 

Mutually -coupled antennas 
An interesting effect occurs when a 

tuned wire antenna is placed very near a 

short wideband active -antenna whip. The 
vertical active -antenna system is 
mounted at ground level, directly un- 
derneath the flat -top antenna at a distance 
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FIG. 4 -TEST SETUP FOR DETERMINING antenna capacitance. Oscilloscope is used to observe slight 
dip in response at resonant frequency of system as frequency of signal generator Is slowly varied. 

of 5 to 10 meters (about 15 -30 feet). The 
flat -top is connected to the tuner, but the 
output of the tuner is terminated with a 

resistor instead of the receiver. The 
active- antenna system is connected to the 
receiver as illustrated in Fig. 5. You may 
find that the amplitude of received signals 
is increased by 20 dB or more when the 
passive flat -top antenna tuner is tuned to 
resonance at the same frequency. That is 
an example of very- near -field mutual 
coupling. The active whip at ground level 
can be tuned for considerably increased 
sensitivity by placing it very near another 
tuned -antenna system. 

That phenomenon could possibly be 
used to make directive VLF -LF arrays 

antenna -effects due to things like drain 
pipes, gutters, power lines, telephone 
cables, trees, etc. Most of those can prob- 
ably be accounted for by mutual -coupling 
phenomena, but are difficult to estimate 
or compute because of the unknown field- 
boundary conditions at a given location. 

As we have seen, a single series -tuned 
inductor can improve the efficiency of a 

short-wire antenna at the VLF -LF range 
by 20 dB or more compared to the wire 
alone when connected to a typical 500 - 
ohm receiver -input terminal. Local -noise 
pickup can be reduced by using a length 
of low- capacitance cable to connect the 
antenna to the receiver /tuner. 

A dominating feature of passive VLF- 
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with very close spacings of 1 /1000 
wavelength or less between several tuned 
antennas and the excited active probe. 
Such a system, though, would probably 
require good series -inductors, and would 
be difficult to tune -the relative phase - 
change between antennas would be very 
steep because of the high Q of the tuned 
circuits. 

VLF observers report many unusual 

LF short-wire antennas is their relatively 
high loss compared to the theoretical field 
available in space above the antenna. To 
offset that, though, an antenna tuner pro- 
vides a considerable reduction in in- 
terference, along with high selectivity 
and no intermodulation distortion at the 
receiver input. It also offers improved 
sensitivity, compared to the antenna 
without a tuner. R -E 
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Often, the hardest task in building a project is 
obtaining the various parts that you need. Keeping 

a well -stocked junk box can save you a considerable 
amount of time, effort, and money! 

KARL T. THURBER, JR., W8FX 

ONE OF THE MOST REWARDING WAYS TO GAIN EXPERIENCE IN ELECTRONICS IS 

to build electronics projects. Besides the satisfaction of accomplishment, you 
learn a great deal in the process involved. 

Today, it isn't an easy matter to obtain the right parts, at the right time, and 
at the right price. The search for and selection of electronic components for 
projects can be a very disheartening job, particularly when it's seemingly 
impossible to obtain certain parts, or the price you must pay for them is 
excessive. You can get the parts you need, when you need them, and at a 
reasonable price, if you are willing to take an organized approach to parts 
procurement and do a good deal of preparatory spade work before picking up 
soldering iron and pliers. 

In this article, we will examine the need to get organized for the task; look 
at parts -selection criteria and the question of substitutions; review various 
sources of parts; and discuss details of component identification and testing. 

As you'll see, once you have a clear view of the process, shopping for parts 
is no longer the formidable challenge it might otherwise be. 

Catalogs and reference material 
Before buying parts, it pays to be organized -to have done some pre- planning 
before you start looking for specific parts for a given project. Some of the 
things you can do in advance include laying in a good store of catalogs, 
reference sheets, and reference books; buying -in- advance "staple" and bar- 
gain- priced parts; and setting up a well- stocked junk box. 

It surley pays to accumulate a broad range of catalogs. No builder's library 
is complete without them. With a little effort, you will find that virtually any 
desired part, or a usable substitute, will be listed in some -one's catalog or 
cross -reference. You may also find that a single firm may 
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have all, or almost all, of the parts re- 
quired for a given project, eliminating the 
need for repeated shopping forays or in- 
efficient orders to a number of mail -order 
firms. Having a number of catalogs at 
hand also allows ready price comparisons 
between firms. 

Having a good reference file, or recent 
issues of major electronics publications 
such as Radio -Electronics; amateur 
magazines such as CQ, Ham Radio, and 
QST; and a variety of computer -oriented 
magazines, Byte, Microcomputing, and 
Popular Computing will provide a good 
background. The magazines also list the 
addresses of the major suppliers, along 
with their ordering policies. Of course, 
single -page magazine ads can't include a 
supplier's full stock, and are no substitute 
for the catalogs themselves. 

Another reason for obtaining the larger 
catalogs is that those serve as excellent 
reference files for various components, 
and often provide good sources of cross - 
reference data, particularly for solid -state 
components. Note that many of the dis- 
tributors offer two or more catalogs, such 
as a consumer -type catalog oriented to 
hi-fi or CB, and an industrial catalog that 
would normally be more suitable. 

In addition, you should acquire the fac- 
tory service manual, schematic diagram, 
and component parts list for any item of 
electronics gear you buy. A surprising 
quantity of semi -professional and pro- 
fessional- electronics equipment is sold 
today with no more than a user's manual, 
which is of little help in servicing and 
parts replacement. Obtaining the proper 
manuals and parts lists while equipment is 
currently being manufactured is much 
easier than trying to obtain such materials 
later on, when needed information may 
no longer be readily available. 

To facilitate original construction, it's 
worthwhile to have on hand a selection of 
standard reference books and manuals, as 
well. The publications required, of 
course, will depend upon the particular 
type of project work undertaken. Some of 
the more important, all -round useful 
reference texts include the Editors and 
Engineers' Radio Handbook, the Master 
Tube Substitution Handbook, Transistor 
Substitution Handbook, TTL Data Book, 
Transistor Specifications Manual, and 
Reference Data for Radio Engineers; the 
ARRL Electronics Data Book and Radio 
Amateur' s Handbook, and several others. 
A handy cross -reference manual is the 
Archer Semiconductor Reference Hand- 
book, a useful guide to Radio Shack's 
semiconductors that's also a substitution 
and cross -reference guide for more than 
100,000 solid state devices. Another 
Radio Shack reference is Forrest Mims' 
Engineers Notebook, which contains 
tried- and -tested applications for most 
popular linear and digital IC's. Other 
helpful parts information sources are 

Motorola's Semiconductor Cross - 
Reference Guide and Discrete Hybrid 
Components Handbook, Sylvania's ECG 
Semiconductor Replacement Guide; and 
RCA's SK Replacement Guide. 

Buying in advance of needs 
Is stocking parts in advance of specific 

project needs a good idea? It's true that 
with a few judicious purchases, you can 
stockpile many of the components needed 
for future projects. On the other hand, an 
apparent bargain isn't one, unless there's 
a real prospect of the part or parts ul- 
timately being used. 
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BUYING LARGE ASSORTMENTS of com- 
ponents and hardware can result in savings, but 
only if the parts are likely to be used. 

Mail -order dealers offer all kinds of 
special deals -hardware assortments, re- 
sistors, knobs, transistors, IC's, 
potentiometers, transformers, diodes, 
capacitors, and various surplus com- 
ponents and assemblies. Many of those 
offerings are indeed bargains, if carefully 
surveyed and even more carefully pur- 
chased. It's generally worthwhile to take 
advantage of quantity offerings and spe- 
cialized assortments, tempering one's en- 
thusiasm for a "good deal" with a realis- 
tic expectation of when, and if, the con- 
templated bulk purchase will likely be put 
to use. A small investment in component 
assortments usually represents money 
well spent; however, there is usually little 
that can be done about a poor choice - 
you take what you get and hope to be able 
to use most of it. 

For initial stock -up, some useful com- 
ponents include poly -bag assortments of 
disc ceramic, mica, and small electrolytic 
capacitors; low -wattage resistors; diodes, 
and hardware. On the other hand, assort- 
ments of precision resistors, large 
electrolytic capacitors, IC's, and transis- 
tors are probably too specialized and may 
not represent good value. The key to 
selecting true bargains lies in choosing 
components that you are most likely to 
use in your projects. 

There are some cautions to keep in 

mind. Buying in advance of your needs is 
intended to build an inventory of common 
parts, not to produce specific parts for an 
intended project. It's unusual to find just 
what you need for a particular project 
from a grab -bag assortment. Whenever 
you need a specific part, order that part. 

Carefully note the makeup of parts 
assortments. Are the parts offered all of 
one (possibly oddball) value, or are they 
of different values? What are the toler- 
ances and power ratings? Are the leads 
full- length or too -short PC -board length? 
Are the components new, used, or sur- 
plus; tested or untested; firsts or seconds; 
marked or unmarked; old or fresh; usable 
or dubious? 

All of those considerations play an im- 
portant part in determining whether buy- 
ing in advance of needs is a worthwhile 
approach or a waste of money. 

Acquiring a junk box 
Most builders have a junk box that can 

be a handy and money- saving device for 
both construction projects and repair 
jobs. Not only does the well stocked junk 
box satisfy convenience and economic 
needs, but it can also provide a valuable 
educational experience in component 
identification and substitution practices 
for the beginner. 

Assembling a useful junk box is a 
prime objective of most electronics hob- 
byists. The accumulation gives you the 
parts you need for projects, when you 
need them, at reasonable prices - 
sometimes even at no cost. While you 
may have to spend some money to acquire 
a foundation, it's possible to accumulate a 
large assortment of components in- 
expensively, if you aggressively search 
for bargains. 

ELECTRONICS FLEA MARKETS often are a 

good place to acquire parts at a reasonable cost. 

The sources for junk box parts are 
myriad, and they include local purchases, 
surplus/salvage, mail order, flea markets, 
auctions, and other sources. Probably the 
best, lowest -cost way to build an initial 
parts inventory is to salvage usable com- 
ponents from junked electronics gear. 
Components such as switches, 
potentiometers, coils, diodes, transform- 
ers, resistors, and capacitors are often 
salvaged from such equipment. In earlier 
days many of those components could be 
obtained from old radios, defective TV 



sets, discarded amateur equipment, and 
government surplus gear- components 
large and small being saved with the ex- 
pectation that they could be used again in 
some future project. 

Those were the good old days, and by 
and large, junked gear- particularly that 
of the tube -type variety -provides a 
shrinking source of junk box parts. With 
the advent of solid -state equipment, 
printed circuits and specialized transis- 
tors, and IC's, it's harder to "recycle" 
those components into useful junk box 
parts than it was 15 or 20 years ago. The 
trend in junk box acquisition is toward 
judicious buying of discrete components 
in advance. We've already discussed 
parts -selection tips and cautions, and they 
apply equally to purchases for the junk 
box. 

Regardless of what methods are used to 
procure for the junk box, the com- 
ponents- particularly the smaller, easily 
damaged ones -should be carefully 
segregated by type and value, and placed 
in labeled jars, plastic drawers, or even 
small boxes- whichever suits your par- 
ticular style. The key is that the storage 
procedures used should allow fast and 
positive recovery of the parts when 
needed. Components that can be tested 
should not be used without first checking 
their electrical condition, regardless of 
how good they may look physically. 
We'll delve into component identifica- 
tion and testing later; suffice it to say at 
this point that a multimeter and grid -dip 
oscillator are two very important testing 
devices for builders. 

A final point on junk boxes: After 
you've developed a respectable junk box, 
don't hesitate to use it for your projects or 
repairs. You will save money using "pre- 
owned" parts, and the risk of improper 
substitution of a part in a circuit is usually 
not too great (except to that particular 
part). Even if a substituted junk box part 
fails, a good deal of learning has taken 
place! 

Developing the parts lists 
Most published projects include an ite- 

mized parts list that identifies the various 
components' size, value, and nomencla- 
ture, as well as required voltage, current, 
and power- handling capability. Some 
parts lists even state brand names and 
recommend sources for hard -to -find and 
critical components. 

Even when a clear and definitive parts 
list is provided, you should carefully re- 
view the construction project, looking 
closely at the schematic diagram, photos, 
and explanations of special circuitry and 
parts requirements. In many cases, the 
author will point out critical components 
that should not be changed. Based on 
your judgment, other parts may be sub- 
stituted, possibly from existing junk box 
stocks. We'll talk more later on the ques- 
tion of parts substitution and how far one 
can deviate from specified values without 

CLEAR PLASTIC STORAGE BOXES can be extremely useful for quick, positive part identification. 

affecting performance. 
The author's parts list should trigger 

you to work up additional subsidiary parts 
lists. Those may logically take the form of 
lists showing which parts are best pro- 
cured from your junk box; which are best 
procured by mail -order; which are best 
acquired from surplus or salvage sources, 
and which can be purchased locally. After 
checking your junk box, look over the 
local purchase and surplus lists next, with 
unavailable items added to the mail -order 
list. In large, complicated projects, it may 
also be useful to have each list further 
divided by type of component for con- 
venience in searching for the required 
parts. 

From practical and economic stand- 
points, it's often wise -even necessary- 
to make appropriate component sub- 
stitutions. We'll turn to those next. 

Parts selection and substitution 
As the prices of individual components 

increase, it's important to "make do" 
with the parts you have on hand. It's 
possible to substitute components within 
limits, and yet have a device function as 
intended. Besides the financial advan- 
tages of using existing stocks, it's a real 
time saver to be able to use on -hand com- 
ponents rather than having to shop for 
new ones. Also, it's worthwhile to get a 
feel for the range and types of sub- 
stitutions that can be made so as to devel- 
op flexibility when shopping for com- 
ponents -since local suppliers and mail - 
order houses will not always have exact 
specified components in stock. 

Many inexperienced electronics enthu- 
siasts have an unnecessary fixation on 
obtaining the exact parts and values in- 
dicated in a construction piece, fearing 
that the finished equipment will not func- 
tion correctly if any liberties are taken 

with the stated parts list. Usually such 
fears are exaggerated. Unless a "mirror 
image" of the item is required, identical 
parts are not needed. In most cases, parts 
substitutions can be made, within reason- 
able bounds. Component specifications 
are not "graven in stone," as the saying 
goes. There is usually a tolerance range 
within which the hobbyist may work. 
Sometimes those are stated, though most- 
ly they are not. The trick to intelligent 
parts substitution, of course, lies in know- 
ing just what the boundaries of wise sub- 
stitution are. 

Obviously, if the construction article's 
author or circuit designer has highlighted 
critical components, you shouldn't 
change them. Special- purpose or close - 
tolerance IC's, transistors, tubes, capaci- 
tors, resistors, and other parts are best not 
substituted. But in many cases the com- 
ponent specified is what the designer had 
on hand, and represents an arbitrary 
specification. So, bearing in mind that 
most hobbyists are also experimenters, 
when you have trouble finding com- 
ponents with the exact specifications, try 
some substitutions of your own, using a 
combination of good judgment and close 
attention to available reference guides, 
catalogs, and substitution manuals. You 
may not have the experience to ascertain 
whether or not you'll be successful in 
making the substitution, but you'll never 
know unless you try! 

Most components, such as resistors, 
capacitors, inductors, transformers, and 
transistors, have ratings that are impor- 
tant. Those include power and maximum 
voltage and current ratings. The ratings of 
substituted components should be equal 
to or greater than those specified for the 
project. Generally speaking, over -rated 
components can be used in electronics 
projects. For example, a 1 -watt resistor 
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can be substituted for a' /2 -watt resistor of 
the same value without concern, unless 
the larger physical size of the 1 -watt unit 
causes a space problem. 

Active devices, such as transistors, are 
more difficult to substitute on a "rating" 
basis, due to the multiplicity of rating 
parameters involved. Still, similar guide- 
lines hold for those components, as long 
as the substitute has equivalent design 
parameters. One must be cautious in try- 
ing to substitute components with over- 
rated ones when the device is to perform a 
specific function at a particular'value of 
current or voltage. In such a case, a 
"larger" unit would not be satisfactory. 
Zener diodes and other current- and 
voltage -regulating devices, for example, 
would fit into that category. 

Making a proper "ratings" substitu- 
tion is a great deal easier than making a 
"value" substitution. Each type of com- 
ponent is affected by different rules and 
guidelines, so it's worthwhile to look at 
each individually: 

1. Resistors. Fixed resistors are often 
easily substituted. Unless specified other- 
wise, fixed resistors commonly have a 
tolerance of ± 10 or 20 %. Knowing that, 
you can usually safely substitute any re- 
sistor. If no tolerance is specified, work- 
ing in the ± 10% or 20% range is usually 
safe. One general exception is high - 
voltage power- supply bleeder resistors - 
those can be as much as 25% lower or 
50% higher than specified. 

In some applications, metal -film preci- 
sion resistors, manufactured to tolerances 
of ± 1% or better, are required. That type 
of resistor is frequently specified for high - 
stability /ultra -low -noise circuits in com- 
puters, voltage dividers, test equipment, 
and active filters. The stated tolerance 
must be maintained when substituting 
those types of resistors. 

Frequently, you can find resistors in 
your junk box that can be adapted for a 
substitution, using series and parallel 
combinations whose net resistance is 
close to the desired value. Resistors con- 
nected in series have the total resistance 
of the sum of the resistors -two 2000 - 
ohm resistors in series have a total resis- 
tance of 4000 ohms. To find the effective 
resistance (R1) for resistors in series use 
the formula: 

R, =R1 +R2 +R3 +... 
Two or more resistors can be connected 

in parallel to obtain the desired circuit 
resistance. When you do that, total resis- 
tance is always less than the lowest value 
used in the combination. Use the follow- 
ing simple formula to calculate the value 
of two resistors connected in parallel: 

R, 
R1 + R2 
R1 x R2 

There are two major kinds of fixed 
resistors: composition or carbon, and 
wire- wound. Normally, do not use wire - 
wound resistors in circuits carrying RF 

APPROPRIATE SUBSTITUTES can be found for most electronic components, including variable 
capacitors. Flea markets are a good source for those components. 

since they have a certain amount of in- 
ductance that can upset the associated RF 
circuit. However, carbon -type resistors 
of the appropriate power rating can be 
used to substitute for wire-wound types. 

2. Potentiometers. Substitutes can 
usually be made having somewhat higher 
or lower values than those specified. Sur- 
plus pots can be bargains, but physical 
characteristics such as shaft length and 
type of shaft are important. Consider: Is 
the unit for screwdriver adjustment, or is 
the shaft designed to accept a knob? What 
about the pot's electrical characteristics, 
such as the "taper " -is it usable? Pots 
with "linear" or "audio" tapers are the 
types most frequently called for in con- 
struction projects. And is an on -off switch 
required on the control? 

One caution: Wire-wound pots are fre- 
quently found in surplus. Those pots are 
most suitable for low- frequency, high - 
power applications, not for delicate solid - 
state circuitry. They are not for circuits 
that require high precision (resolution). 
Thus, for most work, standard carbon - 
composition pots represent the best selec- 
tion. 

When shopping for new pots, quality is 
paramount; cheap materials are syn- 
onymous with inferior performance, 
often evidenced by a pot that is hard to 
turn because of high- friction bearings. 
Cheap imports should be avoided; stick to 
top -quality pots in all construction pro- 
jects. 

3. Capacitors. Fixed capacitors come 
in a surprising variety. There are mica, 
Mylar, silver -mica, ceramic, oil -filled, 
paper, and electrolytic types. Each has 
specific applications. Mica types (es- 
pecially silver- micas) and zero - 
temperature- coefficient ceramics are 
usually specified where low losses and 
high stability are essential; normally, you 

should not substitute other types for them. 
Probably the best all -round capacitor for 
general purpose use is the Mylar poly- 
styrene type -also one of the cheapest, 
and typically available for values be- 
tween 5 pF and 0.5 RF. 

Standard tolerance ratings for most 
project -grade capacitors is ± 10 to 20 %, 
though for some inexpensive general - 
purpose ceramic capacitors (including 
disc types)it's as wide as - 30% to 
+ 100 %. Exact capacitance is relatively 
unimportant in typical bypassing /filtering 
and coupling applications, and you can 
easily deviate as much as 50% from the 
spec value without trouble, sometimes 
much more (except at VHF and UHF). 
Mylar polystyrene capacitors also run in 
the 10-20% tolerance range, with 5% 
Mylars readily available, and 2.5% and 
1% units available at somewhat higher 
prices. 

As with resistors, capacitors can be 
substituted in series or parallel to yield 
different equivalent values, though the 
combining effects are the opposite to 
those of resistors: capacitors in series act 
like resistors in parallel, while capacitors 
in parallel act like resistors in series. 

When two capacitors are placed in 
series, the total capacitance is less than 
that of either one, as determined by the 
simplified formula: 

C` Cl + C2 
Cl x C2 

Capacitors are additive when placed in 
parallel: 

C, =C1 + C2 + C3 + 

Another handy formula is one to use 
when you need a lower value of capaci- 
tance and want to find the value needed to 
place in series with an available unit to 



obtain the desired value. That value is 
given by the formula: 

C2 
Cl 

(c2/q)-1 

The voltage -handling capability of the 
resulting capacitor chain should be con- 
sidered, as should power -handling 
capability of series/parallel resistors. A 
standard electronics text should be con- 
sulted for more on that. 

Most capacitors above 1µF are alumi- 
num electrolytics and are polarized. 
Tolerances tend to be fairly loose because 
filtering and coupling applications usual- 
ly don't call for precise values. Those 
types are often available with capaci- 
tances of 100,000 .tF or more, though 
usually at very low voltage ratings at 
those high capacitances. A related though 
more expensive capacitor is the tantalum 
type. The tantalum capacitor is generally 
superior to the standard electrolytic, and 
boasts tighter tolerance, smaller size (for 
equivalent capacitance), and lower 
leakage. 

Except in specialized applications, 
such as in timing circuits where tantalums 
are generally preferred over aluminum 
electrolytics, exact capacitance isn't ter- 
ribly important. When substituting, it's 
generally wise to err on the side of too - 
high capacitance rather than too -low. 
Surplus oil -filled types can normally be 
substituted for electrolytics having equiv- 
alent characteristics. 

Substitutions are also possible with 
variable capacitors. The main con- 
siderations here relate to minimum and 
maximum capacitance. As a general rule, 
you can substitute a capacitor having a 
greater capacitance than the value speci- 
fied. It may also be possible to substitute a 
variable capacitor that has somewhat less 
range than that specified, if you can de- 
termine the actual tuning range required 
in the circuit. That involves figuring the 
amount of circuit inductance and amount 
of capacitance required for a given tuning 
range, and is best done with the aid of a 
device such as the ARRL LCF Calcula- 
tor, or using a computer. Note that junk 
box variables can be modified to become 
lower -value capacitors simply by remov- 
ing rotor plates, and multi -section receiv- 
ing variables can be paralleled to get high- 
er capacitance. 

In high -voltage circuits, be sure you 
observe maximum operating voltages 
that depend on plate spacing. Plate spac- 
ing should be equal to or greater than that 
specified by the designer, or you can refer 
to a catalog to convert spacings to 
voltage -handling capacities. Knowing 
the voltages in the circuit, you can easily 
check to see if your particular substitute is 
adequate for your purpose. 

4. Diodes. Besides resistors and capa- 
citors, you'll often be faced with making 
substitutions for diodes of various kinds, 
both rectifier and small- signal types. The 

A 20-DRAWER CABINET such as this is ideal for 
maintaining a well- organized junk box. 

former are generally specified according 
to their maximum current and reverse 
breakdown ratings. It's possible, in many 
instances, to come up with a suitable 
replacement without having to resort to 
checking a data book. The 1N4148 is a 
good all -around small -signal type diode 
to have in the junk box as it is able to meet 
a wide range of substitution needs. 

5. Transistors. Besides diodes, other 
types of discrete semiconductors that 
present substitution questions include 
bipolar transistors, FET's, SCR's, and 
UJT's. As with diodes, practically every- 
one sells some transistors, but few dis- 
tributors stock each and every part num- 
ber, particularly highly specialized and 
Japanese types. 

Many transistor suppliers and man- 
ufacturers overly emphasize the difficulty 
of transistor substitution. From a prac- 
tical standpoint, the many different types 
of transistors and related economic con- 

siderations make it imperative that some 
substitutions be attempted. You'll need a 
transistor data book to determine proper 
specifications; once those numbers are 
available, you can apply them to select 
appropriate substitutes. Even using 
abbreviated substitution guides such as 
found in the Radio Shack catalogue can 
make the purchase of bargain -priced blis- 
ter- pack replacement transistors practical 
and useful. 

6. Integrated Circuits. The silicon 
chemistry of integrated circuitry con- 
stitutes a key element of most sophisti- 
cated electronics construction projects. 
Because of their importance and wide- 
spread use, those devices are sold by most 
electronics suppliers. The devices range 
over a wide spectrum, and include linear, 
CMOS, TTL, DTL, ECL, LSI, and other 
types. The variety encountered precludes 
stocking up on any but the most common 
types. 

There is little latitude in substituting IC 
types. A circuit specifying a particular IC 
usually requires that particular IC. In 
fact, it's usually not worthwhile to sal- 
vage IC's from scrap equipment unless 
the IC's can be clearly identified and there 
is some prospect of actual use for that 
particular device. 

However, it's important to point out 
that IC designations often include 
alphabetical prefixes that simply indicate 
the device's manufacturer. There is no 
need to use an IC made by a particular 
manufacturer if the same basic device is 
available from other firms. You'll find 
that IC suffix letters aren't terribly critic- 

A MULTI- FUNCTION TEST PROBE, such as the one shown here, is handy for finding good corn - 
zonsnts in surplus or salvaged equipment. 
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TABLE I- COMPONENT SUBSTITUTION GUIDELINES 

The following constitute general guidelines for substitution of the most -used components: 
resistors, capacitors, inductors, rectifier diodes, and transistors. Refer to the text for 
discussion of other factors that should be considered in making parts substitutions, and for 
guidelines for other components. 

RESISTORS 
Resistance value: within ± 20% of that 

specified. 
Resistance tolerance: equal to or better 

than specified, but usually not critical. 
Power rating: equal to or greater than spe- 

cified. 
CAPACITORS 
Capacitance value: within ± 20% of that 

specified, except in critical timing and 
tuning circuits. 

Capacitance tolerance: equal to or better 
than specified, but usually not critical. 

Voltage rating: equal to or greater than 
specified, or twice the maximum supply 
voltage. 

Type: generally not important except in 
critical timing and tuning circuits. 

COILS /INDUCTORS 
Inductance value: within ± 20% of that 

specified. 
Current rating: equal to or greater than 
specified. 

RECTIFIER DIODES AND 
BRIDGE ASSEMBLIES 
Current rating: equal to or greater than 

specified. 
Reverse breakdown voltage: equal to or 

greater than specified. 
TRANSISTORS 
Type: as specified (PNP or NPN, etc.). 
Collector current rating (le): equal to or 

greater than specified. 
Reverse breakdown voltage: equal to or 

greater than specified. 
Gain (Beta or hfe): equal to or greater than 

specified. 
Power rating: equal to or greater than spe- 

cified. 
Cutoff frequency: equal to or greater than 

specified. 
Case style: usually not important. 

NOTE: A transistor data book must be con- 
sulted for determining most of the 
specifications necessary for mak- 
ing substitutions. 

al, either. They usually indicate a change 
in the internal IC configuration that does 
not alter the basic function, though the 
suffix letter may indicate the package 
style. But, if you find a letter (or two) 
inserted between some of the numbers, it 
may indicate a significant modification 
that precludes easy substitution. In such 
cases, it's wise to consult a data book, 
paying particular attention to possible 
changes in pin numbering. 

7. Power transformers and chokes. 
When your project requires a very specif- 
ic transformer, it may be best to order it 
directly from the manufacturer or his dis- 
tributor. 

On the other hand, if specs aren't too 
tight, or it's possible to connect windings 
in various configurations to obtain re- 
quired voltages, it may pay to take advan- 
tage of specials and closeouts by mail - 
order distributors- though transformer 
offerings are usually limited in variety. 
Industrial surplus dealers generally have 
the best selection; transformers with the 
most unusual characteristics can turn up 
in surplus. 

One of the main considerations in mak- 
ing transformer substitutions is adequate 
current/power handling capacity. You 
can substitute if the transformer in ques- 
tion has the same voltage rating with more 
current-carrying capacity, but it's risky to 
go the other way. However, if the trans- 
former is rated in terms of continuous 
duty, and its intended use will be in- 
termittent, a rating reduction of up to 
about 25% may prove to be quite accept- 
able. 

Minor primary and secondary voltage 
substitutions can be made without 

adverse effect. If you have a transformer 
that delivers a higher voltage than you 
want, you can drop the voltage with a 
series resistor or a voltage- divider 
system. 

As for power -supply chokes, sub- 
stitutions are usually easy. The specified 
value of a filter choke can usually be 
regarded as a minimum value. The in- 
ductance of chokes in series is additive; 
conversely, chokes in parallel function 
like resistors in parallel. The amount of 
capacitance required in a power supply is 
affected by the power- supply choke in- 
ductance -the choke and electrolytic 
capacitor work together to bring ripple 
down to an acceptable level. 

In addition to inductance ratings, you 
must also take into account the current the 
choke must carry. Of course, you can use 
a choke with a higher current rating than 
specified. Using a somewhat lesser -rated 
choke is probably OK, unless the choke is 
rated at less than 75 % of expected cur- 
rent. The inductance becomes less if more 
current is drawn through the choke than 
the unit is rated for, thus reducing the 
choke's filtering effectiveness. 

A DESOLDERING TOOL makes removing parts 
from a surplus or salvaged piece of equipment 
simple. 

S. Switches. Substituting switches 
can be tricky because of the numerous 
possible switching configurations and ap- 
plications. You can always use a switch 
that has more contacts or sections than are 
required for a given circuit, as long as it 
has an adequate voltage rating. Often that 
information can be obtained from man- 
ufacturers' and distributors' catalogs. 
Similar considerations apply to relays, 
but selection criteria are complicated by 
relay coil voltage and current, and other 
operating characteristics. 

9. Tubes. Most contemporary circuit- 
ry has abandoned the once -common 
vacuum tube, though a few tube designs 
survive, and there is still demand for 
tubes for replacement purposes. Tubes 
are becoming extremely expensive and 
difficult to find, and few are still man- 
ufactured in the United States. One good, 
low -cost source of once -common receiv- 
ing tubes is Cornell Electronics Com- 
pany, 4217 University Avenue, San Di- 
ego, CA 92105; the firm stocks a wide 
variety of bargain -priced receiving tubes. 
Radio Shack also provides a special -order 
service that includes about 2000 different 
types. If you don't have the tube you 
need, of course, you'll have to buy it. But 
a quick check of a tube -substitution man- 
ual, or the ARRL's Radio Amateur's 
Handbook (it lists different tube types and 
possible substitutions if available) may 
prove worthwhile. 

10. Other components. There are 
many other components that the project 
builder will find useful to keep in his junk 
box or bench stock for the purpose of 
convenient substitution in construction 
projects. 

We can't treat all of them here. But 
some that come to mind include plugs, 
jacks, audio and IF transformers, transis- 
tor and IC sockets, battery clips, ter- 
minals, hardware, alligator and crocodile 
clips, meters, connectors, chassis, PC 
boards, and cabinets. 

In many instances your best guide to 
making intelligent substitutions is sim- 
ple, ordinary common sense, as well as an 
understanding of when not to use sub- 
stitute parts but to go out and acquire a 
specified part. 

Getting into the practice of breadboard- 
ing project circuitry will not only help 
refine a circuit before commitment to a 
final design, but will make substitutions 
easier because it gives you a chance to 
double -check your choices. Solderless 
breadboards eliminate a great deal of the 
trouble involved in circuit development 
and make desk -top experimentation - 
and substitution -much easier. 

Table 1 lists popular component sub- 
stitution considerations in tabular form. 

Parts sources 
Once you have a good feel for the types 

of parts you'll need and a knowledge of 
possible substitutions, the next step is to 
select the right sources for those compo- 



nents. 
Selection criteria generally run along 

lines of price, quality, and availability. 
Usually it's not possible to eat your cake 
and have it too when filling a list of mate- 
rials: You'll have to make your buying 
decisions based on which combination of 
the three considerations is most important 
to you at a given time. For example, if you 
must have a particular part immediately to 
finish a project you may have to pay sever- 
al times as much for it as you might under 
less- pressing circumstances. 

Parts sources can be divided into five 
major categories, each having a different 
mix of the price /quality/availability equa- 
tion. The first source is that of local pur- 
chase, including brand name, over -the- 
counter distributors and electronics spe- 
cialty stores. Second is surplus/salvage. 
Third is electronics mail order. The fourth 
source is that of electronics hamfests, 
computerfests, flea markets, and auc- 
tions. The last is a "catch -all" of non - 
conventional sources of compo- 
nents -more on that later. 

1. Local purchase sources are many 
and varied. In the so- called good old 
days, most parts were purchased locally, 
at least for those living in or near large 
metropolitan areas. Most cities had firms 
dealing in brand -name parts, others, in 
military surplus, and still others in sal- 
vaged components. Specialized em- 
poriums sold, at bargain prices, the most - 
needed components -resistors, capaci- 
tors, tubes, inductors, transformers, 
sockets, gears, dials, cabinets, test equip- 
ment, and chassis, ad infinitum. Today, 
very few cities have more than a few walk - 
in electronics distributors' outlets, other 
than franchised ones. In fact, probably the 
only "classic" radio row that is still thriv- 
ing today is Tokyo's gigantic Akihibara 
electronics district, which may be de- 
scribed as an updated solid - state version 
of New York's Cortland Street radio row 
of 1940's and 1950's vintage. 

There is little hope for the revival of the 
radio row. For the most part, local pur- 
chase means the lone over -the- counter 
electronics distributor. Such distributors 
specialize in selling electronics parts, 
mostly to radio and TV repairmen. Some 
also sell CB, audio, and computer equip- 
ment, but are rarely equipped to provide a 
wide selection of project components at 
popular prices. The main advantage of 
such distributors and franchised outlets 
is, simply, availability. If you're more 
interested in price than fast delivery, 
you'll probably want to save money by 
ordering parts by mail. But if you need a 
part fast, all you have to do is to make a 
trip to the store to obtain it. 

To locate a convenient local source of 
supply, consult the Yellow Pages of your 
local telephone directory. Check under 
"Electronics Equipment and Supplies ". 
That listing may be followed by the nota- 
tion "Wholesale and Manufacturers" or 
"Retail ". Also look under "Television 

and Radio Supplies and Parts ". Note that 
many hard -to- come -by parts can be lo- 
cated by going to the company distributor 
in your area -particularly for semicon- 
ductors. Motorola and RCA have outlets 
in many cities, and it may be possible to 
obtain the particular item needed from the 
local distributor, or he can order it for you 
if out of stock. Again, check the Yellow 
Pages for addresses and phone numbers. 

Several larger radio distributors (es- 
pecially those also doing a substantial 
mail -order business) issue periodic cata- 
logs, usually free. Many of these run to 
several hundred pages, and can be 
thought of as encyclopedias of highly use- 
ful information. 

2. Surplus /salvage. Using surplus 
and salvaged components can be a 
money -saver and convenience for the 
electronics hobbyist. There's little doubt 
that the least expensive source of needed 
parts is old electronics equipment that can 
be salvaged. 

Surplus isn't quite what it used to be, 
however. In the distant past, sources of 
surplus equipment were many. Those in- 
cluded war -surplus emporiums, mail - 
order military salvage firms, local radio 
and television dealers, and electronics 
schools. Government property disposal 
and surplus -sales programs have been 
good sources of classic salvage, equip- 
ment that can be stripped of useful com- 
ponents and/or converted into useful elec- 
tronics equipment. 

Much of the classic market has dried 
up: What is available is not terribly useful 
for contemporary construction projects. 
World War II and 1950's- vintage equip- 
ment is no longer in good supply, and 
most of that type of equipment isn't 
appropriate, anyway. 

Still, there are opportunities to obtain 
such components and equipment. Just 
check the Market Center section in the 
last 30 pages of this magazine. 

There is something of a renaissance of 
surplus today, but the times and tech- 
nologies have changed. Although using 
classic surplus can take the edge off the 
high cost of building projects, the action 

today lies in industrial surplus. There is a 
great deal of commercial, civilian-type 
surplus advertised in the electronics 
magazines alongside more conventional, 
brand -name components. Original 
sources are many, but include excess pro- 
duction quantities. overstocks, obsolete 
product lines, bankruptcy liquidations, 
CB components closeouts, etc., all avail- 
able at bargain- basement prices that 
represent but a fraction of original prices 
or replacement costs. 

3. Mail -order. While there's little 
hope for revival of the radio row, the 
rapid growth of mail -order electronics 
houses, coupled with the convenience of 
the toll -free telephone number and instant 
bank -card credit, have largely filled the 
void left by the demise of in -city stores. In 
fact, the central radio row has largely 
been replaced by stacks of catalogs, fly- 
ers, and sale sheets announcing mer- 
chants' wares. 

Mail -order firms tend to specialize in 
specific kinds of components, assembl- 
ies, or equipment. Each firm and the cata- 
logs that represent it have distinct per- 
sonalities. Some companies handle only 
brand -new, factory component lines, 
sold individually. Some companies 
specialize in specific types of parts, con- 
centrating on transistors and IC's, resis- 
tors, capacitors, or inductors. Others sell 
only manufacturers' overruns and 
surplus -parts inventories by the lot or 
package. Others are genuinely non- 
specialized, selling a smattering of all 
types of components. 

A very specialized type of supplier, 
often overlooked, is the kit manufacturer. 
While primarily packagers of electronics 
kits, kit makers also maintain extensive 
inventories of components for current and 
superseded kits sold by the companies. 
The kit manufacturer can usually be relied 
upon to furnish an exact replacement or 
close substitute for an ailing component 
in any of his kits. In some cases, one -of -a- 
kind parts for non -kit construction pro- 
jects can be obtained from the kit manu- 
facturer if the part can be found in one of 
the construction manuals. 

ELECTRONICS FLEA MARKET and hairiest dealers, such as this one, are among the best sources for co 
low -cost parts. 
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Buying electronics components by 
mail requires care. Keeping in mind a few 
buying pointers will save later grief: 

1. Know the company and its 
reputation. 

2. Be aware of the firm's warran- 
ty, return, and restocking policies. 

3. Use current catalogs and maga- 
zine advertisements, and check with the 
firm to see if critical components are 
actually in stock. 

4. Carefully check your order be- 
fore mailing it or calling it in, and take 
special care with telephone orders to help 
insure that the firm knows exactly what 
you want. Check arithmetic carefully! 

5. Place general correspondence 
or questions not directly pertaining to the 
order on a separate sheet of paper. 

6. Use the dealer's part numbers in 
addition to generic part numbers, if those 
are available. 

7. Include a remittance that will be 
adequate to cover the order, plus post- 
age, handling charges, and tax, but don't 
use a blank check. Use a money order, 

cashier's check, or charge -card number 
to speed delivery. 

8. Observe minimum -order re- 
quirements to prevent being embar- 
rassed later. 

9. Ask that very small parts be sent 
first class mail, larger ones by UPS. 

10. Keep a copy of your order, 
charge- account slips, and cancelled 
checks. 

11. Tell the firm what you will take 
in the way of substitutions and if you will 
accept credit slips for items that are out - 
of- stock. 

12. Consolidate small orders for 
savings in the cost of the parts themselves 
as well as postage and handling charges. 

13. Be specific on how urgent the 
order is. Say something like, "Ship 
everything in stock within 10 days and 
cancel balance of order," or "Ship partial 
immediately and ship balance when 
available." 

Mail -order houses generally offer good 
service, but there are built -in delays in the 
"system" that often mean that receipt of 

your parts may be several weeks away. 
The pointers above should help you get 
your order in the least possible time, 
however. 

The biggest mail order complaints 
focus on substitutions and back -orders. 
Notwithstanding what may be advertised 
in a direct -mail flyer or catalog (which 
may have been composed many months 
ago), suppliers frequently don't have all 
of the advertised components in stock. 
That is especially true of solid -state corn - 
ponents such as transistors, diodes, and 
IC's, and closeout, one -of -a -kind or es- 
pecially bargain -priced components. 
Specific "kill" instructions should make 
your time sensitivity and amenability to 
backordering clear to the order filler. But 
what do you do about the problem of 
substitutions? 

The best advice is to state clearly what 
you will accept in the way of 
substitutions -not very easy in the case of 
most transistors and IC's, that may not be 
readily substitutable. It's probably better 
to state on your order that you won't ac- 

TABLE 2- SELECTED LISTING OF MAIL ORDER ELECTRONIC PARTS DEALERS 
Advertisers in Radio- Electronics Magazine are listed in bold type 

Active Electronics Sales Corp. 
PO Box 1035 
Framingham, MA 01701 
617 -366 -0500 

ADVA Electronics 
Box 4181 
Woodside, CA 94062 

Advanced Computer Products 
PO Box 17329 
Irvine, CA 92713 
714 -558 -8813 

Alaska Microwave Labs 
4335 E. 5th Street 
Anchorage, AK 99504 

All Electronics 
PO Box 20406 
905 S. Vermont 
Los Angeles, CA 90006 
213 -380 -8000 

Aldelco 
27890 Milburn Avenue 
Baldwin, NY 11510 
516- 378 -4555 

Altex Electronics 
618 W. Sunset 
San Antonio, TX 78216 
512- 828-0503 

Arizona Electronic- Surplus 
6835 N. 16th St. 
Phoenix, AZ 85016 
602- 266 -9758 

Babylon Electronics 
4811 Myrtle Ave. 
Sacramento, CA 95841 
916 -334-2161 

B &F Enterprises 
119 Foster Street 
Peabody, MA 01960 

Barry Electronics Corp.` 
512 Broadway 
New York, NY 10012 
212 -WA5 -7000 

B.G. Micro 
PO Box 280298 
Dallas, TX 75228 
214- 271 -5546 

Bullet Electronics 
PO Box 401244 
Garland, TX 75040 
214 -278 -3553 

Chaney Electronics, Inc. 
PO Box 27038 
Denver, CO 80227 
303 -781 -5750 

Components Express 
1380 E. Edinger 
Santa Ana, CA 92705 
714 -558 -3972 

Concord Computer Products 
1971 So. State College 
Anaheim, CA 92806 
714 -937 -0637 

Dealin Electronics 
735 Loma Verde 
Palo, Alto, CA 94303 
413- 493 -5930 

Diamondback Electronics 
2083 12th St. 
Sarasota, FL 33577 
813 -953 -2829 

Digi -Key Corp. 
Highway 32 South 
Thief River Falls, MN 56701 
218 -681 -6674 

Dokay Computer Products 
3250 Keller St., No. 9 
Santa Clara, CA 95050 
408 -988 -0697 

Edlie Electronics, Inc. 
2700 -DP Hempstead Turnpike 
Levittown, NY 11756 
516- 735 -3330 

EICO 
108 New South Road 
Hicksville, NY 11801 

Electronic Distributors, Inc. 
4900 Elston Avenue 
Chicago, IL 60630 
312- 283 -4800 

Electronic Mart 
90 E. Water Street 
Chillicothe, OH 45601 
614 -773 -1313 

Electronic Surplus, Inc. 
1224 Prospect Ave. 
Cleveland, OH 44115 
216 -621 -1052 

ETCO Electronics 
North Country 
Shopping Center 
Plattsburgh, NY 12901 
518- 561 -8700 

Etronix 
14803 N.E. 40th 
Redmond, WA 98052 
206 -881 -0857 

Fair Radio Sales Co., Inc.' 
1016 E. Eureka 
Box 1105 
Lima, OH 45802 
419- 227 -6573 

Fordham 
855 Conklin Street 
Farmingdale, NY 11735 
516- 752 -0050 

Formula International, Inc. 
12603 Crenshaw Blvd. 
Hawthorne, CA 90250 
213 -973 -1921 

Gladstone Electronics 
901 Fuhrmann Blvd. 
Buffalo, NY 14203 
716 -849 -0735 

Gemeni Electronics 
473 W. State Rd. 
Altemonte Sp., FL 32701 
305- 819 -9292 

Godbout Electronics 
Box 2355 
Oakland Airport, CA 94614 
415 -562 -0636 

Hal -Tronix 
PO Box 1101 
Southgate, MI 48195 
313- 285 -1782 

Heath Co. 
Benton Harbor, MI 49022 
616 -982 -3200 

Hitech Electronics 
4425 W. Sepulveda Blvd. 
Torrance, CA 90505 
213 -371 -2160 



cept any substitutes, rather than to say 
that you will -unless you're willing to go 
to the trouble of specifying the acceptable 
substitutions for every single part on your 
order. 

At the risk of confusing the order -filler 
with your range of substitutes, it may be 
wise to list one or two equivalents you 
will accept should a critical part re- 
quested be out of stock. Most dealers will 
comply with your request if your in- 
structions aren't too complicated. 
Obviously, for unique items, or for pieces 
of equipment, you would not normally 
want to consider substitutes at all, or 
would require that you be contacted be- 
fore authorizing the firm to ship a sub- 
stitute of its choice. 

To minimize the impact of minimum - 
order levels, stock -outs, and sub- 
stitutions, consider judicious buying in 
advance of needs with respect to widely - 
used components and investigate the 
possibility of combining parts orders with 
those of friends or associates. 

Table 2 lists representative mail -order 

electronics suppliers, including those 
firms which specialize in surplus. 

4. Flea markets and auctions. Tak- 
ing a somewhat less- conventional 
approach to parts acquisition, the flea - 
market circuit probably represents a very 
inexpensive source of electronics parts 
and supplies. Since one can rarely predict 
in advance what is likely to be encoun- 
tered at a flea market, this source is gener- 
ally best suited to junk -box building -for 
accumulating an inventory of parts for 
future projects. 

Many amateur radio clubs and compu- 
ter groups sponsor hamfests and conven- 
tions that include well -developed flea - 
markets. Regular distributors and direct - 
mail firms sell their wares at these func- 
tions, so that the hobbyist is presented 
with a selection of both new and surplus 
components, assemblies and equipment 
from which to choose. Some of the larger 
events include the Dayton Hamvention, 
Birminghamfest, Atlanta HamFestival, 
Ak -Sar -Ben auction (Omaha, NE), 
SAROC (NV), and Hamfest Chattanooga 

(TN). Dozens of lesser -known events 
occur regularly around the country, most 
being held in the good- weather season 
from April through October. Many 
amateur and some computer publications 
list them. 

Auctions, usually conducted in con- 
junction with flea -markets and frequently 
as part of ameteur radio and computer 
club meetings, also represent another 
source of parts. Usually, however, the 
focus is on surplus assemblies rather than 
individual components; whatever com- 
ponents are included are usually grouped 
together and sold in lots. Those factors 
make auctions somewhat less attractive 
for small -scale buying for construction 
projects. 

Another point: Flea markets and auc- 
tions also provide good outlets for your 
own junk box, which may ultimately be- 
come too bloated and may need some 
weeding out to make room for future 
purchases. 

5. Other sources of supply. Some- 
times, items required for a particular con- 

Integrated Circuits, Unlimited 
7889 Clairmont Mesa Blvd. 
San Diego, CA 92111 

International Electronics 
435 First Street 
Solvang, CA 93463 

Jameco Electronics 
1355 Shoreway Road 
Belmont, CA 94002 
415 -592 -8097 

JDR Microdevices, Inc. 
1224 Bascom Avenue 
Campbell, CA 95008 
408 -995 -5430 

JAVANCO 
150 Second Avenue 
South Nashville, TN 37201 
615- 224 -4444 

H.J. Knapp of Florida, Inc. 
4750 96th Street 
St. Petersburg, FL 33708 
813 -392 -0406 

MCM Electronic Parts 
858 Congress Park Drive 
Centerville, OH 45459 
614 -434 -0031 

McGee Radio 
1901 McGee Street 
Kansas City, MO 64108 
816 -842 -5092 

Meshna, Inc. 
PO Box 62 
E. Lynn, MA 01904 
617 -595 -2275 

MHZ Electronics 
2111 W. Camelback 
Phoenix, AZ 85015 

Mikos 
PO Box 955 
El Granda, CA 94018 
415- 728 -9121 

M -M Electronic Sales 
2300 1st Avenue 
Seattle, WA 98121 

Mouser Electronics 
11433 Woodside Ave. 
Santee, CA 92071 
714- 449 -2229 

New -Tone Electronics 
PO Box 1738 
Bloomfield, NJ 07003 
201 -748 -5089 

Olson Electronics 
2850 Gilchrist Road 
Akron, OH 44305 
216 -798 -1000 

Omnitron 
768 Amsterdam Ave. 
New York, NY 10025 
212 -865 -5580 

Ora Electronics 
18215 Parthenia St. 
Northridge, CA 91325 
213 -201 -5848 

Page Digital 
1858 Evergreen 
Duarte, CA 91010 
213- 357 -5005 

Poly Paks, Inc. 
PO Box 942 
S. Lynnfield, MA 01940 
617- 245 -3828 

PPG Electronics 
791 Red Rock Rd. 
St. George, UT 84770 
801 -628 -3627 

Priority One Solid State Sales 
9161 Deering Avenue PO Box 74 
Chatsworth, CA 91311 Somerville, MA 02143 

617 -547 -4005 
Quest Electronics 
PO Box 4430C Sparton Electronics 
Santa Clara, CA 95054 6094 Jericho Tpk. 
408 -988 -1640 Commack, NY 11725 

516 -499 -9500 
R.F. Gain, Ltd. 
100 Merrick Road Space Electronics Co.' 
Rockville, Centre, NY 11570 35 Ruta Court 

S. Hackensack, NJ 07606 

Radio Shack Stavis Electronics 
One Tandy Center 912 Touhy Ave. 
Ft. Worth, TX 76102 Park Ridge, IL 60068 
(Consult your local 212 -692 -5223 
directory for the 
store nearest you) 

Suntronics Co. Inc. 
12621 Crenshaw Blvd. 

Ramsey Electronics, Inc. Hawthorne, CA 90250 
2575 Baird Road 213 -644 -1149 
Penfield, NY 14526 
716- 586 -3950 Surplus Electronics 

7294 N.W. 54th Street 
SCR Electronics Miami, FL 33166 
5303 Lincoln Ave. 305- 887 -8228 
Cypress, CA 90630 
714 -527 -2554 Tri -Tek 

7808 N. 27th Ave. 
Semiconductors Surplus Phoenix, AZ 85021 
2822 N. 32nd Street, Unit 1 602- 995 -9352 
Phoenix, AZ 85008 
602 -956 -9423 Vermont Electronics 

312 W. Vermont 

Simple Simon Electronic Kits Anaheim, CA 92805 

3871 S. Valley View, Suite 12 
Las Vegas, NV 89103 Westland Electronics 
702 -322 -5273 37387 Ford Road 

Westland, MI 48185 

Slep Electronics Co.' 313- 728 -0650 

Highway 441 
PO Box 100 
Otto, NC 28763 'Specializes in "classic" military surplus 
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TABLE 3- SCHEMATIC SYMBOLS 

COMMON SCHEMATIC SYMBOLS 

NO CONNECTION CONNECTION 

I 

MALE FEMALE 

BOARC PHONE 
CONNECTORS PLUG 

PHONO PHONO 
PLUG JACK 

0- 
BANAIA Y 
JACK SHIELDED 

CABLE 

PHONE 
JACK 

OR AC 
SOCKET 

AC 
PLUG 

VOLTAGE 
OR SIGNAL 
SOURCE 

L 
GROJND 

TO VOLTAGE 
SOURCE OR SIGNAL 

VOLTAGE OR 

SIGNAL IN 

- 
DIODE 

41111r 
LED 

SCR 

ZENER 

1f 

PHOTO DIODE 

TRIAC 

PIN DIODE 

VARACTDR 

CONSTAN- T 

CURRENT 
SOURCE 

FUSE 

MICROPHONE 

-iOF- 
CRYSTAL 

SPEAK EH 

6-Z) 
ANTENNA METER HEADPHONES 

INCANDESCENT 
LAMP 

NEON) 

LAMP 

N.CHANNEL ENHANCEMENT N- CHANNEL ENHANCEMENT! 
N- CHANNEL MOSFET 

P- CHANNEL P- CHANNEL 

JUNCTION FET 

B2 

BI 

D 

S 

UNIJUNCTION 
P.CHANNEL ENHANCEMENT 

MOSFET 

SUB 

DEPLETION MOSFET 

;0 

G _ 
S 

P.CHANNELENHANCEMENT/ 
DEPLETION MOSFET 

SUB 

S 

O 

SUB 

C 

PHOTOTRANSISTOR 

0 o III ,,I r 
INDUCTOR INDUCTOR INDUCTOR 
(AIR CORE) (IRON CORE) (ADJUSTABLE) 

TRANSFORMER 13 
RELAY 

RESISTOR 

POTE- NTIOM- ETER 

POTENTIOMETER 
(TRIMMER) 

CAPACITOR 

CAPACITOR 
(ELECTROLYTIC) 

CAPACITOR 
(NON-POLARIZED) 

CAPACITOR 
(VARIABLE) 

CAPACITOR 
(TRIMMER) 

BATTERY 
(SINGLE CELL) 

BATTERY 
(MULTI -CELL) 

THERMISTOR 

VARISTOR 

LIGHT DEPENDENT 
RESISTOR 

-o o- o- ITd 0 
SPST SPOT SPOT 
SWITCH SWITCH SLIDE 

SWITCH 

o 

o Z 
O O 

° p PUSHBUTTON 

RCTARY 
SWITCH 

SWITCH 

AMPLIFIER /BUFFER 

GATE 

AND 
GATE 

INVERTING 
AMPLIFIER /BUFFER 

L / "NgNG,. 
GATE 

"NOR" 'EXCLUSIVE -OR" 
GATE GATE 

IIIIIII 
IC PACKAGE 



struction project will not be electronics 
components at all. One should always be 
alert for non -electronics sources of sup- 
ply, particularly in the local area; there 
are a number of unique or unusual items 
that can be purchased locally for use in 
electronics construction projects. 

Some of these possible sources are: 
hardware stores (for aluminum stock); 
office- supply houses (boxes and enclo- 
sures); electric supply houses (wire and 
switches); discount stores (CB parts, 
batteries, and hardware); and plastics 
dealers (panels). A little ingenuity and 
creativity will surely turn up many more 
non -conventional parts sources. 

Component identification 
and testing 

For the most part, components pur- 
chased from local sources and from mail - 
order firms are labeled and packaged so 
that there is a minimum of difficulty in 
proper identification. Transistors usually 
have the identification stenciled -on, or 
they are mounted on cards; IC's are 
labeled; resistors and capacitors im- 
printed with a standardized color -code; 
transformer leads colored, and diodes 
coded. Notable exceptions include some 
grab -bag and bulk offerings, which may 

present such problems in identification 
that purchase is not advisable unless one 
is highly knowledgeable of the particular 
components involved and has the capabil- 
ity to measure a wide range of component 
values. 

Identifying the values of unknown 
parts can be a risky proposition. It may be 
possible to do so with the help of special- 
ized data tables and color -code keys 
appearing in reference texts, as well as 
calculating aids and test equipment. For 
example, the ARRL Handbook has a sec- 
tion on coding and values for a number of 
components, such as composition resis- 
tors and various types of capacitors, in- 
cluding mica, molded paper, and tubular 
ceramics; tubular encapsulated RF 
chokes; pilot lamps, and wire. Also listed 
are mechanical construction data, includ- 
ing numbered drill sizes and standard 
metal gauges. 

Identifying the values of totally un- 
known or unmarked components is di- 
fficult, but can be made possible using 
such devices as a multimeter and grid -dip 
oscillator or noise bridge. Aids such as 
the ARRL LCF Calculator are helpful in 
the identification of unknown coils and 
capacitors. 

Table 3 shows the various schematic 

TABLE 4 -COLOR CODES 

symbols used to identify electronics com- 
ponents in this magazine. Table 4 lists the 
major resistor and capacitor color- coding 
schemes. Table 5 shows some of the pre- 
fixes often used in electronics and what 
they mean. 

It doesn't take a lifetime involvement 
in electronics to develop a sizeable junk 
box. However, bear in mind that when 
assembling parts for a project, many com- 
ponents may be defective, including 
those sold by reputable mail -order firms. 
Using salvaged and bargain -priced com- 
ponents is a convenience and money sav- 
er, but reasonable precautions should be 
taken to insure that only good parts make 
it to your workbench. Completed projects 
can't work right with bad IC's and shorted 
transistors, leaky capacitors, off -value 
resistors, and other defective com- 
ponents. Worse, a single faulty com- 
ponent can cause the failure of good parts, 
as well as generate many hours of work- 
bench time spent in troubleshooting. The 
proverb, "An ounce of prevention is 
worth a pound of cure," definitely appl -r 
ies when you are working with electronics 
components. 

While it's impractical to test all com- 
ponents 100%, it's wise to at least spot - 
check new components before they find 

1ST BAND 
(FIRST FIGURE 

RESISTORS 
2ND BAND 
(SECOND FIGURE) 

3RD BAND 
Z i _ (MULTIPLIER) 

TOLERANCE 

FIRST BANG SECOND BAND 
COLOR FIRST FIGURE SECOND FIGURE 

BLACK 0 0 

BROWN 1 1 

RED 2 2 

ORANGE 3 3 
YELLOW 4 4 

GREEN 5 

BLUE 6 

VIOLET 7 

GRAY 8 8 

WHITE 9 

SILVER 
GOLD 

5 

6 

THIRD BAND FOURTH BANG 
MULTIPLIER TOLERANCE 

None 
0 

00 
000 

0 000 
00 000 

000 000 
0 000 000 

00 000 000 
9 000 000 000 

RESISTOR VALUES CAN BE DETERMINED FROM 
THE COLOR BANOS ON THEM. THE FIRST TWO 

BANOS INDICATE THE FIRST TWO DIGITS OF THE 
VALUE. THE THIRD BAND INDICATES THE NUM- 
BER OF ZEROES THAT FOLLOW. THE FOURTH 
BAND, SEPARATED FROM THE OTHERS, INDI- 
CATES THE TOLERANCE. 

SOME PRECISION RESISTORS MAY HAVE THE 
VALUE PRINTED ON THEM. IF THE LETTER 
"R" APPEARS, AS IN "207," IT REPRESENTS 
A DECIMAL POINT (THE VALUE WOULD BE 2.7 
OHMS). 

ICY- 

5 

J 

2ND 

DISC 

MICA 
OR MYLAR 

/ 1 
1 

1ST 

CAPACITORS 

MONOLITHIC 

MULI 

RADIAL LEAD 
TANTALUM ELECTROLYTIC 

- l- G. 
+ 

AXIAL-LEAD POLYESTER 
ELECTROLYTIC 

THE POLARITY OF TANTALUM ANO ELECTRO- 
LYTIC CAPACITORS IS USUALLY CLEARLY (NOI. 
CATEO BY " +" ANO /OR " -" SIGNS. THE POSITIVE 
END OF AXIAL-LEAD ELECTROLYTICS IS FRE- 
QUENTLY CRIMPED SLIGHTLY. 

THE VALUES OF MOST CAPACITORS ARE CLEAR 
LY MARKED. SOME MONOLOTHIC CAPACITORS 
USE A THREE-DOT COLOR CODE -THE COLORS 
REPRESENT THE SAME VALUES AS THOSE USED 
ON RESISTORS, AND ARE REA] IN THE SAME 
WAY. THE VALUE IS GIVEN IN PICOFARADS: 
MULTIPLYING BY 1,000,000 WILL GIVE THE 
VALUE IN MICROFARAOS 

MANY CERAMIC DISC CAPACITORS USE MORE 
CRYPTIC CODING. FREQUENTLY THE VALUE 
WILL BE INDICATED BY A THREE-DIGIT NUMBER 
SUCH AS "102." THE FIRST TWO DIGITS REPRE- 
SENT THE FIRST TWO DIGITS OF THE VALUE; 
THE THIRD IS THE MULTIPLIER. THE RESULT 
WILL BE IN PICOFARADS- MULTIPLY BY 1,000,000 
TO OBTAIN THE VALUE IN MICROFARADS. IF A 
CAPACITOR IS MARKED "1K," ITS VALUE IS 1000 
PICOFARADS 1.001 HF). 

LETTERS ON DISC CAPACITORS INDICATE TOL- 
ERANCES AS FOLLOWS: 
"NPO" OR "Z ": +8N, -20% (THIS IS THE MOST 
COMMON TOLERANCE.) 
"J" 5% 
"K": ±10% 
"M": ±20% 



their way into your parts bin and com- 
pleted projects, and to closely scrutinize 
used parts before they go into stock. 
Though the junk box is a wonderful store- 
house of goodies, components are of little 
value unless they are in good shape. 

Clearly, parts which show signs of 
burning or charring should be discarded, 
and old, dust -encrusted components 
should not be stocked or used in construc- 
tion projects. It's also wise to weed out 
defective parts with your multimeter. 
Check resistors for gross discrepancies in 
measured resistance; capacitors for shorts 
and excessive leakage; and transformers, 
coils, and chokes for open windings. 
Many transistors and diodes can be 
checked using an inexpensive transistor 
checker, and tubes -if you're still using 
them -can have performance checked on 
a tube checker. Not much can be done 
with IC's, however, short of plugging 
them into a given circuit -though IC test- 
ers are available. 

Occasionally, you'll find duds in even 
newly purchased components. Most dis- 
tributors and mail order houses will make 
good on them, in response to a polite 
request for replacement. With bargain - 
priced IC's and transistors, however, 
where the risk of bad components runs 
fairly high, it's a good precautionary 
measure to order two of each semiconduc- 
tor if the price is right. If both are good, 
fine -and you can keep the second unit as 
a spare or use it in a subsequent project. 

Let's take a look at some of the ways in 
which many common components can be 
defective, and describe methods of 
checking them for proper performance. 

1. Resistors. For most construction 
purposes, resistors are useful if they 
measure within ± 20% of color -coded 

TABLE 5- 
MULTIPLIER PREFIXES 

The table below lists the multiples and 
submultiples of fundamental electronic 
units, such as the henry, watt, farad, 
ampere, etc. The following prefixes, con- 
version multipliers and abbreviations will 
be particularly useful: 

Prefix Abbreviation 
tera T 
giga G 
mega M 
kilo k 
hecto h 
deci d 
centi c 
milli m 
micro 
nano n 

pico 
("micro - 
micro") p 10 -'2 

Multiplier 
1012 
109 
106 
103 
102 
10 -1 
10 -2 
10 -3 
10 -e 
10-9 

The above table will be used most when 
working with capacitor and inductor /coil 
values. 

value. However, used ones should be 
checked for value before being placed in a 
circuit. 

Ordinary carbon -composition resistors 
change value over time, and they often 
suffer the effects of too much heat being 
applied in soldering. Precision resistors, 
such as 5% types, may eventually become 
10% or 20% types, after long periods in 
damp storage. Cracked resistors should 
be discarded, since they tend to open up 
or become unstable when they heat up in 
normal operation. 

Wirewound resistors are more stable 
than composition resistors, but they may 
suffer from cracking of the hard ceramic 
shell or breaking of the internal resistance 
wire. Usually when a wirewound type is 
defective, it's open and is easily checked. 
Wirewound slide resistors often develop 
shorts between turns, which reduces re- 
sistance, or develop an open circuit at the 
point where the tap connects. 

Older deposited -film carbon resistors 
often suffer from aging, while newer 
metal -film types are considerably more 
stable. Still, those types can be ruined by 
a scratch on the outside of the shell which 
interferes with the spiral grooving that is 
cut into the resistance coating, and which 
determines the unit's resistance. 

2. Potentiometers. The resistance 
element of pots should be checked using 
the ohms function of a multimeter by 
placing the leads across the outer ter- 
minals of the pot to insure that it's not 
open, and that it is of the proper resist- 
ance. Following that check, the leads can 
be connected between an outer and the 
adjustable -arm terminals to make certain 
that the movable contact isn't open or 
intermittent. The pot shaft should be ro- 
tated slowly while watching the meter. 
The meter should change its reading 
smoothly; if the needle jumps erratically, 
the pot is noisy or, in some cases, may 
have an open circuit over part of its rota- 
tion. At the same time you can easily 
determine the taper of the pot. While con- 
tact sprays may restore a unit, it's prefer- 
able to discard the unit and use another 
one. The on/off switch that is part of 
many control assemblies should also be 
checked for proper functioning. 

3. Capacitors. Most capacitors that 
fail do so because they have shorted in- 
ternally. Capacitors that have ex- 
perienced voltages at or near their break- 
down voltages, and a lot of heat, are parti- 
cularly vulnerable to shorting, and should 
be checked carefully. 

Paper, Mylar, ceramic, and similar 
types of .001 ILF or greater can be checked 
using the highest ohms range on a multi - 
meter. Connect the probes across the 
leads of the capacitor in either direction. 
Since such capacitors are not polarized, it 
doesn't make any difference which way 
the leads are connected. If the capacitor is 
normal, the meter needle should suddenly 
deflect toward zero the moment the leads 

touch the capacitor, than rapidly drop 
back toward the high -resistance end of the 
scale as the capacitor charges. A shorted 
capacitor is indicated by the meter pointer 
remaining at the low- resistance end of the 
scale, while an open capacitor will not 
deflect toward zero. 

The capacitor may also be checked for 
leakage by noting the value of resistance 
on the meter after about five seconds of 
charging. The leakage resistance should 
be 10 megohms or greater if the capacitor 
is usable. That check may be all that can 
be done for capacitors of less than .001 
µF, as the meter "dips" are very small 
with low -value capacitors. Since those 
capacitors rarely change much in value 
because of storage conditions, the leak- 
age test should suffice. 

Caution is paramount when evaluating 
used aluminum electrolytics. They have a 
limited shelf life, and once they dry out, 
they can't be used. A defective electro- 
lytic can easily destroy itself by drawing 
excessive current, heating up, and ul- 
timately shorting out. 

To check on an electrolytic's condi- 
tion, apply DC voltage gradually, observ- 
ing correct polarity, and beginning with a 
voltage equal to about 10% of the capaci- 
tor's rated voltage -working up to the 
full rated voltage while monitoring leak- 
age current. A 1000 -ohm resistor can be 
used to limit charging current and to pro- 
vide a safe means of monitoring the leak- 
age current without risking damage to the 
power supply or multimeter, should the 
capacitor short out under test. The leak- 
age current can be found by first measur- 
ing the voltage drop across the resistor, 
then using Ohm's law to determine the 
leakage current in milliamperes. While 
allowable leakage current is a function of 
the capacitance and working voltage, 5 
mA represents a good working figure. 
Capacitors with substantially greater 
leakage should be discarded. Caution: 
Be sure to discharge the capacitor be- 
fore handling it. 

Electrolytics of the "dry" tantalum 
type don't usually suffer from aging pro- 
blems, though high- capacitance, high - 
voltage tantalums are expensive and rare. 
Salvaged units may be checked in a sim- 
ilar manner to the method described 
above. 

4. Diodes. Usually, a quick check us- 
ing the ohms scale on a multimeter is 
enough to determine the usability of sili- 
con and germanium diodes. The diode 
should be checked in both the forward and 
reverse directions; in the forward direc- 
tion the R x 1 or R x 10 scale should be 
used. The negative terminal of the multi - 
meter is connected to the cathode, and the 
positive terminal is connected to the an- 
ode. The reading in the forward direction 
should lie between 50 and 500 ohms. 
Reversing the meter leads should result in 
a reverse resistance greater than 1 

megohm. 



A TRANSISTOR TESTER, such as the one from Heathkit shown here, should be used to check all 

surplus and salvaged transistors before use 

5. Transistors and IC's. Transistors 
can take long -time storage in the junk box 
without deterioration, but each salvaged 
transistor should be checked, as a mini- 
mum, for leaks or shorts before it is wired 
into equipment. If available, a transistor 
checker should be used for more com- 
prehensive checking. 

Check with caution, since careless 
checks with a multimeter can destroy a 
transistor. Usually it's safe to make care- 
ful measurements on a transistor with a 
meter whose voltage between probe leads 
is less than 4 volts. The R x I and R x 100 
ranges should be safe to use. 

For example, it is readily possible to 
check for a defective power transistor us- 
ing only a multimeter. Emitter -to- 
collector resistance should be high with 
the probes applied in either direction. On 
the other hand, when the probes are 
placed on either the base -to- emitter or 
base -to- collector circuits, a low resist- 
ance would be obtained one way and a 
high resistance the other. Actual resist- 
ance values obtained aren't critical, since 
the spread between the high and low 
measurements is so great that you'll have 
no trouble spotting the difference. If read- 
ings differ from those described, there is 
probably something wrong with the tran- 
sistor and it should be discarded. It's also 
possible to identify and sort unmarked 
bipolar PNP and NPN transistors, though 
we won't go into the details here. 

Far better is a transistor tester. It is not 
terribly expensive, and allows more 
sophisticated measurements to be made 
with reduced risk of damage to the semi- 
conductor. 

Look for a unit that will evaluate con- 
ventional (bipolar) transistors, diodes, 
electronics outlets can be used for casual 
checking of emission and for shorted ele- 
ments. Most ordinary tube testers will not 

test special -purpose or transmitting tube 
types, however. 

8. Other components. Many used, 
surplus, and junk -box -type components 
can be judged from their physical condi- 
tion, but many cannot. For example, 
switches can usually be checked using the 
ohmmeter function of a multimeter if the 
switching scheme is known or can be 
determined from inspection; intermittent, 
broken, or shorted contacts can often be 
determined from a combination of visual 
and electrical inspection. Meters can be 
checked for calibration by comparison 
with another known good meter, or a 
well -calibrated multimeter. Acceptabil- 
ity of the meter depends, however, not 
just on calibration but also on a reliable 
(non- sticking) display -often a problem 
with meters that have been abused or 
stored improperly. Note that it's usually 
worth the try to attempt to fix a 
malfunctioning meter, if extensive dis- 
assembling and reassembling can be 
avoided. Otherwise, it will usually cost 
more than the price of a new meter to have 
factory experts recondition or repair the 
defective unit. 

Check RF coils and chokes for open 
circuits using a multimeter's ohms func- 
tion. Those devices are wound with fine 
wire that may become broken in storage 
or shipment, and in the process of un- 
soldering those components, the ends of 
the winding often are unsoldered from the 
terminals. 

Note that the DC resistance of RF 
chokes is frequently given in catalogs: If 
the measured resistance is less than 80% 
of the rated resistance, there may be 
shorted turns, which will result in de- 
graded performance. 
FET's, SCR's, triacs and UJT's. It should 
test them in- circuit with color -coded 
leads supplied, or out -of- circuit with 

built -in sockets. The unit displays gain 
(DC beta), transconductance (Gm), and 
leakage current. Shorted and open units 
can also be identified. 

There is no simple way to test IC's. 
In- circuit substitution is often required. 
However, logic probes are available that 
can be used to detect and indicate high 
and low logic levels in TTL or CMOS 
circuitry. 

6. Power transformers and filter 
chokes. Iron -core transformers and 
chokes are susceptible to insulation de- 
terioration from humidity. The windings 
should be checked for continuity and coil - 
to -core shorts, using the ohms function on 
a multimeter. Insulation resistance, coil 
to frame, should be in excess of 50 
megohms. A lower reading suggests that 
the insulation has deteriorated to the point 
where life expectancy of the unit may be 
shortened. 

A power transformer should be check- 
ed under application of rated voltage and 
current. Rated input is applied to the pri- 
mary winding and secondary voltages are 
read using the AC voltmeter function of 
the multimeter. The secondaries should 
be "loaded down" with a suitable resist- 
ance that causes the rated current to flow 
through the winding; this resistance can 
be calculated using Ohm's law. The 
transformer shouldn't be overloaded, 
even in testing - overheating as a result of 
overloading is the primary cause of in- 
sulation failure. 

7. Vacuum tubes. Used or unknown- 
condition vacuum tubes should be check- 
ed before use. Using a standard vacuum - 
tube manual to determine pin con- 
nections, the tube can be checked for fila- 
ment continuity using the ohms function 
of a multimeter. That will tell nothing 
about actual in- circuit performance, so a 
tube tester should be used to assess per- 
formance short of actual substitution in a 
working circuit. If you don't have a tube 
tester, the free testers still found in some 
drugstores, supermarkets, and franchised 

We have shown in this article that it is 
possible to buy the components you need, 
when you need them, at prices you're 
likely to be able to afford. Although the 
problems involved are great in this day of 
double -digit inflation, they're by no 
means insurmountable. 

We've indicated that those challenges 
can be met with an organized approach to 
parts buying, a working knowledge of 
parts selection and substitution criteria, a 
good feel for parts sources, and a 
familiarity with component identification 
and testing procedures. 

We've only scratched the surface. But 
this article should give you an introduc- 
tion to the considerations involved when 
lining up parts for that next construction 
project. 

Buying electronics parts? ... Why, if 
you follow the hints we've given you in 
this article, it's almost fun! R -E 
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PAGERS 
Pocket pagers keep you from missing important 
calls, even when you are miles away from your 
telephone! Here is a look at pagers and paging 
systems, and how they get those calls through! 

YOU'RE IN A CROWDED RESTAURANT, 
there's talk and laughter all around you, 
when suddenly a BEEP, BEEP, BEEP 
fills the room. The roar subsides as 
curious heads turn to find the source. 
"Mr. Jones," says a disembodied voice, 
"please call your office." 

As Mr. Jones gets up and heads toward 
a phone, the talk at your table turns to the 
merits of pocket pagers -beepers, as they 
are sometimes called. You start to add 
your opinion, when you stop short. What 
exactly is a pager, anyway? 

If you look about you, you're sure to 
spot them -carried by doctors, salespeo- 
ple, maintenance crews, computer tech- 
nicians, and others. Even your favorite 
TV crime -fighter may "pack" a pager on 
occasion. Let's examine how pagers 
work. 

Basically, a pager is an FM receiver 
with a tone decoder and audio amplifier. 
In order to activate or set off a pager, 
some additional equipment is needed: a 

transmitter to signal the pager, a con- 
troller to turn on the transmitter and en- 
code the signaling information, and a 

means for input to the transmitter. Before 
we discuss paging equipment, let's take a 

PETE DeHAAN 

fast look at the radio frequencies used by 
paging services. 

Frequencies used 
The FCC (Federal Communications 

Commission) permits paging within 
several bands of frequencies in the RF 
spectrum. Those bands, however, are 
used for other purposes in addition to 

paging. The bands are divided and allo- 
cated by the FCC for such diverse func- 
tions as public safety, industrial com- 
munications, land transportation, public 
radio, etc. 

One group of frequencies where paging 
is permitted is in the VHF (Very High 
Frequency) range and is commonly re- 
ferred to as "low band;" it covers 30 to 
50 MHz. Also in the VHF area is the 
"high band," with a range of 147 to 175 
MHz. Farther up the frequency spectrum 
are the UHF (Ultra High Frequency) band 
segments allocated for for paging: 406 to 
420 MHz, 450 to 512 MHz, and areas in 
the 800 -MHz band. Also being consid- 
ered for paging are frequencies in the 
900 -MHz range. Again, those bands are 
not used exclusively for paging; many 
other types of transmissions are FCC - 
authorized for those frequencies. 

As you can easily see, there are many 
frequencies that can be used for paging, 
and there are a number of different paging 
systems as well. They range from private 
business in -house systems to the offer- 
ings of RCC's (Radio Common Carriers), 
which are available to the public. Even 
though private users (industry, business, 
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etc.) are permitted to own their own pag- 
ing systems, they often choose not to. The 
reason is that they must file for, and be 
granted, a license by the FCC. They must 
also purchase and maintain their own 
equipment. Since that is both expensive 
and time consuming, many potential pri- 
vate users have, instead, sought the ser- 
vices of a local RCC. In that case, the user 
generally pays a fixed monthly rate to the 
RCC, which is, in turn, responsible for all 
equipment and licensing. For that and 
other reasons, independent RCC's across 
the country serve about 85% of the paging 
market. The most common frequencies of 
the RCC's are two VHF high -band 
frequencies referred to by the industry as 
P -5 and P-6---152.24 and 158.7 MHz, 
respectively. 

Because of its widespread use, we will 
concentrate on the RCC format and exam- 
ine the operation of a typical VHF high - 
band pager. 

The pager receiver 
As stated earlier, a pager is simply an 

FM receiver with a tone decoder and au- 
dio amplifier. The receiver portion is a 

dual -conversion FM receiver. It must not 
only be very sensitive, to provide wide - 
range coverage, but must also be highly 
selective to reject unwanted and interfer- 
ing signals. 

Figure I shows a block diagram of a 
typical pager. When a signal arrives at the 
pager's antenna, it is coupled to the input 
of the RF amplifier. The RF amplifier 
must have a high gain -factor because, at 
times, the RF signal level at its input may 
be only slightly higher than the noise 
level. The RF amplifier will amplify both 
the wanted and unwanted signals; howev- 
er that stage's high gain will greatly in- 
crease the difference between them. The 
relationship of the two signals within the 
receiver is referred to as its signal -to- 
noise ratio, and is an indication of the 
receiver's sensitivity. The output of the 
RF amplifier is fed to a stage called the 
first mixer. 

Also fed to the first mixer is the output 
of the first local oscillator. Its frequency 
is established by a crystal, and is 17.9 
MHz lower than the frequency the receiv- 
er is tuned to (also crystal- controlled). 
The purpose of the mixer is to combine 

the two input frequencies. The result is 
four signals at the mixer's output; one is 
the original input signal, another the 
local- oscillator signal, and the others the 
sum and the difference of those two. 

Both the sum and the difference signals 
contain the same modulation information 
as the original signal, but it is only the 
17.5 -MHz difference signal that is 
needed for the conversion process. (The 
signal is converted to a lower frequency 
because it is easier to work with there than 
at a higher one.) A crystal filter is used in 
a bandpass configuration to attenuate the 
three unneeded signals and pass the mod- 
ulated 17.9 -MHz difference -signal. That 
leaves a signal having a lower frequency, 
with the original modulation intact, and 
accomplishes the first (or high) conver- 
sion of the dual -conversion process. 

The difference -frequency of 17.9 MHz 
is referred to as the first intermediate - 
frequency (first IF). The signal is then 
further amplified by the first -IF amplifier 
and filtered a second time to further im- 
prove IF selectivity (the rejection of the 
three unwanted signals). 

The conversion process is then per- 
formed a second time. That step is re- 
ferred to as low conversion. The ampli- 
fied and filtered first -IF signal is fed to the 
second mixer, along with the output of the 
crystal -controlled second oscillator. The 
second mixer produces a difference fre- 
quency of 35 kHz, which is amplified and 
fed to the limiter. That stage limits the 
amplitude of the signal to a constant level, 
as required by the detector. The detector 
removes the 35 -kHz second -IF carrier, 
recovering from it the modulated audio. 
The recovered audio is then passed on to 
the decoder and audio -amplifier circuit- 
ry. The process of recovering the audio 
from the modulated second -IF signal is 
called demodulation. 

Decoder operation 
The decoder, shown in block form in 

Fig. 2, must check for a series of received 
and demodulated audio tones. Each pager 
in a system will respond to one, and only 
one, specific group of tones. Not only 
does the decoder check for a particular 
series of tones, but it also looks for them 
to appear in a specific sequence. 

Since the audio recovered from the FM 
signal is low in level, it must be amplified 
before being fed to the decoder filters and 
the audio amplifier. If the pager is in its 
normal (STANDBY or RESET) mode, it is 
waiting for the audio tones that will en- 
able it and cause it to "sound off." In the 
case of the decoder shown in Fig. 2, only 
two tones are needed to make it decode 
successfully. 

In the RESET mode all of the audio 
(tones and speech) may be present at the 
inputs of both the audio amplifier and the 
two filters. The filters, which are highly 
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selective bandpass arrangements, will not 
pass any speech, since they require steady 
tones at the frequencies to which they are 
tuned in order to produce an output from 
the decoder. 

The first stage of the audio -amplifier 
IC is normally off. When a tone matching 
the frequency of the "A" filter is re- 
ceived, that filter passes the signal to the 
decoder. The decoder is then enabled. If 
the proper "B" tone follows, the "B" 
filter will pass it on the decoder. The 
decoder will recognize the "match" and 
will produce an "alert" signal that is fed 
to the last amplifier -stage of the audio IC. 
That amplifier, which is always on, will 
drive the speaker, and the familiar "beep, 
beep, beep" will be heard. Once the alert 
has sounded, the CONTROL line enables 
the first section of the audio -amplifier IC 
and the voice message is received. When 
the caller has finished speaking, the 
amplifier is reset to mute the speaker. The 
pager is then back in the RESET or STAND- 
BY mode, awating another page. 

Some pagers, known as tone -alert pag- 
ers, do not have the capability of handling 
a voice message. They merely output an 
alert tone that informs the user to call 
some pre- arranged number, such as his 
office, answering service, home, etc. The 
tone -alert pager circuitry is similar to that 
of the tone -plus -voice model, but the au- 
dio amplifier is configured differently to 
handle only an alert tone and there is no 
provision for processing a voice signal. 

A second decoding method, the five - 
tone format, uses five distinct audio tones 
transmitted as a rapid pulse -train. There, 
the decoding process can be compared to 
the two -tone format, though the circuits 
are much more complex. There are two 
advantages to the five -tone format. The 
first is that there are more than a million 
unique encode /decode combinations. 
The other is that the decoding information 
can be transmitted in approximately half a 
second, while the two -tone format re- 
quires up to four seconds. That adds up to 
quite a time saving for systems that are 
heavily used. 

The paging process 
Now that we know what's inside a pag- 

er, let's see how paging works. Refer to 
Fig. 3 as we discuss just what is involved 
in the paging progress. 

In most cases RCC customers can 
reach a pager on a direct -dial basis 
(although sometimes a dispatcher must be 
called; he will, in turn, manually process 
the paging). A person wishing to page 
someone merely has to dial a telephone 
number; each pager is assigned its own, 
along with the unique set of audio tones 
required to activate it. 

The phone call is channeled through 
the phone company's central office and 
then on to the RCC's paging -control 
equipment. The controller searches its 
memory for the frequencies of the audio 
tones required to activate the pager 
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associated with the number dialed. That 
information is found within milliseconds 
and the paging controller turns on the 
transmitter. It also generates the proper 
tones, which it sends to the transmitter. 
The transmitter modulates its RF carrier 
with those tones, transmitting the page - 
signal. 

If the pager is within range of the 
transmitter, it decodes the signal and 
emits an alert tone. At the same time, the 
paging controller "answers" the line and 
returns to the calling party a short beep 
tone, which is a signal to the caller to 
begin speaking. The length of his mes- 
sage can vary from system to system, but 
is usually about ten seconds. Although 
that seems short, it is really quite adequ- 
ate to repeat a short message or phone 
number two or three times. It is just a 
matter of seconds from the time a number 
is dialed until the pager user receives a 
message. 

Some pagers -the tone -alert models - 
are not able to handle voice messages; 
instead, they merely beep. With that type 
of system, the caller hears a beep tone that 
indicates that the page has been pro- 
cessed, and then receives an interrupted 
busy tone. 

Pros and cons 
A pager can be a great time and money 

saver to its user. A page can prevent a 
wasted trip, or ask the user to make an 
extra stop before returning home or to the 
office. It is also invaluable to someone 
who may be away from the office when an 
important customer, or a patient needing 
immediate attention, calls. 

In these days of economic downturn, 
pagers are enjoying an increase in pop- 
ularity. Businesses have been forced to 
cut costs and to search out and eliminate 

inefficiencies. Many firms have found 
that pagers save time -and, therefore, 
money amounting to many times the 
monthly pager -rental fee. I'm sure you'll 
agree that an investment with that kind of 
return is rare today. 

One shortcoming of pagers is their re- 
latively short range -typically 15 to 25 
miles. Range can vary with transmitter 
power, terrain, and atmospheric con- 
ditions, and is sometimes related to the 
number of times the pager has been drop- 
ped! Pages may be difficult to receive in 
some rural areas. To reduce the problem, 
many RCC's are, or soon will be, sim- 
ulcasting their pages from several 
strategically placed transmitters. That 
naturally increases a device's useful 
range. 

For instance, many RCC's in the state 
of Michigan and from nearby areas have 
devised an inexpensive manual wide -area 
paging system. While the details are too 
involved to go into here, you can now 
have a pager in Michigan that will be 
useful and effective over most of the 
state. 

Finally, a preliminary agreement has 
been reached to form a national radio - 
paging system using geosynchronous sat- 
ellites. The participating companies are 
National Public Radio and Mobile Com- 
munications Corporation of America. 
Under the proposed system, users would 
phone pages into their local paging com- 
panies as usual. Those companies would 
then relay the pages to National Public 
Radio's Washington D.C. control center. 
From there, they would be uplinked to 
Westar IV and downlinked to the appro- 
priate ground station. The ground station 
would then relay the page to the appropri- 
ate local paging company which trans- 
mits it in the usual manner. R -E 
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GUITAR 
AND BASS 
TUNER 

Build this "electronic pitch -pipe" and you'll be able to tune your guitar or bass 
without disturbing your audience or other performers...and without having them disturb you. 

JAMES I. JARNAGIN 

ONE OF THE GREATEST PROBLEMS EN- 

countered by guitar and bass players - 
especially when performing before an 
audience -is tuning up. Most musicians 
in bands or combos use a piano or organ 
as a pitch reference. If there is no key- 
board player, its members usually just 
tune up against one -another, and hope 
they wind up in close to the right key. 

This tuner has a pitch reference for 
each string of a standard six -string guitar: 
E (high), B, G, D, A, and E (low). The 
unit accepts regular stereo headphones, 
and the pitch- reference signal is heard in 
one channel. The instrument being tuned 
is also plugged into the device, and its 
amplified output drives the other channel. 

Volume controls are provided for both 
the instrument and the pitch reference, 
and can be adjusted to override the noise 
in any room, while the headphones isolate 
the audience from the tuning -up process. 
There's also a STEREO /MONO switch. 
When in the STEREO position, the device 
operates as described above. However, in 
the MONO position, the pitch reference 
and instrument signals are mixed and 
heard in both channels. 

Because of the low frequencies in- 
volved, an electric bass is more difficult 
for most musicians to tune than is a stan- 
dard guitar. Many times the bassist pref- 
ers to tune to a chord, rather than a single - 
note pitch reference. The tuner provides 
him with major -triad chords for each bass 
string: E, A, D, and G. The E (low), A, 
D, and G guitar- pitches can be used for 
single -note references. 

Circuit description 
The heart of the circuit, whose schema- 

tic shown in Fig. I, is IC2, a 50240 top - 
octave generator. That device uses a sing- 
le input -frequency to generate all twelve 
notes of the musical scale. The input sig- 
nal is provided by ICI , a 4001 quad 2- 
input NOR gate. Two sections of that IC 
are used to form an oscillator that runs at 
approximately 2 MHz. The frequency 
can be adjusted by trimmer potentiometer 
R2. 

Dual D flip-flops, 1C3-1C7, are used as 

frequency dividers. They divide down the 
upper -octave frequencies from IC2, thus 
generating the lower- frequency notes re- 
quired for the pitch references. 

The chords for the bass pitch - 
references are composed of three notes 
each. Those notes are taken from various 
outputs of IC2 -1C7 through isolation di- 
odes D1 -D12. 

All signals are routed to the TONE 
switch, S3. The wiper arm of that switch 
is connected through R7 to the input of 
audio power- amplifier IC8, an LM386. 
The resistor acts as a volume control for 
the pitch reference. Another LM386, 
1C9, serves as an amplifier for the instru- 
ment being tuned, with RIO acting as its 
volume control. The outputs of IC8 and 
IC9 are coupled, through C5 and C12 
respectively, to the headphone jack, .11. 

Switch S2 STEREO /MONO IS used to mix 
the reference and instrument signals at 
1C9 for mono operation. Power is sup- 
plied by eight "AA" cells connected in 
series. 

Construction 
A single -sided PC board (see Fig. 2) 

was used in the author's prototype. The 
layout, however, is not critical and other 
methods of construction, such as wire - 
wrap, can be used. Sockets should be 

used for the IC's to eliminate the hazards 
sometimes encountered when working 
with CMOS. 

The component layout is shown in Fig. 
3. Be careful not to use too much heat 
when soldering the components, and 
observe the polarities of the electrolytic 
capacitors and diodes. After all other 
components have been installed, insert 
the IC's in their sockets, being sure that 
they are oriented correctly. 

The amplifiers should be shielded from 
the frequency dividers to prevent ex- 
traneous signals from getting into the au- 
dio section. The shield can be made from 
one -inch -wide tin, as shown in Fig. 4. 

A drilling guide for the metal case is 
shown in Fig. 5. Note that all holes are 

1/4-inch in diameter except for the 1/4-inch 
hole for the STEREO /MONO switch, S2, on 
the rear panel. The other hole on the rear 
panel is for the pitch -reference output 
jack, D. Rotary switch S3 is mounted in 
the center hole on the front panel. All 
labelling is done using rub -on dry - 
transfer letters, which should be pro- 
tected by a thin coat of lacquer. The com- 
pleted unit is shown in Fig. 6. 

Adjustment and operation 
Use R2 to calibrate the device, using a 

recently -tuned piano or a tuning fork as a 
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reference. Any of the single notes 
selected by S3 can be used for calibration, 
and all the other pitch -reference notes will 
fall into place. No further adjustment is 
necessary. 

To use the tuner, plug a set of stereo 
headphones into J 1. Next, insert the plug 
from the guitar or bass into J2. Place S2 in 

the STEREO position, and adjust volume 
controls R7 and R 11 so the volume of the 
instrument is about the same as that of the 
pitch reference. You should be able to 
hear the beat signal produced by the 
difference in frequencies between the 
two. Tune the string until the beat note 
just disappears. 

FIG. 6- AMPLIFIER SHIELD Is clearly visible in 
photo of completed unit. Also note battery pack 
and vertical mounting of some diodes and resis- 
tors. 

PARTS LIST 

All resistors '/4-watt, 5 %, unless otherwise 
specified 

R1 -5100 ohms 
R2- 10,000 ohms, trimmer potentiometer 
R3. R4, R9, R13-10 ohms 
R5. R12- 15,000 ohms 
R6-3.3 megohms 
R7. R10- 100,000 ohms. ' -. -watt, panel - 

mount potentiometer, audio taper (S1 is 
part of R10) 

R8, R11- 10.000 ohms 
Capacitors 
C1 -100 pF. 50 volts, ceramic disc 
C2, C9-100 p.F, 35 volts, electrolytic 
C3, C10 -.22 MF. ceramic disc 
C4, C8, C11, C15-.005 /..4F, ceramic disc 
C5, C12 -470 µF, 35 volts. electrolytic 
C6. C13 -.047 F. ceramic disc 
C7. C14 -470 pF. ceramic disc 
Semiconductors 
IC1 -4001 cuad 2 -input NOR Gate 
IC2 -50240 top- octave generator 
IC3 -IC7 -4013 dual D flip -flop 
IC8, IC9 -LM386 low- voltage amplifier 
D1- 12 -1N914 or 1N4148 
S1 -SPST switch (part of R10) 
S2 -SPST miniature toggle switch 
S3- single pole, 12- position, rotary switch 

(Radio Shack 275 -1385 or equivalent) 
J1 -3- conductor N.C. '.4 -inch stereo phone - 

jack 
J2. J3 -2- conductor N.O. '.4 -inch phone jack 
SPKR -8 -ohms, 2 -inch diameter 
BATT -8 "AA" cells in series 
Miscellaneous: PC board (optional). IC 

sockets, battery holder, sheet tin, enclo- 
sure, knobs. wire, etc. 

If the beat is difficult to hear. try listen- 
ing for it with S2 in the MONO position. If 
that is done, both signals -pitch refer- 
ence and instrument -will be heard from 
each earpiece. 

Old strings on an instrument may also 
cause the beat signal to be difficult to 
hear. In that case, simply tune until the 
two tones sound close or- better still - 
get a new set of strings. 

The beat signal is much more difficult 
to hear with a bass guitar: however, that 
instrument can be tuned very accurately 
using the chords selectable by S3. R -E 
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WHILE MOST COLLECTIBLE RADIOS ARE NOT OLD ENOUGH TO BE 

classified with antique furniture, many of them can be called 
antiques in their own right. You may be young enough to think 
that a radio from the thirties or forties is old. And, if you are a 

newcomer to the hobby of collecting radios, it is good to start 
with radios from that era because there are plenty to choose 
from. Often, you can even get such a radio for free. But, can it be 
restored? 

As with any type of restoration, the task begins with what you 
have to work with in the first place. There are many old radios 
that are not worth restoring. (Of course, any radio that you 
identify with in some special way is worth restoring.) Also, 
some old radios are considered to be more of a classic than others 
(such as the cathedral- cabinet table model) and are more in 
demand. If you find 
one of these "clas- 
sics" cheap, take it- 
no matter what the 
condition. Later, you 
may find another, and 
make one complete, 
working set. 

When restoring an 
old radio, it is im- 
portant to keep it as 
original as possible. 
That applies to every- 
thing from the chassis 
and parts to the knobs 
and the finish on the 
wood cabinet. That 
does not apply if you 
want only a working 
conversation piece 
and not a truly - 
restored radio. Any 
good cabinet can be 
fitted with a working 
radio chassis with a 

little alteration. 
Remember that proper 
ventilation and insula- 
tion must be 
observed. Although 
you might not have 
the rich, deep tone of 
the original, any mod- 
ern radio in a cabinet 
from the thirties in 
daily use in your home 
will attract much 
attention. 

that fit and look original. 
The big question is: Does it play? Ask the seller if he can play 

the old radio for you, or at least turn it on. If the old radio hasn't 
been played for years and the line cord and plug are corroded, 
you will have to rely on just what you can see. That will include 
the speaker assembly, the chassis, and the cabinet. 

The speaker assembly 

The speaker assembly is a monstrous arrangement in old 
radios. Along with the cone and the voice coil, there is a field 
coil and impedence- matching transformer all mounted on a 

massive frame (see Fig. 1). That array, called an electro- 
dynamic speaker should be intact, even if it needs a little work. 
While it may be possible to replace the dynamic speaker with a 

PM (Permanant Mag- 
net) type, it will take 
much from the 
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Repairing an old radio and restoring its 
original performace and looks can 

be a source of pride. Let's take a look 
at the basics of this rewarding 

and challenging hobby. 
RICHARD D. FITCH 

Where to find old restorable radios 
Radios that can be restored are all around -but not in your 

local TV and appliance store. Try the classified ad columns, flea 
markets, and garage and yard sales. There are also many ads in 
magazines dedicated to this hobby. One example is The Horn 
Speaker (9820 Silver Meadow Dr., Dallas, Texas 75217). Some 
of your friends and relatives may have an old radio lying around 
for the asking. Of course you have to know what to look for 
when trying to find a radio to restore. We'll go into that next. 

First, the radio should be old (whatever is old to you) and 
should have most if not all of its parts. The cabinet will be the 
first thing you will see. Can the cabinet be refinished to some 
semblance of its original condition? (Only knowing your own 
limits and abilities in wood -working and refinishing can answer 
that.) Are the knobs there? If not, you can most likely get some 

originality. The most 
visible problem might 
be the speaker cone. 
Finding a fifty -year- 
old radio with a speak- 
er cone that is not 
warped or torn will be 
rare. If the cone isn't 
torn badly, it can 
usually be repaired 
with a little speaker 
cement, available in 
any parts shop. A 
warped speaker cone 
is not as obvious as a 
torn cone, but it is just 
as easy to repair. 

Any radio that has 
not been used for 
many years is likely to 
have at least one of 
those speaker -cone 
problems. Checking 
for a warped speaker 
cone is a fairly simple 
procedure. With the 
set off and unplugged, 
of course, remove the 
speaker and examine 
the cone. (The wires 
are usually long 
enough to turn the 
speaker around wit- 
hout having to cut 
them.) A warped cone 
can cause an off - 

center voice coil. To determine if the voice coil is off center, 
apply a slight pressure around the center of the cone as shown in 
Fig. 2. If a scratching noise is heard, the voice coil is off center. 
That test must be done very carefully or you may put your finger 
through the cone. If you hear the scratching noise, all is not lost, 
for there are a few things that can be done to re- center the voice 
coil. Some old sets have small set -screws in the center of the 
cone that need simply be adjusted to re- center the voice coil. 
Also, the outer edge of the cone may be reglued to the frame to 
solve the problem. 

Even if your speaker cone is completely tattered there is still 
hope. There are still a few places around that re-cone speakers. 
The cost of re- coning the old speaker will not be much more than 
buying a PM speaker and you will avoid the electrical and 
physical conversion problem. Also, keeping the set original will 



always be an asset when showing or discussing your restored set 

to knowledgable people. 
If you are unable to pass a signal through the speaker because 

of unrelated problems with things such as tubes. line cords, etc., 
make a continuity test of the speaker components. With the set 

off and unplugged, check the voice coil, field coil, and both 
sides of the output transformer. Any inexpensive ohmmeter can 
be used, as the exact resistance is not important at this time. If 
you should fail to find continuity at any one of those points, the 

problem may be less than an inch away. The soldered connec- 
tion where the coil or transformer is joined to the lead wire is the 

most likely culprit. You might have to carefully remove a little 
paper from the transformer to get to the connection. Even if there 
is no obvious break at the connection it still may have built up 
corrosion or a resin 
block. All those con- 
nections should be re- 
soldered to make a 

good contact so they 
will cause no future 
problems. 

The chassis 
You can get a 

wealth of information 
from the chassis just 
by looking at it. 
Naturally, the first 
question to ask is 
whether or not all the 
parts are there. It will 
be easy. to see if there 
are any tubes missing. 
Finding tubes for 
those that are missing 
will be one of the 
easier chores. Many 
old sets had the tube 
number stamped on 
the socket or on the 
chassis near the sock- 
et. It might be your 
good fortune to find a 

legible diagram with 
all pertinent informa- 
tion (such as the mod- 
el number, IF fre- 
quency, tube loca- 
tions, and filament di- 
agram where applic- 
able) fixed to the in- 
side of the cabinet. 
Missing chassis parts 
other than tubes can create big problems. If an exact or a similar 
schematic isn't available, finding out what was in that hole with 
the wires hanging out will challenge even an expert. Large, 
tapped, wire-wound resistors, capacitors, IF transformers, and 

coils are some of the parts that may have been ripped from a 

chassis over the years. Unless you have full schematic informa- 
tion or for some reason want the set very badly, pass it up if it has 

parts missing other than tubes and knobs. 
Some old radios seem to withstand age better than others. 

Where a radio was stored is especially responsible for its condi- 
tion, as is the quality of material used in its manufacture. One 
chassis may be completely corroded and have a cabinet warped 
beyond repair, while another of the same vintage -maybe even 
of the same make -will appear like -new. A corroded chassis 

can entail a lot more work than a warped cabinet and can make 

the project not worth your while. What's so serious about a 

corroded chassis? There are two big problems -the tube sockets 

and potentiometers. If the tubes are corroded in the sockets, 
removing them without any further damage to the tube or socket 
will take much patience -and a lot of solvent. And, you will still 
have a rusted socket when you are finished. To answer any 
question about the extent of the corrosion, you will have to 
remove the chassis from the cabinet fora look underneath. Often 
the underside of the chassis will be spared the corrosion and rust 
that was evident on top. 

Cabinet restoration 
How well the cabinet can be restored is limited mostly by your 

own ability. If you enjoy woodworking and do it well, almost 
any cabinet can be res- 
tored. Even a cabinet 
with the plies sepa- 
rated can be re- glued. 
It is important that you 
take care to preserve 
any decals or designs 
(like that shown in 
Fig. 3) on the front of 
the cabinet. Before 
removing the finish, 
try restoring it with 
polish. However, if 
the finish must be re- 
moved, light -sand 
over those areas. 
Sometimes, furniture 
polish will restore an 
old finish and cover 
up minor scratches. If 
there are any deep 
scratches or dents, 
wood filler can be 
used. However, since 
the wood filler will 
rarely match the ori- 
ginal cabinet, it will 
have to be tinted after 
the final finish is 
started so that it won't 
show through. 

Before attempting 
any work on the 
cabinet, be sure to re- 
move everything from 
inside. Also, all 
removable name 
plates, decorative 
speaker bolts, and 

even the grill cloth should be removed. Getting sanding dust and 

paint products on the chassis parts will not do anything to 
improve your old radio. If any parts of the cabinet are beyond 
restoration, they may be able to be replaced by a patient wood- 
worker. That will apply most often to the bottom of a cabinet that 
absorbed moisture because it was stored in a damp place. Just be 

sure to replace any vent holes that were in the original cabinet, 
because an old radio with its big tubes and wirewound resistors 
radiates considerable heat. 

Troubleshooting old radios 
Troubleshooting old radios is not much different than 

troublehooting new radios. (And it is just as important to be 

familiar with all safety procedures.) Many old radios have the 
grid cap conviently sticking out the top of the tube envelope. 
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included. Without a schematic it may be impossible to identify a missing 
part. 

FIG. 2.-THERE IS A SIMPLE TEST to determine whether or not the speak- 
er s voice coil is off center. 

122 

That permits a signal injection or circuit-disturbance test without 
even removing the chassis from the cabinet. Most of the rest of 
the parts are similar to those in newer radios, but are much 
larger, of course. 

When you select an old radio to restore, don't be surprised if it 
lights up but doesn't play. Even if there is just some slight hum 
from the speaker don't give up hope. There are a few factors to 
consider on early models that should be checked. If there is no 
built -in aerial, there should be a terminal on the back of the 
chassis for connection to an external one. (The radio might play 
weakly or not at all if it was designed to use an outside aerial.) 
Any piece of wire can be attached to the terminal screw for test 
purposes. 

Keeping the equipment original is not as difficult as it sounds. 
The band switches, potentiometers, coils, and even IF 
transformers can be dismantled and repaired. As with speakers, 
the most likely problem with an intermediate- frequency trans- 
former that will not pass a signal is a poor connection. Remove 

IG. 3. -WHEN RESTORING A CABINET. IGRC great care to N,cbclve n iy 
decals or designs. 

ik_tt 
FIG. 4. -A TUBE TESTER can save you a lot of time and aggravation, 
especially if you buy a large numbers of used tubes. 

the transformer's shield and carefully resolder all of the con- 
nections. (A turn can even be taken from the winding if more of 
the hair -like wire is needed to make a good connection to the 
trimmer terminal.) If you have to remove the trimmer screw to 
clean it, you will want to reset it as closely as possible to its 
original position. You can do that by counting the turns as you 
screw it down as far as it will go. Then remove the screw and 
clean it and the trimmer if needed. Replace the screw and turn it 
as far in as it will go, then back it off the number of turns needed. 
You will probably have to align the entire set after the IF 
transformer work. 

There isn't much that can be done to repair a bad tube. A 
partial solution is a good collection of used tubes. Also, there are 
still some mail -order houses offering old tubes. Even some 
long -established repair shops have some tubes for early sets. 
One source for tubes and information that comes to mind is Puett 
Electronics (P.O. Box 28572, Dallas, TX 75228). A tube tester 
with an older roll -chart, like the one shown in Fig. 4, is a 

priceless piece of equipment for the old -radio buff. 
Even if restoring your nostalgic radio ends up costing you 

more than the radio did when it was new, the pleasure of 
restoring it and the pride of accomplishment can far outweigh 
the cost. And, if that's not enough, you can expect many offers 
to buy your restored radio. R -E 
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FREQUENCY MULTIPLIER 
FOR YOUR COUNTER 

Here's an easy way to add low- frequency accuracy -and speed - 
to your counter. No modifications are required. 

FOR YEARS THERE HAVE BEEN PLENTY OF 

devices like prescalers available to extend 
the high- frequency range of the average 
counter. But for those of us who work with 
audio frequencies, the selection of add -on's 
hasn't been so great and that can cause a 
problem when you try to measure some- 
thing like a 20 -Hz signal accurately. 

Most of the time the counter reads "20," 
but it frequently jumps to "19" or "21." 
That's a total of 10% error (5% above, and 
5% below), and not very good if you're 
trying to get a precise reading. The usual 
solution is either to use a counter that has a 

GARY McCLELLAN 

ten -second timebase, or that has period - 
measurement capability. Such counters are 
usually fairly expensive, though. But 
wait -there's a far- lower -cost solution to 
the problem, and it requires no mod- 
ifications to your counter! 

The audio -frequency multiplier de- 
scribed here allows you to measure signals 
from 10 Hz to 40 kHz accurately and quick- 
ly using your existing counter. The multi- 
plier is a little box that goes between your 
test cable and counter. With it you can mul- 
tiply the frequency of the incoming signal 
by a factor of ten or a hundred for easier 
reading. Now, the 20 -Hz signal mentioned 
earlier can be read on your counter as 
"20.15 " -a hundredfold improvement in 

resolution. 
The frequency multiplier offers a 
lot more than increased accuracy. 

It will give you readings more 
quickly than a counter with 
a ten -second timebase. My 

expensive "system- type" 
counter will display fre- 
quency values every 20 

seconds, and invariably, 
the first reading will be 

wrong. It's usually better 
to allow three readings 
for best accuracy -and 

that takes a full minute! 
By contrast, the fre- 

quency multiplier will 
give an accurate 

reading of a 

20 -Hz signal within just six seconds -and 
that includes the two- second update time of 
the typical inexpensive counter. Further- 
more, the circuit responds to small changes 
faster than my expensive counter, and the 
speed increases as the frequency being 
measured does. If you hate to stand around 
and wait for the display on an expensive 
counter to be updated, you're bound to like 
this device. 

Many expensive counters have period - 
measurement capabilities, which means 
fast, accurate, display of time, but some 
calculation is needed to convert that figure 
to frequency. The frequency multiplier 
gives a direct readout of frequency without 
time -consuming calculations. (To be fair, 
though, if the signal frequency is not 
stable -if it jitters a bit -the figure derived 
from the period measurement will be more 
accurate.) 

It's tough to estimate project costs these 
days, but you should be able to build the 
frequency multiplier for under $15; quite 
possibly for under $10 if you have a well - 
stocked junk box. Costs are kept down by 
using common, low -cost IC's and parts. 
There's one board to "stuff," with four 
IC's on it, and little else. The board is in- 
stalled in a cabinet along with a few more 
parts, and that is about all there is to it. The 
prototype was built in one afternoon, and 
there is no reason why you can't build the 
frequency multiplier about as quickly. 

How it works 
The frequency multiplier is basically a 

PLL (Phase Locked Loop) circuit, and is 

similar to the Programma 1 synthesized 
pulse -generator featured in the October 
1980 issue of Radio-Electronics . Many of 
the same IC's are used, and the circuit de- 
sign is similar, but the thumbwheel switches 
are replaced by a single switch for x 10 or 
x 100 output. Also, the input signal re- 
places the 100 -Hz reference used in the Pro- 
gramma 1. Refer to Fig. I as we look at how 
the frequency multiplier works. 

Low- frequency signals appearing at the 
input pass through the GAIN potentiometer, 
R101, which permits the frequency multi- 
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plier to handle a very wide range of signal 
levels. Then, the attenuated signal drives 
ICI, which shapes it into a square wave. 
That signal drives phase detector IC2. 

Another part of the same IC also serves as 
a VCO (Voltage Controlled Oscillator). It 
accepts a DC voltage from the phase de- 
tector and generates a square -wave signal. 
The VCO can generate signals ranging from 
under 100 Hz to over 400 kHz without any 
switching. From the VCO, the signal -path 
branches out. 

One branch takes the signal to IC3, a 
NAND gate. That gate acts as a switch, and 
allows signals to pass to the frequency coun- 
ter only when the PLL is locked onto a good 
signal. That suppresses the stray readings 
you would normally get without an input 
signal, or with signals the device can't han- 
dle. The output from the VCO also drives 
two divide -by -ten counters, both of which 

SIGNAL 
IN 

PHASE DETECTOR 
AND VCO 

SHAPER (IC2) 
OUTPUT 

(IC1) (TO COUNTER) 

R101 

GAIN 

x100 

S101 

MULTIPLIER 
DIVIDERS 

(IC4) 

OUTPUT 
GATING 

(1C3) 

FIG. 1- MULTIPLICATION FACTOR is de- 
termined by number of divlde -by -ten counters 
used. 

are contained in IC4. The outputs from the 
dividers are selected by S101, the 
MULTIPLIER switch. The output selected 
drives the phase detector, which generates 
the DC control- voltage for the VCO. Thus, 
a simple PLL circuit, that can generate 
frequencies ten times or a hundred times the 
input frequency, is formed. 

Let's look at some of the finer points of 
the circuitry. Refer to the schematic dia- 
gram in Fig. 2 for details. The shaper amp 
consists of a fast CMOS CA3130 op -amp, 
ICI. Its high -frequency response is reduced 
by C3 so the circuit won'toscillate, yet will 
have flat gain over its 10 -Hz to 40 -kHz input 
range. The inputs of the op-amp are biased 
to half the supply voltage by R 1 and R3, 
eliminating the need for a split (positive and 
negative voltages) power supply. 

Resistors R4 and R5 set the hysteresis or 
"trip" point for the circuit, which is about 
350 mV. The output signal is a nine -volt 
square wave that drives the phase- detector 
portion of 1C2. The phase detector compar- 
es the signal with that from the MULTIPLIER 
switch, and outputs a DC voltage at pin 13 
of the IC. That drives a network known as a 
loop filter, which smooths out the pulses 
from the phase detector, giving a clean DC- 
signal. 

The VCO input is at pin 9 of IC2, and the 
timing capacitor that sets the frequency 
range is C5. The VCO output appears at pin 
4, and drives both IC3 and IC4. Resistor R9 
and capacitor C7 form another filter to "de- 
bounce" the signal from pin 1 of IC2 (which 
indicates that the PLL is locked onto the 
signal) so that it can enable IC3 -a's NAND 
gate whenever a good signal is present at pin 
4 of IC2. Resistor RIO is included so that the 
charge on C7 won't blow IC3 when the 

power is turned off. The output of IC3 is 
reduced by R 11/R12 to about 900 mV peak - 
to -peak, which is a comfortable level for 
most counters. The remaining circuitry con- 
sists of a standard CMOS dual divide -by -ten 
counter, IC4. 

Components 
Because most people will want to raid 

their junk boxes for parts for the multiplier, 
let's discuss substitutions. Since most of the 
component values aren't critical, some sub- 
stitutions can be made. The exceptions to 
that are resistors RI and R3, which bias the 
op -amp. If you have to substitute for them, 
you must make sure that the values of both 
substitutes are identical. Another area you 
should watch is the loop filter. Try to use the 
values indicated for C6, R7, and R8 if you 
can. (If you have trouble finding a 1.8K 
resistor for R8, you can either combine two 
resistors in series or parallel to get the cor- 
rect value, or use a 1.5K or 2K one.) 

Also, be sure to use a tantalum -type capa- 
citor for C6. If you use an electrolytic, with 
its higher leakage, the performance of the 
multiplier will suffer. Finally, C5 must be 
220 pF -it sets the VCO range, which is 
critical. 

Aside from observing those precautions, 
you are free to make reasonable sub- 
stitutions from your junk box. Remember to 
test the parts before installing them; that can 
save troubleshooting later. 

Construction 
A PC board will make construction a lot 

easier and will help to insure that the device 
will work the first time it is tried. You can 
also use perforated construction -board, but 
be careful with the parts layout -you are 
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working with high -gain analog circuitry and 
noisy digital -circuitry. The PC -board layout 
shown in Fig. 3 is ideal for the circuit, and 
you may want to copy it even if you use 
point -to -point wiring. 

Start construction by installing the board - 
mounted components. Refer to Figs. 4 and 5 

as you proceed. Position the board as shown 
in Fig. 4 and leave the board in that position 
until you are finished with it. 

Install an 8 -pin IC socket at the ICI loca- 
tion. Be sure to orient any pin -1 identifica- 
tion (notch or dot) on that socket so that it 

points up. Then install a 16 -pin socket with 
its pin -1 identification pointing down at 

IC2, and another, pointing right, at IC4. 
Finally, install a 14 -pin socket at IC3 so it 

faces to the right. 
With the four IC sockets in place, next 

come the resistors. Start at the ICI socket. 
Install a I- megohm resistor at R2, and then 
a 1K resistor next to it at R4. Move down 
and install a 100K resistor at R3. After that, 
install two 100K resistors at RI and R5, at 
the "tail" end of ICI. 

The second batch of resistors is located 
around IC2. Install a 10K unit at R6 first, 

PARTS LIST 

All resistors '/4 -watt, 5% 
R1, R3, R5, R7, R9, R10- 100,000 ohms 
R2 -1 megohm 
R4 -1000 ohms 
R6- 10,000 ohms 
R8 -1800 ohms 
R11- 22,000 ohms 
R12 -2700 ohms 
R101 -1 megohm, potentiometer, linear tap- 

er with SPST switch (S102) 

Capacitors 
Cl, C2 -10 µF, 16 volts, electrolytic or tan- 

talum 
C3-47 pF, ceramic disc 
C4, C7-0.1 µF, 16 volts, ceramic disc 
C5-220 pF, ceramic disc 
C6-15 p.F. 16 volts, tantalum 
C101 -0.1 µF, 100 volts, Mylar 

Semiconductors 
IC1- CA3130AE CMOS op -amp 
IC2- CD4046 CMOS PLL 
IC3- CD4011 CMOS quad 2 -input NANO gate 
IC4- MC14518 or CD4518 CMOS dual syn- 

chronous - 10 counter 
J101- female BNC connector, chassis - 

mount 
J102 -RCA phono jack, chassis mount 
PL101 -male BNC connector 
S101 -SPDT toggle switch 
S102 -SPST switch (part of R101) 
B1 -9 -volt transistor battery 

Miscellaneous: PC board, cabinet (LMB 
type CR -332 or similar), 11/2 -inch spacers, 
9 -volt battery snap, battery clip, IC sockets, 
wire, solder, etc. 

The following is available from Technico 
Services, PO Box 20HC, Orangehurst, Ful- 
lerton, CA 92633: Etched and drilled PC 

board (MULT), $6.00. Kit of all parts ex- 
cluding PC board (MULT -P) is available 
for $35.00 from: ABC Electronics, 2033 La 
Habra Blvd., La Habra, CA 90631. CA resi- 
dents please add 6% sales tax; foreign 
orders please add $1.00 for shipping. 

3 INCHES 

FIG. 3 -FULL -SIZE foil pattern for frequency multiplier can be used for making your own PC board. 
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FIG. 4 -MAKE CERTAIN that IC's and polarized 
capacitors are oriented properly. Failure to do so 
can cause sensitive parta to be destroyed. 

then a 100K resistor between it and IC2 at 

R7. Move up and install a 1.8K resistor at 

R8. Then, on the other side of IC2, install 
two 100K units at R9 and RIO. At the right 
edge of the board install a 2.7K resistor at 

R12, and a 22K one at RI1. Stop at that 
point and check your work. Correct any 
mistakes you may find before going farther. 

Next come the capacitors. Start near ICI 
as you did with the resistors and install a 

10 -µF electrolytic or tantalum capacitor at 

C2. Note that the positive side faces R2. 
Install a 47 -pF ceramic disc at C3. Install a 

10 -µF electrolytic or tantalum at CI, mak- 
ing sure that the positive side points toward 
IC4. On the other side of IC2 install a 15 -1.LF 

tantalum capacitor at C6 with its "plus" 
sign pointing toward the 1.8K resistor, R8. 
Then below it install a 220 -pF disc at C5. 
Finish up by installing 0.1 -µF ceramic discs 
at C7 and C4. Be sure to check your work 
after all the capacitors are installed. 

Install a wire jumper near pin 1 of IC2 and 
then cut five pieces of hookup wire, each 
about three inches long. Strip both ends of 
the wires, and solder one to each of the five 
pads marked with asterisks in Fig. 6. The 
remaining connections to the board will be 

made when it is installed in the box. 
Connect S 101 as shown in Fig. 6 and then 

finish up the board by installing the IC's. 
Install the CA3130 at ICI , a CD4046 at 
IC2, a CD401 I at IC3, and a MC 14518 (or 
CD4518) at IC4. Double check to be sure 
the IC's are installed correctly; if they're in 

backwards, they'll probably be damaged 
when power is applied to the board. Set the 

board aside temporarily. 
The enclosure comes next. Figure 5 

shows how the case -mounted components 
can be laid out. One thing we did that needs 
comment concerns the input jacks. In our 
laboratory, all the connectors are of the 
BNC type, so that's what was used for J 101. 
For some applications, though, an RCA - 
type jack is preferable, so J102, connected 
in parallel with J101, is of that sort. Use 
whatever best suits your needs. 

You can install the PC board in the box 
using long (about I V2 inches) threaded spac- 
ers behind S101 and R101. If you can't 
locate the spacers, use "L" brackets to fas- 
ten the board to the top of the box. Don't 
mount the board in place, yet, though; 
there's still a bit of wiring left to be done. 
Refer again to Fig. 5 for details. 

Start by mounting and wiring the GAIN 

pot (R101). Attach one end of a 0A p.F 

Mylar capacitor (C101) to the wiper of the 
potentiometer. As indicated in Fig. 6, the 
ground lug of the pot should be connected 
both to the ground wire coming from the 
board and to the case. The "hot" end of the 
control should be connected to the center 
connectors of J101 and J 102. The other end 
of C101 should be connected to the board as 
shown in Fig. 6. 

Connect the left -hand (as seen in Fig. 6) 
battery wire ( - ) to the switch mounted on 
the pot (S102), and wire a transistor -battery 
snap between that switch and the other bat- 
tery-pad on the board. Mount S101 on the 

case and install the board. Finish up by 
attaching PL 101 to one end of a three -foot 
length of thin coaxial cable (like RG -174/ 
AU) and the other end of the cable to the 
points indicated in the parts- placement dia- 
gram on the foil side of the board. Tack - 
solder the shield of the cable to the ground 
plane of the board. Position C101 so it 

doesn't short against anything. 
Check over your work for shorts and 

other potential problem -causers, and cor- 
rect anything that's amiss. Install a 9 -volt 
battery and you're ready to go. 

Applications 
Using the frequency multiplier is easy. 
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FIG. 5- 1Y2- INCHthreaced spacers are used to attach PC board to top of case. 
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FIG. 6-CONNECTIONS TO CASE -MOUNTED parts. Shield of coax used for output Is tack -soldered to 
ground foil on bottom of board. 

Simply connect the audio signal to be meas- 
ured to J l Ol or .1102 and connect PL 101 to 
your counter. Set the MULTIPLIER switch to 
x io and advance the GAIN control until the 
counter gives a stable reading. Note that 
advancing the control beyond that point will 
have little or no effect. If you need better 
resolution, and the frequency you're 

measuring is 4 -kHz or lower, switch the 
MULTIPLIER to x loo. 

Here are a few tips that you may find 
helpful. When you look at the display on 
your counter, remember to mentally shift 
the decimal point one place to the left when 
you're using the x io range, and two places 
to the left when you're using the x too range. 

A reading of "200" on the x to range will 
represent "20.0" and a reading of "2000" 
on the x too range will represent "20.00." 
That will soon become automatic. 

The frequency multiplier does have some 
limitations. For example, the VCO range of 
the unit is 100 Hz to 400 kHz. That means 
that with the MULTIPLIER switch set to the 
x to position, the input frequency must be 
between 10 Hz and 40 kHz, since 40 kHz x 
10 is 400 kHz -the upper limit of the VCO. 
Similarly, on the x too range you are res- 
tricted to a range of 10 Hz to 4 kHz. If you 
are not within those limits, there will be no 
reading on the counter. 

Because the current drain (500 -750 ;a.A) 
on the battery is so light, you may wonder 
how you'll know when to change it. Re- 
place it when the upper frequency -limit 
starts to drop, and you can no longer get 
outputs in the 300 -kHz to 400 -kHz range. 
The maximum range will drop with the batt- 
ery voltage. Another clue that it's time for 
battery replacement is the multiplier's sud- 
denly refusing to multiply. That's a sure 
sign that it's time to change the battery. 

Finally, for those of you who would like 
(or need) more gain, it can be increased 
simply by making the value of R4 (1K) 
smaller. Nothing else need be changed. R -E 



Extra - Low -Power 

PILOT LIGHT 
This flashing light tells you that it is 
time to turn off the power switch! 

BY EVERT FRUITMAN 

HOW MANY TIMES HAVE YOU REACHED FOR A PIECE OF 

battery- operated equipment only to be disappointed upon 
finding the batteries drained, because someone had forgotten 
to turn it off? Some kind of pilot light might have saved the 

day, and the batteries! But a pilot light wasn't used because 
of the current it consumes. Even a light emitting diode (LED) 
with a current- limiting resistor, Fig. 1, represents a moderate 
drain on the battery when compared to the circuit's normal 
battery load. 

Cheer up! The Extra -Low -Power Pilot Light does just 
what its name implies. It draws very little power from a 

battery and its periodic flicker serves as a reminder for the 
user to turn off the portable equipment. Its wide range of 
operating voltage, (5 -30 DC), and small size make it ver- 

satile enough to be added to almost any project that might 
require its use. Of course, it could be added to new equip- 
ment too! There is, or was, a LED chip on the market made to 

do almost the same thing. I ran into three little problems with 

it. It has a limited voltage range; it was expensive, and it 

wasn't always available. The first problem was solved with a 

Zener diode in series with the power- supply line. The last 

problem was solved with the circuit shown in Fig. 2. The 

o- 
LEO 

CURRENT 
LIMITING 
RESISTOR 

0. 

FIG. 1- HERE'S A TYPICAL light- emitting diode (LED) circuit 
that usually draws approximately 20 milliAmperes. The LED light 
is on continuously when power is supplied. causing a severe 
battery drain when left running over night. Often the pilot light 
consumes more power than the equipment itself would when left 
on after being used. What a way for a battery to go! 

middle problem remained the same unless you salvaged parts 
from the junkbox -then the price is right. 

The circuit, Fig. 2, consists of a simple cross -coupled 
free -running oscillator with an LED in between the battery 
and the collector of Q2. As the transistors, Q1 and Q2, are 
alternately switched on and off, so is LED1. The values of 
resistance and capacitance are chosen so that minimum cur- 
rent is drawn in the off mode, and LED 1 is off longer than it is 

on during each cycle. An added feature of that design is that 
electrolytic capacitors are not needed. The values for the 
resistors specified in the Parts List express a wide range of 
ohms because the circuit is not too critical, and the ex- 
perimenter may select those values he currently possesses 
(different from those in Fig. 2) so that project cost may be 
kept very low. Also, the chances are that you may be able to 
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FIG. 2 -THE EXTRA -LOW -POWER PILOT -LIGHT circuit is noth- 
ing more than a free -running multivibrator designed to keep 
power consumption down -way down! Values are not critical, 
and most any NPN transistor can oe used in this project. 

assemble the project this very evening from parts presently in 

your junkbox. 
Typical current drain using a 10 -volt power supply runs 

from less than one -half mA (.5 mA) in the off mode to about 
14 mA during the on mode, or light burst. At 5 -volts DC the 
drain is a quarter of a mA (.25 mA) and 3 mA, respectively. 
The higher the voltage, the faster the Extra -Low -Power Pilot 
Light blinks. That friendly colorful wink from LEDI (you 
pick the color) could be enough of a reminder to save you the 
loss of perfectly good batteries, and the use of valuable 
equipment when you need them most. SP 

PARTS LIST FOR 
EXTRA -LOW -POWER PILOT LIGHT 

50 -WVDC disc or tubular capacitor 
LED1- Light- emitting diode, your choice of color 
01. Q2- 2N3904. 2N2222. ECG123, or most any suit- 

able replacement types of NPN, general -purpose. 
low -power transistor 

R1- 180,000 -ohm. -watt composition resistor 
R2- 18,000 to 22.000 -ohm, 1/4 -watt composition re- 

sistor 
R3 -1.7 to 4.7- Megohm, ',4 -watt composition resistor 
R4-470 to 620 -ohm, '-4 -watt composition resistor 

Note: Resistors may be either 20 10 or 5 °o toler- 
ance. Perfboard or printed- circuit board materials, wire, 

cement, solder, hardware. etc. 
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ELECTRONIC MAIL 
VIA SATELLITE 

NEITHER RAIN, SLEET, SNOW, NOR KILLER 
satellite No, they haven't replaced 
that old motto -yet! But as the postal 
service moves into the era of modern 
communications, killer satellites might 
prove to be more of a threat than the 
gloom of night. 

Most of us tend to believe that inno- 
vations in mail delivery ended with the 
Pony Express. (In fact, the Pony Express 
was faster in many cases than today's 
mail service.) That's because most mod- 
ern "improvements" in the mail service 
do nothing more than get a pair of hands 
to do more work. That's not to say that 
there have not been any improvements in 
automation, but letters still arrive by 
hand, are often moved by hand, and are 
delivered by hand. 

But now there's a new postal service, 
called INTELPOST, that moves a letter 
thousands of miles in a matter of minutes 
by taking advantage of the very latest in 
computer and satellite technologies. IN- 
TELPOST processes your letter or other 
document through optical scanners, com- 
puters, and a full -time channel on Corn - 
sat's INTELSAT IV -A satellite. Almost 
instantly, your documents can be flashed 
across the ocean. The actual processing of 
a document or letter up to 81/2 x 14 inches 
takes only 1 minute and it costs you only 
$5 per page. 

In many cases you might find that you 
can send a letter overseas and receive a 
response in less time than it normally 
takes a letter to travel from your local 

mailbox to your local post office. Now 
that is definately an improvement in the 
postal service -and I would not hesitate 
calling INTELPOST a true innovation. 

How It's done 
Figure 1 shows the links in the chain. 

An INTELPOST computerized service 
center in the U.S., an earth station, the 
satellite, and an earth station and 
INTELPOST -equipped service center on 
the other side of the world. 

All you have to do to take advantage of 
the service is to carry or deliver your 
document to an INTELPOST service cen- 
ter where it is placed on an optical scan- 
ner. In a matter of seconds the scanner 
converts a full page of ordinary typewrit- 
ten text into electrical signals that are 
stored in a computer until an overseas 
circuit and service center are cleared for 
reception. The computer then sends an 
encoded representation of your document 
to an earth station in Virginia, which 
transmits your document to the satellite, 
which relays it to the receiving station. 
The received signal is forwarded to a 
service -center computer, which decodes 
the signal and passes the plain text output 
to a facsimile printer where a black -and- 
white reproduction of the original docu- 
ment is created. The printout itself can 
often be sharper and of higher contrast 
than the original. 

You can even specify the time you 
want the letter delivered at the other end 
in, say, London. Your business associ- 
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ates, friends, or family, can go to their 
local London INTELPOST post office 
and pick up a letter you might have mailed 
as little as an hour earlier; then almost 
instantly they can send a reply back to 
you. If they're not in that much of a hurry, 
they can have your letter delivered with 
the regular or special delivery mail. 

As you might expect, considerable 
effort goes into security. First, the com- 
puter at the service center encodes the 
transmission using the highest encoding 
level developed by the Dept. of Defense. 
(I assume and hope that it means no one is 
going to crack the code.) Second, only 
one employee handles your exposed 
document at each end: the one who puts it 
on the scanner and the one who takes it off 
the facsimile printer. 

Getting the document to the post office 
is a minor problem if you're not located in 
the metropolitan New York or Washing- 
ton, D.C. areas. You can use Express 
Mail service to the nearest INTELPOST 
station, or you can send it there by regular 
mail. If you mail in your documents, they 
are returned to you at no charge after 
transmission. 

Presently, the direct satellite path from 
the U.S. is to Great Britain, the Nether- 
lands, Germany, and Argentina. IN- 
TELPOST also handles transmissions to 
Canada by wire. A Pacific satellite will 
soon open the service to Australia. 

From conversations with our postal - 
service people, the limitation of the ser- 
vice appears to be the availability of dedi- 
cated satellite channels. It is expected that 
much of the overseas mail will be handled 
by the computer -satellite link when more 
channels become available. Certainly, 
the $5 cost is competitive -particularly 
for business documents -and the speed 
and the reliability of the copy is some- 
thing phenomenal. 

Now imagine the next step in this pro- 
cess. Instead of delivering your document 
to the post office facility, you simply dial 
the INTELPOST computer on your 
phone and transmit your document to the 
computer from your own word - 
processor. The signal then goes overseas 
by satellite where the receiving computer 
dials the addressee's phone and sends 
your document into his or her word pro- 
cessor or computer. And the bill goes on 
your VISA or MasterCard. Now that's 
real electronic mail. R -E 
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continued from page 16 

to control the operation of IC 12, a 555 timer 
configured as a Schmitt trigger. A 723 pre- 

cision voltage regulator, IC7, is used to 

provide VCC, a regulated +6 volts, for 
IC 12. The output of IC 12 (pin 3) depends on 

the voltages at its pins 6 and 12. If the 

voltage at pin 6 is 2/3 VCC, or 4 volts, IC 12's 
output will go high. If the voltage at pin 2 is 

'/3 VCC, or 2 volts, IC12's output will go 
low. 

The output from IC 12 drives Q1, which is 

used to control the operation of RY 1, a 

normally closed relay. Ideally, RYI's con- 
tacts should be rated at 20 amps, but if such 
a relay is unavailable, a DPDT relay whose 
contacts are rated at 10 amps may be used; 
the contacts are tied together to double the 

rating. That's what was done here. 
Relay RY 1's contacts are wired in series 

with the aquastat water -temperature control 
contacts. Note that the aquastat's contact 
circuit will have to be broken for that to be 

done. 
The 31/2-digit temperature readout is an 

Intersil 7107 evaluation kit. That kit comes 
complete with all necessary components 
and a PC board, but not a power supply; an 

appropriate supply is shown in Fig. 2 -b. As 

supplied, however, the meter's full -scale 
reading is 200 millivolts; it must be mod- 
ified for this application so that the full - 

scale reading is 2.00 volts. That can be done 
by changing the value of three of the com- 
ponents in the evaluation kit. Those changes 
are C2 from 0.47 µF to .047 itF, R I from 
24K to 1.5K, and R2 from 47K to 470K. 

Construction 
Construction is straightforward and can 

be done using any technique. The prototype 
was built on perforated construction board, 
using point -to -point wiring with good re- 

sults. Once the unit is built, but before it is 

housed or installed, it must be aligned. 
To align the temperature sensors you'll 

need an accurate thermometer as well as a 

voltmeter. Making sure that the area that 
you are working in is not subject to sudden 
changes in temeprature (caused by drafts, 
etc.), place the thermometer and the sensors 
next to each other. Turn the controller on 

and place it in the AUTOMATIC mode. With 
the meter's positive lead connected to 11 

PARTS LIST 

All resistors '/4 -watt, 5% 
R1, R3 -5000 -ohm potentiometer, llenar 
taper 
R2, R4- 16,000 ohms 
R5, R8 -9100 ohms 
R6, R9 -1000 -ohm potentiometer, linear 
taper 
R7, R10-4300 ohms 
R11- 20,000 -ohm potentiometer, linear 
taper 
R12- 33,000 ohms 
R13- 10,000 -ohm potentiometer, linear 
taper 
R14- 13,000 ohms 
R15 -31.5 ohms (see text) 
R16 -R21- 100,000 ohms 
R22 -500 -ohm potentiometer, linear taper 
R23 -510 ohms 
R24 -5600 ohms 
R25-24 ohms 
R26 -820 ohms 
R27, R34- 50,000 -ohm potentiometer, 
linear taper 
R28, R30- 15,000 ohms 
R29, R31- 10,000 ohms 
R32, R33- 20,000 ohms 
R35 -1000 ohms 

Capacitors 
C1 -C4 -1000 ttF, 50 volts or better, electroly- 
tic 
C5 -.014 t&F, ceramic disc 
C6-100 pF, ceramic disc 
C7, C8-4.7 µF, 25 volts or better, electrolytic 
C9-.01 [IF, ceramic disc 

C10, C11 -2200 µF, 1600 volts or better, 
electrolytic 

Semiconductors 
IC1- LM7805 5 -volt positive voltage regula- 
tor (National) 
IC2- LM7905 5 -volt negative voltage regula- 
tor (National) 
IC3 -LM334 constant -current source 
(National) 
IC4 -LM329 6.9 -volt reference voltage, tem- 

perature stabilized (National) 
IC5, IC6 -AD590 temperature sensor (An- 

alog Devices) 
IC7 -723 linear voltage- regulator (Intersil) 
IC8 --324 quad op -amp (National) 
IC9 -IC11 -741 cp -amp (National) 
IC12 -555 timer (National) 
IC13 -7107 evaluation kit (Intersil) 
01 -RS276 -2017 NPN transistor (Radio 
Shack), or equivalent 
Dl-D8-1N4001 
D9-1N1202 
D10-1N4004 
LED1 -jumbo red LED 
J1- J4- banana jacks 
RY1 -DPDT relay, 12 VDC, 160 ohm coil, 
Radio Shack 275 -218 or equivalent (see text) 

S1 -DPDT switch 
S2 -SPST switch 
S3 -SPDT switch (part of R13) 

S4 -DPDT switch 
Miscellaneous: Perforated construction 
board. enclosures (see text), copper piping 
(see text), wire solder etc. 

and the negative lead to ground, adjust Rb 

until the meter reads exactly 4.6 volts. 
Next, connect the meter's positive lead to J4 

and adjust R9 for 4.6 volts. 
Once those adjustments have been made, 

connect the meter's positive lead to J1 and 

the negative lead to J3, and adjust R3 until 
the meter's reading agrees with the meas- 

ured temperature. Remember -the voltage 
across those jacks has been scaled so that 10 

millivolts equals 1°F. For example, an 80 °F 

temperature would be read on the meter as 

0.8 volts. After that has been done, connect 
the meter's positive lead to J2 and the nega- 

tive one to 14, and adjust R I until the meter 
reading agrees with the measured tempera- 
ture. Finally, verify that the output of IC9 is 

twice the measured temperature. That is, if 

the measured temperature is 65°F, there 
should be 1.3 volts on pin 6 of IC9. 

Next, we need to adjust the output of 
IC I O so that it is 4 volts when IC9's output is 

1.8 volts. To do that, place the controller in 

the manual mode, and adjust R 1 I so that the 
voltage at the junction of R 12 and R 13 is 4.6 
volts. Then adjust R13 so that you get a 

1.8 -volt output from IC9. Finally, adjust 
R27 for 4 volts at pin 6 of IC12. 

The last adjustment to be made is to ad- 
just the lower temperature- limit. Here we 

were interested in a temperature differential 
and selected a combined air- and water - 
temperature drop of 15 °F. That differential 
is one that was convenient for our situation; 
any that works well for you can be used. In 
any event, the adjustment is made in the 

same manner. Adjust R13 until the IC9's 
output measures 1.65 volts (1.8 - .15). 
When that is done, simply adjust R34 until 2 

volts is measured at pin 2 of IC 12. 

Final assembly and installation 
With the exception of the readout's pow- 

er supply, the unit was housed in a 12 x 12 

x 4 -inch recessed light -fixture box lined 
with asbestos. The readout's power supply 
was housed in a separate 5 x 7 x 3 -inch 
metal case. Both units were mounted on the 

boiler using 1 -inch standoffs. All external 
wiring, other than the sensor wires, must be 

enclosed in BX or conduit. 
The outside air -temperature sensor was 

enclosed in a 3 x 2x I -inch case, such as 

the one shown in Fig. 4. A 1/42-inch hole was 

drilled in the bottom so that air could reach 
the sensor. A small hole was also drilled in 

the top for the cable. The sensor's cable 
should fit snugly through the hole, and any 
spaces sealed against leaks. Connections in- 

side the case, of course, were soldered and 
insulated. The unit was fastened under a 

windowsill on the north side of the house. 
Placement of the water -temperature sen- 

sor was not that simple. It would have been 
ideal if the sensor could have been placed in 

the same well as the aquastat, or if the tem- 
perature could be measured at the boiler's 
case. However, neither approach was feas- 
ible: the first due to insufficient space and 
the second due to temperature lag. 

Figure 5 shows an acceptable solution. 
continued on page 131 
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continued from page 96 
plastic spray. When painting the box, 
temporarily cover the connectors with 
masking tape to avoid getting paint on 
them. 

To mount the circuit board in the drawn 
steel case, solid copper wires (22 to 20 
gauge) are soldered to the center ter- 
minals of the antenna and coax con- 
nectors. Those wires are then bent to align 
with the holes on the circuit board. It is 
necessary to file the edges of the board to 
round the corners, in order for the board 
to fit inside the case. The board is then 
slipped down over the input/output wires 
so that the foil side of the board faces 
outside and the components inside. The 
board shoúld be about 3/16 inch below the 
outer edge of the box for clearance. The 
ground of the board is then tack -soldered 
at a couple of points to the inside of the 
cleaned box. Be sure to solder the input/ 
output wires to the terminals on the foil 
side and cut off all excess length from 
component leads. 

The receiver -coupler box can be 
assembled in a very similar manner. 
Again, the fit can be compact, although it 
will be somewhat crowded if UHF fittings 
are used. It is better to use RCA phono 
connectors for all the coax fittings and to 
use shielded phono plugs with good quali- 
ty RG -58U cable for interconnecting the 
preamp to the coupler and the coupler to 
the receiver. However, it is common 
practice to use the old -fashioned large 
size UHF fittings for RF, even though the 
metal -sleeve RCA phono types are much 
more compact and convenient to use. You 
can also use BNC type cable fittings and 
receptacles if desired. Some commercial 
systems even use type -N RF fittings for 
the antenna mount in place of the RCA 
solder -in receptacle. 

Final assembly 
For a short whip antenna, a mobile 

VHF -type stainless steel whip about 36 
inches long will fit inside the typical RCA 
phono plug connector pin for a tight press 
fit. If that type of whip is not available, a 
copper- coated welding rod can be sub- 
stituted and soldered into the phono -plug 
pin. After the antenna is mounted in the 
plug's center pin, the fitting is sealed with 
plumber's epoxy putty and a vinyl sleeve 
pushed down over the whole assembly to 
aid in waterproofing. A wire antenna can 
also be used -it is soldered to the center 
pin, and the phono connector is sealed 
similarly. For final assembly and mount- 
ing of both the antenna connector and the 

PLUMBERS' EPDXY 
SEALER 

VINYL PROTECTIVE 
SLEEVE 

36" WHIP 
PRESSFIT INTO PHONO PLUG 

DRAWN -STEEL 
CASE, PAINTED 

SOLDER -IN 
RCA PHONO JACK 

t/8X1.1/2xi.tnX3INCH 

SOLDER -IN 
UHF JACK FOR 0 COAX TO COUPLER 

((S 

(11 

HOLES FOR UBOLT 

FIG. 10-TO WEATHER -PROOF the case, seal 

coax output connector at the preampli- 
fier, we wrapped the connector with 
Coax -Seal, a putty -like tape, for extra 
waterproofing. The preamp box is bolted 
to the angle bracket and the joint sealed 
with cement or a gasket made from Coax - 
Seal tape. As an extra precaution against 
water in the box, a small bleed hole is 
drilled directly under the box mounting 
area to drain away any moisture that may 
enter the assembly. 

Your receiver may have an auxiliary- 
output power source already available. 
For the RF input, the observer should first 
try the 500 -ohm output from the coupler 
box at the VLF -LF region. More signal 
can sometimes be developed if the other 
output of the coupler is used. That in- 
dicates that the receiver is not too sensi- 
tive to antenna output -impedance. In all 
cases, the appropriate receiver input - 
terminal that is designed for the frequency 

all joints and drill a small bleed hole for drainage. 

range should be used. The 50 -ohm 
coupler- output is almost always required 
for receivers operating in the range of 2 
MHz to 30 MHz. 

It may be convenient to connect a 
monitor oscilloscope to the 500 -ohm out- 
put of the coupler and use the 50 -ohm 
coupler terminal to drive the receiver. 
The scope display is useful for monitoring 
interference and the dominating signals in 
your area. By selecting various scope 
sweep- rates, you can get an approximate 
indication of the frequency of the various 
signals that are present. Thus, once you 
figure out what is causing the interference 
(for example, you may be able to see 
60 -Hz harmonics), then you can take 
steps to minimize it. Do not forget, 
however, that a wideband preamplifier is 
sensitive to all frequencies present at the 
antenna input bandwidth -not only the 
ones you want to amplify. R -E 

continued from page 50 
you like to listen to, you can line up all the 
pre-sets and go from one to the next as the 
evening progresses. 

Antennas 
All portables are equipped with 

telescoping whip antennas for shortwave 
(also used for FM if the radio has that 

band). While the whips are adequate for 
strong stations like the BBC, Radio Mos- 
cow, Radio Nederland, Radio Australia, 
and many others, you will be able to hear 
more stations and overcome more 
adverse propagation conditions with the 
help of an external antenna when you're 
at home. And all portables, including the 
shirtpocket radios, have provisions for 

attaching an external antenna. 
Basically, an antenna's function is to 

intercept as much extremely low power 
radio energy (signals) as possible. There- 
fore, antennas that are high, long, and 
located as far away from trees or build- 
ings will be most effective. 

Outdoor wire antennas meet those re- 
quirements and are easy to install. Wire 



length for a receiving antenna is not critic- 
al, but the longer it is the better. Several 
commercially made antennas have tuned 
"traps" to help peak the wire's per- 
formance on the shortwave frequencies. 
Even if apartment, condominium, or 
aesthetic rules won't allow an outdoor 
antenna, you have the option of running 
wires in the attic, along exterior -wall 
baseboards, etc. 

There is another type of indoor antenna 
that doesn't need any long lengths of 
wire, and can be almost as effective as an 

outdoor aerial: the active antenna. That 
type of antenna consists of either a 

telescoping whip or dipole antenna fed to 
the receiver through a tunable amplifier. 
The amplifier boosts the signal in- 
tercepted by the shortened antenna. The 
MFJ -1020 active antenna (from MFJ En- 

terprises) with its short 2I -inch whip far 
outperforms a receiver's built -in whip. 
Stations barely audible on the built -in an- 

tenna can be heard comfortably with the 

help of that active antenna. As with many 
active antenna amplifier sections, there 
are connectors to use the amplifier with 
external wire antennas for superb per- 
formance if you later add an outdoor wire. 

A recent addition to MFJ's line is the 
MFJ -1024 outdoor active antenna. A 41/2 

foot telescoping whip and its small RF 
amplifier can be mounted in- 
conspicuously outdoors, and connected 
to the control unit located next to the 
receiver via 50 feet of coaxial cable 
(which is supplied). 

Gilfer Shortwave, a mail -order short- 
wave specialist, offers two active an- 
tennas made by Datong. one each for 
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sion of power sources is included. 
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Unicorn -1 look like a robot. Wood and 
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Motors and gears are what make it func- 
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COMMUNICATIONS. How you can tell 
your robot what to do. Preprogramming 
techniques....radio control....computer con- 
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SENSORS. How to add sensors so your 
robot doesn't bump into things. 
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indoors and outdoors. Both are dipoles 
(i.e., two short antenna elements emanat- 
ing from a central preamplifier box) and 
can be mounted horizontally, which often 
reduces atmospheric and local electrical 
noise in the receiver, while also being less 

conspicuous. 
Unlike local radio stations, which are 

limited in their range, international short- 
wave programs can join you on your 
travels, literally anywhere in the world. 
Often the sound of a familiar com- 
mentator or program will help you feel 
more "at home" even if you're far from 
home. And the latest generation of port- 
able shortwave receivers let you take it all 
with you. R -E 
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DRILL TO ACCEPT CABLE 

ALL DIMENSIONS 
IN INCHES 

5/32 

FIG. 4 -THE AIR TEMPERATURE sensor is 
mounted in a box with these dimensions and 
mounted outdoors. 

An offset connector was made by soldering 
together a t/ -inch elbow, a short length of 
1/2-inch pipe, and a '/z -inch T- connector. 
Then a 1/2-inch copper end cap was drilled to 

accommodate a length of Ye -inch (O.D.) 
copper pipe. The pipe was passed through 
the hole as shown, and soldered. Finally, a 

copper plug was soldered at the bottom of 
the 3/e -inch pipe. To place the sensor, the 

O 1/2 -INCH COPPER ELBOW 

O1 INCH OF 

1/2 -INCH COPPER PIPE 

O1 /2-INCH COPPER END CAP 

(DRILL AND SOLDER) 

10 1/2 -INCH COPPER "T" 

O12 -INCH LENGTH OF 3 /8-INCH 
O.D. COPPER TUBE 

OCOPPER PLUG 

SOLDERED TO SEAL END 

SOLDER ALL JOINTS 

FIG. 5 -USE THIS SETUP to place the water - 
temperature sensor. With it, temperature read- 
ings will be accurate, and normal boiler opera- 
tion will be maintained. 
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water supply to the boiler was shut off and 
the expansion tank drained. With the expan- 
sion tank drained and the boiler indicating 
zero pressure, the boiler was also drained to 
about one half of its capacity. The expan- 
sion tank's 1/2-inch copper feed -pipe was cut 
at about four inches above the boiler's out- 
side metal enclosure. The 3/s -inch pipe was 
then inserted into the boiler through the bot- 
tom half of the expansion tank's pipe, and 
the top half of the expansion pipe was fitted 
into the open end of the elbow. After solder- 
ing the top half of the expansion tank's pipe 
to the elbow, and the bottom half to the open 
end of the "T ", the drain valves were 
closed and the boiler's water supply valve 
reopened. The boiler was then started and 
the radiators bled to release air pockets. 

The water -temperature sensor was con- 
nected to the controller, using No. 22 gauge 
high- temperature insulated wire. Con- 
nections to the sensors were soldered and 
insulated. The sensor was inserted into the 
Ys -inch pipe and the correct depth of inser- 
tion was determined by setting the aquas - 
tat's upper temperature limit at 150 °F and 
moving the sensor up and down inside the 
pipe until the temperature readout agreed 
with the aquastat setting at the instant of 
boiler shut off. 

For most installations, the aquastat circu- 
lator control should be set at 120 °F; where 
you set the aquastat's high temperature limit 
depends on location and other factors. In 
our house, we found that a water tempera- 

ture of 150 °F was sufficient for heating even 
in zero -degree weather. With that arrange- 
ment, the controller automatically controls 
the water temperature at outside tempera- 
tures of 20 °F and higher. When the outside 
temperature drops below 20 °F, the boiler 

maintains the water temperature at 150 °F. 
That setup allowed for an 18- percent reduc- 
tion in fuel use over the last year. In that 
time, there have been no problems or mal- 
functions with the system other than a de- 
fective toggle switch. R -E 

continued from page 8 
tested on thousands of cars and has proven 
to be dependable and trouble -free. It is fully 
guaranteed, costs only $49.95 each, postage 
paid and can be ordered from Matthews Ex- 
quisite Gifts, MO. Dept., 344 Hoe Avenue, 
Scotch Plains, NJ 07076. 

MODEM ENHANCER, the turboMUX, is de- 
signed for owners of 212A modems, and dou- 
bles the throughput of a 1200 -baud modem. It 
provides two types of improvements: 2400 - 
baud full -duplex throughput, and the opera- 
tion of a 2- channel statistical multiplexor. 

The turboMUX has 2 channels. It attaches 
via standard RS -232 -C interfaces, to the 
212A modem on one end, and to the data- 
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terminal equipment on the other. When one 
channel is used, it accepts data at 2400 bits 
per second. As a multiplexor, each channel 
receives data at a minimum of 1200 baud and 
up to 2400 baud, for a total data throughput of 
2400 bits per second. The turboMUX unit 
compacts the data for transmission over dial - 
up lines. 

To double the 212A modem's throughput, 
the turboMUX unit uses a data -compaction 
algorithm. For phone -line inconsistencies, 
the turboMUX unit provides error detection 
and re- transmission facilities. 

The turboMUX is priced at $995.00. (At 
$1,275.00, the turboMUX unit offers a 20- 
channel statistical multiplexor that can oper- 
ate with the 212A modem.) -Chung Tele- 
communications, Inc., 4046 Ben Lomond 
Dr., Palo Alto, CA 94306. 

WAVEFORM ANALYZER, model SC61, is 
the first instrument to automate completely 
every conventional scope measurement for 
the purpose of obtaining faster, more accu- 
rate waveform analysis than is possible with 
conventional scopes. 

The automatic readout eliminates the time - 
consuming graticule counting and calculating 
for conventional scope measurements. That 
total automatic readout is an exclusive. All 
measurements are made through one probe, 
available on both channels, eliminating any 
extra time -consuming lead hookup. Peak -to- 
peak volts, TIME and /TIME are also featured 
for any waveform section using a variable bar 
called "DELTA MEASUREMENTS." 

For a limited time, the model SC61 is priced 
at $2995.00. -Sencore, Inc., 3200 Sencore 
Dr., Sioux Falls, SD 57107. 
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continued from page 46 
television reception. The television indus- 
try, although not pleased about losing yet 
another TV channel, agreed that 12 clear 
channels were preferable to 12 shared 
channels. If they had to lose a channel, 
they preferred that it be Channel 1, be- 
cause its absence would have the least 
impact on commercializing television. 

The FCC went along with the television 
industry's position, and on June 14, 1948, 
Channel 1 was deleted from the allocation 
plan. Channel l's frequencies were as- 
signed to the fixed land and mobile ser- 
vices. At the same time, the FCC decided 
not to renumber the channels -that's 
what happened to Channel 1! R -E 
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should 
see the 
rest! 
It's full of fun, sun, 
barefeet & bikinis. 
It's runnin' with the wind 
to small, tropical islands 
and unique ports o' call for 
those with itchy feet and 
adventure in their soul. 
We're not the Love Boat, 
but we'll take on anybody 
when it comes to beach- 
combing, sailing f' 
exploring the exotic Carib- 
bean. It's our backyard 
and we know all the great 
places in paradise. 
And, 6 -day cruises start 
from $425. 

So send for the rest of the 
booklet. It's free! 

Look us over & "sea it" 
our way! 

Cruises, LTD. 
Box 120, Dept. 1642, Miami Beach, FL 33119 -0120 
or call TOLL FREE and tell us you need the rest of the booklet: 800- 327 -2600 in FL: 800- 432 -3364 


