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The HE Family: 
I perelliplical- (':quipped 

V15 Type IV MV30HE 
kt-tim grams 44 -1' /4 grams 

V15 Type Ill-HE 
1'á grams 

M97HE 
,4 -V i grams 

M97HE -AH 
(with attached headshell) 

grams 

M97 LT 
11 e grams 

M95HE M75HE Type 2 M75HE -J Type 2 

.. - : grams 1' 1 grams 1' a -2' z grams 

When you're ready 
to "face" the music 
we have a tip 
for reduced 
distortion 

Whether you are seeking to reproduce the full 
dynamic range in the grooves of today's new 
superdiscs, or simply to obtain maximum listening 
pleasure from treasured "oldies" in your record col- 
lection, you need a phono cartridge that will deliver 
optimum trackability with minimum distortion. 

Because the phono cartridge is the only 
point of direct contact between the record and your 
entire stereo system, its role is critical to faithful 
sound re- creation. That's why upgrading your 
phono cartridge is the single most significant (and 
generally least costly) improvement you can make 
to your stereo system. 

To that end Shure now offers the Hyperellip- 
tical Stylus Tip configuration -first introduced on 
the critically acclaimed V15 Type IV -in a full line of 
cartridges with a broad range of prices. 

The Hyperelliptical Stylus Tip has been 
called the most significant advance in decades in 

tip geometry. It has a narrower and more uniform 
elongated contact area that results in significantly 
reduced intermodulation and harmonic distortion. 

Look over the list at left to see which Shure 
HE cartridge best matches your tracking force 
requirements. 

Shure has been the top -selling cartridge 
manufacturer for the past 23 years. For full details 
on this remarkable line of cartridges write for AL667. 

Go with the leader -Shure. SURE 
Shure Brothers Inc., 222 Hartrey Ave , Evanston, IL 60204 

In Canada: A. C. Simmonds & Sons Limited 
Manufacturers of high fidelity components, microphones. 

sound systems and related circuitry. 

CIRCLE 73 ON FREE INFORMATION CARD 
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Entertainment 
24 hours a day! 

MOVIE SPORTS NEWS 180 
STATIONS STATIONS STATIONS TELEVISION 
24 HOURS 24 HOURS 24 HOURS STATIONS 

Install your personal earth station and receive 
programs from all over the world. 

SKYSCAN offers the 
ultimate satellite earth 
station. 
The SKYSCAN SS -6900 Satellite 
Earth Station is loaded with 
quality components designed to 
give years of trouble -free service 
The SS -6900 is a complete 
package with everything you 
need to receive television from 
space. 

Buy factory direct and save. 

For a limited time SKYSCAN is 

offering the SS -6900 directly to 
the individual at a wholesale 
price. Order now and eliminate 
middleman commissions and 
mark -ups. You can afford the 
best system on the market today. 

siascAn 
CORPORATION 

Yes. I want to take advantage of your 
special offer. Please enter my order for the 
SKYSCAN SS -6900 Satellite Earth Station 
which includes everything I need to start 
enjoying television direct from the satellites. 

Send SKYSCAN SS -6900 system(s) 

O I enclose $3,995, payment in full per 
system (Skyscan pays shipping). 

O I enclose 50% payment (balance C.O.D. 
plus shipping). 

Note: 50% minimum with order: balance 
due on delivery plus shipping. Full payment 
with order: Skyscan will pay shipping -save 
even more. 

Only SKYSCAN offers 
wireless remote control. 
The SKYSCAN SS -6900 is a 
complete package easily installed 
in less than 4 hours. The system 
includes a deluxe 3 -meter 
antenna with base, a 120° feed 
horn and a 24 channel receiver in 
a beautiful wood -like cabinet with 
direct channel access, lighted 
channel indicators, automatic 
polarization switching, 70MHz 
down converter...and WIRELESS 
REMOTE CONTROL. 

The SS -6900 carries a typical 
retail price of $7,995. Buy factory 
direct and pay only 

$3,995 
complete 

Local sales representatives wanted. 

Skyscan Corporation (consumer division) 

250 E. 36th Street, Tucson, Arizona 85713 (602) 622 -2261 

Name 

Address 

City State lip 
Phone Date 

Signature 

SKYASCAfl 
CORPORATION 

CIRCLE 36 ON FREE INFORMATION CARD 
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Sabtronics. 
An entire range of low -cost, 
top -quality instruments. 

A. 2010A- $99.00', B. 2015A -$119.00*, C. 8610A -$119.00*, D. 5020A- $129.00* *, 
E. 8000B - $239.00' *, F. 2035A - $79.00', G. 2037A -$99.95* 
Prices subject to change without notice. 
Shipping and handling charges are $5.00 per unit for the 
2035A and 2037A/$6.00 per unit for all other models. 

Sabtronics revolutionized the 
market with the first low -cost, 
high -performance Digital 
Multimeter. Now we have an entire 
range of outstanding instruments in 
a reasonable range of prices. In fact, 
nobody can beat us in our 
price/performance ratio. And we 
can sell at a low price for some very 
good reasons. Our engineers design 
high performance products to be 
built at a low cost. And we refuse to 
stick on high mark ups. Plus we 
make sure your price stays low by 
selling directly to you. Because we 
sell so many instruments, we don't 
have to charge a high price. 
Naturally, we also offer all the 
helpful accessories you might want. 
And all our products are under 
warranty for good quality and high 
performance. In addition, you get 
from us the same quality aftersale 
service as any high priced 
instrument manufacturer. With 
Sabtronics instruments available, 
there's no need for you to spend a lot 
of money to do highly accurate 
testing and measuring. 
2010A 31 Digit LED DMM 
2015A 31/2 Digit LCD DMM 
8610A 600 MHz 8 -Digit Frequency Counter 
8110A 100 MHz 8 -Digit Frequency Counter 
502M 1Hz to 200k Hz Function Generator 
8000B 1 GHz 9 -Digit Frequency Counter 
8610B 600 MHz 9 -Digit Frequency Counter 
2035A 31/2 Digit LCD Handheld DMM 
2037A 31/2 Digit LCD Handheld DMM 
*price in kit form. Also available factory assembled, 

tested,and calibrated. Call us for prices. 
* *price fully assembled, tested, and calibrated. 

Call us for more information: 
(813) 623-2631 (9am to 5pm EST) 
Making Performance Affordable 

sabtronics 
INTERNATIONAL INC 

5709 N. 50th Street Tampa, FL 33610 
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Radio- 
Elecironics 
Electronics publishers since 1908 

THE MAGAZINE FOR NEW 
IDEAS IN ELECTRONICS 

SEPTEMBER 1981 Vol. 52 No. 9 

SPECIAL FEATURE 49 HOME ELECTRONICS 
A look at some amazing new products that are almost 
here. Len Feldman 

BUILD THIS 43 HI -Fl ANALOG REVERB SYSTEM 
Attach this to your hi -fi system and expand your listening 
room into a concert hall. Carl Sawtell 

56 MUSICAL HORN FOR YOUR CAR 
Part 2. Toot your own tune with this easy to build and 
install musical horn. PROM's allow you to program whatever 
tunes you like. Fred Blechman and David McDonald 

59 SATELLITE TV ANTENNA 
Part 2. Before you receive TV signals from satellites, 
you need an antenna. Here's an inexpensive design 
using commonly available materials. H.D. McCullough 

65 SYNTHESIZED RF GENERATOR 
Part 2. Construction details for a 300 kHz to 30 MHz 
RF generator for your workbench. Gary McClellan 

TECHNOLOGY 63 SOLID -STATE MICROWAVE DEVICES 
Part 3. Explore the 100 GHz frontier with the latest 
solid -state devices. Joseph J. Carr 

70 USEFUL TROUBLESHOOTING HINTS AND TIPS 
Several easy -to -use ideas that really work. 
Elliot S. Kanter 

72 STATE -OF- SOLID -STATE 
An in -depth look at two useful IC's from National. 
Joseph Gartman and Robert Falkner 

74 HOBBY CORNER 
An easy way to etch a one -of -a -kind PC board without a 

darkroom. Earl "Doc" Savage, K4SDS 

84 NEW IDEAS 
A simple Tesla coil submitted by a reader. 

VIDEO 4 VIDEO ENTERTAINMENT 
Tomorrows news and products in this quickly changing 
field. David Lachenbruch 

78 SERVICE CLINIC 
The more problems there are, the harder it is to find 
them Jack Darr 

79 SERVICE QUESTIONS 
R -E's Service Editor solves technician's problems. 

RADIO 76 COMMUNICATIONS CORNER 
Speech processing can add "punch" to your signal. 
Herb Friedman 

EQUIPMENT 
REPORTS 

27 Code -A -Phone 1000 Telephone Answering Machine 

33 Microconnection Computer Modem 

36 Grove Enterprises SW /LW Tuner 

DEPARTMENTS 14 Advertising Sales Offices 
128 Advertising Index 

91 Books 
101 Computer Market Center 

14 Editorial 
129 Free Information Card 

16 Letter 
98 Market Center 

94 New Lit 

86 New Products 
6 What's News 

ON THE COVER 
A reverberation system adds a 

sense of realism to any hi -fi sys- 
tem by duplicating the echoes 
associated with large concert 
halls. The reverberation device 
described in this issue is Dased 
on analog bucket -brigade IC's 
and it expands your listening 
room into a full -sized concert 
hall. The construction details 
start on page 43. 

1. 511950 

LISTENING TO A SCANNER receiver is be- 
coming a popular pastime. This month we look 
at programmable scanners starting on page 53. 

3D TELEVISION is lust one of the amaz ng prod- 
ucts that we describe. All are close to com- 
mercial introduction. Take a close look at this 
and other products starting on page 49. 

Radio -Electronics, (ISSN 0033 -7862) Published monthly 
by Gernback Publications. Inc.. 200 Park Avenue South. 
New York. NY 10003. Second -Class Postage Paid at 
New York. N.Y. and additional mailing offices. One -year 
subscription rate: U.S.A. and U.S. possessions. $13.00. 
Canada. $16.00. Other countries. $20.50. Single copies 
$1.25. c' 1981 by Gernsback Publications, Inc. All rights 
reserved. Printed in U.S.A. 

Subscription Service: Mail all subscription orders, 
changes. correspondence and Postmaster Notices of 
undelivered copies (Form 3579) to Radio -Electronics 
Subscription Service, Box 2520, Boulder, CO 80322. 

A stamped self -addressed envelope must accompany 
all submitted manuscripts and /or artwork or photo- 
graphs if their return is desired should they be rejected. 
We disclaim any responsibility for the loss or damage of 
manuscripts and /or artwork or photographs while in 
our possession or otherwise. 

As a service to readers. Radio-Electronics publishes available plans or information relating to newsworthy products, techniques and scientific and technological developments. 
Because of possible variances in the quality and condition of materials and workmanship used by readers, Radio -Electronics disclaims any responsibility for the sate and proper 
functioning of reader -built projects based upon or from plans or information published in this magazine. 
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VIDEO ENTERTAINMENT 
DAVID LACHENBRUCH 
CONTRIBUTING EDITOR 

DIGITS AND 
BROADCASTING 

It probably will be a long time before home television goes digital, but everything in the 
broadcast chain except transmission to the home could be digitized sooner than you 
might think. Digital VTR's already are practical, and their commercialization awaits the 
establishment of standards. For worldwide networking of programs, international 
standards committees are very close to a single standard that would make all the 
world's color -TV systems compatible so far as "trunk" transmission by satellite is 
concerned. 

The preoccupation with digital television stems largely from the fact that the quality 
of the picture would not deteriorate with repeated taping, transmission for long 
distances, and other signal processing during the pre- broadcast chain of events. CBS 
engineers have embarked on a major program to digitize the television picture from 
original production virtually to the transmitter, coverting it to a standard analog picture 
just before its transmission to homes. One of the major tasks before inter -city digital 
transmission becomes practical is to reduce the bandwidth required. CBS has already 
sliced the number of digital elements in the TV picture from 144 to 29 megabits with 
little sacrifice in picture and sound quality, and is working towards further reduction. 
CBS believes that television production in the studio can be digitized in as little as two 
years. It also forecasts that theatrical movies will be made with high- definition elec- 
tronic digital techniques in four to five years, with a high- definition direct satellite -to- 
home broadcast system possible before the end of the decade. 

REVOLUTIONS 
IN SOUND 

While CBS is working towards digital TV, it's not nearly so optimistic about digital 
phonograph records, despite the fact that the Philips -Sony Compact Disc laser optical 
digital sound system is scheduled to reach the.American market in 1983. CBS officials 
feel that digital turntables and discs will be far too. expensive for the foreseeable 
future -perhaps 10 or 15 years -to make them mass -market products. Instead, CBS is 
pushing its CX (for "compatible expansion ") noise -reduction system for records. CBS 
claims CX is completely compatible -that is, records made with the CX technique can 
be played satisfactorily on standard equipment, and there is an 85 -dB signal -to -noise 
ratio when the record is played through a CX decoder. A -B comparisons with digital 
tape give the CX system extremely high grades, many experts being unable to tell 
which was which. 

At press time, CBS was already releasing CX- encoded discs, and Warner Records 
had agreed also to use the process. Five small manufacturers were preparing to mar- 
ket decoders for about $100, and CBS expects most major Japanese amplifier manu- 
facturers to announce amplifiers with built -in decoders next January. 

At the same time, many manufacturers are preparing to market the Compact Disc 
(CD) digital turntables. Sony, Philips, Pioneer, Matsushita (Panasonic, Quasar, 
Technics), Nippon Columbia (Denon), Sanyo and Mitsubishi have indicated they expect 
to have players on the market. Although European and Japanese record makers say 
they'll produce the 4.7 -inch hour -per -side discs, no American record manufacturers 
had been heard from at press time. Turntables initially may sell for as much as $800; 
discs will be priced in the high -premium area. 

STEREO TV Stereo is also the wave of the future for television. The 1982 lines in both large- screen 
direct -view and projection sets show an increasing preoccupation with stereo. Several 
brands have added stereo amplifiers and dual- speaker systems with input jacks for 
stereo videodiscs or TV -FM simulcasts. Those new sets, of course, will be the natural 
companions for the new stereo VCR's. In the next two years, we'll see increasing 
emphasis on television sets with stereo sound capability. While they'll be suited for 
stereo VCR's and stereo videodiscs (RCA will add a stereo disc player model next 
spring), they're actually anticipating the advent of stereo -sound telecasting here. Cur- 
rently in the field -test stage, stereo TV could be approved by the FCC as early as next 
year. The new stereo -sound sets will require adaptors to receive stereocasts, of 
course -but more important to the set makers is the ability to add minor circuitry or an 
IC to those models and be ready when stereo TV actually starts. R -E 
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It ake a good 
look at V CO. 

THE SUPER CASE 
70260 

The world famous Super 
ase. Complete with 48 of the most popular 

and professiDnal problem -solving tools. From 
screwdrivers and nutdrivers to pliers, wrenches, 

crimping tools and more. A super variety and super value. All 

unconditionally warranted from Vaco, of course. The Super Case 
and all the other fine Vaco tools can be seen in our new 1981 

catalog. It's free, just write. Say you want to take a good look at VACO. 

Vaco Products Company, 1510 Skokie Blvd., 
Northbrook, IL 60062 U.S.A. 

CIRCLE 8 ON FREE INFORMATION CARD 
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WHAT'S NEWS 

Indiana appellate court 
O.K.'s radar detectors 

An Indiana appeals court has 
ruled that the State's portable 
police radio law does not apply to 
radar detectors. Enforcement of 
the law has been said to have 
been erratic over the past two 
years, and some motorists' radar 
detectors have been confiscated 
by the police. 

The appellate decision called 
the law "unconstitutionally 
vague," and ruled that "a law for- 
bidding or requiring conduct in 
terms so vague that persons of 
common intelligence must nec- 
essarily guess at its meaning and 
differ as to its application violates 
due process of law." 

It is expected that the Indiana 
decision will be cited in several 
other state courts where police 
radar and scanner laws are being 
applied to radar detectors, even 
though the laws were passed be- 
fore police radar existed. 

British teletext group 
files proposal with FCC 

The United Kingdom Teletext 
Industry Group has requested 
the FCC to begin a rule- making 
procedure to allow use of the 
British "defined format" teletext 
system in the United States. That 
system, widely used in Europe, is 
said to have two critical advan- 
tages over the rival variable -for- 
mat approach. The decoders are 
inherently simpler and less cost- 

ly, and the defined format is more 
resistant to disruption by multi - 
path transmission and interfer- 
ence. The system proposed by 
the British group is also compati- 
ble with the Canadian Telidon 
system and with line -21 caption- 
ing for the deaf. 

Teletext will allow the viewer to 
use his TV receiver as a newspa- 
per, shopping guide, or educa- 
tional tool. 

The British group put on an 
extensive display of their system 
and equipment at the National 
Association of Broadcasters con- 
vention in Las Vegas last April. 

Remedial reading 
programs available for 
the TRS -80 

The Radio Shack Division of 
Tandy Corp. has entered an 
agreement with the Philadelphia 
School District to convert to the 
TRS -80 microcomputer two mini- 
computer -based reading pro- 
grams developed by the Phila- 
delphia schools for students with 
reading difficulties. Radio Shack 
will distribute the programs, 
known as Computer Assisted 
Reading Development (CARD) 
and Systems Approach to Basic 
Reading Education (SABRE). 

The Philadelphia reading pro- 
grams are designed to provide 
individualized, self -paced read- 
ing instruction, and are based on 
established Computer Assisted 
Instruction (CAI) techniques for 

Norwich Union Page 2333ia 
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3 MORTGAGE SECURITY POLICY 

Key number required 

A PAGE OF BRITISH TELETEXT guides television viewers through details of 
home loan plans. 

using computers to supplement 
and reinforce regular classroom 
instruction. They are intended to 
encourage positive attitudes to- 
ward learning, language, and 
reading in students, and to pro- 
vide non -threatening, positive re- 
inforcement in private sessions 
taken at the computer. 

The Philadelphia system was 
originally developed about 10 
years ago, for selected students 
who were reading below grade 
level. The programs have been 
improved and revised continu- 
ously since then, and researchers 
have recorded consistent gains 
as a result of their use. 

The new TRS -80 reading series 
is expected to be available by 
September 1981. 

"Cottage industries" 
"Louise Priester," states a re- 

cent article in the New York 
Times "used to key -punch insur- 
ance claims into a computer in 
the office of Blue Cross -Blue 
Shield of South Carolina. Now, 
she does the same thing from a 
bedroom in her home, using a 
terminal connected to the office 
computer by the telephone 
line." 

Thus the Times points out a 
new possibility for employment 
that can open the way for many 
who because of physical handi- 
caps, young children, an invalid 
in the house who requires con- 
stant care, or other reasons, can- 
not readily leave the home. Mrs. 
Priester is an example: she had 
to stay home to take better care 
of her elderly motheit. 

One problem for employers is 
to control out -of -sight employ - 
ees-to make sure they put in a 
full day's work. The very nature 
of the work, however, often 
makes it possible to operate on a 
piecework basis, as in the old 
cottage industries. Blue Shield of 
South Carolina says its four "cot- 
tage keyers" process claims at a 
lower cost than office keyers. 

While requiring workers to be 
in the office during the day, the 
FMC Corp of Chicago has in- 
stalled terminals in the homes of 
four programmers who are on 
call at night to handle problems. 
"They used to get a phone call," 
says FMC manager R. M. Copel- 
la, "hop in the car, drive 45 min- 

utes to the office, solve the prob- 
lem in 15 minutes, than take 45 
minutes to drive home. Now they 
can handle most of the problems 
in their pajamas." 

Japan to invade U.S. 
microcomputer market 

Japan will "undoubtedly" re- 
peat in the microcomputer mar- 
ket what it has done in the U.S. 
automobile and consumer elec- 
tronics markets. Consequently, it 
is "inevitable" that Japanese mi- 
crocomputers will be appearing 
in significant numbers in 1981, 
and that the superior Japanese 
quality will ultimately hurt the 
American manufacturers consid- 
erably more than Japanese cost - 
cutting. 

Thus states a report, Retailing 
Personal Computers, produced 
and sold (for $950.00 a copy) by 
Strategic Inc. of San Jose, CA. 

At present, the report states, 
the Japanese feel that the main 
reason their products are not 
reaching the United States soon- 
er is that FCC regulations will 
require that they retool to make 
products that meet U.S. stan- 
dards (There are no RFI stan- 
dards in Japan). 

Hand -held models are ex- 
pected to be an important new 
product. Tandy was first to sell 
this type (made by Sharp in Ja- 
pan) at $250, but Strategic Inc. 
expects to see Sharp, Quasar, 
and Panasonic models by the 
middle of 1981. 

Incidentally, Apple, Commo- 
dore, and Radio Shack products, 
are all being sold in Japan. Their 
market is decreasing, however, 
because of high prices and be- 
cause the Japanese microsys- 
tems offer printers with Japanese 
as well as English characters, 
something the Americans do not 
supply. 

Tronics 2000 established 
in ten metropolitan 
markets 

Ten metropolitan areas in the 
United States are now under de- 
velopment by Tronics 2000, ac- 
cording to R. W. Lay, Tronics' 
Director of Internal Operations. 
Tronics 2000 is a new franchising 
corporation that aims at giving 
the independent electronic -ser- 

continued on page 12 
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YOU'VE SEEN THE REST... 

HOW BOOK 
AT THE BAST! 

Aw5 DIGITAL MULTITESTER tl ßg11) 

200mA 
OMM 

u.-uC , ..nio 

ZERO ADJ.. 

VOLT 

EZ 6100 
DCV 0. 1000 5-Autoranges 
ACV 0600 4- Autoranges 
DCMA 0200 2-Ranges 
ACNA0 200 2-Ranges 

0 -2000K 1. 5-Autoranges 
_ow Power!! 0- 2000K1! 
4 Autoranges Plus Continuity Buzzer 

EZ 6200 
DCV 0 100C 5- Autoranges 
ACV 0600 4- Autoranges 
DCMA 0 -200 1-Range 
ACMA 0 -200 1 -Range 

0- 2000Kt! 5-Autoranges 
Low Power 0 200010! 
4 ALtorang,5 

-1-011111 

EZ 6200 
$105 

e 
Model C -30 $20 

PRESENTING TER 
UNPRECEDENTED FIVE -YEAR WARRANTY. 

Autoranging on Volts and Ohms 
Easy reading 31/2 digit display 
CMOS -LSI advanced circuitry 
Autopolarity 
Automatic indication, unit and signs 
Easy to operate 
Economically powered with two "AA 
1.5V batteries 
Low battery drain, 300 hours continuous 
operation 
Low battery warning sign 
Lo Power and Normal Ohm ranges 
Range hold 
Buzzer continuity check 

Zero adjust feather -touch button 
AC /DC Lo D /Ç1 function selection by 
feather -touch button 
Safety fused 
Pocket -size, compact, lightweight, nicely 
balanced 
Shock resistant ABS housing 
Reliable, accurate, and rugged 

For ordering information contact A.W. 
Sperry Instruments Inc., 245 Marcus Blvd., 
Hauppauge, N.Y. 11787, 800 -645 -5398 Toll - 
Free (N.Y., Hawaii, Alaska call collect 
516 -231 -7050). 

A.W. SPERRY INSTRUMENTS INC. 
CIRCLE 44 ON FREE INFORMATION CARD The Measurable Advantage. 
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This man is looking for 
AH ELECTRONIC 

BREAKTH UGH. 
Join him in the incredible world of 
electronics with NRI's all -new training 
in the career of the future... 
Electronic Design Technology. 
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It's an electronic world we live 

in. And the designers of electronic 
circuits, controls, and systems are 
the people who are shaping it. Take 

your place in this exclusive company 
with this exciting new training from 
NRI. 

You can learn Electronic De- 

sign lëchnology at home, in your 
spare time. Without quitting your 
job, tying up your evenings at night 
school, or wasting gas travel- 
ing to classes. Because NRI 

comes to you, makes you a 
class of one with a complete, 
effective, low -cost learning 
program designed exclusively 

for home study. You get it all... 
at your convenience. 

Hands -On Training 
NRI trains you for action. 

You get real-life experience 

that builds priceless confidence, 
gives you working knowledge 

of lab practices and techniques. 
It's all built into the NRI Design 

Lab a complete combination of 
equipment, hardware, training, 
and reference materials. You'll de- 

sign your own circuits from the very 

beginning, progressing from basic 
passive networks through key cir- 

cuits like power supplies, amplifiers, 
oscillators, digital and logic circuits, 

phase -locked loops 
and more. You'll move 
on to linear and digi- 
tal integrated circuits, 
the heart of modern 
electronic equipment. 
You'll prototype your 
designs and verify 

operation, learning 
professional test and 
measurement proce- 
dures as you progress. 

Professional Equipment 
Included 

All the way, you work with 
professional -quality instruments like 

the Beckman 6- function, 26 -range 
LCD digital multimeter. It gives you 
fast, accurate measurements of volt- 

ages, currents, and resistances, even 

forward voltage 

NRI Fast -Track Training 
This is the unique NRI lesson 

concept that simplifies and speeds 

learning. From the very basics to 

advanced, state -of -the -art elec- 

tronics, each lesson is especially pre- 

pared for individualized instruction. 
Each subject is covered fully and 
thoroughly, but extraneous material 
is eliminated, language is clear and 

to the point, organization is 

logical and effective. From 
Fundamentals of Electronic 

Circuits through Microproces- 

sors, your lessons are designed 
with you in mind. 

No Experience 
Necessary 

You don't have to be an 
engineer (or even a college stu- 

dent) to succeed. High school 
graduates with some algebra 
handle it without any trouble. 
We start you at the beginning, let 

you advance just as quickly as 

you're ready. We even include the 
NRI Math Refresher Module to 

help you brush up on your math 
and teach you any new concepts 
you may need. 

Free Catalog, 
No Salesman Will Call 

Our free, 100 -page catalog 
gives you all the details, including 
lesson outlines, equipment specifica- 

tions, and career opportunities. Send 
for it today and find the break- 
through for your future. If card has 
been removed, please write to us. 

® 

l 

Training includes NR! Design Lab, 
Beckman digital multimeter, Texas Instruments 
scientific calculator that you use and keep. 

drops across in- circuit diodes 

and transistors. 
You'll breadboard your de- 

signs on the unique NRI Circuit 
Designer. It features built -in multi- 
ple power supplies, variable signal 
generator, logic switches and LED 

indicators. It handles almost any 
circuit you can design...linear and 
digital integrated circuits as well as 

discrete components such as tran- 
sistors and diodes. 

Analysis and design work is 

speeded with the 'Ièxas Instruments 
TI -30 scientific calculator. This en- 
gineer's instrument includes full 
trigonometric functions, logarithms, 
square root, squares, powers, mem- 
ory, and more. All this fine equip- 
ment is part of your training, yours 
to keep and use in your work. 

NR 

i.nuY 
We'll give you tomorrow. 

NRI SCHOOLS 
McGraw -Hill Continuing 

Education Center 

3939 Wisconsin Ave. 

Washington, DC 20016 
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continued from page 6 

vice -shop owner the prestige that 
small business proprietors in 
other fields have achieved 
through national franchise orga- 
nizations. (See the March 1981 
( "What's News ") and April 1981 
issues of Radio -Electronics.) 

The areas now under develop- 
ment include a population of 
roughly nine million persons. 
They are Dallas, Minneapolis /St. 
Paul, sections of Chicago, Cleve- 
land, Cincinnati, Louisville, Tam - 
pa/St. Petersburg, Orlando, Sar- 
asota, and Daytona Beach. 
Those areas could support ap- 
proximately 100 service centers, 
Mr. Lay believes. 

Newest car stereo has 
liquid cooling system 

"An auto stereo system that's 
so hot it has to be water cooled," 
says Toyota of its new stereo 
radio for compact cars. The com- 
pany further claims that the new 
radio's sound is "just short of a 
live rock concert or symphony 
orchestra." 

The new system is standard on 
1981 Cressida models and op- 
tional on Coronas. It is the indus- 
try's first use of a "heat- pump" 
cooling system, similar to an en- 
gine's radiator. Fluid moves 
through tubes surrounding the 
radio and four separate amplifi- 
ers. Each amplifier drives one of 
four speaker channels, at a rate 
of 10 watts per channel. 

"The heat pump was found 
only on the finest home stereo 
sets until this automotive unit 
was developed," reports a Toyo- 
ta spokesman. "The added cool- 
ing allows increased power and 

WHAT'S NEWS 

vastly improved sound on a chas- 
sis small enough to fit in a sub- 
compact car." 

Along with the heat -pump 
cooling system, the radio has 
several other features normally 
found only on home receivers. A 
quartz synthesizer locks directly 
onto broadcast frequency chan- 
nels. Tuner transistors adjust for 
constantly changing automotive 
reception conditions. Other cir- 
cuits suppress radio interference 
noise. Touch -tuning also is 
used. 

1,125 -line video system 
is developed by Sony 

A new high- standard video re- 
cording and playback system 
was demonstrated recently in 
Tokyo by Sony Corp. Its 1,125 - 
line, 60 -field system, with a 

bandwidth of about 30 MHz, can 
handle more than five times as 
much information as the present 
standard NTSC system, with its 
525 lines and bandwidth of 4.2 
MHz. 

The high- definition video sys- 
tem (HDVS) has three channels, 
processing the red, blue, and 
green signals separately from 
camera input to video output. 
The bandwidth is about 30 MHz 
for each of the three color chan- 
nels. 

The 1,125 -line system consists 
of a high- definition 3 -tube TV 
camera, using the new 1 -inch Sa- 
ticon pickup tube developed and 
patented by the Japan Broad- 
casting Corp (NHK); a 1 -inch 
wideband RGB videotape re- 
corder, using a new high- density 
recording format, and a wide- 

TOYOTA'S NEW LIQUID- COOLED CAR STEREO SYSTEM. 

band digital time -base corrector, 
using a new wideband analog -to- 
digital converter. 

The high- definition system, 
which produces quality at least 
equal to that of 35 -mm movie 
film, is expected to change the 
production and distribution of 
motion pictures dramatically in 
the near future, much as high - 
quality sound tape changed the 
technology of phonograph disc 
recording. It has the same advan- 
tages of repetitive recording and 
playback for on- the -spot preview 
and trial editing. That will reduce 
production time, film consump- 
tion, developing, and other costs 
greatly. 

Not only is a revolution in film 
production expected, but the 
system has applications in film 
distribution, satellite broadcast- 
ing, cable TV, and optical fiber 
transmission. 

Utah approves police 
radar -also "fuzz 
detectors" 

In their Spring 1981 session, 
Utah legislators defeated both a 

bill seeking to curtial the use of 
police radar on the highways, 
and one to prohibit Utah motor- 
ists from equipping their cars 
with radar detectors. Thus in the 
same session of the Legislature 
they gave tacit approval to high- 
way radar and to attempts to 
neutralize it. 

The bill to prohibit radar detec- 
tors was defeated 45 to 21, on 
the basis of probable unconstitu- 
tionality. The Communications 
Act of 1934 prohibits states from 
legislating in the area of radio 
reception, and thus covers radar 
detectors, which are receivers. 
Difficulty of enforcement was an- 
other factor that contributed to 
the defeat of the radar -detector 
bill. 

The bill intended to curtail the 
use of police highway radar was 
defeated in the Utah Senate, with 
a vote of 18 to 9. 

Visual- display terminals 
pose no radiation 
problem 

Visual- display terminals 
(VDT's) are safe, the president of 
the Computer and Business 
Equipment Manufacturers Asso- 

ciation told a Congressional 
committee. 

The president, Vico E. Henri- 
ques, pointed out to the subcom- 
mittee on Investigation and Over- 
sight of the House Committee on 
Science and Technology that a 
recent Food and Drug Adminis- 
tration report shows that radia- 
tion from VDT's is well within the 
existing international, federal, 
and state guidelines. 

His industry, said Mr. Henri- 
ques, has been sensitive for 
years to the need of keeping RF 
radiation extremely low. Not only 
does human health and safety 
require it, but many of the associ- 
ation's products are used close 
to equipment which is also highly 
sensitive to RF. He mentioned 
communications equipment as 
an example, and also mentioned 
that some display terminals are 
used in militarily secure areas 
where RF radiation could reveal 
the presence of an installation to 
enemy forces or espionage 
agents. Designing safeguards 
against those problems, he said, 
resulted in RF radiation levels so 
low that no significant biological 
effects are anticipated. 

Ray -O -Vac now making 
lithium batteries 

Under the terms of an agree- 
ment with Matsushita Electric In- 
dustrial Co., Ray -O -Vac Corp is 
granted a non -exclusive license 
to make, use and sell lithium bat- 
teries prodyced under the Mat- 
sushita patents on carbon mono - 
fluoride lithium cells. The 10 -year 
agreement also includes techni- 
cal collaboration between the 
two companies. 

Ray -O -Vac has also an- 
nounced its introduction of three 
coin -size lithium- carbon -mono- 
fluoride batteries- BR2016, 
BR2320, and BR2325. They have 
a nominal voltage of 3.0 and an 
energy density five times (in 
some cases ten times) higher 
than conventional units of similar 
weight. 

The high energy density of 
these batteries makes them an 
ideally suited power source for 
electronic watches, calculators, 
measuring instruments, and 
computer memory back -up pow- 
er, as well. R -E 
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Into electronics, computers, or amateur radio? 

Choose 6 informative books 
for only $ () 95 
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7 very good reasons to try 
Electronics Book Club 
Reduced Member Prices. Save up to 75% on books sure to 

increase your know -how 
Satisfaction Guaranteed. All books returnable within 10 

days without obligation 
Club News Bulletins. All about current selections- mains, 

alternates, extras -plus bonus offers. Comes 14 times a year 
with dozens of up -to- the -minute titles you can pick from 

"Automatic Order ". Do nothing, and the Main selection 
will be shipped to you automatically! But ... if you want an 
Alternate selection -or no books at all -we'll follow the 
instructions you give on the reply form provided with every 
News Bulletin 

Continuing Benefits. Get a Dividend Certificate with every 
book purchased after fulfilling Membership obligation, and 
qualify for discounts on many other volumes 

Bonus Specials. Take advantage of sales, events, and 
added -value promotions 

Exceptional Quality. All books are first -rate publisher's 
editions, filled with useful, up -to- the -minute info 

ELECTRONIC BOOK CLUB 
Blue Ridge Summit, PA 17214 

Please accept my Membership in Electronics Book Club and 
send the 6 volumes circled below. I understand the cost of 
the books selected is $2.95 (plus shipping /handling). If not 
satisfied, I may return the books within ten days without 
obligation and have my Membership cancelled. I agree to 
purchase 4 or more books at reduced Club prices during the 
next 12 months, and may resign any time thereafter. 
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EDITORIAL 

How Do You Stay Number 1? 

The most important part of staying on top of the electronics in- 
dustry is to be the first to know about new events that will shape the 
future of electronics. That's an easy rule to make, but it's not nearly as 
easy to make it work. It is, however, the kind of rule that we live by and 
it has made it possible for Radio-Electronics to bring its readers the 
first TV Typewriter in September, 1973; the first Build Your Own 
Computer in July, 1974; the first Build Your Own Satellite TV Receiver 
in February, 1980; and the first Build Your Own Robot in August, 
1980. 

What's next? That's our secret. To find out you must read every 
issue of Radio-Electronics or you're going to have to travel along with 
us, in person, as we tour the world in search of the latest develop- 
ments in the electronics industry. 

For example, in October we are taking a trip that will encompass 
the Japan Electronics Show in Osaka; the Korea Electronics Show in 
Seoul; the Taiwan Electronics Show in Taipei; and the Hong Kong 
Consumer Electronics Show. We've already been to both Consumer 
Electronics Shows in the United States (they were held in Las Vegas 
in January and Chicago in June). We've also attended the Electronic 
Distribution Show in Atlanta; Electro -81 in New York; numerous 
computer shows and Hamfests in various locations throughout the 
country and we will be showing up at Wescon in San Francisco this 
month. 

These are the places we go to see what will be next in electronics. 
These are the places where we get the input we need to decide what 
kinds of articles we are going to bring you next year. These are the 
places we meet the authors who are going to present those articles. 
These are the places we go to stay on the top of the heap. 

What's next in electronics? More than we both can imagine! 
There's digital audio on a miniature disc scanned by a solid -state 
laser, Teletext /Teleview, flat -screen TV (shirt- pocket size), wrist com- 
puters, two -way TV, 3D TV, an entire TV set on a single IC, direct 
satellite -to -home TV reception and who knows what else. 

But when that story breaks, we will be there. We will learn every- 
thing there is to find out and bring it to you as quickly and as 
accurately as possible. That's our job and we believe we do it best. We 
made Radio -Electronics must reading. We intend to continue 
doing just that! 

ART KLEIMAN 
Managing Editor 

Radio- 
Electronics® 
Hugo Gernsback (1884 -1967) founder 
M. Harvey Gernsback, editor -in -chief 
Larry Steckler, CET, publisher 
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EPSON MX -80 
INTERFACES: IEEE $58, TRS -SO $35, 

APPLE INTERFACE & CABLE $$O, 
RS -232 $10 

EPSON MX -SOFT 0590 MX 10OFT 076E 
No Surcharge for Credit Cards Orders We Accept C.O.D.'s 

All Equipment Factory Fresh With MEN. Warranty Stock Shipments Same Day or Next 

PRICES ARE SUBJECT TO CHANGE WITHOUT NOTICE. 

bIAtiLO 830 $209 
INTERTEC SUPERBRAIN 64K RAM $2799 
OD SUPERBRAIN $3195 
NEC 5510 SPINWRITER $2495 
NEC 5530 SPINWRITER $2495 
OKIDATA MICROLINE -80 $ 399 
OKIDATA: MICROLINE -82 $ 529 
OKIDATA MICROLINE -83 $ 769 
APPLE II PLUS 48K $1189 
APPLE DISK w/3.3 DOS Controller $ 545 
APPLE DISK wto Controller $ 435 
BASE II PRINTER $ 599 
HAZELTINE 1420 $ 799 
NORTHSTAR HORIZON II 32K CD $2975 
ANADEX DP -9500 $1295 
TELEVIDEO 912C $ 669 
TELEVIDEO 9200 $ 729 
TELEVIDEO 950 $ 959 
CBM 8032 COMPUTER $1225 
CBM 8090 DISK DRIVE $1449 
CBM 4032 COMPUTER $1090 
CBM 4040 DISK DRIVE $1090 
CBM 4022 $ 679 
CBM VIC-20 $ 289 
CBM C2N $ 85 
RADIO SHACK II 64K $3245 
RADIO SHACK III 16K $ 839 
LEEDEX!AMDEK 100 $ 139 

LEEDEXAMDEK 100G $ 169 

LEEDEXJAMDEK COLOR -1 13" Color Monitor $ 349 
MICROTEK 16K RAMBOARD for Atari $99.95 
MICROTEK 32K $ 165 
ATARI 400 16KK $ 349 
ATARI 825 PRINTER $ 619 
ATARI 850 INTERFACE $ 139 

or both together $ 749 

ATARI 810 DISK DRIVE $ 449 

ATARI 300 32K $ 769 
Call for price list of ATARI software 

NEC 12'" MONITOR $ 229 

WEST COAST 
1 -800 -235 -3581 

OMEGA SALES CO. 
3533 Old Conejo Rd. #102 
Newbury Park, CA 91320 

1- 805- 499 -3678 
CA. TOLL FREE 1- 800 -322 -1873 

OMEGA 
SALES 

CO. 

EAST COAST 
1 -800 -556 -7586 

OMEGA SALES CO. 
12 Meeting St. 

Cumberland, RI 02864 
1- 401 - 722 -1027 
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LETTERS 

WRONG ADDRESS one hangs off pin one of IC2 (call that graphical error will get by you -no one's 
The address given for Design Specialty one C). perfect -but you have a lot of people out 

in the Lumitron -4 Light Sequencer article From the circuit diagram (Fig. 3), R39 -C here willing to make final corrections. 
in the June 1981 issue of Radio-Electron- clearly should be R25: that's supported And sometimes, as with my own ex- 

ics is wrong. by the fact that R25 is entirely missing perience with this "modem" article, I find 
The correct address is: Design Spe- from the parts -placement diagram. that I have benefitted more than had it 

cialty, 15802 Springdale St., Suite 80, The other two R39's are both described been 100% correct. 
Huntington Beach, CA 92649. in the parts list. Let us allow one (my MICHAEL D. HOFER, 

DAVID L. HOLMES R39 -B) to remain R39 at 22K ohms. That 
leaves the last one, R39 -A, which is 

Hicksville, NY 

described correctly as 10K. Let R39 -A be- ANTI -RADAR WEAPON 
0000000PS! come R40, and I believe that our prob- The ever-increasing pollution of our 

I believe that there are several errors lems are solved. highways with police radars, and the nu- 
and inconsistencies in the article, "$60 To correct the other diagrams: in Fig. 2, merous local court decisions against 
Modem" (Radio-Electronics, June 1981). the input from the answer filter should American motorists who are ignorant of 
It appears as if changes were made to the read "FROM -R40," and note that R25 is the workings of such devices, threaten to 
parts list and parts -placement diagram. correct as output from the first stage of lead to the same state of lawlessness that 
but those changes were not carried the originate filter. In Fig. 3, R39 in the our historical West became so famous for. 
through to the other diagrams. upper left should be R40 (input to answer As in old times, vigilantes have begun 

The parts -placement diagram lists no filter) and the R39 in the lower lett is cor- to organize, and have already found a 
less than three R39 resistors: one within rect. R39 in Fig. 9 should also read R40. famous scientist as their mentor: Heinrich 
the dotted -line box at the lower left (call Please continue to present us with the Hertz. His celebrated, spark- excited wide - 
that one A); one between pins six and fine and useful articles that you have pub- band microwave source is the ideal ECM 
seven of IC2 (call that one B), and the last lished in the past. An occasional typo - continued on page 22 

Price Without Sacrifice. 
HITACHI V302B &V-152B 
Put a proven Hitachi dual -trace oscilloscope on your bench 
for as little as $735. Our V -152B 15MHz model indudes un- 
precedented sensitivity (1 mV /div.)...10X sweep magnif- 
ication...front panel XY operation ...trace rotation...Z -axis 
input...and more. Need greater bandwidth? Our V -3028 
model is the only 30MHz dual -trace scope with signal delay 
line priced under $1000, with all the above features, to 
make your testing operations fast, easy, and accurate. 
Reliability is exceptional, too. (As you'd expect from a 
manufacturer with over 20 years of experience "outsoop- 
ing" the competition.) So exceptional, in fact, that Hitachi 
quality is backed by a 2 -year warranty...the longest in the 
industry. Whether you use it for teaching or repairs, for 
video, audio, or computer testing, you can't find more 
scope for your dollar than at Hitachi. Write for more details. 

ak 

Hitachi...The measure 
of quality. 

V -152B 15 MHz Dual Trace... $735* 
V -302B 30 MHz Dual Trace. . $995* 
'Probes included. 

HITACHI 
Hitachi Denshi America.Ltd. 
175 Crossways Park West 
Woodbury, NY 11797 
(516) 921-7200 
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Full info LCD readout 
0.1% DCV accuracy 
Full range hi -lo power ohms 
1 amp. (AC & DC) 

1000 VDC, 600 VAC 

Auto polarity /zero 
Raised guard -edge case 
Tilt stand 

r - 4cor 

. 
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OFF 01 

11111 
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Look at the extra quality 
VIZ gives you for $159.95. 

THINK OF PERFORMANCE. 
With 0.1% DCV accuracy, VIZ 3% 
DMMs perform as well in the lab as 
in the field. Bright LCD readout - 
settling speed is less than 1 second. 
Full range hi -lo power ohms means 
extra accuracy in all your resistance 
measurements. Readout window 
shows: function (V, A, f2); value; AC 

or DC: minus or plus; and low battery. 
THINK OF USE. 
Easy -to-use range and function 
switches help avoid errors. Jacks or 
standard 3/4" dual plug centers. Unit 
comes with tilt stand, deluxe probes 
and batteries. H.V. probe, AC adapter, 
LED continuity probe and carrying 
case, optional. 

VIZ bench DMMs 
Laboratory quality for bench or portable use. Battery or 
AC dower. Accuracy 0.1% DCV. 10 amp. AC or DC. Voltage 
ranges 0.1 mV to 1000V AC & DC. Fully shielded metal 
case. Long battery life. Deluxe test leads and AC adapter 
supplied. Optional accessories; H.V probe. 

VQ WI0.717 
flCH OMM Handy handheld WD -747 

Premium quality 3%2 DMM at low 
prices. Side switches. 0.5" digits. Ac- 
curacy 0.8% DCV. $89.95 

VIZ reliability. 
VIZ is a 50 year -old company. Our instru- 
ments are fully warranted, parts and labor. 
for a year All items tested to NBS stand- 
ards. We offer service and parts availa- 
bility for a minimum of ten years. Over 15 
repair depots in U.S.A. 

THINK OF PROTECTION. 
Tough, impact -resistant case has 
raised guard -edge, protecting unit 
from damage if dropped on face. 
Built -in fuse and spare easily 
accessible from back. 
WANT LED? 
WD -758 available with LED readout 
for $10 less. 

MIZm.uw.al..viF1YD-1tl0 a 
1999 

.11113a1 OHIO 

WD -760. LED. 
$215.95 Manual ranging. 

WD -762 LCD. 
Manual ranging S219.95 

AID All 

I 

y 17 
0 t; 
0 

WD -761. LED. $275.40 
Autoranging. 

WD -763. LCD $282 50 
Autoranging. WL 

Want full technical details and a demonstration? Call toll -free. 1- 800 -523 -3696, for the VIZ distributor near you. 

M 
Look to VIZ for value, quality, availability. 

Over 70 instruments in the line. 
VIZ Mfg. Co., 335 E Price St.. Philadelphia, PA 19144 1 E 
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McGraw -Hill's NATIONAL ELEC- 
TRICAL CODEX HANDBOOK, 17/e. 
By J.F. McPartland. 1,162 pp., 
1,096 illus. Bigger and better than 
ever! This mammoth reference ex- 
plains and clarifies the many com- 
plex provisions of the current 
(1981) Codex to help you meet rules 
exactly and pass inspections the 
very first time. 
456/933 Pub. Pr., $24.50 Club Pr., $18.95 

ELECTRONICS ENGINEERING FOR 
PROFESSIONAL ENGINEERS' EX- 
AMINATIONS. By C. R. Hafer. 336 
pp., more than 200 illus. Actually 
two books in one -a quick prepara- 
tion manual to help you pass your 
P.E. exams on the first try and a 
rich source of practical electronics 
engineering information and 
know -how. 
254/303 Pub. Pr., $22.50 Club Pr., $11.50 

ELECTRONICS CIRCUITS NOTE 
BOOK: Proven Designs for Sys- 
tems Applications. By S. Weber, 
Editor in Chief. 344 pp., illus. Con - 
taining 268 ready -to -use or adapt 
circuits -each a proven solu- 
tion -this book brings you the best 
of the best articles published in 
Electronics' popular Designer's 
Casebook section. Covers display 
circuits, encoders and decoders, 
filters, function generators, logic 
and memory circuits, micro- 
processors, and more. 
192/448 Pub. Pr., $32.50 Club Pr., $25.50 

OPTICAL FIBRE COMMUNICATION. 
By Technical Staff of CSELT. 928 
pp., 519 illus. Brings you a com- 
plete worldwide overview of one of 
today's most important technolo- 
gies -from the basics to the high- 
est technical levels currently pos- 
sible. It's the first book to cover 
both the theoretical and technolog- 
ical aspects of optical fiber com- 
munication as well as practical de- 
sign, production, measurement, 
installation, implementation, and 
operation. 
148/821 Pub. Pr., $39.50 Club Pr., $29.50 

DESIGNING WITH FIELD- EFFECT 
TRANSISTORS. By Siliconix, Inc.; 
edited by A.D. Evans. 304 pp., 269 
illus. Here's the full story of FETs 
and FET applications. It presents 
the necessary theory and a large 
number of design examples for 
such applications as amplifiers, 
analog switches, voltage -con- 
trolled resistors, constant -current 
supplies, power switching, and ICs. 
Geared to help you use FETs to max- 
imum advantage. 
514/499 Pub. Pr., $24.50 Club Pr., $18.50 

THE ARCHITECTURE OF PIPE - 
LINED COMPUTERS. By P.M. 
Kogge. 352 pp., 180 illus. This 
guide summarizes and explores the 
state of the art in pipelining and 
shows you how to solve practical 
design problems. Discussions 
range from logic design consid- 
erations through the construction, 
cascading, and control of pipelined 
structures to the development of 
programming techniques. 
352/372 Pub. Pr., $21.95 Club Pr., $21.95 

BUY ONE of these 
great professional books ad 
GET ONE FREE when oin join j y 
McGraw -Hill's Electronics and Control 
Engineers' Book Club (values up to $ 69.50) 

Choose any n one of these books at the special 

Club discount, and select any other 
you enroll: 

as your gift free-of-charge charge 
when y 

IFsecond edtiai 

PQINTED 
CIQCUITS 

iriANDEMK 
edited by 

Lb:+e F Coornbs. 

HANDBOOK OF OPERATIONAL 
AMPLIFIER CIRCUIT DESIGN. By D. 
F. Stout; edited by M. Kaufman. 
434 pp., 223 illus. Compact, con- 
cise, highly concentrated, and con- 
taining a storehouse of informa- 
tion, this one -stop volume will help 
you quickly solve any op amp circuit 
problem! 
611/91X Pub. Pr., $34.50 Club Pr., $25.50 

MODERN ELECTRONIC CIRCUITS 
REFERENCE MANUAL. By J. Mar- 
kus. 1,264 pp., 3,666 circuit dia- 
grams. This 103 -chapter guide 
means you can speed up the pro- 
duction of new electronic devices 
with ease and thereby lower your 
production costs. Complete with 
values of components and sugges- 
tions for revisions, plus the original 
source of each circuit in case you 
want additional performance or 
construction details. 
404/461 Pub. Pr., $49.50 Club Pr., $38.50 

OPTOELECTRONICS /FIBER -OPTICS 
APPLICATIONS MANUAL. By Ap- 
plications Engineering Staff of 
Hewlett- Packard Optoelectronics 
Division. 2nd Ed., 400 pp., 448 il- 
lus., outsized 81/2 x 11 format. 
Nearly doubled in size in this sec- 
ond edition, this handy source has 
the data and know -how you need to 
design circuits, specify compo- 
nents, and solve problems in opto- 
electronics engineering. To save 
you time, it's organized by product 
types and special functions, and 
each chapter is self- contained. 
286/06X Pub. Pr., $21.50 Club Pr., $21.50 

ELECTRONICS DESIGNERS' HAND- 
BOOK, 2 /e. Edited by L. J. Giaco- 
letto. 2,344 pp., 1,686 illus. Now 
doubled in size and with 90% of its 
material new, this famous classic 
(first edition by Landee, Davis, Al- 
brecht) has been thoroughly re- 
vised and updated to give you not 
only the how and the why of all your 
design work but also the how much 
of every design step you take! 
231/494 Pub. Pr., $69.50 Club Pr., $51.50 

ELECTRONIC FILTER DESIGN 
HANDBOOK. By A. B. Williams. 576 
pp., 408 illus. The book is orga- 
nized so that you can start from 
practically any set of requirements 
and follow a sequence of clearly 
outlined steps and design filters 
ranging from simple networks to 
very complex configurations. Each 
design technique is illustrated with 
step -by -step examples and is ac- 
companied by a wealth of applica- 
ble schematics, graphs, and tables 
of normalized numerical values. 
104/309 Pub. Pr., $32.50 Club Pr., $25.50 
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LETTERS 

continued from page /6 

tool against the shiny, over -expensive, 
tax -financed fetish of our much- underutil- 
ized police forces. 

Today, Uncle Heinrich would take an old 
coffee can and cut it into two halves along 
its axis. He would mount into one of them, 
as a lamda -half dipole, two small nails (the 
more rusty, the better), and power that 
beam -forming contraption with an igni- 
tion coil from a junked car. Throw the 
switch and -victory! The ultimate anti - 
radar weapon in the battle on the roads is 
in full operation! 

If Uncle Heinrich were to enter a state 

that outlaws such devices, he would 
simply say that he was re- checking his 
discovery. 

Radio -engineers, amateurs, tinkerers - 
where has your pioneering spirit been in 
all these years since the first highway 
radar toys appeared? 
REINHOLD GERHARZ, 
Fcrt Belvoir, VA 

Z -80 TRAINERS 
in the article, "Learning About Micro- 

processors," by Jorma Hyypia (Radio - 
Electronics, May 1981), the author states 
that there are no Z -80 trainers on the mar- 
ket. I think that is wrong. 

SD Systems makes a very good micro- 
processor trainer and development sys- 
tem, called the Z -80 Starter System. It 

help from tools that feel right, work right, 
save time. Tools that stay on the job year 
after year. Tools precision made of drop 
forged, fine polished, high grade steel. That 
give you quality in every detail (at no pre- 
mium in price). Tools by CHANNELLOCK. 
Be sure THAT trade name is on the tools 
you buy. 

CHANNELLOCK,INC. Meadville, Pennsylvania 16335 

Meet The Rest Of The Family. Send ForOurFree Catalog. 

CIRCLE 18 ON FREE INFORMATION CARD 

contains a hexadecimal keyboard; Z -80 
microprocessor; Z -80 parallel interface; 
Z -80 counter -timer circuit; tape interface; 
two S -100 sockets; wire -wrap area, and 
an EPROM programmer. 

Please let your readers know that they 
can have the best microprocessor on the 
market in a trainer that not only trains but 
lets them do it with style. 
ROBERT SMITH, 
Michigan City, IN 

UNICORN -1 ROBOT 

Here's a picture of the Unicorn -Robot 1 

that I am building. It's a close -up of the 
manipulator I designed and built. The 
"fingers" of this end effector are parallel, 
and open or close by moving toward or 
away from each other. This type of end 

effector gives my robot a better grip than 
those originally described. 

I think your magazine is fantastic, and I 

look forward to it every month. 
MALCOLM P. STOCKINGER, 
Ypsilanti, MI 

If you're building the Unicorn -One robot 
(or any other) I have a suggestion about 
assembling the upper arm. 

On the first crossbar rod, where the 
threaded rod fits, don't drill the hole all the 
way through. Instead, drill it to a depth of 
about 5/16 inch. File the end of the 
threaded rod smooth and, before insert- 
ing it, drop a small steel ball in the hole. 
Be sure to leave a 1/32 -inch or so space 
between the gear and the crossbar rod. 
Then, when the assembly is pulled down 
by the weight of that lower arm, the rod 
will spin much more easily, and will take 
considerable strain off the motor, as the 
steel ball will act as a bearing. 

That's a lot less trouble than trying to fit 
a regular ball bearing on the crossbars 
and much better than a plain hole. 
A.M. FALCETANO, 
APO NY 09026 

NEW COMPUTER CLUB 
My name is Scott Summer. This letter is 

to inform your readers of a new computer 
club that I am forming in Rhode Island. 
Our club publication will be titled The Na- 
tional Apple Newsletter and it will be for 
owners and users of Apple Il or Apple Il 
Plus computer systems. 

The newsletter will print anything that 
continued on page 26 
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BIT-SLICE MICROPROCESSOR DE- 
SIGN. By J. Mick and J. Brick. 320 
pp., 230 illus. All in one place -the 
crucial information you've been 
needing about the 2900 family of 
bit -slice microprocessor compo- 
nents! A remarkable "first," this 
book designs right before your eyes 
not just one but two complete 
16 -bit machines! 
417/814 Pub. Pr., $24.00 Club Pr., $14.50 

DIGITAL HARDWARE DESIGN By J. 
B. Peatman. 428 pp., over 400 il- 
lus. Taking you beyond the micro- 
computer, this guide re- examines 
traditional techniques and focuses 
maintainability as a keygoal, on the 
design of circuitry too fast for the 
microcomputer alone, and on de- 
signing for usefulness. It covers ev- 
erything from algorithmic state 
machines to separately clocked 
circuits -with scores of examples. 
491/321 Pub. Pr., $31.95 Club Pr., $24.95 

HANDBOOK OF ELECTRONICS 
CALCULATIONS FOR ENGINEERS 
AND TECHNICIANS. Edited by M. 
Kaufman and A. H. Seidman. 653 
pp., 725 illus. This first com- 
prehensive tool of its kind includes 
hundreds of worked -out problems 
in analog and digital circuits. In- 
cludes more than 700 diagrams, 
curves, tables, and graphs. 
333/920 Pub. Pr., $27.50 Club Pr., $21.00 

INTRODUCTION TO THE THEORY 
AND DESIGN OF ACTIVE FILTERS. 
By L. P. Huelsman and R. E. Allen. 
430 pp., illus. Once you add active 
filter design to your repertory of 
specialties, you'll possess a skill 
that's in great demand today. 
Here's one of the best texts we 
know on the theory, design, appli- 
cation, and evaluation of modern 
active filters and the various tech- 
niques used today. 
308/543 Pub. Pr., $28.50 Club Pr.. $21.50 

USER'S GUIDEBOOK OF DIGITAL 
CMOS INTEGRATED CIRCUITS. By 
E.R. Hnatek. 339 pp., 245 illus. 
Providing the first comprehensive 
overview, this practical guide cov- 
ers CMOS logic performance 
characteristics and selected cir- 
cuit applications, data conversion 
and telecommunication circuits, 
CMOS memories, and commer- 
cially available CMOS micro- 
processors. 
290/619 Pub. Pr., $24.50 Club Pr., $18.50 

INTRODUCTION TO RADAR SYS- 
TEMS, 2 /e. By M. I. Skolnik. 698 
pp., 244 illus. This new edition of a 
widely used text on radar from the 
systems engineer's point of view 
brings you full discussions of the 
many major changes that have oc- 
curred in the field recently. 
519/091 Pub. Pr., $38.50 Club Pr., $30.50 

ELECTRONIC COMMUNICATION, 
4 /e. By R. L. Shrader. 801 pp., 870 
illus. This thoroughly updated edi- 
tion offers all the theory and fun- 
damentals you need to prepare 
yourself for the FCC commercial 
and amateur grade license exami- 
nations -and pass them the first 
time! 
571/503 Pub. Pr., $21.95 Club Pr., $16.95 

PRINTED CIRCUITS HANDBOOK, 
2 /e. By C. F. Coombs, Jr. 256 pp., 
327 illus. Blueprints every impor- 
tant phase of printed circuitry. 
Provides the information you need 
to establish a production facility 
and control the processes. A virtual 
encyclopedia in the field, five 
major sections cover engineering, 
fabrication, assembly, soldering, 
and testing. 
126/089 Pub. Pr., $38.50 Club Pr., $28.95 

STANDARD HANDBOOK FOR 
ELECTRICAL ENGINEERS, 11/e. By 
D. G. Fink and H. Beaty. 2,448 pp., 
1,414 illus. Today's most widely 
used source of electrical engineer- 
ing information and data serves 
you as no other single work when 
you need detailed, timely, and reli- 
able facts and how -to on the gener- 
ation, transmission, distribution, 
control, conversion, and applica- 
tion of electric power. 
209/140 Pub. Pr., $59.95 Club Pr., $44.95 

BIT-SUCE 
ROF 

MIC1p 
_-___ --- 

1,, standard I 

Handbook 
for 
Electrical 
Engineers 

Why YOU should join now! 
BEST BOOKS IN YOUR FIELD - Books are selected from a wide range of 

publishers by expert editors and consultants to give you continuing 
access to the latest books in your field. 

BIG SAVINGS -Build your library and save money too! We guarantee 
savings of at least 15% off publishers' list prices on every book. Usually 20%, 
25 %, or even higher! 

BONUS BOOKS - You will immediately begin to participate in 
our Bonus Book Plan that allows you savings between 70 -80% off 
the publisher's price of many books. 

CONVENIENCE -14 times a year you receive the Club Bulletin FREE, 
fully describing the Main Selection and alternate selections, together with 
a dated reply card. If you want the Main Selection, you simply do 
nothing -it will be shipped automatically. If you want an alternate selec- 
tion -or no book at all -you simply indicate it on the regular reply card 
and return it by the date specified. You will have at least 10 days to decide. 
If, because of late mail delivery of the Bulletin you should receive a book 
you do not want, just return it at the Club's expense. 

As a Club member, you agree only to the purchase of four books 
(including your first selection) over a two-year period. 

Be sure to 
consider these 
important 
titles as well! 
DIGITAL FILTERS. By A. Antoniou. 
021/171 Pub. Pr.. $32.95 Club Pr., $24.95 

ELECTRONIC DISPLAYS. By E. G. By- 
lander. 
095/109 Pub. Pr.. $24.50 Club Pr.. $19.50 

MICROCOMPUTER-BASED DESIGN. 
By J. Peatman. 
491/380 Pub. Pr., $32.50 Club Pr., $25.50 

MICROPROCESSORS/ MICROCOM- 
PUTERS/SYSTEM DESIGN. By Texas 
Instruments Learning Center & En- 
gineering Staff. 
631 /590 Pub. Pr., $24.50 Club Pr., $19.50 

ENGINEERING MATHEMATICS 
HANDBOOK, 2 /e. By J. J. Tuma. 
654/299 Pub. Pr., $29.50 Club Pr., $21.95 

RADIO HANDBOOK, 21/e. By W. Orr. 
112/630 Pub. Pr., $21.50 Club Pr., $16.60 

TRANSFORMER AND INDUCTOR 
DESIGN HANDBOOK. By W. T. 
Mc Lyman. 
706 /755 Pub. Pr., $35.00 Club Pr., $26.50 

CRYSTAL OSCILLATOR DESIGN AND 
TEMPERATURE COMPENSATION. 
By M. E. Frerking. 
764/913 Pub. Pr., $18.95 Club Pr., $14.95 

MICROELECTRONICS. By J. Mill- 
man. 
423/270 Pub. Pe.. $31.95 Club Pr., $24.50 

ELECTRONICS DICTIONARY, 4 /e. By 
J. Markus. 
404/313 Pub. Pr.. $29.95 Club Pr., $22.50 

MAIL THIS COUPON TODAY 

McGraw -Hill Book Clubs 
Electronics and Control Engineers' 
Book Club 
P.O. Box 582, Hightstown, New Jersey 08520 

Please enroll me as a member and send me the two 
books indicated, billing me for my first selection only 
at the discounted member's price, plus local tax, 
postage and handling. If not satisfied, I may return 
the books within 10 days and my membership will be 
canceled. I agree to purchase a minimum of 3 addi- 
tional books during the next 2years as outlined under 
the club plan described in this ad. Membership in the 
club is cancellable by me anytime after the four 
book purchase requirement has been fulfilled. 

Write Code # of 
FREE selection her,' 

Write Code # of 
FIRST selection here 

Orders from outside the U.S. must be prepaid with 
international money orders in U.S. dollars. 

Signature 

Name 

Address /Apt. a 

City 

State Zip 

This order subject to acceptance by McGraw -Hill. All 
prices subject to change without notice. Offer good 
only to new members. A postage and handling charge 
is added to all shipments. E33480 

J 
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HITACHI DC -15MHz ` SINGLE -TRACE PORTABLE 
OSCILLOSCOPE AT 

THIS LOW, LOW PRICE 

csr YOUR Ut MAIL -ORDER 
ELECTRONIC 

SUPPLY HOUSE! 

8 CHANNEL SCOPE 
MULTIPLEXER, DM -12 
Convert your single channel scope into a 4 or 8 channel instrument: just connect 
the DM-12. 8 channel scope multiplexer to your scope, clip the 8 input probes to 

the signals you want to view. Simple, easy, fast - can handle logic level TTL 

signals from DC to 3MHz. Features separate spacing and trace amplitude con- 
trols and selectable sampling rate - all to insure easy clear scope display. 

-8 TTL compatible input channels (1 171 load per 
channel) can drive 50 Ohm scope cable. - Maximum full screen amplitude 1.6 Volts adjusta- 
ble. - Trace amplitude and spacing controls. -4 or 8 channel selector switch. -8 color coded input cable. 24° long with insulated 
alligator clips. - External 9 VDC power supply included (Model 
MMAC -2). - Size 6.25" x 3.75" x 2" - BNC Output Cable Accessory (Model PSA -2 add 

$14.951. 

Completely 
assembled and 
tested! Ready 
to use! 

VIEW 8 

CHANNELS 
AT ONCE! 

$6995 

LOW COST CAPACITANCE 
METER MODULE, DM -8 
Connect this high quality low cost Capacitance Meter Module, DM- 

8 to your digital Volt Meter and turn it into a Digital Capacitance Me- 
ter -the Low Cost Way! 

Bi9 80 ii;5 

IIwGI - 

L_ 

- Push to read range (button) from 1pF to 

20.000 F - Zero calibration control - In one easy to use, sell -contained pack- 
age. - Battery powered, with "push to read" bat- 
tery saver circuit (9V banenen not in- 
cluded, - Size 6.25 "x375" x 2 

Completely 
assembled and 
tested! Ready 
to use! 

$699 
REGULATED TRIPLE POWER 

SUPPLY, LOW PRICED!, DM -6 
A fully assembled and tested power supply that provides a solid, fully wired 
triple power supply including fixed 5V (u 1 Amp, 5V to 15V lb 0.5 Amp, and 
- 5V to -15V @ 0.5 Amp - all supplies regulated, short proof. Each supply 
has short indicator LED. Complete and ready for use in a durable (8 "x6"x31 /21 
metal case 

$999 

FREE!! 
NEW 1981 
FALL 
CATALOG 
Exciting 
new products! 
Send today!! 

LOW COST HIGH 
FREQUENCY COUNTER 

//,,,////,,,1/1011 Itittttt\\\\\\\\\\ 

CRT 

Display area 
Acceleration potential 
Intensity modulation 

Vertical deflection 
Senattvvty and bandwidth 

Rise time 
Dynamic range 
Input R and C 

Maximum Input voltage 
Display mode 
X -y operation 

Horizontal deflection 
Sweep mode 
TV synchronization 

Internal 
External 

Trigger sensitivity 

13085831 (5-inch, round shape) 
8xtOdiv (t div = 9.5mm) 
Approx. 2kV 
Over 5Vp -p 

5mV /div -5V /div - - -5 %, DC- 15MHz, -3dB 
1 mV /div -1V /div ±6 %, DC -5MHz Typ, - 3dB 

(Using x5 amplifier) 
24ns 
More than /div at 15MHz 

Direct 1M Ohm, approx. 300 
6001/p -p or 300V (DC + AC peak) 
Single -trace 
0C -500 kHz, 200mV /div 
Phase difference OC -10kHz 3° 

Auto, NORM, TV ( + ). TV ( - 
TV sync -separator circuit 
Over 1 div IV sync -signal) 
Over I Vp -p (V sync -signal) 

Frequency Intemal External 

20Hz - 2MHz 0.5div 
2--15MHz 1.5div 

200mV 
800mV 

Triggers ope 
Sweep time 
Sweep -time magnifier 
Max. sweep rate 

Amplitude calibrator 
Waveform 
Voltage 

Power requirements 

Dimensions 
Weight 
Ambient operation 
temperature 

0.2yas /div -0.2s /d1v u 5% 19 calibrated steps 

10 times (m 7 %) 
100ns /div 

1kHz .10 %Typ, Square wave 

0.5V ±3% 

100V (1201220/240V) ± 10% 
50/60Hz, 40W 
Approx. 275(W) e 190(H) x 400(D)mm 
Approx. 8.5kg 
0- +40°C 

MODEL V -1518 
WITH 2 YEAR MFG. WARRANTY 

ONLY $ 95 

WITH FREE DM -12 
8 CHANNEL MULTIPLEXER 

A COMBINED VALUE 
AT LIST OF $639.95 
YOU SAVE $140.00 

MODEL NO. DM -7 
The Albin Model DM -7, 8 Digit High Frequency Counter is easy to 
use, switch selectable time base input by a single BNC, nothing to 
build! 
-5 Hz to 550 MHz -8 big easy -to -read .43" high Intensity LED display - Crystal ( ± 3 ppm (6 251 controlled 0.1 or 1.0 sec. gate times - Convenient benchtop size (7 x10"x3" ) 

durable attractive case 

COMPLETELY 
ASSEMBLED i49 95 
PRE -CALIBRATED 
PRE -TESTED 

LOW OHM METER 
MODULE, DM -10 

N 

INNI tOW OHM MIllO MODULI 

pelt - 
aA -- 
.2Ad_ 

11LB13ULBT1C6 

Measures resistance from 10 milliOhms to 20 Ohms. Now you can 
measure resistance down to 10 milliOhms with this low cost. easy 
to use DVM module. Check coil resistance. transformers. relays 
chokes. printed circuit board copper paths and ground cables 
Special zero balance control nulls out input cable resistance to in- 

sure accurate readings. Your DVM has to be set to 2V range during 
operation. - Resistance range 10 milliOhms 

to 20 Ohms - Zero Calibration control - Battery powered (push to read 
battery saver circuit). Requires 
1.9 Volt Battery not included) - Size 6 25" a 3.75" a 2" (Input ca- 
bles not mciuded or available) 

$6995 

FREQUENCY METER MODULE 
"5Hz to 100MHz ", DM -11 

IM-II FIEQEN6r TO HUM NIIULF 
AM 

ll/ez INMz 
I IOZ ItlN -III 

III- -111NMZ ` + 
...Te 

LIN u[I J 
HUH lIiNLCB l'ONiLTAu 

Measure frequencies from 5Hz to 100MHz on your digital voltmeter 
with a resolution Of 3 1/2 digits - easy to use - perfect for field 
service - lab testing home hobbyist! Connect the DM -11 to 

your DVM, set the DVM to the 2VDC range. conrect a signal to the 
OM -11 wa a BNC cable (not included) and measure the frequency of 
any source. Hi Lo Range LED's insure fast accurate readings. - Frequency Range 5Hz to 100MHz - Input Impedance t MeyOhm - Input Sensitivity: < 100Hz < 8OMV 

100 Hz - 60MHz < 30MV 
> 60MHz 70Mu 

$ 9 - Size 6.25" o 3.75" x 2" y - External 9V DC power suppli y included. 
(Model MMAC -2) - BNC Input Cable Accessory (Model PSA -2 
add 614.95) 

It for any reason, whatsoever, you are not completely satisfied with 

ALBIA SATISFACTION your purchase, return it within 30 days of purchase date for a full 

WARRANTY: 
refund - it's as simple as that! Shipping & Handling charges not 
refundable 

FOR FAST AND DEPENDABLE DELIVERY SERVICE 

COLNLECT1j204675590 CALL TOLL FREE: 1- 800 -243 -6953 5PM. E.S.T. 

WE ACCEPT MASTER CHARGE, VISA AND AMEX CREDIT CARDS 

Connecticut Residents add 7 t 2 Sales Tax Prices show^ in L' S. curercy only Foreign orders add 15 

ALBIA ELECTRONICS INC 
44 KENDALL ST. P.O. BOX 1833 NEW HAVEN, CT. 06508 

POSTAGE 8 HANDLING 

ORDERS ADO 

uP TO 510.00 51.95 

SI0.01 - 525.00 3.75 

525.01 - 550.00 4.65 

550.01 - 5100.00 6.45 

ORDERS OVER SI0000 
WITHIN UNITED STATES 

7.55 

FREE ALBIA 
DESIGNERS 
TEMPLATE 

WITH EVERY 
ORDER RECEIVED 

CIRCLE 38 ON FREE INFORMATION CARD 
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SEPTEMBER 

0;LLI:0 
New Portable Digital 

Capacitance Meter 

MODEL 820 
Call For Our Price 

HITACHI KEITH LEY 

Non - Linear Systems 

HICKOK FLUKE 

VIZ vii TRIPLETT 

-6. PHILIPS WESTON 

çn$on :4KPRECISION 

LEADER ÍlDRc 

( DATA PRECISION 

KEITH LEY 
Model 169 

BENCH /PORTABLE DMM 
3'/2 Digit liquid crystal 

display 
0.25% basic accuracy 
26 Ranges 

$189.00 

80MHz Counter with Period Function 

Call For Our Price 

MODEL 1820 
5Hz to 80MHz reading guaranteed - 
100MHz typical 

Period measurements from 5Hz 
to 1MHz. 

Period average, auto and manual 
positions 

One PPM resolution 

Totalizes to 999999 plus overflow 

Elapsed time measurements from .01 
to 9999.99 seconds plus overflow 

One -megohm input resistance 

Bright 43' high LED readouts 

New Low Distortion Function Generator 
MODEL 3010 

Generates sine. square and triangle 
waveforms 

Variable amplitude and fixed TTL square - 
wave outputs 

0.1 Hz to t MHz in six ranges 

Push button range and function selection 

Typical sine wave distortion under 0.5% 
from 0.1 Hz to 100kHz 

Variable DC offset for engineering 
applications 

VCO external input for sweep- frequency 
tests 

New Sweep /Function Generator 
MODEL 3020 

Four instruments in one 
package -sweep generator, func- 
tion generator, pulse generator, 
tone -burst generator. 

Covers 0.02Hz-2MHz 

1000: 1 tuning range 

Low -distortion high- accuracy 
outputs 

Three -step attenuator plus 
vernier control 

Internal linear and log sweeps 

Tone -burst output is front -panel or 
externally programmable 

fol<PIPfCIS/ON 

Ea:le-cna 
a! 

THE TEST EQUIPMENT 
SPECIALISTS 

TOLL FREE HOT LINE 
800 -223 -0474 

54 WEST 45th STREET, NEW YORK, N.Y. 10036 
IN NEW YORK STATE 212 -687 -2224 

V -1518 15 MHz Single Trace 

V -1528 15 MHz Dual Trace 

V -202 20 MHz Dual Trace 

V -301 30 MHz Single Trace 

V -3026 30 MHz Dual Trace 

V -352 35 MHz Dual Trace 

V -5506 50 MHz Dual Trace, 

Dual Time Base 

V -1050 100 MHz Dual Trace, 

Dual Time Base 

Call For 
Special Intro 
Price Offer 

We carry a full line of multimeters, oscilloscopes, frequency counters, audio and 
RF generators, power supplies and accessories. 

Just call our Toll -Free number and one of our experts will answer all your 
questions about test equipment. 
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THESE 
ARE 

EARLY 

1981 B 
IN STOCK 

FOR IMMEDIATE 

-7 
y 

1479A Dual 

1477 Dual 

1432 Dual-Trace 

1 476 Dual 

1466 Single 
1405 Single 
1420 Dual 
CALL 

BIRD 

&K OSCILLOSCOPES 
AND 

DELIVERY 

e , 

0 _ 
46 44 

AVAILABLE 

FLUKE DIGITAL MULTIMETERS 

six functions 31/2-digit resolution 
dc voltage 
ac voltage 0.25% basic dc accuracy 

Model 8022B: dc current LCD display 
The Troubleshooter ac current 

resistance Overload protection 

diode test 

$139 
ipliP"-ix PRECISION 

-,rr 

-Trace 

-Trace 

-Trace 

Trace 

-Trace 
Trace 
FOR OUR 

SPECIAL 

30 MHz 

15 MHz 

15 MHz Portable 
10 MHz 
10 MHz 

5 MHz 
15 MHz Portable 

LOW PRICE 

itikEo 

Model 80206: 
The Analyst 

$189 ry Model 8024A: 
The Investigator 

$239 101. 
.. ' '" 

,:... ,' 

,' VI PORTABLE Ms -15 

OSCILLOSCOPES 
BATTERY OPERATED i 

it 4 y I 

sefunctlons 
dc 

NEW S 4,-4? 
voltage 

ac voltage 
dc current 
ac current 
resistance Nine functions Peak hold on voltage 
diode test dc voltage and current functions 
conductance (1 /R) ac voltage 

Selectable audible 
3'/: -digit resolution dc current indicator for 
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LETTERS 

continued from page 22 

our members demand, from Pascal pro- 
grams to home -control, computerized 
alarm systems, and other practical appli- 
cations. 

We hope to hold meetings monthly at 
members' homes. Club dues have not 
been set as yet, as we must find our first 
how many people are interested in the 
club. We need ambitious, eager people 
and welcome all inquiries. 
SCOTT SUMMER, 
The National Apple Newsletter, 
27 Leicester Way, 
Pawtucket, RI 

RADAR DETECTORS 
I would like to reply to the letter in the 

June 1981 Radio-Electronics by Mr. Del - 
ton T. Horn. Your magazine is quite excel- 
lent, and has no reason to apologize for 
anything he has commented upon. (1) 
Computerized ticketing -Big Brother 
would love that one -its sounds like 
something that Hilter would have pro- 
duced. (2) Radar detectors -they have 
not been shown to be foolproof, and are 
indeed subject to errors and abuse. 
Police, being all to human, are all too 
capable of using radar for harrassment, 
speed traps, etc. Since the courts tend to 
view radar evidence as gospel, our only 
defense is offense: radar detectors. Also: 
a receiver is still a receiver, whether it 
provides communication or not. (3) Pay- 

Design of Digital Systems six volumes 

ADVANCED COURSE 
DESIGN OF DIGITAL SYSTEMS 

Six large.lormei volume - each 111/4 g 8'A ". 

CONTENTS 
The contents of Design of Digital Sys- 

tems include: 
Book t : Octal. hexadecimal and binary 

number systems; representation of nega- 
tive numbers; complementary systems; 
binary multiplication and division. 

Book 2: OR and AND functions; logic 
gates: NOT, exclusive -OR, NAND, NOR and 
exclusive NOR functions; multiple input 
gates; truth tables; DeMorgan's Laws; 
canonical forms; logic conventions; Kar- 
naugh mapping; three -state and wired 
logic. 

Book 3: Half adders and lull adders; sub - 
tractors; serial and parallel adders; pro- 
cessors and arithmetic logic units (ALUS): 
multiplication and division systems. 

Book 4: Flip-flops; shift registers: 
asynchronous counters: ring, Johnson and 
exclusive -OR feedback counter; random 
access memories (RAMS): read -only 
memories (ROMs). 

Book 5: Structure of calculators: key- 
board encoding; decoding display data: 
register systems; control unit; program 
ROM; address decoding; instruction sets; 
instruction decoding; control program 
structure. 

Book 6: Central processing unit (CPU); 
memory organization; character represen- 
tation; program storage; address modes: 
input/output systems; program interrupts; 
interrupt priorities programming; assem- 
blers; executive programs, operating 
systems, and timesharing. 

OUR CUSTOMERS 
Design of Digital Systems has been 

bought by more than half the 50 largest 
corporations in America, and by Motorola, 
Intel. DEC. National Semiconductor, Fair- 
child. General Instrument, Hewlett - 
Packard. Heath Co.. M.I.T.. NASA, Smith- 
sonian Institute, Bell Telephone Labs. And 
many, many more, as well as corporations 
and individuals in over 50 countries. 

Designing 
Digital Systems 
Two programmed learning courses: 
hardware and software; theory 
and application. 

BASIC COURSE 

anti M 
Electronics 

'^°` 4 : 

rt` JK- 

Digital Computer Logic & Electronics 

CONTENTS 
Digital Computer Logic and Electronics 

is designed for the beginner. No mathe- 
matical knowledge other than simple arits. 
metic is assumed, though you should have 
an aptitude for logical thoupht. It consists 
of 4 volumes - each 11Y1' x 8' /." - and 
serves as an introduction to the subject of 
digital electronics. 

Contents include: Binary. octal and 
decimal number systems; conversion be- 
tween number systems; AND, OR, NOR 
and NAND gates and inverters: Boolean 
algebra and truth tables; DeMorgan's 
Laws; design of logical circuits using NOR 
gates; R -S and J K flip -flops; binary 
counters, shift registers and half-adders. 

CAMBRIDGE 
LEARNING Inc. 
1 Judith Drive 
North Reading, 
MA 01864 

Call (617) 664 -3657 to 
order by phone -free. 

7 days, 24 hours 

' Order free by phone 

Mastercharge /VISA 

No shipping charges 

Money -back guarantee 

Tax deductible 

' Save $5 

NO RISK GUARANTEE 
There's absolutely no risk to you. It you're 

not completely satisfied with your courses, 
simply return them to CLI within 30 days. 
We'll send you a full refund, plus return post- 
age. 

TAX DEDUCTIBLE 
In most cases, the full cost of CLI courses 

can be a tax deductible expense. 

PHONE ORDERS - FREE 
To order by phone. call (617) 664-3657 

with your credit card information. It won't 
cost you a dime, because we'll deduct the 
cost of your call from the price of the courses 
you order. 

TO ORDER BY MAIL 
You may use the order form below if you 

wish, but you don't need to. Just send your 
check or money order (payable to Cam- 
bridge Learning, Inc. to the address below. If 

you don't use the order form, make sure your 
address is on your check or the envelope, 
and write "DDS" (Design of Digital Sys- 
tems). "DCLE" (Digital Computer Logic & 

Electronics), or "both" (both courses) on 
your check. 

Mass. Residents add 5% sales tax. We pay 
all shipping costs. 

We also accept company purchase or- 
ders. 

AIR MAIL 
The prices shown include surface mail 

postage anywhere in the world. Air mail post- 
age costs an extra S10 for both courses (10 
volumes) . 

DISCOUNTS 
Call or write for details of educational and 

Quantity discounts. and for dealer costs. 

SAVE SS 

If you order both courses, you save 65. Order 
at no obligation today. 

Tag Cambridge Learning lee., 1 Judith Drive, North Readng, MA 01.4 
Pi aase send me 

sets of Design of Digital Systems Sts.55 

sets of Digital Computer Logic & Electronics 514.95 

sets of both courses $29.90 

EnoluaM b check /money order (payable to Gmbrldge Learning Inc.) for total 

NAME 

ADDRESS 

CITYISTATEIZIP 
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CIRCLE 17 ON FREE INFORMATION CARD 

TV decoders. Since they are still legal, 
Radio-Electronics has every right to pub- 
lish anything about them. 

I, too, am a concerned electronics tech- 
nician. My concern is with the govern- 
ment taking more and more control over 
my life. The "irresponsibility" lies in too 
much big government. 
MARK A. RECOB, 
Madison, WI 

I agree with your comments. However, 
pay -TV decoders have been ruled to be 
illegal devices by several courts. Thus, to 
make the situation worse, decoders are 
legal in some states and illegal in 
others.- Editor 

SUPER TWIN LEAD 
In reference to Mr. Dennis C. Brown's 

informative article, "How to Improve UHF 
Reception," in the July 1981 Radio-Elec- 
tronics, is it possible that neither he nor 
the Georgia Tech group know of a type of 
twin lead made by Belden (Belden type 
8235), which is rated at 2.2 dB losses per 
100 feet at 400 MHz? I believe that the 
loss is less than 4 dB at 800 MHz. It is 1- 

kilowatt transmitting lead made primarily 
for hams, but the cost is about that of 
shielded UHF lead. I have used it for years 
and receive 100 -mile distant stations on a 

VHF -UHF antenna. Best of all, it is not af- 
fected by rain! 
PRESTON C. RICE, 
Birmingham, AL 

AUDIO -SIGNAL RESTORATION UNIT 
After consultation with Mr. Joseph 

Gorin about his article, "Audio -Signal Re- 
storation Unit" (Radio-Electronics, April 
1981), I would like to alert those who are 
building the unit from their own parts 
stock (as opposed to the prepackaged 
kits): The unit will not work when 4739 
preamplifier IC's are substituted for the 
739 units required. Many retailers are 
shipping 4739 IC's from Exar or Raytheon 
when 739's are requested. Fairchild is the 
only manufacturer making the 739 at the 
present time. Using the 4739 will elicit 
correct operation of the noise -filter part 
of the circuit -but only silence from the 
expander! 
ALAN J. FRIDLUND, 
Martinez, CA 

ROBOT -BUILDERS' CLUB 
I am hoping to start a club in northern 

New Jersey /New York City /Long Island for 
anyone interested in building robots or 
working with them. I would like to make a 
list of all the people in those areas who are 
interested in joining such a club. 

Even if you are too far away to attend a 
meeting, please get in touch with me. At a 
later time, there might be a club in your 
area to which I could steer you. 

For the presently proposed club, there is 
as yet no meeting time or place, but we 
shall probably choose a location in New 
York City and meet on a week night. 

If you have any questions or problems 
with robots, please write to me; I might be 
able to help. 
DAVID SMITH 
4505 Kennedy Blvd., 
North Bergen, NJ R -E 
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EQUIPMENT REPORTS 

Ford Industries 
Code -A -Phone 1000 

Telephone- Answering 
Machine 

CIRCLE 101 ON FREE INFORMATION CARD 

FOR YEARS TELEPHONE -ANSWERING MACHINES 
were used only by businessses, and usually 
leased from local phone companies. Now pri- 
vately -owned telephone- answering devices are 
becoming more common every day. 

Certainly among the most easy -to- install- 

CODE -A -PHONE 1000 

OVERALL 
PRICE 

EASE 
OF USE 

INSTRUCTION 
MANUAL 

PRICE 
VALUE 

Qt 

1 2 3456 7 8 9 10 

fsV 5PÒ 

and use -telephone- answering machines is the 
Code -A -Phone 1000, from Ford Industries, 
Inc. (5001 S.E. Johnson Creek Blvd., Port- 
land, OR 97222). Although the Code -A- 
Phone 1000 is their bottom -of- the -line unit, 
with a suggested retail price of $139.95, it has 

features not found on more expensive units 
made by other manufacturers. 

The Code -A -Phone 1000 operates on AC 
power (it uses a UL- approved wall -plug trans- 
former), so you don't need to worry about dead 
batteries. It uses a modular plug to connect to 
the phone line (the connection is FCC - 
approved). If you have the older 4 -prong jacks, 
adapters are available from Ford Industries or 
your local electronics store. 

The beige plastic Code -A -Phone 1000 case 
has brown trim and silver knobs. The entire 
unit weighs only five pounds, and measures 12 

X 9 X 31/: inches. All controls are "human - 
engineered" for very simple use. Both the wall - 
plug transformer and the modular phone plug 
are at the ends of cables that are longer than 
six feet each, so you should have no difficulty 
in finding a suitable location for the unit. 

Among the unexpected features for a low - 
price telephone- answering machine are a call - 
counter, ring selection, built -in microphone, 
variable announcement length, selective mes- 

continued on page 32 

Añ encis 
gooda$ y 
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You've turned a good idea into a p ece of equipment - 
now you need a good enclosure. Here's how PacTec 
can help you with our versatile enclosures: 
Attractiveyet inexpensive. Durable ABS construction. 

Many sizes, colors, accessories. Built in 
bosses and slots speed component 
mounting. Available off -the -shelf 
from single unit to production 
quantities. See them at your 
PacTec Distributor. And ask 
him for your free catalog. 

PACETECCorp . 
subsidiary of La France Corp. 
Enterprise and Exécutive Avenues 
Philadelphia, PA 19153 (215) 365 -8400 

CIRCLE 35 ON FREE INFORMATION CARD 

PRINTED CIRCUIT KITS 
MAKE CARDS QUICKLY 

ONLY Vector kits contain: 
Positive photo- resist coated AND uncoated copper laminate -no 
messy photo -reversal -no spraying, dipping, or baking. 
4 types of art aids: rub transfers, ink, tape, cut and peel -use 1 or all. 
1:1 circuit art rub transfers -IC sets, pads, lines, connectors, 
symbols, letters, and numbers. 
Everything included -just add water and sunlamp or bright sunshine. 
Liquid etchant and developer -no dry chemical mixing problems. 

AND 
Process choices -make circuit on copper and etch for 1 card. 
Make circuit on film, expose, develop and etch for 1 or many cards. 

ART 
AIDS 

1sunlamp i iman 
developer t or many PC's 

cards & etchant 

.. card ;- etchant 1PC 

32XA1 kit makes 7 PC cards, $30.50, 32X -1 starter kit makes 2 cards. $17.05 
If net available locally factory order -Include $3.00 shipping, U.S. only 

Prices subject to Change without notice 
510177 

Vector Electronic Co., 12460 Gladstone Av., Sylmar, CA 91342 

CIRCLE 24 ON FREE INFORMATION CARD 
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EOUIPMENT AND TRAINING 
NO OTHER SCHOOL CAN MATCH. 
NTS HOME TRAINING INVITES YOU TO EXPLORE MICROCOMPUTERS 

DIGITAL SYSTEMS AND MORE, WITH STATE -OF- THE -ART EQUIPMENT 

YOU ASSEMBLE AND KEEP 
Without question, microcomputers are the 
state of the art in electronics. And NTS is the 
only home study school that enables you to 
train for this booming field by working with 
your own production -model microcomputer. 

We'll explain the principles of trouble- 
shooting and testing your microcomputer and, 
best of all, we'll show you how to 
program it to do what you want. 

You'll use a digital multimeter, a 

digital logic probe and other 
sophisticated testing 
gear to learn how to 
localize problems 
and solve 
them. 

, 

Send for the full color catalog in the elec- 
tronics area of your choice -discover all the 
advantages of home st.ady with NTS! 

NTS also offers courses in Auto Mechanics, 
Air Conditioning and Home Appliances. Check 
card for more information. 

1. 

We 
believe 
that training 
on production - 
model equipment, 
rather than home -made learning devices, 
makes home study more exciting and rele- 
vant. That's why you'll find such gear in most 
of NTS's electronics programs. 

For instance, to learn Color TV Servicing 
you'll build and keep the 25 -inch (diagonal) 
NTS /HEATH digital color TV. 

In Communications Electronics you'll be 
able to assemble and keep your own 
NTS /HEATH 2 -meter FM transceiver, plus test 
equipment. 

But no matter which program you choose, 
NTS's Project Method of instruction helps you 
quickly to acquire practical know -how. 

www.americanradiohistory.com



1. The NTS /Rockwell AIM 65 
Microcomputer A single board unit 

with on -board 20 column alphanumeric 
printer and 20 character display. A 6502 -based 

unit 4K RAM, expandable. 2. The NTS /KIM -1 

Microcomputer A single board unit with 6 digit 
LED display and on -board 24 key hexadecimal 

calculator -type keyboard. A 6502 based 
microcomputer with 1K RAM, expandable. 

3. The NTS /HEATH H -89 Microcomputer 
features floppy disk storage, "smart" 
video terminal, two Z80 micro- 
processors, 16K RAM memory, expand- 
able to 48K. 4. The NTS /HEATH GR- 
2001 Digital Color TV (25" diagonal) 
features specialized AGC -SYNC muting, 
filtered color and new solid -state high 
voltage tripler rectifier. 

/ 3. 

Simulated TV Reception 4 

NATIONAL 
TECHNICAL 
SCHOOLS 

TECHNICAL -TRADE TRAINING SINCE 1905 
Resident and Home -Study Schools 

4000 SO. FIGUEROA ST.. LOS ANGELES. CA. .0037 

NATIONAL TECHNICAL SCHOOLS 
4000 South Figueroa Street, 
Los Angeles, California 90037 Dept. 206 -091 

NTS Training hagrams 
in Consnrr and 

ndistrial Eier asnics 

Please rush FREE color catalog on course checked below 

MicroComputers /MicroProcessors 
Communications Electronics 
Digital Electronics 
Industrial Technology 

Name 

Address 

Apt. City 

State 

Check it interested in G.I. information. 
ri Check it interested ONLY in classroom training in Los Angeles 

Auto Mechanics 
Air Conditioning 
Home Appliances 
Color TV Servicing 

Age 

Zip 

1 

a. a 
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EQUIPMENT REPORTS 

continued from page 27 

sage erase, auto -stop, fast- forward, and a moni- 
tor. Let's discuss those in turn. 

Most answering machines in the low -price 
range don't have a call -counter, although some 
indicate when the unit has received at least one 
message, using a "flag" or a light. The Code - 
A -Phone 1000 has a window at the top of the 
unit through which you see a number (0 -20). 
If you've received four calls, for example, the 
number shown is 4. The counter also tells you 
which call you're listening to on playback. 

The ring- select feature allows you to choose 
which ring activates the device, from the first 
to the fourth, using a simple screwdriver 

adjustment located at the bottom of the unit. 
This feature lets you leave the Code -A -Phone 
1000 on most of the time, with the option of 
answering personally if it is convenient. To do 
that, set it to answer on the third or fourth 
ring. On the other hand, if you'll only be using 
the unit when you're away, set it to answer on 
the first or second ring. 

The built -in condenser microphone makes it 
easy to change your outgoing message, and 
eliminates another plug and cord as well as the 
danger of losing the microphone. 

Since it is so easy to change, the Code -A- 
Phone 1000 allows you to set the length (in 
seconds) of the outgoing message. That elimi- 
nates having to "fill" a predetermined time 
period, or to have a long silence after your 
outgoing message before the tone signals the 
caller to start talking. The Code -A -Phone 1000 

ADVANCE IS PROUD 
TO INTRODUCE 

6 Non- Linear Systems 

High Quality Oscilloscopes 
Backed by 

A Two -Year Warranty 

*(Exception: model M14130 is slightly deeper at e b 

VERTICAL D61FCflON 
MOOR MMAVDTH FACTOR 

10nV to SOV /div 
MS-230 icamz 

12 Ranges 

MS-215 15MHz 
10rxV to 50V /div. 

12 Ranges 

Mí15 15MHz 
10 mV to 50V/div. 

12 Ranges 

and heaver at 3.6 bs.). 

Mkt 
LASE 

O.OSp Sec to 0.2 Sec/de. 
21 Ranges 

0.10 sec to 0.5 Sec. 

21 Ranges 

0.1p Sec to 0.5 Sec. 
21 Ranges 

MS 230 

THE TEST EQUIPMENT 
SPECIALISTS 

TOLL FREE HOT LINE at 800 -223 -0474 low 
54 WEST 45th STREET. itllllll 

NEW YORK. N Y 10030 212.007.2224 

Call For 
Special Introductory 

Price Offer 

Non -Linear Systems' trio of mini - 
scopes are accurate, affordable, 
portable. And there's one to match 
nearly every budget and need. 
Standard features on all models 
include an input impedance of 1 

megohm with 50 pF; maximum in- 
put voltage of 350 V; trigger modes 
in auto, internal, external and line; 
slope that's + or - selectable; 
graticule (4x5 division of 0.25" 
each); dual power sources operat- 
ing either internally from recharge- 
able lead acid batteries or external- 
ly from 115 VAC or 230 VAC (50-60 
Hz) via plug -in transformer; handy 
size (2.9 "H x 6.4 "W x 8.0 "D) and 
weighs just 3 lbs.* 

Check the chart below for de- 
tails of model features and specifi- 
cations. 

The remarkable Touch Test 20 DMM. With 
the Touch Test 20 Non -Linear Systems intro- 
duces the 2 Ib. 4 oz. test lab. Now, with 20 
key test functions at your fingertips (plus the 
ability to measure 10 electrical parameters 
and 44 ranges), you can take one lab to the 
field instead of a cumbersome collection of 
individual testers. 

The new Touch Test 20 D M M features: 

Built in temperature measurement (including probe, 
F° and C °) 
Capacitance measurement 
DC Voltage (200 MV - 1000V) 
AC Voltage (200 MV - 1000V) 
DC Current (200 µA - 10A) 
AC current (200 pA -10A) 
Resistance (200 ß - 20Mß) 
Diode Test 

outgoing announcement can be set for 5, 10, 
15, or 20 seconds with a well -marked lever 
control, and is easily reviewed using the CHECK 

function on the main selector knob. 
A source of confusion on many answering 

machines is the "old" messages. New mes- 
sages, of course, automatically erase old ones 
as they record. But if previously you had, say, 
seven old messages, but only three new ones 
this time, the last four of the old messages are 
still on the tape. As you play back your mes- 
sages, you can hear a message that was record- 
ed days or weeks before and not realize it's an 
old message, since people rarely identify the 
time or date of their call. With the Code -A- 
Phone 1000, you can hold down the REWIND 
and MESSAGE ERASE key -type pushbuttons at 
the same time, erasing all messages back from 
that point on the tape. You can also erase while 
in the fast- forward mode. 

Most answering machines have a fast -for- 
ward control, so that on playback of your mes- 
sages you can quickly move ahead past short 
messages or calls where people hung -up with- 
out leaving any message. A nice feature of the 
Code -A -Phone 1000 push -button FAST -FOR- 

WARD switch is that it only needs to be pressed 
and released. It latches, moves ahead to the 
next message, and resumes normal speed auto- 
matically. If you wish, you can hold it down 
and move forward to whatever message you 
wish by watching the counter advance. 

To monitor incoming calls, just turn up the 
volume control and you can hear the caller 
speaking. If you wish to speak directly to the 
caller, just pick up your telephone handset; it is 
not necessary to turn off the Code -A -Phone 
1000. The Code -A -Phone 1000 will record 
both sides of the conversation until it shuts off. 
(Incoming message length is fixed at 30 sec- 
onds, for 20 messages total.) Your caller will 
have no trouble hearing you (although your 
voice's volume level will be a little below nor- 
mal). When the Code -A -Phone 1000 turns off, 
continue your conversation normally. 

Using the Code -A -Phone 1000 is easier than 
using any answering machine I've owned previ- 
ously, and I've had several. When you leave the 
house, just move the main control knob to 
ANSWER- that's all! When you return, if the 
counter has not advanced, just turn the main 
control knob to OFF. If the counter has 

advanced, move the control to PLAYBACK, press 
the REWIND key until the counter is back to 
where it was when you left (usually at zero) 
and press the START button. Unlike some 
machines, only the incoming message is heard; 
you do not have to listen to your outgoing mes- 
sage over and over. Since the Code -A -Phone 
1000 has automatic level control on record, 
you do not need to adjust the volume control 
when you leave. 

The booklet that accompanies the 1000 is 
very easy to follow, with large well -labeled 
photos and step -by -step instructions. 

The only suggestion I could make to im- 
prove the Code -A -Phone 1000 would be to add 
a small light to show when the unit is in the 
standby condition (answer or playback). That 
condition is easy to overlook, since the round 
control knob has only a short pointer line to 
indicate position, and the line is not visable 
from a distance. I added an LED to mine, and 
now I can tell from across the room when the 
unit is on. However, be aware that if you make 
this change yourself, you could void the 90 -day 
labor and I -year parts warranty on your Code - 
A -Phone 1000. R -E 

1 
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The Microperipheral 
Corporation 

Microconnection Modem 

CIRCLE 102 ON FREE INFORMATION CARD 

Micro Corp. MODEM 

OVERALL 
PRICE 

EASE 
OF USE 

INSTRUCTION 
MANUAL 

PRICE 
VALUE 

1 2 3 4 5 6 7 8 910 

A WHOLE NEW AREA OF INTEREST IS OPEN - 

ing in the personal computing field- telecom- 
munications, the transfer of computer data 
over telephone circuits. With a terminal or 
computer and a modem to interface it to a 

telephone line, you can transmit electronic 
mail in the form of letters or messages using 
computerized community bulletin boards and 
acquire material from time -sharing services. 
You can have access to computerized data 
bases, up-to -date news from the wire services, 
financial information, and stock market data. 
You can, in effect, have your computer talk to 
another computer! 

If you have a Radio Shack TRS -80 you 
would normally need an expansion interface 
with an RS -232 serial interface and a modem 
to join the telecommunications world. That 
would cost almost $600. (And a lot more if you 
add a disk and more memory!) However, for 
about $250 you can purchase the Microcon- 
nection, a 300 -baud modem with an RS -232 
interface and several additional features as 
well. 

The Microconnection is an FCC -approved 
"direct- connect" modem. It plugs into both 
your phone line and the TRS -80 keyboard. No 
expansion interface is required, and the Micro- 
connection has six screw -terminals and an RS- 
232 output connector on the back for a multi- 
tude of uses. No modification of any kind to 
the TRS -80 is required. No power is drawn 
from the TRS -80, since the Microconnection 
has its own power supply fed by a wall -plug 
transformer. The necessary software -a 
"dumb terminal" machine -language program 
(S80) -is supplied on cassette. Extensive op- 
tional software is available to make your TRS - 
80 a "smart- terminal," allowing the transfer of 
programs and offering some of the power of 
disk -based systems. 

The Microconnection measures just 7'/2 X 4 

X 2 inches and weighs less than two pounds. 
Two large circuit boards are housed in a two- 

piece black wrinkle -finish metal case. White 
silk- screened lettering identifies the two red 
LED's that protrude from the top and shows 
the settings for the two front -mounted push - 
switches. There are two switches, and they are 
the only controls. One is set for SIMPLEX (one- 
way) or DUPLEX (two -way) communication; 
the other is placed in the VOICE position for 
normal telephone use, or DATA for modem use. 
One LED is a POWER ON indicator. The other 
LED lights only when the CARRIER (signal) is 

being transmitted. 
Installation is simple. With your TRS -80 

off, you push the connector (at the end of a 
12 -inch ribbon -cable) onto the card -edge at 
the back of the keyboard unit. If you have an 
expansion interface, the connector pushes onto 
the card -edge of the screen printer port. The 
Microconnection now plugs into the phone line 
using the modular plug (at the end of a six -foot 
telephone cord that extends from the rear of 
the Microconnection). That plug mates with 
the standard telephone RJ -I1 modular jack, 
using a duplex jack (such as Radio Shack 279- 
357). Other adapters may be required if you 
have older 4 -prong telephone plugs. 

The RS -232, DB -25 female connector on 
the back of the Microconnection can be used 
for a serial printer, plotter, graphic display, 
another computer, or any other RS -232 driven 
device. 

The excellent, detailed manual (that in- 

cludes several photos, which is unusual in doc- 
umentation for low -priced peripherals) guides 
you through the connection procedure, as well 

as the loading and operation of the software 
program. You'll need to learn a few new com- 
mands using UP -ARROW and SHIFT keys. There 

continued on page 36 

RCA Receiving Tubes- 
for one -trip servicing. 

Most callbacks aren't caused by bad 
servicing. Components are the reason. 

That's why you need receiving tubes 
you can trust, dependable receiving tubes 
from RCA. We offer over 1,000 types- all 
produced to exacting specifications. 

For miniatures, Novars, Compactrons, 
Nuvistors, Glass Tubes, Metal Tubes and 
more, count on your RCA Distributor. He's 
got the tubes that help you finish the job 
in just one trip. 
Increase your profits with RCA service 
aids and sales promotion aids. 

See your local RCA Tube Distributor for 
RCA's technical guides, service tools and 
tube caddies. They all make your service 
work faster and easier while RCA's in -store 
signs and eye- catching displays promote 
your business professionally. 

RCR Receiving 
Tubes 

RCA Distributor & Special Products Division, 
Deptford, N.J. 08096 

www.americanradiohistory.com



TWELVE STRONG 
HEATH /ZENITH YOUR 

Pick a strong partner 
A computer purchase is the beginning of a long term 
partnership between you and the people you buy from. 
Your ongoing need for software and accessories re- 
quires a partner who will stand by you with a growing 
line of products. And nowhere will you find a more com- 
plete line of hardware, software and accessories than 
at your Heathkit Electronic Center. Here are twelve 
strong reasons to make Heath /Zenith your partner. 

1. The All -In -One Computer 
The heart of the Heath /Zenith line is the stand -alone 
89 Computer. It's a complete system with built -in 51/4 -inch 
floppy disk drive, professional keyboard and keypad, 
smart video terminal, two Z80 microprocessors, and 
two RS -232C serial I/O ports. It comes with 16K RAM, 
expandable to 64K. 

2. Peripherals 
These include the popular Heath /Zenith 
19 Smart Video Terminal, loaded with 
professional features. And the 14 Line 
Printer, priced as low as $495. Other 

printer brands are on display, 
including high- 

speed, typewriter -do 
quality printers. Nomon 

3. Software 
Word processing, includes reliable, easy -to -use 
Zenith Electronic Typing and powerful, full- featured 
WORD STAR. 
Small Business Programs, feature General Ledger and 
Inventory Control. 
HUG, Heath Users' Group, offers members a library of 
over 500 low -cost programs for home, work or play. 

4. Programming Languages 
For your own custom programs, 
Microsoft languages are 
available in BASIC (compiler 
and interpreter), FORTRAN 
and COBOL. 

5. Operating Systems 
Three versatile systems give you the capability to per- 
form your specific tasks. 
CP /M by Digital Research makes your system com- 
patible with thousands of popular CP /M programs. 
UCSD P- System with Pascal is a complete program 
development and execution environment. 
HDOS, Heath Disk Operating System gives you a 
sophisticated, flexible environment for program 
construction, storage and editing. 

6. Utility Software 
Expand the performance range of your computer with 
a broad selection of utility tools, including the best of 
Digital Research and the complete line of innovative 
Softstuff products. 

7. Disk Systems 
The 8 -inch Heath/Zenith 47 
Dual Disk System adds over 2 
megabytes of storage to your 

89 Computer. Diskettes are 
standard IBM 3740 format, double- sided, 
double- density. 
The 51/4 -inch 87 Dual Disk System adds 
200K bytes of storage to your 89. Both 
disk systems feature read /write protec- 
tion and easy plug -in adaptability. 

8. Self -Study Courses 
Learn at your own pace 
with Programming 
Courses that teach you 
to write and run your own 
programs in Assembly, 
BASIC, Pascal or 
COBOL. 
A course on Computer Concepts 
for Small Business gives you 
the understanding to eval- 
uate the ways a computer 
can benefit your business. 
Personal Computing is a 
complete introduction to 
the fundamentals for the 
novice. Every Heath kit/ 
Zenith course is pro- 
fessionally designed 
for easy, step -by- 
step learning. 

All Heath /Zenith 
Computer Products 
are available completely 
assembled and tested for 
commercial use. Or in easy - 
to- build, money- saving kits. 
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REASONS TO MAKE 
COMPUTER PARTNER 

is9. Expansion Options 
Communicate with the outside world through a Three- 
port EIA RS -232C Serial Interface. 

Expand RAM to 64K with easy -to- install expansion 
chips. 

10. Accessories 
AID Your Heathkit Electronic Center has the 

latest in modems, black- and -white and 
color video monitors, computerfurniture 

and a full line of supplies, accessories, books 
and parts. 

11. Service 
No one stands by you like Heath /Zenith. 
We help you get your system up and 
running smoothly. Service is avail- 
able from trained technicians, 
over the phone or at one of 56 
Heathkit Electronic Centers. 

12. Value 
Your money buys you more because 
Heath /Zenith prices are among the industry's most 
competitive. Make your own comparison and find out 
how much you can save. 

Complete, integrated computer hardware and soft- 
ware, designed to serve you and to grow with you 

- that's what to look for in a strong partner. And 
with Heath /Zenith you get it all under 

one roof. 

All at your 
Heathkit Electronic 
Center 
Pick the store nearest you 
from the list at right. And 
stop in today for a demon- 
stration of the Heath /Zenith 
89 Computer System. If you 
can't get to a store, send 
$1.00 for the latest Heathkit® 
Catalog and the new Zenith 
Data Systems Catalog of 
assembled commercial 
computers. Write to 
Heath Co., Dept. 020 -814, 
Benton Harbor, MI 49022. 

Visit Your Heathkit Electronic Center* 
where Heath /Zenith Products are displayed, sold and serviced. 

PHOENIX, AZ 
2727 W. Indian School Rd. 
602 -279 -6247 

ANAHEIM, CA 
330 E. Ball Rd. 
714 -776 -9420 

CAMPBELL, CA 
2350 S. Bascom Ave. 
408 -377 -8920 

EL CERRITO, CA 
6000 Potrero Ave. 
415 -236 -8870 

LA MESA, CA 
8363 Center Or 
714 -461 -0110 

LOS ANGELES, CA 
2309 S. Flower St. 
213 -749 -0261 

POMONA, CA 
1555 N. Orange Grove Ave. 
714 -623 -3543 

REDWOOD CITY, CA 
2001 Middlefield Rd. 
415 -365 -8155 

SACRAMENTO, CA 
1860 Fulton Ave. 
916- 486 -1575 

WOODLAND HILLS, CA 
22504 Ventura Blvd. 
213 -883 -0531 

DENVER, CO 

5940 W. 38th Ave. 
303 -422 -3408 

AVON, CT 
395 W. Main St. (Rt. 44) 
203 - 678 -0323 
HIALEAH, FL 
4705 W. 16th Ave. 
305 -823 -2280 

PLANTATION, FL 
7173 W. Broward Blvd. 
305 -791 -7300 

TAMPA, FL 
4019 W. Hillsborough Ave 
813- 886 -2541 

ATLANTA, GA 
5285 Roswell Rd. 
404 -252 -4341 

CHICAGO, IL 
3462 -66 W. Devon Ave 
312- 583 -3920 

DOWNERS GROVE, IL 
224 Ogden Ave. 
312- 852 -1304 

INDIANAPOLIS, IN 
2112 E. 62nd St. 
317 -257 -4321 

MISSION, KS 
5960 Lamar Ave. 
913- 362 -4486 

LOUISVILLE, KY 
12401 Shelbyville Rd. 
502- 245 -7811 

KENNER, LA 
1900 Veterans 
Memorial Hwy. 
504 -467 -6321 

BALTIMORE, MD 
1713 E. Joppa Rd. 
301 -661 -4446 

ROCKVILLE, MD 
5542 Nicholson Lane 
301 - 881 -5420 

PEABODY, MA 
242 Andover St. 
617 -531 -9330 

WELLESLEY, MA 
165 Worcester Ave. 
617 -237 -1510 

DETROIT, MI 
18645 W Eight Mile Rd. 
313 -535 -6480 

E. DETROIT, MI 
18149 E. Eight Mile Rd. 
313 -772 -0416 

HOPKINS, MN 
101 Shady Oak Rd. 
612 -938 -6371 

ST. PAUL, MN 
1645 White Bear Ave. 
612 - 778 -1211 

BRIDGETON, MO 
3794 McKelvey Rd. 
314 -291 -1850 

OMAHA, NE 
9207 Maple St. 
402- 391 -2071 

ASBURY PARK, NJ 
1013 State Hwy. 35 
201 -775 -1231 

FAIR LAWN, NJ 
35 -07 Broadway (Rt. 4) 
201- 791 -6935 
AMHERST, NY 
3476 Sheridan Dr. 
716 -835 -3090 

JERICHO, L.I. NY 
15 Jericho Turnpike 
516- 334 -8181 

ROCHESTER, NY 
937 Jefferson Rd. 
716 -424 -2560 
N. WHITE PLAINS, NY 
7 Reservoir Rd. 
914-761-7690 

CLEVELAND, OH 
28100 Chagrin Blvd. 
216 -292 -7553 

COLUMBUS, OH 
2500 Morse Rd. 
614 -475 -7200 
TOLEDO, OH 
48 S. Byrne Rd. 
419 -537 -1887 

WOODLAWN, OH 
10133 Springfield Pike 
513 -771 -8850 
OKLAHOMA CITY, OK 
2727 Northwest 
Expressway 
405 -848 -7593 

FRAZER, PA 
630 Lancaster Pike 
(Rt. 30) 
215- 647 -5555 
PHILADELPHIA, PA 
6318 Roosevelt Blvd. 
215 -288 -0180 

PITTSBURGH, PA 
3482 Wm. Penn Hwy. 
412- 824 -3564 

WARWICK, RI 
558 Greenwich Ave. 
401 -738 -5150 

DALLAS, TX 
2715 Ross Ave. 
214 -826 -4053 

HOUSTON, TX 
1704 W. Loop N. 
713 -869 -5263 
SAN ANTONIO, TX 
7111 Blanco Road 
512 -341 -8876 
MIDVALE, UT 
58 East 7200 South 
801- 566 -4626 
ALEXANDRIA, VA 
6201 Richmond Hwy. 
703 -765 -5515 
VIRGINIA BEACH, VA 
1055 Independence Blvd. 
804 -460 -0997 
SEATTLE, WA 
505 8th Ave. N. 
206 -682 -2172 

TUKWILA, WA 
15439 53rd Ave. S. 

206 -246 -5358 
MILWAUKEE, WI 
5215 W. Fond du Lac 
414- 873 -8250 

'Units of Veritechnology 
Electronics Corporation in 
the U.S. 

Prices and specifications subject to change without nonce. 

HEATH /ZENITH 

Your strong partner 
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EQUIPMENT REPORTS 

continued from page 33 

are about 200 free "community bulletin board 
systems" (CBBS) around the country, with 
more popping up all the time. Although those 
CBBS's use various home computers (TRS- 
80, Apple, PET, OSI, Heath, and others) the 
300 -baud ASCII communication standard lets 
you "microspond" with any of them! Each con- 
tains "HELP" commands to document their 
own operation. Unfortunately, although a 

transmission standard (Bell System 103 com- 
patible) exists, individual CBBS's may use dif- 
ferent operational commands. A "G" on one 
means "goodbye ", while another uses a "T" 
(for "terminate "). Worse yet, the .same corn- 

mand letter can mean entirely different things 
on different CBBS's ( "E" can mean "EDIT" 
or "EXIT ", for example). After getting ac- 
quainted with the Microconnection and CBBS 
operations, you're ready for the "big time" 
with THE SOURCE or MicroNET, both of 
which are huge time -sharing systems available 
by subscription. 

I found CompuServe's MicroNET an entire 
world of its own! It's like a gigantic cavern with 
bunches of caves in any direction -but that's a 

whole article in itself. MicroNET is very well 
documented with a 70 -page two-color manual 
describing the commands, your own personal 
I25K file area, the t ulletin board, games, and 
various services and directories. MicroNET 
now also offers a stock- quoting service, elec- 
tronic mail, and news that comes right off the 
wire services. Radio Shack stores sell member- 

ADVANCE IS PROUD TO INTRODUCE the 
KEITHLEY Line of High Quality Digital Multimeters 

Featuring The New 130 Hand -Held DMM 

Rugged DMMs from Keithley - all feature large, bright 
LCD display, easy -to -use rotary switches, externally accessible 
battery and fuse, l0A current range, diode test capability, low 
battery indicator, cushioned components. 

Model 131. Similar 
to Model 130, with 
increased 
accuracy '134 

Model 130. Our 
most popular model, 
the price /perfor- 
mance champ .. s125 

Model 135. First 
41/2-digit DMM with 
hand -held 
convenience . 5219 

ACCURACY SENSITIVITY 
MODEL DCV DCA ACV ACA fl DCV DCA ACV ACA U 

130 0.5% 1% I% 2% 0.5% 100µV 1µA 1000V 1µA 100m12 

131 0.25% 0.75% 1% 2% 0.2% 100µV 1µA 100µV 1µA 100mí1 

135 0.05% 0.5% 1'", 1.5% 0.2% IOOpV INA I00pV 1µA 100mí1 

( .i+e $10.00 Shipping $3.00 l 
S WEST 45m STREET. NEW YORK N Y 10036 212.687 2224 

THE TEST EQUIPMENT SPECIALISTS 
TOLL FREE HOT LINE 

800 -223 -0474 

NSA 

ships to MicroNET for $29.95, including the 
software and one hour of free connect time 
(which is regularly $5 an hour). The same 
membership is available from The Microperi- 
pheral Corporation. 

But communications using the Microcon- 
nection are not limited to the phone lines. If 
you are a ham radio operator, you can transmit 
over the air in ASCII code to another station 
similarly equipped. The Microconnection 
manual describes the connections (including 
automatic transmitter turn -on with the push - 
to-talk line) using four of the six screw termi- 
nals on the back of the device. 

Also, since ASCII is the "universal" code of 
computers, it's possible to record programs on 
cassette tape. Three of the rear screw- termi- 
nals are used to connect to your cassette 
recorder for recording and playback of ASCII 
tapes at 300 baud. 

After several weeks of using the Microcon- 
nection on several CBBS's and MicroNET, I 
feel I've only begun to exercise its potential. 
The Microconnection has operated flawlessly, 
dutifully obeying all my commands (even the 
wrong ones) as I aimlessly wandered in awe 
through various MicroNET services (and vari- 
ous bulletin boards within MicroNET). 

Technical specifications for the Microcon- 
nection are available from the manufacturer, 
The Microperipheral Corporation, P.O. Box 
529, Mercer Island, WA 98040. The Micro- 
connection for the TRS-80 computer sells for 
$249.00. R -E 

Grove Enterprises 
Shortwave /L ong wa ve 

Tuner 

' g¡BÑE1'f T4'M[f . 

CIRCLE 103 ON FREE INFORMATION CARD 

GROVE LW /SW TUNER 

OVERALL 
PRICE 

EASE 
OF USE 

INSTRUCTION 
MANUAL 

PRICE 
VALUE 

s 
1 2 3 4 5 6 7 8 910 

Esvi CP6 

WHILE A NUMBER OF RECEIVER PRESELECTORS 
and tuners are on the market, the Grove Enter- 
prises Shortwave /Longwave Tuner is the first 
to tune the entire IO kHz -30 MHz frequency 
range. 

A multi -position rotary switch selects a reso- 
nant inductor that is placed in series with a 
tuning capacitor (TUNE control). That circuit 
optimizes coupling between the antenna and 
the receiver at the desired frequency. Two but- 
tons are used to connect one of two antennas to 
one of two receivers. That lets you select 

continued on page 81 

www.americanradiohistory.com



Light- torque rotary switches 
make the LM -3.5A DMM as 
easy to operate as it is to carry. 

VAC 
VDC kM[2 100 

ACmA 10 

OCmA 1 

OFF 

On a benchtop or a belt, over a shoulder or in a tool kit, the LM 3 5A DMM, and its LCD ccunterpart, 
the LM -350, are ready to go when you are. 

Convenience. That's the key to Non - 
Linear Systems' best -selling LM -3.5A. 
A high -performance, competitively - 
priced, all- purpose mini DMM. Conven- 
ience from light- torque rotary switches. 
So operation's a cinch. Convenience 
from bold, bright LEDs. For instant, 
accurate, numeric answers. Unlike 
some competitive meters, the LM -3.5A 
features both vertical and horizontal 
readings. And an optional leather carry- 
ing case with belt loops and shoulder 
strap assures hands -free operation. 

At 9.2 oz., the LM -3.5A is portability 
at its best. There's more. The LM -3.5A 
is a 3% -digit DMM. Features 2,000 
counts per range -100% over -ranging. 
Result? Increased accuracy and reso- 
lution between readings of 999 -2,000. 
It also reduces the amount of range 
shifting when measuring near 1,000. 

Troubleshooters swear by it. Repair- 
men find the LM -3.5A works wonders 
on tvs, business machines, even cam- 
eras. Checks all quiescent AC and DC 
voltage values. Spots current drains. 
Measures the resistance of suspect 
components. Quickly and precisely. 

Other DMMs to match your needs. 
The LM -3.5A is just one in a full series 
of 3 to 4 -digit DMMs. If you need LCD 
convenience for measurements out- 
doors, we market the LM -350, among 
others. You don't pay for true RMS 
capabilities you don't need. But if you 
do need true RMS readings, Non -Linear 
Systems can oblige. 

FM -7. The bantam frequency meter. 
Portability teams with performance in 
the FM -7. The smallest, 7- digit, 60- 
MHz,battery or AC line -operated instru- 
ment available. 

LM -3.5A at a glance. 

DC Volts 
AC Volts 

Kilohms 

AC/DC Current 

Polarity Selection 
Readout 
Size 

Weight 

Power 

Price 

1 to 1,000, 4 ranges 
1 to 750, 4 ranges 
1 to 10000, 5 ranges 

1 mA to IA, 4 ranges 
Automatic 
0.3" Red LED 

1.9" H x 2.7" W x 4.0" D 

9.2 oz (batteries installed) 

3 type AA rechargeable 
Nicad batteries and charger 

5165.85 

LT-3 Digital Temp Metei Featuring 
0.1° resolution and high accuracy, the 
31/2- digit, 2,000 count full scale LT -3 is 
indispensable for home or industry. 
Checks everything from thermostats to 
appliances. Even monitors critical 
operations like photoprocessing and 
electroplating. 

The LT -3 can be supplied with any 
of eight thermistor and RTD temp 
sensors to read ranges of 0- 100 °C, 
32-199.9°F, or 0-199°C or E. 

Work outdoors? Then the LT -31 
(LCD format) is the ticket. 

f+9tl wra MOMi 
8.88E1888 

Operator convenience is the key to our line of frequency and temperature meters, too. Pictured left to 
right, SC -5 prescaler, FM -7 frequency meter, LED format LT -3 digital temp meter, and its LCD cousin, 
the LT -31. Top, the MLB -1 digital logic probe. 

Hobbyists, radio and tv studios, 
phone companies and the military all 
depend on the versatile FM -7. Whether 
the job calls for calibrating fixed, vari- 
able frequency or voltage -controlled 
oscillators, checking flowmeters, high- 
speed photocell counters, or setting 
the IF or heterodyne frequency in com- 
munications equipment, the FM -7 is a 
standout performer. 
SC -5 Prescaler. Top range booster. 
This 512 -MHz, battery or AC line -oper- 
ated prescaler was developed to extend 
the frequency range of the FM -7 from 
60 to 512 MHz. Adapts to most other 
frequency meters, too. 

Get the word on us. We offer a full 
lineup of convenient, competitively - 
priced products. From DMMs, fre- 
quency and temp meters to miniscopes 
and DPMs. 

For further technical information or 
the names of your nearest distributors, 
contact Non -Linear Systems Inc., 
533 Stevens Ave., Solana Beach, CA 
92705. Telephone (714) 755 -1134. 
TWX 910 -322 -1132. 

Non -Linear Systems, Inc. 
Specialists in the 
science of staying ahead. 

1981 Non -Linear Systems, Inc. 

CIRCLE 52 ON FREE INFORMATION CARD 
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Learning 
electronics 
is no picnic. 

At any level it 
takes work and 
a few sacrifices. 
But with CIE, 
it's worth it. 

www.americanradiohistory.com



Whoever said, "The best things in life 
are free;' was writing a song, not living 
a life. Life is not just a bowl of cherries, 
and we all know it. 

You fight for what you get You get 
what you fight for. If you want a 
thorough, practical, working knowl- 
edge of electronics, come to CIE. 

You can learn electronics at home 
by spending just 12 hard- working 
hours a week, two hours a day. Or, 
would you rather go bowling? Your 
success is up to you. 

At CIE, you earn your diploma. It 
is not handed to you simply for putting 
in hours. But the hours you do put in 
will be on your schedule, not ours. 
You don't have to go to a classroom. 
The classroom comes to you. 

Why electronics training? 
Today the world depends on 

technology. And the "brain" of 
technology is electronics. Every year, 
companies the world over are finding 
new ways to apply the wonders of 
electronics to control and program 
manufacturing, processing... even to 
create new leisure -time products and 
services. And the more electronics 
applications there are, the greater the 
need will be for trained technicians to 
keep sophisticated equipment finely 
tuned and operating efficiently. That 
means career opportunities in the 
eighties and beyond. 

Which CIE training fits you? 
Beginner? Intermediate? Advanced? 

CIE home study courses are designed 
for ambitious people at all entry 
levels. People who may have: 
1. No previous electronics knowledge, 
but do have an interest in it; 
2. Some basic knowledge or experience 
in electronics; 
3. In -depth working experience or 
prior training in electronics. 

You can start where you fit and fit 
where you start, then go on from there 
to your Diploma, FCC License and 
career. 

Many people can be taught 
electronics. 

There is no mystery to learning elec- 
tronics. At CIE you simply start with 
what you know and build on it to 
develop the knowledge and techniques 
that make you a specialist. Thousands 
of CIE graduates have learned to 
master the simple principles of elec- 
tronics and operate or maintain even 
the most sophisticated electronics 
equipment. 

CIE specializes exclusively in 
electronics. 

Why CIE? CIE is the largest 
independent home study school that 
specializes exclusively in electronics. 
Nothing else. CIE has the electronics 
course that's right for you. 

Learning electronics is a lot more 
than memorizing a laundry list of 

facts about circuits and transistors. 
Electronics is interesting! It is based 
on recent developments in the industry. 
It's built on ideas. So, look for a 
program that starts with ideas and 
builds on them. Look to CIE. 

Programmed learning. 
That's exactly what happens with 

CIE's Auto -Programmed® Lessons. 
Each lesson uses famous "programmed 
learning" methods to teach you 
important principles. You explore 
them, master them completely, before 
you start to apply them. You 
thoroughly understand each step 
before you go on to the next. You 
learn at your own pace. 

And, beyond theory, some courses 
come fully equipped with electronics 
gear (the things you see in technical 
magazines) to actually let you perform 
hundreds of checking, testing, and 
analyzing projects. 

Experienced specialists work 
closely with you. 

Even though you study at home, 
you are not alone! Each time you 
return a completed lesson, you can be 
sure it will be reviewed, graded and 
returned with appropriate 
instructional help. When you need 
additional individual help, you get it 
fast and in writing from the faculty 
technical specialist best qualified to 

answer your question in terms you can 
understand. 

CIE prepares you for your FCC 
License. 

For some jobs in electronics, you 
must have a Federal Communications 
Commission (FCC) License. For 
others, some employers tend to 
consider your license a mark in your 
favor. Either way, your license is 

government -certified proof of your 
knowledge and skills. It sets you apart 
from the crowd. 

More than half of CIE's courses 
prepare you to pass the government - 
administered exam. In continuing 
surveys, nearly 4 out of 5 graduates 
who take the exam get their licenses! 
You can be among the winners. 

Associate Degree 
Now, CIE offers an Associate in 

Applied Science Degree in Electronics 
Engineering Technology. In fact, all 
or most of every CIE Career Course 
is directly creditable towards the 
Associate Degree. 

Today is the day. Send now. 
Fill in and return the postage -free 

card attached. If some other ambitious 
person has removed it, cut out and 
mail the coupon. You'll get a FREE 
school catalog plus complete 
information on independent home 
study. For your convenience, we'll try 
to have a CIE representative contact 
you to answer any questions you may 
have. 

Mail the card or the coupon or write 
CIE (mentioning name and date of 
this magazine) at: 1776 East 17th 
Street, Cleveland, Ohio 44114. 

Pattern shown on 

oscilloscope screen 

is simulated. 

--------------- 
1 

1 

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

Accredited Member National Home Study Council 

YES...i want to learn from the specialists in electronics -CIE. Send me my FREE 
CIE school catalog...including details about the Associate Degree program...plus my 
FREE package of home study information. 

Print Name 

1 

1 

1 

I MAIL TODAY! 

Address Apt 

City 

State Zip 

Age Phone (area code) 

Check box for G.I. Bill bulletin on Educational Benefits: Veteran Active Duty 
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Good news for you and your 
customers. NESDA /ISCET 
rates RCA serviceability: 

'xce 
"The RCA CTC rob 

and CTC ro9 chassis 
have earned the highest 
possible serviceability 
rating category .. . 
Excellent ... by incor- 
porating serviceability 
features required in the 
ISCET Serviceability 
Rating Form. 

"RCA's many years 
of cooperation with 
ISCET's Serviceability 
Committee has helped 
produce excellent 
results." 
-Dean R. Mock, Chairman, NESDA/ 
ISCET Serviceability Committee 

ISCET's 92% (CTC 
108) and 93% (CTC 109) 
ratings were good news to 
us. Because they mean that 
some of the most demanding 
critics in the industry agree 
that we've succeeded in de- 

signing chassis that not only 
give your customers a first 
rate picture, but are easy to 
repair too. Here are some 
reasons why they think so: 

All subassemblies 
plug into chassis. No tools 
are needed to remove chassis 
(main circuit board). Just 
remove the cabinet back, 
unplug subassemblies and 
the chassis is ready for 
removal. 

Roadmapping on 
both sides of the board. 
Although the XL -100 
chassis use single -sided 
circuit boards, double 
road - mapping means you 
can easily trace circuits from 
either side. 

Circuits and 
voltages directly 
identified. Major circuit 
areas as well as power supply 
source and key pulse 
voltages are labeled by name 
on the board. So you can 
find them fast. 

That all means that 
when you do have to repair 
our new XL -100 chassis, in 
most cases you can fix them 
quickly and easily. 

And you won't have to 
waste your valuable time 
trying to find out where to go 
to fix what you already know 
is wrong. 

Because to us that's 
what really counts. Making 
your job easier and 
your customers 
happier. 

RC,' 
RCA IS MAKING 
TELEVISION 
BETTER AND BETTER. 

For your free subscription to RCA 
COMM ('NICA¡OR. our mayanne of news 
and advice for service technicians. ante: RCA. 
Dept. /453. rap North Sherman Drive. Indianapolis. IN -11i211. 

CIRCLE 75 ON FREE INFORMATION CARD 
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THE USE OF DELAY LINES IN AUDIO RE- 

production is an increasingly popular 
way to add a sense of realism to rec- 
orded music. By simulating the re- 
verberation charactistics of a large 
room or hall electronically. and feeding 
that information to loudspeakers, the 
sensation of a large listening area is 

created. State -of -the -art systems using 
digital storage and microprocessors are 
capable of producing a complex, realistic 
simulation of large concert halls in a 

typical living room. Simpler systems, 
using either mechanical or electronic 
(digital or analog) delay schemes can 
produce a significant improvement in 
the audible performance of a music sys- 
tem. particularly if they can avoid the 
artificial quality that is associated with 
electronic reverberation. 

Ideally. it would be desirable to 
simulate the natural reverberance of a 

concert hall. When a sound is produced 
on stage, a small fraction of the sound 
reaches a listener in the audience di- 
rectly. This direct (first arrival) sound 
determines the direction and pitch of 
the source. Shortly thereafter, echos 
(reflections) reach the listener by the 
shortest path from a wall. More reflec- 

'Signetics Corp . Sunnyvale CA 

R -E TESTS IT 

LEN FELDMAN 
CONTRIBUTING HI -FI EDITOR 

THE ANALOG REVERBERATION SYSTEM IS AN 

audio add -on unit that simulates The 
ambience and acoustic environmen: of 
large listening spaces such as concert 
halls, night clubs, auditoriums, and 
even cathedrals. An audio delay is in- 
troduced by using charge -coupled de- 
vices (COD's), commonly referred tc as 
bucket -brigade systems, instead of the 
A/D and D/A converters and digital sig- 
nal- storage used by some other time 
delay /reverberation units. In use, pro- 
gram signals are taken from the main 
stereo system (using a TAPE our jack - 
pair) and connected to the two inputs 
on the reverberation unit. Some de- 
layed and, if desired. reverberated. sig- 
nals are fed from the output of the re- 
verberation system to a secondary am- 
plifier and, in turn, to one or more 
speakers positioned behind or to the 
sides of the listener. A single speaker, 
without an amplifier. can also be used. 

As is true of all time -delay units of 
this type, the longer the time delay in- 
troduced. the narrower the bandwidth 
or pass -band of the time -delay system. 
The time delay available on this re- 
verberation system varied from ap- 

Continued 

tions occur as the sound bounces off 
other walls, the ceiling, the floor. and 
objects in the hall. Because there are, in 
essence, an infinite number of paths for 
the reflections to follow, the reverbera- 
tion is not a series of individual echoes, 
but a continuous flow of sound. It 
builds up in a short period of time (typi- 
cally a few milliseconds) and may take 
several seconds to die away. The re- 
verberation time of a hall is defined as 

the time required for the sound level to 
decrease by 60 dB. 

Electronic reverberation 
Unfortunately, using either digital or 

analog delay lines, this sort of reverbera- 
tion is difficult to simulate. The typical 
scheme for producing -everberation 
electronically is shown in Fig. I. When 
a signal is applied to the input, it is de- 
layed before it appears at the output. 
The delayed signal is fed hack to the in- 
put after being reduced in level, so that 
it is delayed again. That feedback 
arrangement allows the reverberation 
quality to be changed, either by in- 
creasing the delay time or by changing 
the amount of delayed signal fed back 
to the input. 

A system of this type does, however. 
have several drawbacko. First, the 

4111/1/aL REVERB 
T/OSINIE 

-- 

ARS-9T1 
ANALOG REVERO/ERATWN 

SYSTEM 

INPUT 
LEVEL 

giVE!D 

111 oU1PU1 
LEVEL] 
POWER 

CARL SAWTELL* 

While nothing may sound quite as good as 

music performed live in a concert hall, this system will add that 

"concert hall' feeling to your home sound system. 
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proximately 5 to 50 milliseconds. 
Those delay times are illustrated in the 
oscilloscope traces shown in Figs. 1 

and 2. The upper trace in Fig. 1 is atone 
burst. That tone burst was used as the 
input signal to the analog reverb sys- 
tem. With its DELAY control at minimum 
(fully clockwise) the output signal the 
lower trace in Fig. 1) was displaced by 
approximately 5 milliseconds (the sweep 
rate is 5 ms per division in both Figs. 1 

and 2). Figure 2 shows the maximum 
time -displacement between the input 
(upper trace) and output (lower trace) - 
about 50 milliseconds. 

Two frequency- response curves are 
shown in Fig. 3. The upper curve, 
which has a rolloff of 3 dB (at the out- 
put of the device) at 3.5 kHz, shows the 
response obtained with the minimum 
time delay; the lower curve, in which 
response is already down by some 13.5 
dB at the same 3.5 kHz test frequency, 
shows the response obtained with the 
DELAY control set to maximum. 

While those response curves may ap- 
pear to be anything but "high fidelity" , 

you must understand that reflected 
sounds (which the delayed sounds are 
intended to simulate) also have their 
high frequencies highly attenuated. 
Highs are more easily absorbed by 
walls, floors, ceilings, and other sur- 
faces, while mid -frequencies and lows 
tend to bounce back with little, or no 
loss. Thus, the tendency of the analog 
reverberation system to increasingly 
attenuate high frequencies as the delay 
time is increased is desirable, and is 
not an unwanted side -effect of this, or 
any other time delay /reverb system. 

We measured the total harmonic -dis- 
tortion of the reverberation system for 
a mid -frequency (1 kHz) and for a rela- 
tively low frequency, with 1 volt applied 
to the inputs. With delay time set to 

FIG. 1 
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minimum, the total harmonic distor- 
tion was 1.6% at 1.0 kHz and 3.1% at 
100 Hz. Turning the delay co-ltrol to its 
opposite extreme, we measured a total 
harmonic distortion of 1.3% at 1 kHz 
and 1.55 %at 100 Hz. Again, while these 
levels may seem a bit on the high side 
to audio buffs, it must be remembered 
that the total contribution of sound en- 
ergy by the delayed channel is but a 
fraction of the total sound reaching the 
listeners' ears. That's because in an 
ideal setup of this kind, the listener ad- 
justs the rear -channel (delayed) sound 
so that he or she is not consciously 
aware that there is a separate source at 
the rear of the listening room. Thus, if 
the contribution of the delayed chan- 
nel is even just 3 dB lower than that of 

FIG. 5 

each of the primary channels, the total 
harmonic distortion added by the rear 
channel is only one -third as great as 
the numbers would imply. 

Figure 4 shows what happens when 
the reverberation control is advanced, 
while the basic time delay is kept at its 
minimum and the FEEDBACK DELAY con- 
trol is set to one extreme. Note the ap- 
pearance of additional, delayed signals 
of decreasing intensity. Those extra 
signals have a decay characteristic 
similar to what would be found in a 
large hall with its own natural reverber- 
ant decay -time. Additional reverbera- 
tion effects can be obtained by altering 
the setting of the FEEDBACK DELAY con- 
trol, as can be seen in Fog. 5. In that 
figure the FEEDBACK DELAY control was 
set to its opposite extreme. 

Listening tests 
In addition -o the measurements and 

observations just described, we hooked 
up the analog reverberation system to 
our own sound system and to an extra 
amplifier (in the "mono" mode) and 
pair of speakers. We played a variety of 
musical material through this system, 
alternately switching in and switching 
out the reverberation unlit. The unit, 
once properly adjusted for the type of 
program material (and that is very im- 
portant), added a sense of space to our 
modestly proportioned listening room. 
We found that the reverberation con- 
trol should be used in moderation. If 
used to excess, it gave a false quality- 
almost a ringing or oscillatory charac- 
teristic-to the music. That was not the 
case with the DELAY control however. 
When that control was varied, the ap- 
parent size of the listening room simply 
seemed to change. R -E 

INPUT 

OUTPUT 

FIG. 1- ELEMENTS OF A REVERBERATION 
SYSTEM. Part of the output -signal is attenuated 
and fed back to the input to the delay lime to 
generate a slow decay. 

echoes are not random. If the delay 
time is 10 ms, for example., the second 
echo appears after 20 ms, the third at 30 
ms, and so forth, as shown in Fig. 2. If 
the delay time is long, those echoes 
may be heard individually and a "flut- 
ter" echo is produced. A natural echo 
contains many separate random echoes 
that (in a well designed hall) cannot be 
heard individually. 

A second problem with this simple 
reverberation system is that it produces 
a "comb- filter" effect. If we again 
assume a 10 -ms delay, then the input 
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2 30 
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-42 
U 10 20 30 40 
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FIG. 2 -THE RESPONSE OF A SIMPLE RE- 
VERBERATOR to a short pulse. If the delay time 
is long, the echoes can be heard individually 
producing a flutter effect. 
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and the delayed signal are 180 degrees 
out of phase at 50 Hz. (The period of a 
50-Hz signal is 20 ms.) When added to- 
gether, the sum is the difference of the 
two, and the result is a decrease in out- 
put level. At 100 Hz, the input and out- 
put are in phase (360- degree phase 
shift), and add together. Under those 
conditions, dips in the response would 
also occur at 150 Hz, 250 Hz, 350 Hz, 
and so forth. Likewise, peaks in the re- 
sponse would occur at every 100-Hz in- 
terval. Figure 3 illustrates that response. 
Over a 10 -kHz range, there would be 
100 of those peaks and dips. And as the 
amount of feedback is increased, the 
height of the peaks and the depth of the 
dips also increases. 

These problems are actually quite 
similar to those encountered in a room 
of poor acoustical design. A large tiled 
shower is a good example. The hard, 
reflective walls and the boxiness of the 
room's shape will create the same sort 
of flutter echoes. The room's dimen- 
sions will also set up "standing waves" 

+B 

3 

coo 

-3 

0 50 100 150 200 250 

FREQUENCY -Hi 
FIG. 3-A COMB -FILTER EFFECT takes place 
when the input and delayed signals are 180° out 
of phase, causing a decrease in the overall out- 
put- level. 
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FIG. 6-THE SIGNAL -PROCESSING PATH of he analog reverberation system shows how the original 
signal is recirculated at ever -decreasing levels. 

that will simulate the "comb- filter" ef- 
fect described earlier. 

Fortunately, the physical solutions to 
the problem of poor room -acoustics 
can be carried over into the design of an 
artificial- reverberation device. Instead 
of changing the dimensions of the room 
to give more echoes of different lengths, 
we can provide delay lines of different 
lengths in the device. Instead of break- 
ing up the standing waves with objects 
or acoustical treatment, we can inject 
delays into the electronic feedback to 
break up the pattern. A block diagram 
of the simple system to do that is shown 
in Fig. 4. 

The multiple- feedback reverberation 
technique is still not a close simulation 
of actual concert hall reverberation, 
with its complex combination of delays. 
This technique does, however elimi- 

INPUT SUMMING 
NETWORK 

ATTENUATOR 

r DELAY LINE DL1 

SUMMING 
NETWORK 

DELAY LINE DL2 

OUTPUT 

FIG. 4-A MULTIPLE- FEEDBACK SYSTEM uses 
regular echoes. 
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FIG. 5-THE NUMBER OF ECHOES increases 
with time in a multiple -feedback system, just 
as it would in an actual concert hall. 

III 
60 70 

more than one delay line to break up the pattern of 

nate or reduce the most objectionable 
artifical aspects of electronic reverbera- 
tion. If delay line DL1 is 10 ms as be- 
fore, and delay line DL2 is 3 ms, then 
the resultant echoes will be as shown in 
Fig. 5. Note that not only do more 
echoes appear, but that the number of 
echoes increases with time, just as it 
would in a natural environment. 

The frequency response of a multi- 
ple- feedback reverberation device is 
complex. The peaks and dips remain, 
but are irregular. The large peaks occur 
only if the delayed input, the output, 

and the delayed output are all in phase, 
which makes the number of large peaks 
decrease; however, that situation is un- 
likely to occur. The number of deep 
dips in the response tends to be reduced 
similarly. There are still many ripples 
present, but they are not deep. 

A block diagram of the complete re- 
verberation system is shown in Fig. 6. 
The stereo signal from a receiver or 
preamp is converted into a monaural 
signal by a summing amplifier. The IN- 
PUT -LEVEL control allows the signal level 
to be adjusted for the optimum signal - 
to- noise ratio. The signal is then filtered 
through a five -pole "anti- aliasing" fil- 
ter to minimize intermodulation distor- 
tion. Aliasing is a phenomenon that 
occurs in sampling systems. Our delay 
lines use bucket -brigade IC's. Essen- 
tially, those IC's are sampling devices 
with the sampling rate being determined 
by the clocking frequency of the IC's. 
If the input signal being sampled con- 
tains components that are higher in fre- 
quency than can be handled by the 
sampling rate, aliasing occurs. Then, 
the high- frequency components are 
"read" as low frequency components 
and appear at the output of the sampling 
device along with the low- frequency 
components of the input signal. The 
low -frequency components mix together 
and intermodulation distortion results. 
To prevent aliasing from occurring, the 
input signal is filtered before it reaches 
the sampling device by either a low 
pass or bandpass filter to eliminate the 
signal components that are too high in 

frequency for the sampling rate to 
handle. A filter of that sort is common- 
ly referred to as an anti -aliasing filter. 

The main delay line in Fig. 6 is DL1. 
Its output is filtered by a seven -pole 
active filter to eliminate switching 
waveforms, ultrasonic signals, and to 
reduce the likelihood of creating beat 
frequencies from the high- frequency 
signals present in the system. The de- 
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FIG. 1 

TWO ELECTRONIC APPROACHES ARE CUR - 

rently used to delay analog signals. 
The one that has received the most 
attention lately is digital delay, shown 
in Fig. 1. In that system, the signal 
is measured at regular intervals 
(sampled) and the sampled voltage 
is converted to a number (quantized). 
The sampling operation is done by a 
sample- and -hold circuit that uses a 

capacitor to store a voltage represent- 
ing the instantaneous 'final- level. The 
voltage stored by 'acitor is tem- 
porarily held r making it pos- 
sible for an d -to- digital converter 
to deriv- dital value for it. (Not all 
A/D .Is require sample- and -hold 
cI, ,, but those commonly used for 

audio produce significant errors if the 
input voltage changes during the con- 
version process.) A number represent- 
ing the signal can be stored in digital 
memory and, after the desired delay - 
time, be reconverted to an analog 
voltage. The output of the D/A con- 
verter may also contain a sample -and- 
hold circuit to store the output voltage 
during the next conversion. 

The second method is the bucket - 
brigade delay line (BBD), a single - 
IC delay system that is, in effect, an 
analog shift register (see Fig. 2). Like 
the digital delay -line, the bucket 
brigade is a sampled system, but no 
digitizing is involved. Manufactured as 
a long string of MOSFET switches and 

FIG. 2 

capacitors, the Bso acts like a long 
string of sample- and -hold devices. At 
the beginning of a clock cycle, the 
input signal is stored by the first ca- 
pacitor. During the second half of 
the clock cycle, that voltage is trans- 
ferred to a second capacitor, and the 
input capacitor is ready to store a 
new voltage. During the next clock 
cycle, the original input signal is trans- 
ferred from the second to the fourth 
capacitor, and so on. After 256 clock 
pulses, the original input- voltage ap- 
pears at the 512th storage capacitor, 
which is the output of the TDA1022. 
The length of time it takes to transfer a 
signal (the delay) depends on the fre- 
quency of the clock used. R -E 

rayed signal is fed back to the input of 
the anti -aliasing filter through summing 
network N2. It is also fed to a second 
delay line to provide the second feed- 
back path. The level of the delayed sig- 
nals is controlled by an attenuator 
(REVERB control) and then combined 
with the input signal by summing net- 
work N l . 

The output -filter signal, which con- 
sists of the input -filter signal plus all of 
the delayed signals, is first attenuated 
by the OUTPUT -LEVEL control and then 
fed to a variable- bandwidth filter. The 
control signal for this filter is derived by 
a bandpass filter and active rectifier. 
Those three blocks make up a noise -re- 
duction circuit that minimizes the level 
of audible hiss in the output signal. 

The final block in the signal- process- 
ing chain is an amplifier. This amplifier 
provides an output of approximately 
one watt to an 8 -ohm speaker. The am- 
plifier is also quite capable of driving a 
4 -ohm speaker. Although this output is 
minute when compared to that of the 
main amplifier in a hi -fi system, it is 
more than adequate when the reverbera- 
tion system is properly set up. 

In practice, the output from the re- 
verberation unit drives a third speaker 
at the rear of the listening room. The 
output -level control is adjusted so that 
the listener is not consciously aware of 
the third speaker. In fact, the third 
speaker should be barely audible over 
the two main speakers. 

How the circuit works 
Figure 7 shows a complete schematic 

of the reverbation system. The input is 
taken from the tape- monitor outputs of 
your hi -fi system. Because the input 
signal will typically come from the tape 
output of a preamp or receiver, the in- 
clusion of a second set of jacks (J3 and 
J4) allows for the connection of a tape 
deck. The input impedance of the re- 
verberation unit is 100 kilohms and it 
should not load down your hi -fi's tape - 
monitor circuit significantly. 

Capacitors C 1 and C2 couple the in- 
put signal into summing amplifier ICI -a. 
The gain of this stage is 6 dB and can be 
modified by changing the value of R3. 
You may want to alter the gain if the 
unit is to be used in applications with 
particularly low -level signals, such as 
those from a microphone or electric 
guitar, or with high -level ones like the 
output of a power amplifier. Since the 
INPUT -LEVEL control, R5, follows this 
first stage of amplification, it is im- 
portant that the signal applied to it not 
be too large, or overload will result. (As 
designed, the inputs will safely handle a 
2 -volt input level, more than sufficient 
for line -level inputs from a receiver.) 

Op -amp ICI -b serves two purposes. 
First, it provides unity -gain inversion 
of the signal from the input -level con- 
trol with capacitor C3 limiting the band- 
width of the signal to 9 kHz. Its second 
purpose is to sum the input signal with 
the delayed (feedback) signal. The level 

of this feedback signal is controlled by 
the REVERB control, R10. The R -C net- 
work connecting RIO to the positive in- 
put of ICI -b serves to reduce the feed- 
back at high frequencies. This simulates 
the natural tendency for acoustically - 
reflective materials to absorb high -fre- 
quency sound, giving more reverbera- 
tion at low frequencies. 

Op -amps IC2 -a and IC2 -b form an 
active low -pass filter with a cutoff fre- 
quency of 9 kHz. Together with the fil- 
tering action of summing amplifier 
ICI -b, they form a five -pole anti- aliasing 
filter that rolls off the input signal at a 
rate of 30-dB per octave. This filter re- 
duces noise and distortion in the sys- 
tem by reducing the potential for inter - 
modulation distortion (aliasing) in the 
delay lines. The slew rate of the input 
signal is also reduced by this filter. Too 
high a slew rate causes distortion in the 
op -amps. (This is not to imply that this 
would be a significant problem. The 
NE5512 op -amp specified can produce 
full output at 20 kHz without reaching 
its slew -rate limit.) 

Philips TDA 1022 bucket- brigade de- 
lay IC's are used for the main delay 
line. These are called out as IC3, IC4, 
and IC5 in Fig. 7. Although identical to 
other commercially available bucket - 
brigade IC's in most respects, the 
TDA 1022 is unusual in that it uses p- 
channel MOSFET's. The three delay - 
IC's are driven by a common clock and 
are cascaded to give three times the de- 
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lay of a single IC. Capacitive coupling 
between stages minimizes the effects of 
DC offsets in the delay line. 

The output of the third bucket -brigade 
device, ICS, is filtered by another 
9 -kHz R -C filter and fed into op -amp 
IC6 -a, which is connected as a voltage 
follower. This is followed by three 
more active -filter stages consisting of 
IC6 -b, IC7 -a, and IC7 -b. This active fil- 
ter provides a 36-dB- per -octave rolloff 
above 9 kHz and is designed so that the 
complete system -including the input 
and output filters -has a flat response 
below the cutoff frequency. This means 
that neither the input filter nor the out- 
put filter has a flat response, but the 
minor ripples in the responses tend to 
cancel and give a flat frequency -re- 
sponse below 9 kHz followed by a 72- 
dB -per- octave rolloff. 

The output of the filter is fed to a 
fourth bucket -brigade device, IC8, 
which was shown as DL2 in Fig. 6. 
Both the filter- output and the output of 
IC8 are fed to the REVERS control and 
combined with the input signal by sum- 

ming amplifier ICI -b. The output of the 
filter is also fed to the OUTPUT LEVEL 
control, which is the primary volume 
control for the system. 

The signal from the OUTPUT LEVEL 
control is fed to IC 13 -b. Two major 
functions are provided by op -amp 
IC13 -b. First, it supplies drive for the 
output -amplifier stages. Although cer- 
tainly not a high -power amplifier, its 
output is adequate for most purposes, 
and it eliminates the expense of having 
to add a power amplifier to the system. 
This IC also acts as the variable -band- 
width filter in a noise- reduction circuit. 
By making the bandwidth vary as a 
function of the signal level, the noise in 
the output signal is reduced. 

A transconductarice amplifier, the 
NE5517, was selected for IC13. This IC 
contains two independent transcon- 
ductance- amplifiers in one package. 
By varying the current applied to pins 1 

and 16, the gains of the two sections 
can be controlled independently. 

To minimize audible side -effects of 
the noise -reduction circuit, the band- 

PARTS LIST 

Resistors 1/4 watt, 5%, unless other- 
wise noted 

R1, R2, R8, R20, R22, R24, R39, R40, 
R47, R73, R74- 100,000 ohms 

R3, R45- 200,000 ohms 
R4- 39,000 ohms 
R5, R44 -5000 ohms, potentiometer, 

audio taper 
R6, R7, R11, R12, R14 -R16, R18, R25, 

R31 -R36, R38- 18,000 ohms 
R9, R17, R30, R43- 30,000 ohms 
R10- 100,000 ohms, potentiometer, 

linear taper 
R13 -5600 ohms 
R19, R21, R23, R41, R48-- 47,000 ohms 
R26- 24,000 ohms 
R27- 75,000 ohms 
R28- 27,000 ohms 
R29, R60, R62- 15,000 ohms 
R37- 22,000 ohms 
R42, R58, R65, R69, R72, R77 -3000 

ohms 
R46 -2000 ohms 
R49 -100 ohms 
R50- 43,000 ohms 
R51 -620,000 ohms 
R52- 180,000 ohms 
R53- 360,000 ohms 
R54- 62,000 ohms 
R55-470,000 ohms 
R56 -5000 ohms 
R57 -5000 ohms, trimmer potentiometer 
R59- 20,000 ohms 
R61, R63 -910 ohms 
R64, R66- 20,000 ohms, potentio- 

meter, linear taper 
R67, R75 -200 ohms 
R68, R70 -300 ohms 
R71 -7500 ohms 
R76-10 ohms 
Capacitors 
C1, C2, C9 -C11, C20 -.22 pF, 100 VDC. 

Mylar 
C3 -C8, C12 -C19, C21, C23, C24. C26- 

.001 pF, polystyrene 

C22 -.01 µF, polystyrene 
C25, C27, C31, C34 -4.7 µF, 16 VDC, 

electrolytic 
C28, C37- C44-.1 MF, ceramic disc 
C29, C35 -2,200 pF, 25 VDC, electro- 

lytic 
C30 -1000 µF, 25 VDC, electrolytic 
C32, C33 -510 pF, ceramic disc 
C36 -.01 MF, 400 VDC, electrolytic 
Semiconductors 
D1- D4 --1N4002, 100 PIV, 1 amp 
D5-D12-1N914 
LED1 -jumbo red LED 
Q1- Q4- VN46QF VMOS transistor 

(Siliconix) 
Q5- Q8- 2N4403 PNP transistor 
IC1, IC2, IC6, IC7- NE5512 low -noise 

dual op -amp (Signetics) 
IC3 -105, IC8- TDA1022, 512 -stage 

bucket -brigade device (Philips) 
IC9- NE5532 low -noise dual op -amp 

(Signetics) 
IC10- NE556 -1 dual timer (Signetics) 
1C11- CD4013 dual D flip -flop (RCA) 
IC12- AA78MG adjustable voltage 

regulator (Fairchild) 
IC13- NE5517 TCA ( Signetics) 
L1 -10 turns of No. 22 wire wound 

around C35 
T1 -36 VCT, 300 mA 
Miscellaneous: PC board (double - 

sided with plated- through holes), 
case, hardware, etc. 

NOTE: The following are available 
from Advanced Analog Systems, Inc., 
790 Lucerne Dr., Sunnyvale, CA 94086 
(Tel. 408- 730 -9786): ARS- 911 -com- 
plete kit Including case, $149.95; PC- 
911-PC board only, $24.00; IC-911- 
1C1-1C13 and 01 -08 only $49.95. Visa 
and Mastercard welcome. California 
residents please add sales tax. Prices 
include shipping (within continental 
U.S. only). 

width of IC 13 -b is made a function of 
the high- frequency content of the input 
signal. The high- frequency content is 
sensed by a bandpass filter composed 
of IC9 -a and its feedback network. The 
input to this filter is taken from a point 
ahead of the OUTPUT LEVEL control so 
that it is not dependent on the volume 
setting. The output from IC9 -a feeds 
IC 13 -a, which is configured to operate 
as an active rectifier. The gain of IC 13 -a 
is set to 51 by bias resistor R48. After 
the signal is rectified by IC 13 -a, a DC 
potential exists on C25 that is a measure 
of the high- frequency level, and deter- 
mines the bandwidth of the dynamic 
filter. 

The variable -bandwidth output filter 
works by varying the gain of IC13 -b. 
Compensation for the amplifier is pro- 
vided by capacitor C26, which sets the 
gain -bandwidth product. If the gain of 
the amplifier is varied by changing the 
bias current applied to pin 16, the band- 
width is also varied. To accomplish 
this, the control voltage from C25 is fed 
to pin 16 of IC 13 -b through a network 
consisting of R50, R55, and Q6 which 
develops a current proportional to the 
rectifier output. This causes the band- 
width of the amplifier to be proportional 
to the high- frequency level detected by 
the rectifier circuit. 

The power amplifier's output stage 
uses four VMOS power transistors (Q1- 
Q4) in a push -pull configuration. Tran- 
sistors Q 1 and Q2 act as a source fol- 
lower to drive the load directly. Tran- 
sistors Q3 and Q4 are driven by Q5, a 
small- signal PNP -type, which senses 
the gate drive- voltage on Q1 and Q2 
through diode -string D6 -D8. When the 
gate drive -voltage is low (Q1 and Q2 
beginning to turn off), Q5 provides 
drive for the gates of Q3 and Q4, which 
supply drive current for the negative 
portion of the cycle. Although Q1 and 
Q2 will turn off completely on large 
negative swings with a low -impedance 
(speaker) load, for most purposes the 
amplifier operates class A. The op- 
erating current is set by trim pot R57. In 
the case of high current- loads, D11 and 
D12 prevent the gates of QI and Q2 
from being pulled negative with respect 
to the source, an undesirable condition 
for the VMOS transistor. 

The amplifier is coupled to the speak- 
er through capacitor C25. The R -L -C 
network at the amplifier's output de- 
couples the loudspeaker from the feed- 
back loop to improve stability. Although 
this amplifier has a limited power -out- 
put (due primarily to power- supply 
limitations), it can safely be used with 
4 -ohm loads. Transistors QI and Q2, 
and Q3 and Q4, are connected in parallel 
for this purpose. No current -hogging or 
thermal instability results from con- 
necting VMOS devices in parallel (as 

continued on page 104 
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Home Electronics 

WHAT THE 
FUTURE 
WILL BRING 

0 D 

LEN FELDMAN 
CONTRIBUTING EDITOR 

Were always interested in knowing 
what the future holds. The most 
recent Consumer Electronics 
Show gave us a look at that 
future -as it exists today. 

.. 

THE FOUNDER OF THIS MAGAZINE, HUGO 

Gernsback, was one of the true prophets 
of the electronics industry of his time. 
Many readers of Radio- Electronics will 
recall issues of this magazine which 
were devoted to predictions, by Hugo 
Gernsback, of "electronics miracles" 
still to come. Amazingly, many of his 
predictions that might then have seemed 
far -fetched have indeed come true and 
exist today in the form of readily avail- 
able consumer electronic products. 

At the most recent Consumer Elec- 
tronics Show in Chicago, held in early 
summer, 1981, one of the largest elec- 
tronics manufacturing and research 
companies in Japan -Matsushita Elec- 
tric Industrial Co.- exhibited more 
than 190 electronics products in a 
12,000- square -foot exhibition that was in 
much the same tradition as the prophetic 
early editions of Radio- Electronics but 
with one major difference: All of the 
products were in the form of working 
models, with many of them already 
scheduled for early production and dis- 
tribution throughout the world. Of par- 
ticular interest to readers of Radio- 
Electronics were the latest in video and 
audio products, communication equip- 
ment, and component technology. 
Matsushita's exhibit also included 
products for the business and industrial 
fields as well as medical -electronics 
products. 

We can only highlight a few of the 
items we saw, but from our description 
of these innovative products, you 
should get some idea of the diversity of 
the exhibit and of what the electronics - 
based home of the future is likely to 
contain. 

High -definition color TV 

It has been said that the U.S. pays 
the penalty for "being first" by ending 
up with inferior- technology systems, 
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while countries that are content to 
wait benefit from our early mistakes. 
Nowhere is that more true than in the 
case of TV standards and, in particular, 
those for color TV. 

Many experts feel that the PAL and 
SECAM systems used in other parts of 
the world deliver better pictures than 
does our NTSC system, (which is also 
used in Japan). Bypassing all three of 
those systems, Matsushita (whose trade 
names Panasonic, Technics, and Quasar 
are probably more familiar to American 
consumers than is the more-difficult-to- 
pronounce name of the parent company) 
has developed, and showed, an SHF 
(Super High Frequency) DBS (Direct 
Broadcasting Satellite) system com- 
bined with a high -definition, wide - 
screen, TV camera and receiver. The 
elements of the entire system are 
shown in Fig. 1. The SHF satellite -TV 
system is considered by many to be one 
of the most promising new concepts in 
broadcasting because of its ability to 
improve poor reception in remote areas 
and to eliminate the problem of 
"ghosts" in other problem- reception 
areas such as densely populated cities. 
The SHF band extends from 3 GHz to 
30 GHz and the current lack of crowd- 
ing in that band would permit the estab- 
lishment of channel bandwidths that 
are wide enough to support the high - 
definition standards which Matsushita - 
along with others, such as CBS in this 
country-has proposed. 

The high -definition TV system would 
produce better images than those ob- 
tained with 35 mm film, using 1125 
scanning lines as opposed to the existing 
NTSC system which uses only 525 
scanning lines. Among the newly de- 
veloped elements and components that 
make the system practical are a low - 
noise SHF /RF converter, an easy-to- 
install dish antenna, an 1125 -line high - 
resolution color picture tube, a high - 
resolution color TV camera with a 30- 
MHz- bandwidth amplifier and edge - 
enhancer, and a high -definition TV -sig- 
nal transmission system using fiber 
optics technology. 

3 -D television 
One of the most frequently made 

predictions about electronic products 
of the future has concerned three - 
dimensional television. Some have 
even imagined a holographic display - 
system to create what appear to be live, 
moving, three -dimensional images in 
your living room. At the Matsushita ex- 
hibition, a much more straightforward 
approach was used; one which, in fact, 
can be used with existing VCR's and 
conventional TV sets or monitors. It is 
expected to find wide application in the 
field of entertainment, education, and 
training and industrial applications, in- 
cluding computer displays. 

TRANSMITTING 
ANTENNA 

CAMERA CONTROL -UNIT I 
SHF SIGNAL 

\\\COLOR G ENCODER ¡ RECEIVING 

ANTENNA 
SHF 
TRANSMITTER/ 

DEMODULATOR 

SHF-UHF 

DOWN- 

CONVERTER, /r/ j 
HIGH -DEFINITION 

TV CAMERA 

HIGH -DEFINITION 

PROJECTION 1V 

HIGH -DEFINTION 

CRT DISPLAY 

FIG. 1 -THE SHF DBS SYSTEM, combined with high -definition equipment can offer high -quality 
video with more than twice the resolution and clarity of existing systems. 

FIG. 2 -TWO VIDEO CAMERAS, one for the 
right -eye image, and one for the left -eye image, 
are required for 3 -D television. 

The 3 -D system consists of a specially 
designed camera, signal- processing cir- 
cuitry and eye glasses with electronic 
lens -shutters. The 3 -D TV camera (see 
Fig. 2) consists of two video cameras, 
positioned slightly apart, but focusing 
on the same image -working in much 
the same way as a pair of human eyes. 
The video signals from the right and left 
camera are fed alternately to the TV set 
or video recorder, a field at a time. The 
alternating fields are viewed through 
special glasses equipped with operated 
shutters synchronized with the changing 
left -eye and right -eye images. The mind 
combines the two images and the viewer 
sees a three dimensional one. 

A videodisc with record capability 
Business journals and the general 

press have been reporting of late that 
the sales of videodisc players are not 
meeting the original expectations of 
their manufacturers. One reason given 
for that is the notion held by uninitiated 
shoppers that videodisc machines can 
record as well as play back. Once they 
learn that this is not the case, prospec- 
tive customers frequently opt for a 
videotape recorder instead. That may 
soon change. 

One of the products at the Matsushita 
exhibit was a compact disc -type still- 

video (single -frame) record /playback 
system. Using semiconductor -laser 
technology, the unit can record 15,000 
individual frames of information on a 
200 mm disc with access to any given 
frame in 0.5 second. The new system 
uses a single semiconductor -laser as 
an optical source and a disc with 
15,000 concentric grooves coated by a 
thin film of highly sensitive recording 
material. The disc is made of a plastic 
substrate on which a recording layer of 
sensitive tellurium suboxide film is 
coated. The recording layer is a vapor 
deposit of 15,000 concentric grooves of 
2.5 micron pitch. Each groove is 0.8 
micron wide and contains an address 
signal that guides the laser beam for 
stable recording and playback. While 
the new material is sensitive enough to 
permit the use of a semiconductor 
laser, it also resists temperature and 
humidity variations. Unlike conven- 
tional optical -disc recording systems, 
the laser does not make any holes on 
the disc surface. Rather, the recording 
is made by changing the optical char- 
acteristics of the disc. 

The video signals are modulated by 
varying the intensity of the laser beam. 
The optical recording material on the 
disc absorbs the laser -beam energy and 
its optical characteristics are changed 
by the heat. The irradiated regions have 
different reflectivity compared with 
that of the non -laser -irradiated regions. 
The signal for a single still picture is 
recorded in a single groove on the 
disc. During playback, the laser beam, 
this time using less power than during 
recording, is reflected from the disc and 
reconverted into the original video 
signal. 

To retrieve a single picture, a linear 
motor drives an optical head for a 
rough search, and then the head pin- 
points the desired single frame using an 
electronic tracking- system. Both mech- 
anisms are controlled by a microcom- 
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puter that permits fast image retrieval 
within 0.5 seconds. Some 95 patents 
are being applied for in Japan for this 
new device, with 9 more patents being 
applied for elsewhere. 

High -speed videotape duplicator 
The relatively high cost of pre - 

corded videotapes is caused at least in 
part by the fact that duplication of tapes 
is a real -time process. A two -hour 
movie master -tape takes two hours to 
copy and, while many "slave" copiers 
can be fed from a single master -tape 
player, the process is still quite time - 
consuming and expensive. Now, the 
high -speed videotape printer shown in 
Fig. 3 can duplicate two or four -hour 
VHS video cassettes in less than four 
minutes. The printer is fully automatic 
and features a built -in 15- cassette feed- 
ing system for continuous, unattended 
tape duplication. 

The tape- duplicating system consists 
of a master -tape recorder and a separate 
high -speed printer. The master -tape 
recorder records mirror -image signal 
patterns on a master tape in the usual 
real -time. The master tape is then trans- 
ferred to the printer, which produces 
copies at high speed by transferring the 
signal patterns from the master tape 
onto the blank "slave" tape. The 
recording unit uses a direct -drive cylin- 
der and capstan for highest possible 
tape- motion accuracy. 

The duplication method is known as 
"video anhysteretic -transfer contact - 
printing by bifilar tape- winding." In it, 
the specially formulated, and very-high- 
ly- magnetized, master tape is brought 
into contact with the blank "slave" 
tape, both of which are moving at ex- 
tremely high speed. The master actually 
imprints an image of itself on the 
"slave" by magnetizing it directly with 
the video and control signals. The 
audio information is transferred by a 
recording head when the tape is re- 
wound after the video and control sig- 
nals have been imprinted. The system 
promises to lower the cost of pre- 
recorded VCR tapes in the future, and 
just what effect that will have on public 
acceptance of video disc formats (one 
of whose chief arguments has been the 
lower cost of software) is difficult to 
predict. 

Micro video systems 
Nearly a year ago, Sony Corporation 

demonstrated a mini -sized color video 
camera that incorporated a tape -trans- 
port and all the electronics needed for a 
single- piece, lightweight home video- 
taping system. At that time, officials of 
the corporation estimated that the new 
videotaping format would not be avail- 
able before 1985. In typical one- upman- 
ship not uncharacteristic of Japanese 
electronic firms, a combination color 

FIG. 3 -THIS HIGH -SPEED videotape printer 
can duplicate a two or four -hour VHS video cas- 
sette in less than four minutes. 

FIG. 4- INTEGRATED CAMERA /VCR unit 
weighs just 4.2 pounds. The cassette is about 
the same size as a standard audio cassette. 

video -camera /recorder claimed to be 
the smallest, lightest, and lowest in 
power consumption of "any previously 
proposed format" was demonstrated at 
the Matsushita exhibit. 

The system, shown in Fig. 4, uses a 
solid state micro -video system in which 
the camera portion uses a newly de- 
veloped single -chip CPD (Charge 
Priming Device) image sensor which is 
said to combine features of both MOS 
and CCD image sensors; namely wide 
dynamic range and low noise. Maxi- 
mum recording time would be two 
hours using a new high- density "metal 
evaporated" magnetic tape that is just 7 
mm wide and is housed in a cassette 
package that is a bit smaller than an 
ordinary audio cassette. The unit is ex- 
tremely compact, measuring 7.8 by 4.7 
by 2.6- inches and weighs only 4.2 
pounds. Power consumption is just 4.2 
watts. 

This system, obviously a step ahead 
of the Technicolor videotape format 
that has been marketed for more than a 
year, brings to at least six the number 
of home videotape formats that are like- 
ly to coexist in the near future (Beta, 
VHS, Philips, Technicolor, Sony's 
future all-in -one, and now, Matsushita's 
single -piece camera /tape -mechanism 
entry). Whether all of them can survive 
is highly questionable, though at present 
both Beta and VHS seem to be having 
no difficulty in the marketplace and we 
are told that Sony, for one, is having a 

tough time turning out enough Betamax 
machines to meet worldwide demand, 
even though the Beta format is outsold 
by first -place VHS machines by about 
seven-to-three! 

How would I look as a blonde? 
...Or with a moustache, or beard, or 

wearing horn-rimmed glasses, or with a 
radically different hair style or...yes... 
even with a hairpiece? If you have ever 
wondered about those or other matters 
of style and appearance, imagine being 
able to walk into a store, standing in 
front of a video camera and watching 
yourself being transformed by a new 
hairstyle, a pair of glasses, or other 
cosmetic changes. 

Actually, Matsushita's new "Style - 
setter" TV system, far from being an 
item in our future, is already is use in 
beauty parlors in Japan. The system 
works by taking a video picture of the 
customer, freezing the image on a TV 
monitor, and then superimposing 
various hair styles, glasses, etc. over 
the stationary image. The unit consists 
of a compact video camera, a magnetic- 
sheet -memory recorder, and a video 
image- synthesizer -the unit that super- 
imposes the changes over the original 
image. The image recorded on the 
sheet -memory recorder does not have 
to match a predetermined posture since 
the synthesizer adjusts superimposed 
images to the recorded image by means 
of a joystick -type control. The size and 
shape, and even the color, of the 
changes can be adjusted to fit the 
contours of the subject's face. 

Another use for the synthesizer has 
been to provide police departments with 
a more accurate means for creating 
identification pictures of crime suspects. 
Police artists can modify standard 
identification -kit models to fit witnesses' 
descriptions and create highly accurate 
likenesses of suspects. 

Largest projection -TV yet 
Projection -TV screens have been 

growing steadily larger as better and 
brighter high- intensity CRT's are de- 
veloped, but unless you attend the 
Summer '81 CES and the Matsushita 
"show- within- the -show" you've prob- 
ably never seen anything as large as 
their new high- brightness picture pro- 
jected on an 111/4 by 81/2-foot screen. The 
system, designed for institutional use, 
can be adapted for either front or rear 
projection and includes a projector fea- 
turing a new 13 -inch cathode -ray tube. 
The system provides superb resolution 
as well as a light output of 300 lumens. 
The unit is contained in a floor or 
ceiling -mountable box measuring about 
42 inches wide by 34 inches deep by 23 
inches high and weighing 230 pounds. 
Depending upon the image -size desired, 
projection distance can be as little as 
3.8 yards (2.7 yards behind the screen if 
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a mirror is used) or as much as 5.4 
yards. 

Three 13 -inch monochromatic CRT's 
(red, green and blue) combine a newly 
introduced bipotential -field electron 
gun with a large main -focus lens, and 
a decelerating -potential -field -type pre - 
focusing lens. The system projects its 
images through a magnifying lens onto 
a flat plastic screen. 

In tests, the system has been used at 
hotels and in school auditoriums, with a 
viewing angle as wide as that for normal 
motion -picture viewing. Some uses en- 
visioned for the system include projec- 
tion of surgical operations for medical 
classes, display of real -time data to 
business or government executives, 
and presentation of special events to 
large audiences. The company has in- 
dicated that it plans to introduce the 
system commercially into the United 
States by late 1982. 

The ultimte sketch pad 
Remember the little slate with the 

lift -up plastic sheet that we all played 
with and drew on when we were kids? I 
was reminded of that toy when I saw 
Matsushita's Compu- Cassette audio/ 

FIG. 8- COMPUTER- GENERATED GRAPHICS 
can be combined with single video frames on 
this terminal. An ordinary cassette tape is used 
to store the finished color images along with a 
sound track. 

visual communication system which 
uses conventional stereo audio -cassette 
tapes for recording sound and digitally 
processed graphic information. 

Video information is recorded digitally 
on the right channel while analog audio 
information is recorded on the left 
channel. A one -hour cassette tape can 
store approximately 200 pictures with 
sound. The system includes a video 
signal -processor, stereo cassette -deck, 

light pen and color monitor, with a key- 
board, remote control, and printer as 
options. The video signal processor, 
shown in Fig. 5, includes a controller, 
memory, interfaces, and a video -dis- 
play generator. Figures and illustra- 
tions are shot sequentially by a mono- 
chrome camera with three color -filters. 
The video -image data is converted to 
digital form and stored on a floppy disk 
for editing and arranging. The system is 
also capable of generating eight -color 
graphics displays. 

With the development of the ap- 
propriate software it should find appli- 
cation as an information center, learning 
aid, home amusement- center, or even as 
an electronic magazine or textbook. 

While the products in Matsushita's 
"Technology Today" exhibit that we 
have discussed were largely in the 
video and TV fields, you should know 
that there were equally impressive 
products in such categories as audio, 
business products, home appliances 
(even a microwave oven that talks to its 
user), component technology, medicine, 
and manufacturing. Many of the prod- 
ucts of the future already exist in to- 
day's technology. R -E 

What's N@N/S 
Sears catalog on videodisc 

The Sears Summer 1981 catalog has 
been put on videodisc for viewing in se- 
lected Sears stores and catalog -sales of- 
fices in the Washington, DC and Cincin- 
nati areas, as well as in about 1,000 homes 
that have compatible videodisc players 
hooked to their TV sets. 

SEARS SUMMER '81 CATALOG, electronic 
style. It supplies all the information of the 
printed catalog -plus the added excitement of 
motion and sound. 

The experiment is an early part of a 
study of electronic technology in catalog 
selling. The viewer has the ordinary cata- 
log display, plus action and sound. 
Shopping electronically is like playing a 
TV game. The viewer is given an index, 
and can select the desired departments 

or items by pushbutton. Most of the mer- 
chandise sections begin with a series of 
"browsing" frames that quickly show all 
the products offered in a given line. The 
viewer can scan the assortment in 
seconds, then reverse for a closer look at 
any item. 

Ordering is the same as ordering from a 
catalog. The viewer taks down the order- 
ing information displayed on the screen 
and the videodisc catalog number, then 
phones it in or takes it to the catalog - 
order desk. 

Universal external interface of 
DiscoVision players 

SSM Microcomputer Products has de- 
veloped a microprocessor interface to 
read -only video discs, which, with appro- 
priate supporting equipment, can give the 
user possession of a vast library of infor- 
mation. This Universal External Interface 
(UEI) is being made exclusively for Disco - 
Vision Associates, a joint project of IBM 
and MCA. DiscoVision markets laser - 
based videodisc playback units. 

In its "constant angular velocity" mode, 
the DiscoVision player, has 54,000 tracks, 
with one complete video frame stored per 
track. The theoretical digital data storage 
capacity is 50,000 megabytes per side. 
That means that each side of a disc could 
hold the equivalent of about 180 300 -page 
books. When the player's "constant linear 
velocity" mode is used, the capacity is 
nearly double. 

A typical setup would include the Uni- 
versal External Interface, a microcom- 
puter complete with keyboard and video 
terminal, the DiscoVision player, and a TV 
monitor. That setup could offer facilities 

equal to thoe that would be found in an 
immense library, accessible within 
seconds by microcomputer control. For 
example, a doctor could refer immediate- 
ly to an amount of information equal to 
that in the finest medical library. A stu- 
dent could have all of the text and refer- 
ence works that he or she could possibly 
require for eight years of undergraduate 
and graduate studies on a single disc. 
The videodisc, tied to a personal com- 
puter, could be a significant competitor 
to the broadcast and wired network ser- 
vices in the distribution of inexpensive 
mass information. It could also be the 
ultimate system for computer- assisted in- 
struction and reference, since sound, 
video, and digital data can be mixed on a 
single disc. 

Computer -originated mail 
system 

RCA's Government Communications 
Systems unit has been awarded a con- 
tract by the U.S. Postal Service to develop 
and install an electronic computer- origi- 
nated mail system (E -COM). 

The system will offer mailers high- 
speed delivery of notices, statements, and 
other computer- originated items. Com- 
puter- generated messages will be trans- 
mitted from the mailers by domestic com- 
mon carriers to some 25 serving post of- 
fices around the nation. The system, 
scheduled to be in operation by early next 
year, will deliver a message anywhere in 
the continental United States within two 
days of its transmission to the appropriate 
E -COM serving post office. 

RCA will install equipment, develop 
computer programs, train postal em- 
ployees, and provide initial maintenance. 
Cost of the contract is being negotiated. 

R -E 
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SCANNERS 
Have you ever wondered what makes scanning.receivers so popular? Sophisticated 
electronics and, perhaps more important, exciting listening are two good reasons. 

ROBERT B. GROVE 

IN THE MID 1960'S, TUNEABLE AND CRYS- 
tal VHF receivers were quite common. 
Some general- coverage shortwave re- 
ceivers covered the lower portion of 
the VHF band as well. But in 1968, the 
picture changed. An engineer named Al 
Lovell had an idea: What if a series of 
separate crystals could be switched 
automatically allowing the receiver to 
look for active channels? That idea lead 
to the creation of the scanning receiver. 

The first scanners 
The basic scanner patents were as- 

signed to Lovell's new company, Bear - 
cat. Electra, Bearcat's parent company, 
is understandably proud of the role 
it has played in the industry since those 
early days. 

But its scanners are not the only 
products on the market. Many early 
entries, from such firms as Tennelec, 
JIL, SBE, and others have come and 
gone. Today, Regency and Radio 
Shack are the two major contenders in 
the race with Electra for scanner sales. 
As we went to press, another company, 
ComRadar Corporation, announced its 
entry into the scanner market. All four 
companies offer quality products. 

How scanners work 
Early crystal- controlled scanners 

were relatively simple. Since their fre- 
quency ranges were limited, the factory 
or the user merely peaked the receiver's 
performance near the center of the 
range to be monitored. Naturally, the re- 
ceiver's sensitivity dropped off slightly 
at the edges of those ranges, but the 
units were still quite acceptable for 
local listening. 

The same technology is still used in 
low -cost crystal scanners (see Fig. 1). 

The first frequency- synthesized 
scanner was developed by the Teaberry 
Company. Its scanner, originally sched- 
uled for introduction in 1972, never 
was released because of numerous 
problems with the device. In the 
Teaberry scheme, a single crystal - 
controlled master oscillator was used 

for all allowable frequencies. 
That master oscillator was a 
combination of frequency di- 
viders, mixers, and multipliers 
(see Fig. 2). That is the same 
technique that is used today. The 
master oscillator can generate an 
almost infinite number of frequen- 
cies, each spaced to match the in- 

cremental frequency assignments 
throughout the VHF /UHF spectrum. In 
today's scanners the actual frequency 
generated at any instant is determined 
by a microprocessor. 

But the microprocessor does more 
than determine the listening frequency; 
it also peaks the RF stages of the scan- 
ner automatically so that it will be 
properly tuned no matter where the re- 
ceiver is listening. In the Bearcat Track 
Tuning scheme, the peaking is done by 
voltage -variable capacitors, also known 
as varactors (see Fig. 3). The capaci- 
tance of a variable -voltage capacitor is 

controlled by the voltage across it. To 
change the capacitance in the tuned cir- 
cuit, a microprocessor regulates the 
voltage across the variable- voltage 
capacitor, peaking the tuned circuit that 
the capacitor is in. 

Three years after the Teaberry scan- 
ner was to have been introduced an- 
other manufacturer, Tennelec, ac- 
tually released a programmable syn- 
thesized scanner. The MemoryScan 
was a premature product, and did 
not last long. Neither did the scan- 
ner entries from SBE /Linear Sys- 

tems (Optiscan) or JIL (model 
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FREQUENCY LISTS AND 
SCANNER CLUBS 

Owning a scanner is the first 
step. Knowing where to listen is the 
next. Hobby -radio stores areexcel- 
lent sources for local frequency 
lists. For more extensive listings, 
several excellent publications are 
available. 

For hobbyists who enjoy listening 
primarily to public safety communi- 
cations, Gene Hughes' Police Call 
Radio Directory is hard to beat. It is 
regionalized by state and costs 
$5.95 from Radio Shack, or is avail- 
able directly from the publisher, 
Hollins Radio Data, P.O. Box 35002, 
Los Angeles, CA 90035. 

Handler Enterprises offers the 
Radio Communications Guide, con- 
centrating on shortwave frequencies 
but featuring VHF /UHF listings as 
well. It costs $6.95 and is available 
from Handler Enterprises, P.O. Box 
48, Deerfield, IL 60015. 

Tom Kneitel's Top Secret Registry 
of U.S. Government Radio Fre- 
quencies is available for $4.95 from 
CRB Research, P.O. Box 56, Com- 
mack, NY 11725. Only VHF and 
UHF frequencies are listed. 

The new Betty Bearcat Frequency 
Directory is available in two edi- 
tions: Eastern and Western United 
States. Either costs $12.95. It lists 
public safety, government, and 
transportation frequencies. It's 
available from the Scanner Asso- 
ciation of North America, Suite 
1212, 101 East Wacker Drive, Chi- 
cago, IL 60601. 

Among hobby scanner clubs, 
two organizations stand out. The 
Radio Communications Monitoring 
Association is a truly professional 
organization, and its monthly 
magazine shows it. Send for a free 
sample copy by writing: RCMA, 
P.O. Box 4563, Anaheim, CA 92803. 

A hobby- scanner users club, 
SCAN, publishes Scanning Today. 
Loosely sponsored by the Electra 
Company, its magazine is published 
bi- monthly and features articles of 
interest to scanner listeners. For 
more information, write to: Scanner 
Association of North America, Suite 
1212, 101 East Wacker Drive., Chi- 
cago, IL 60601. 

SX -100). 
Regency's first programmable scan- 

ner, the Whamo -10, proved to be 
awkward to use with its frequency 
combs, and bulky when combined with 
its accessory control unit. It was also 
very expensive. 

The first programmable scanner to 
enjoy widespread acceptance was 
Electra's Bearcat 10/, even though 
initial units had problems like overheat- 
ing, and sometimes "lost" programmed 
channels stored in memory. But the 
rapid introduction of competitive re- 
ceivers from Radio Shack, Regency, 
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FIG. 1- SIMPLIFIED BLOCK DIAGRAM of a crystal -controlled receiver. The operating frequency is 
determined by the resonant frequency of a replaceable quartz crystal. 
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FIG. 2 -THE MASTER OSCILLATOR, a combina- 
tion of frequency dividers, multipliers, and 
mixers operating under microprocessor con- 
trol, can generate a wide range of frequencies. 

and even Electra itself, reduced the 
Bearcat 101's lead. 

State of the art 
Modern scanners have come a long 

way since the early days. Regency's 
first real programmable, the model 
ACT -T -16K Touch, has been replaced 
by the model K -100, model K-400, 
model K -500 (shown in Fig. 4), Digital 
Flight Scan, and model M -100. 

Radio Shack has replaced their classic 
PRO -2001 with two newer models, the 
PRO -2002 and PRO -2008 (shown in 
Fig. 5). 

The largest selection of new pro - 
grammables has come from Electra. 
The Bearcat 250, Bearcat 211, Bearcat 
220, Bearcat 300, and Bearcar 160 have 
all appeared on the market within three 
years. Electra recently introduced a 
fully synthesized, hand -held scanner, 
the Bearcat 100. 

The Bearcat 300 is the most expen- 

sive scanner presently on the market. It 
features Service Search, a specially 
preprogrammed memory that searches 
the spectrum by service (marine, fire, 
police, etc.). A total of eleven factory- 
programmed SERVICE buttons allow in- 
stant selection of hundreds of scanning 
channels for a particular service with- 
out having to program discrete fre- 
quencies manually into the scanner. 
The Regency model K -400 has a similar 
feature. 

A new entry in the frequency -syn- 
thesized scanner field is the Fox BMP 
10/60 from ComRadar Corporation 
(Fig. 7). That receiver can be used as a 
portable or mobile unit, or as a base 
station. 

Frequency ranges 
Typically, scanners cover frequency 

ranges of 30-50, 144 -174, and 420 -512 
MHz. Some of the newer models also 
cover the 118 -136 MHz aircraft band 
and aircraft tower OMNI and VOR 
transmissions. The Bearcat 5/800 crys- 
tal scanner covers the 800 MHz "micro- 
wave mobile" band. 

Antennas 
While scanner manufacturers nor- 

mally include a small plug -in antenna, 
that type of antenna is not suitable for 
receiving distant stations; an outdoor 
antenna is recommended. But, because 
large antennas also capture large 
amounts of local signal, some problems 
may result. One of those problems is 
intermodulation, the appearance of the 
same signal at several places within the 
tuning range of the scanner. That prob- 
lem is different from image interference, 
which will always be heard at a fre- 

a b 

MICROPROCESSOR -7' 

c 

FIG. 3-A TUNED CIRCUIT (shown in a) can be voltage -tuned using voltage- variable capacitors 
(varactors) as shown in b. In today's synthesized scanners, the varactors are controlled by a micro- 
processor (c). 
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FIG. 4 -THE TOUCH K500 from Regency uses a touch -sensitive keypad instead of conventional 
pushbuttons. 

FIG. 5- REALISTIC MODEL PRO -2008 is a six - 
band, frequency synthesized, programmable 
scanner. 

quency that is twice the intermediate 
frequency of the receiver away from 
the carrier frequency. This sounds con- 
fusing at first, but it is easy to calculate. 
For example, Regency and Radio 
Shack receivers typically have an IF of 
10.7 MHz; twice that is 21.4 MHz. If a 
very strong mobile telephone signal is 
heard at 152.54 MHz, chances are a 
weaker image signal will also be present 
at 173.94 MHz (152.54 + 21.4 = 173.94). 

Image interference can sometimes be 
used to receive frequencies that are be- 
low the normal range of the scanner; 
the signals will be much weaker, but 
they will be there nonetheless. For ex- 
ample, some early programmables 
would not tune all the way down to 144 

MHz, the low end of the two -meter 
amateur band, but images of two meter 
signals could be copied near 165 -166 
MHz if the signals were strong enough. 

In some cases intermodulation may 

FIG. 6 -THIS COMPACT SCANNER, for the Fox 
BMP 10/60 from ComRadar Corporation, fea- 
tures 60 pre -programmed frequencies. 

be reduced by turning a directional 
beam antenna away from the interfering 
signal. 

Scrambled transmissions 
Many law enforcement agencies are 

very concerned about the number of 
people who are eavesdropping on their 
sensitive messages. While the vast 
majority of listeners are merely curious, 
there are some who use scanners to 

TABLE 1 

(Frequencies in MHz) 

Police Pre Medical Fed. Gov't. Marine Mobile MI. Ham 
37.02 -37.42 33.42 -34.0 33.0- 33.1 30.0 -30.56 156.25 -157.4 35.26 -357 144 -148 

39.0 -39.98 46.0a -46.5 37.9 -38.0 32.0 -33.0 161.6 -162.0 43.26 -437 420 -450 
42.0 -42.94 154.0-154.5 47.0- 47.65 34.0 -35.0 152.0 -152.2 

44.62 -46.02 159.0 -159.2 49.6 -50.0 36.0 -37.0 152.51-1U.81 
154.65 -156.0 453.0 -454.0 151.0- 151.13 38.0 -39.0 158.49- 158.67 
453.0-454.0 458.0.459.0 155.16 -155.4 40.0 -42.0 454.0 -455.0 
458.0 -459.0 156.0- 156.25 138 -144 459.0 -461.0 
460.0 -460.5 462.9 -463.2 14.8.0-150.8 
465.0 -465.5 162.025 -173.2 

173.4 -174.0 
406.0 -420.0 

elude the law while committing a crime. 
For that reason, some agencies use 
scramblers to encode their transmis- 
sions. A few manufacturers sell de- 
coders that defeat the most common 
form of scrambling: speech inversion. 
Advertisements for the decoders fre- 
quently appear in various hobby radio 
magazines. 

Because of the ready availability of 
those decoders, some agencies have 
switched to more sophisticated voice - 
encoding techniques. One of those, 
Motorola's DVP (Digital Voice Protec- 
tion) is said by the manufacturer to be 
virtually unbreakable. Will consumer 
technology eventually break the un- 
breakable code? Only time will tell. 

Where to listen 
A great deal of exciting listening is 

waiting for you out there; all you need 
to know is where to look! Low band 
(30 -50 MHz) is used primarily for wide - 
area coverage. Military training ex- 
ercises, National Guard units, State 
Police systems, and construction and 
freight companies are among the things 
that can be heard in this portion of the 
spectrum. 

High band (151 -174 MHz) is the most 
congested part of the VHF /UHF spec- 
trum. Mobile telephone, business, and 
public safety communications dominate 
the first 11 MHz, while 162 -174 MHz is 
used almost exclusively by the Federal 
Government. 

The UHF band (450 -512 MHz) is 

used mostly in metropolitan areas 
where high -band congestion poses a 
problem to new radio systems. Assign- 
ments in the UHF band are very sys- 
tematic. Repeaters, high- powered trans- 
mitters that rebroadcast weak signals 
received from mobile and portable units, 
are found either 5 MHz lower than the 
original signal (between 450 -470 MHz), 
or 3 MHz lower (between 470 -512 MHz). 

Table 1 is a listing of services and the 
frequency ranges (in MHz) in which 
you're most likely to find them. You 
should note that the ranges given are 
approximate. 

In addition to the frequency ranges 
given in the table, police, fire, and 
medical assignments are shared through- 
out the following UHF frequency 
ranges: 470.3 -471.2, 473.3 -474.2, 488.3- 
489.2, 491.3 -492.2, and 494.3 -494.4 MHz. 

In conclusion 
The scanner is a fascinating instru- 

ment. It features electronic sophistica- 
tion hardly dreamed of ten years ago. 
Advances made possible by the space 
program, and the CB boom let home 
hobbyists tune in to a world of excite- 
ment. What does the future hold in 

store? We can only guess, but until 
then, take your pick from some of the 
finest consumer technology avail- 
able. R -E 
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MUSICAL MORN 
PPG Electronscs inc. 

Part 2 

FRED BLECHMAN and 
DAVID McDONALD 

Give your car a distinctive sound with this musical "accessory. " 
It should take you less than an hour to assemble. 

WE WERE EXAMINING 
how tones were gen- 

erated by the musical horn when we 
stopped last month. Now we'll finish up. 

Whenever a match is found between 
the output from IC8 and the output from 
IC9, then IC6 and IC7 are reset at the 
frequency of the note called for by IC8, 
until the input to IC8 changes. The 
greater the number of counts IC6 and 
IC7 produce before reaching the IC8 - 
IC9 matching- address, the longer the 
time period for each reset cycle, and 
therefore the lower the frequency of the 
note that is produced. 

Let's use some actual numbers to il- 
lustrate this. Suppose IC3 is adjusted by 
R5 to pulse at 87560 Hz. To produce a 
220 -Hz musical note, "A," binary code 
0011 (decimal 3), at address 199 of IC9, 
is used. Each second IC3 counts up to 
that memory location 440 times (87560/ 
199 =440). Each time location 199 is 
reached, a 0011 output appears at the 
"B" input of IC10. With the "A" input 
to IC 10 also 0011, a pulse appears at 
ICIO output -pin 6-in this case, at the 

rate of 440 times per second. This is 
converted to a square wave with a fre- 
quency of 440/2, or 220 Hz, by flip -flop 
ICI I -b, and this is the frequency fed to 
the amplifier. 

Using the same IC3 pulse rate, if the 
musical note "E" (decimal 7) were spe- 
cified by IC8, then address 133 of IC9 
would contain the matching binary code 
(see Fig. 6) and would cause IC10 to 
output pulses at the rate of 658.35 per 
second (87560/133 = 658.35). That would 
be divided in half by ICI1 -b to 329.18. 
very close to the ideal 329.63 -Hz fre- 
quency of "E- above -middle -C." Figure 
6 shows all the musical notes pro- 
grammed in IC9 by location, along with 
the decimal code notation used in Fig. 1. 

(Figures 1 and 6 appeared in last 
month's issue.) 

The 7473 dual J -K flip -flop, IC 11, re- 
quires a little explanation. Input K of 
IC 11 -a is connected to Vcc. Since J is 
low, Q is low. Whenever input J goes 
high (because of an output pulse from 
IC 10), the next time the clock pulse 
from pin 3 of IC3 goes low, the Q output 

(pin 12) of ICI I -a goes high and resets 
IC6 and IC7. That stretches the length of 
the reset pulse to equal the duration of 
the clock period of IC3, making it wide 
enough to be recognized by IC 11 -b. The 
resetting routine may occur hundreds of 
times per second, depending on the set- 
tings of R1 and R5, and on the note and 
duration called for by the song PROM. 

With both J and K inputs tied to a 
positive voltage, ICI 1 -b is used as a tog- 
gle flip -flop. Every time the Q output of 
ICI 1 -a goes low, it clocks IC 11 -b and 
causes the ICI I -b Q output, at pin 9, to 
change state. The result is a square 
wave output from IC I l -b equal in fre- 
quency to one -half the IC IO pulse fre- 
quency. The squaring of the IC 10 pulses 
results in a sound more closely re- 
sembling that produced by a sine wave. 

Positive halves of the square wave 
from pin 9 of IC 1 I -b pass through drop- 
ping resistor R8 and isolation diode D1 
to bias NPN transistor Q1 into conduc- 
tion. That path now provides, through 
R9, the forward base -bias for power 
transistor Q2 to conduct heavily, 

0 
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FIG. 8- COMPONENT -SIDE foil pattern. Both sides of the board must be in perfect register. Holes 
should be plated- through. 

passing current through the speaker 
coil. Resistor RIO is a 2 -watt series cur- 
rent- limiting resistor which must be 
used with speakers rated at less than IO 

watts, as shown in Table 1. 

A five -volt regulator, IC12, is pro- 
tected from reverse -voltages by diode 
D2. Its output is filtered by C6. Switch 

S I is used to operate the horn. 
A song can be played in different keys 

as each note is not "locked- into" a 
specific frequency. In a musical scale 
each note bears a fixed mathematical 
relationship to every other note. You 
can vary the frequency of the notes 
as long as all the notes maintain the same 

relationship. PROM IC9 establishes that 
relationship, so you can vary song - 
speed with R 1 and change the pitch 
(key) by adjusting R5. 

One final note: When IC8 is pro- 
grammed for "silence" (binary 9000) it 
actually causes "matching" at an ultra- 
sonic frequency with the first address in 
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TABLE 1 

SPEAKER RESISTOR 
RATING (R10) 
25 watt 39 ohms 

.5 watt 27 ohms 
1 watt 16 ohms 

5 watts 3 ohms 
10 watts none 

Note -If a speaker rated at less than 10 
watts is used. a current -limiting 2 -watt 
resistor must be used in series with the 
speaker. 

IC9, which also is binary 0000. This 
causes slightly more current than might 
beexpected to be drawn from the bat- 
tery, due to the high -speed saturation 
effects of Ql and Q2 (fast turn-on and 
slow turn-off). 

Construction 
You can build this project on con- 

struction board, or use the double -sided 
printed circuit board layouts shown in 
Figs. 7 and 8. However, if you make 
your own boards you must be very care- 
ful to have good registration between 
the top and bottom surfaces. Further- 
more, unless you are able to plate 
through the holes after drilling, you will 
have to solder each component on both 
sides of the board, since many circuit 
paths depend on continuity through the 
board! 

Frankly, the double- sided, plated - 
through PC board offered for this 
project (see Parts List in last month's 
issue) is the most practical way to go. A 
parts kit, including sockets for all IC's 
and the tone PROM, but not including 
case, is also available. 

Assembly should take less than an 
hour, and requires no special tech- 
niques. Use a small -tip 25-45 watt sol- 
dering iron and good rosin -core solder. 
All parts are mounted on the component 
side of the board. Insert and solder all 

R1 

5 

8.Q SPEAKER 
OR 10W HORN 

FIG. 9-BE CERTAIN that diode and capacitor polarities are correct. Packages for IC12 and 02 are 
nearly identical -do not confuse one for the other. 

FIG. 10- COMPONENTS SURROUNDING BOARD 
can be mounted along with it in plastic case 
under the dashboard. The speaker or horn, of 
course, is located behind car's front grille. 

the resistors first; be very careful to get 
the right values in the proper locations, 
as shown in the parts- placement dia- 
gram (Figure 9). Install all the IC sockets 
next, being careful not to install 14 -pin 
sockets in 16 -pin locations! Bend down 
the corner pins of each socket on the 
underside of the board to hold the 
socket firmly in place before soldering. 
Now install the two diodes (watch the 
polarity -the banded ends should point 
toward IC 12). Next install the three 

PARTS LIST 
IC12- LM309K, LM340K or 7805K 5 -volt 

regulator 
Q1- 2N3904 or similar 
Q2 -2N301 
D1, D2-1N4003, 200 PIV 
S1 -N.O. momentary pushbutton switch 
Miscellaneous: PC board, 8 -ohm speaker 

or horn, IC sockets, hardware, etc. 

Resistors 1/4-watt, 5% unless 
otherwise specified 

R1-100,000 ohms, potentiometer 
R2, R7- 10,000 ohms 
R3 -1000 ohms 
R4- 100,000 ohms 
R5 -500 ohms, potentiometer 
R6. R9 -100 ohms 
R8 -330 ohms 
R10-see Table 1 

Capacitors 
C1 -1 µF, electrolytic 
C2, C4, C5-0.01 µF, ceramic disc 
C3-0.1 µF, ceramic disc 
C6 -10 µF, electrolytic 
Semiconductors 
IC1 -1C3-555 timer 
IC4 -IC7 -7493 4 -bit binary counter 
108, IC9- N82S129 or equivalent 256 x O- 

bit PROM (see below) 
1010-7485 4 -bit magnitude comparator 
IC11 -7473 dual JK master /slave flip -flop 

NOTE: The following are available from 
PPG Electronics, Dept. RE, 14663 Lanark 
St., Van Nuys, CA 91402: Complete kit 
including PC board and all parts except 
case and 1C8 (No. 1082), $39.95; PC board 
only (No. 782), $11.95; IC9 tone PROM 
(PPG -0), $6.95; IC8 song PROM ( "Cuca- 
racha": PPG -1, "Dixie ": PPG -2, "Charge ": 
PPG -3), $6.95 eacii; 2N301 output tran- 
sistor, $1.99. Add $2.00 shipping & han- 
dling for orders within U.S. CA residents 
please add 6% tax. 

small flat disc capacitors and then the 
larger one. Be careful when you install 
the two electrolytic capacitors; they are 
different values andalsomust be ori- 
ented correctly. 

Transistor Q2 and voltage regulator 
IC 12 look alike -don't mix them up! 
IC 12 is clearly marked "LM309 or 
LM340 ", but Q2 may have numbers 
other than "2N301" (such as SP- 2540.) 
Put each onein the proper location and 
secure it to the printed- circuit board 
with 6 -32 hardware. Now insert and sol- 
der the small transistor, Q 1. 

You can either program the two 
PROM's, IC8 and IC9 (N82S129's or 
74S287's) yourself (see the "Inexpen- 
sive PROM Programmer" in the Febru- 
ary 1981 issue of Radio-Electronics), us- 
ing the information provided last month 
in Figs. 3 and 6, or obtain them pre -pro- 
grammed from the source indicated in 
the Parts List. 

Insert the IC's into their sockets, be- 
ing careful that the notched or indented 
(pin -1) ends are oriented as shown in 
Fig. 9. 

The finished board should look like 
the one in Fig. 10. 

Checkout 
You should test the unit before pack- 

aging it up. Solder short leads (bare 
wires clipped from resistors after solder- 
ing them to the board, for example) to 
the PC -board pads that will connect to 
the two potentiometers, the switch, the 
power supply, and the speaker. Use alli- 
gator -clip leads to make the test connec- 
tions from them to the outboard compo- 
nents. When connecting the potenti- 
ometers, the center and left terminals 
(looking at the front of the potentiome- 
ters) are the active ones. The right termi- 
nal can be left unconnected or wired to 
the center terminal, as you wish -it 
makes no difference electrically. The 
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Part 2 

C Z 
ALTHOUGH YOUR 8- 

Ball antenna is start- 
ing to look like the finished product, 
we'll finish the lattice and install the 
screen. 

Before installing the adjustment bolts 
in the ends of the two outermost vertical 
strips, cut a piece of 3/4 x 2 -inch strip long 
enough to reach across the corner ad- 
justment bolts. Drill a hole at each end 
to match the position and size of the 
adjustment bolts and install as shown in 
Fig. 10. 

Cut another piece of 3/4x2 -inch strip 
to fit cross the corner in between the 
vertical strips and install it across the 
corner between the vertical strips. It 
must be on top of the first diagonal - 
corner strip and underneath the hori- 
zontal strips as shown in Fig. 11. Finish 
across the corners and down the sides 
with 3/4x 2 -inch filler strips cut from 
scrap and installed as shown in Figs. 12 

and 13 respectively. Those filler strips 
are necessary in order to do a good job 
of stretching the screen. Attach all short 
pieces with brass wood screws. Trim off 
the excess ends of the strips with a saw 
and tighten all of the adjustment bolts. 
That completes the frame and lattice, 
and the assembly should look like Fig. 4. 

SATELLITE 

1Y 

ANTENNA 

In this part, we'll complete 
the assembly of the basic 

8 -Ball antenna and begin to 
get it ready for mounting. 

H.D. McCULLOUGH 

Installing the screen 
Study the assembled frame from all 

angles, making sure that its curves are 
uniform. Be sure that all adjustment 
bolts are secure. 

Up to now, we have not needed to do 
any precision assembly. However, the 
screen must be installed properly (mean- 
ing good and tight). If possible, move 
the antenna close to the spot where it 
will be located before beginning. 

Start rolling out the first run of screen 
so one edge is on the middle horizontal 
strip of the lattice (Fig. 14). The screen is 
26 inches wide. That allows for a good 
overlap as the screen runs repeat every 
24 inches. There are six runs of 12 feet 
each -requiring a total of 72 feet of 
material. 

Align the screen so that one overlap 
falls on the middle horizontal strip and 
another overlap falls on the third strip 
up (all overlaps should be equal). Leave 
equal overhangs at the ends. Use V4 -inch 
or 3/8 -inch long rustproof staples - 
whichever works best in your staple 
gun. The staples should drive into the 
wood far enough to hold the screen 
snugly -without going in far enough to 
cut the screen. Start with four or five 
staples in the center of the antenna at 
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FIG. 10-A PIECE of ?/4x2 -inch stock, long 
enough to reach across the corner bolts, is in- 
stalled in each corner as shown. 

FIG. 11- ANOTHER PIECE OF 314x2 -inch stock, 
cut to fit between the vertical strips, is installed 
on top of the first so it is even with the vertical 
strips. 

FIG. 12- MITERED STRIPS, cut from 314 x 2 scrap, 
are fitted between the ends of the horizontal 
strips so that the frame edge is level for attach- 
ing the screen. 

one edge of the screen (Fig. 15). Pull 
tightly straight across and staple the 
other side as shown in Fig. 16. Now, put 
three or four staples into each of the two 
strips in between. 

Go to one end of the screen and pull it 
tight enough to cause it to "stretch" 
straight across from center to the edge. 
Don't pull the screen too tight -that will 
make it pucker near the middle! Again, 
staple one edge first, then stretch the 
screen tightly and staple the other cor- 
ner. Now, pull the screen toward you 
hard enough so it has uniform tension 
and add several staples across the end 
of the screen (see Fig. 17). 

Halfway between one end and the 
middle of the screen run, pull the far side 
of the screen away from you a bit (I /4 to 
3/8 -inch is OK), . and put in four or five 
staples. Pull the screen tight and add 
four or five staples directly across from 
those you just put in. Now, staple the 
screen to the strips in between. 

Move to a point halfway between two 
previously stapled points, put a staple in 
one edge, and then pull the screen di- 

FIG. 13 -SHORT PIECES of 3/4x2 are cut to fit 
between the ends of the horizontal ribs in the 
lattice. They also provide an even surface for 
attaching the reflector screen. Brass screws 
hold each piece in place. 

FIG. 14 -START COVERING THE FRAME by 
rolling out the screen in a strip with one edge 
overlapping the center horizontal lattice strip. 

FIG. 15 -KEEP TENSION ON THE SCREEN as 
you place the staples until you have tacked all 
around the edges. When working with the first 
strip of mesh you will have to stand between 
slats in the lattice. 

rectly across from that staple and add 
another staple. Continue until the entire 
run of the screen has been stapled in 
place. Don't skimp, use one staple 
every three inches near each side of 
each wood strip. Figure 18 shows one 
run of screen firmly stapled in place. 

Install the remaining five runs of 
screen the same way. 

Next we'll show you how to cut and 
install the rear legs and braces. We 
recommend that you don't do that part 
of the construction at this time since 
the length of the rear legs depends on 
your location relative to the location of 
the satellite(s) you wish to receive. 
(Complete information on how to aim 
the antenna will be given next month 
and you'll be able to proceed then.) For 
now, put the antenna up on blocks so it 
doesn't warp. 

Figure 19 shows the legs and braces 
that support the antenna. Prepare rear 
legs RL I and RL2 by attaching rear -leg 
extensions RLX to get the desired tilt 
angle. If you are not working with a kit, 

FIG. 16 -AFTER STAPLING ONE EDGE, keep 
the screen taut and staple the point directly 
across from the first. 

FIG. 17 -PULL THE ENDS tight enough to keep 
the screen straight from center to edge. But, 
don't pull too tight -the screen may pucker in 
the middle. 

a 

FIG. 18-ONE STRIP OF SCREEN completely 
anchored in place. When you've finished there 
will be one staple about every three inches; 

you'll have to drill holes in VR2, VR4, 
RL 1, RL2, and leg extensions RLX. 
Drill four holes in VR2 and VR4 (see 
Fig. 20 -a). Above the center line, drill 
holes at 4 inches and 48 inches. Below 
center, drill holes at 48 inches and 68 
inches. In RL1 and RL2 drill holes 1 

and 48 inches from the top end and 1, 3, 
and 5 inches from the bottom (see Fig. 
20 -b). Use special care in spotting the 
holes drilled and remember that you 
will have right- and left -hand members. 
Drill 1/4-inch holes 2 inches apart along 
the length of RLX. Drill holes in braces 
B6 t/a inch apart for 12 inches from one 
end. 

The tilt angle and base pad dimen- 
sions (see Table 1) are determined by 
your longitude and latitude, and the 
satellite(s) that you want to receive. 
That will be covered in detail next 
month. 

Move the antenna off the support 
blocks and place two short 2x4's (or 
blocks) under the BF base across the 
bottom of the antenna to prevent bend- 
ing the bottom row of adjustment bolts. 
Raise the top of the antenna three or 
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HOW THE 8 -BALL GOT ITS SHAPE 
The reflector most often used in 

TVRO (TV Receive -Only) antennas 
is shaped like a parabola as shown 
in Fig. 1. Its design is based on the 

Y2 4FX 

: TO SIGNAL SOURCE 

IC 

FIG. 1 

equation y2 =4fx where f is the dis- 
tance from the center of the anten- 
na to the focal point. A characteris- 
tic of the parabolic shape is that all 
signals from far away will be reflect- 
ed to the focal point. This assumes 
that the antenna is pointed exactly 
toward (bore- sighted at) the signal 
source. 

A second characteristic of the 
parabola is that the distance trav- 
eled from point A to point B to point 
F is the same as the distance from C 

to O to F and from D to E to F; with 
points A, C, and D lying on a line 
parallel to the Y axis. In that case, all 
signals reaching the focal point are 
in phase with each other and add 
together, no matter what part of the 
dish they are reflected from. 

A horn is generally used to couple 
the signal at the focal point to the 
LNA waveguide. Its size is selected 
to match the F/D ratio (focal length: 
diameter) of the reflector. Most 
TVRO antennas have a F/D ratio in 
the range of 0.3 to 0.5. A 12 -foot 
parabola with a 0.4 F/D ratio would 
be about 221/2 inches deep. 

The reflector surface of the 8 -Ball 
is spherical rather than parabolic. It 
is like a 12- foot -square section cut 
from the surface of a sphere (ball) 
60 feet in diameter (see Fig. 2). The 

30' 

FIG. 2 

CENTER 

(RADIUS POINT) 

depth of the 8 -Ball reflector is about 
71/4 inches (7.27347 inches, to be 
exact). On the other hand, if a 12- 
foot parabolic antenna were built 
with a 15 -foot focal length, it would 
be 7.2 inches deep. Thus, the dif- 
ference between the surface of the 

spherical antenna and a true para- 
bolic antenna is only about 1/4 inch 
(about 0.025 wavelength at 4GHz), 
and that much difference only oc- 
curs at the extreme edges of the 
antenna. The difference is much 
less at most points on the reflector 
surface. 

There are, however, several prac- 
tical advantages to the spherical re- 
flector. One is that it can be easily 
checked for accuracy using a sim- 
ple 30 -foot radius -wire. Remember 
all points on the surface are the 
same distance from the radius 
point. Another advantage is that, 
being spherical, the curve is the 
same all over the dish. That means, 
that for the amount of curvature in 
the 8 -Ball, it will function with good 
efficiency even if it is aimed to a 
point as much as 15 degrees either 
side of the exact location of the 
satellite (or up to 20 degrees in most 
areas of the U.S.). Thus the spheri- 
cal dish can be used to receive sig- 
nals from more than one satellite at 
a time, so long as the difference be- 
tween the look- angles of the two (or 
more) satellites is less than about 30 
degrees -although the difference 
in look- angles can be as much as 
40 degrees in areas with strong sig- 
nal levels. 

A very useful advantage of this 
antenna is the fact that the reflector 
can be mounted in a fixed position 
and all satellites with look angles up 
to 15 -20 degrees on either side of 
the bore -sight direction can be re- 
ceived simply by moving the feed 
horn to the proper focus point. This 
is shown in Fig. 3. Use two or more 
LNA /feed horns if you would like to 
receive two or more satellites 
simultaneously. 

Still another advantage of the 
spherical reflector is that for eleva- 
tion look angles of 30° or less, if you 
tilt the 8 -Ball back from the vertical 
an amount equal to half the look 
angle, the focal point will be level 
with the center of the dish or about 
six feet off the ground (Fig. 4 -a). 
That is a convenient height for the 
feed horn -particularly if you plan 
to shift the feed horn about to re- 
ceive several satellites. (If it is 
necessary to have the feed horn 
lower than the center of the dish, 
you must cover the opening with 
something to keep the rain out be- 
cause in that position, the horn is 

TILT BACK 15° 
FROM VERTICAL 

TO 
SATELLITE 

LOOK \ \ 
ANGLE 

a 

TO SATELLITE 

15' 

30° 
TILT -BACK 

45° 

LOOK ----k- 
ANGLE 

x9FT 

b 

TO SATELLITE 

60° 

LOOK. 
ANGLE 

11.7 FT 

--` \ \\, 

45° 
TILT -BAC K 

FIG. 4 

pointing up toward the center of 
the antenna.) 

For elevation -look angles of over 
30 degrees, the feed horn must be 
mounted higher off the ground be- 
cause you shouldn't have more 
than 15 degrees difference between 
the satellite look -angle and the 
pointing angle of the dish. Figures 
4 -b and 4 -c show how the feed horn 
height must be increased as the ele- 
vation look angle increases. In 
those cases, the tilt -back angle is 
15 degrees less than the look 
angle. R -E 

SATELLITE "A" 

SATELLITE "B" 

NOTE: FOCUS POINT IS 15 FT. FROM CENTER OF DISH. 

FIG. 3 

ANTENNA 
TOP VIEW 
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FIG. 19-THE REAR LEGS and the braces set the tilt of the reflector surface. Tilt is adjusted by 
lengthening or shortening the rear legs. 

BOTTOM 

a s 

1 

BOTTOM 

68" 
48" 

144" 

a 

48" 

y ; 3" 

i 5' 

48" 

TOP 

TOP 

FIG. 20 -DRILL HOLES in VR2 and VR4 as shown in a. The holes in RL1 and RL2 are drilled as shown 
in b. 

TABLE 1 

Antenna Tilt 
Angle (Degrees) 

RL 
Length (A) 

Base Pad Dimensions 
(B) 

6 11, 7" 7' 0 8' 2" 
8 11' 4" 6' 11" 8' 1" 

10 11' 1" 6' 9" 8' 0" 
13 10' 7" 6' 6" 7' 11" 
17 10' 1" 6' 4" 7' 10" 
21 9' 7" 6' 2" 7' 9" 
26 9' 1" 6' 0" 7' 8" 
31 8' 7" 5" 11" 7' 6" 
37 8' 0" 5' 9" 7' 4" 

FIG. 21 -THE TOP END OF THE ANTENNA is 
raised three to four feet off the ground so rear 
legs RL1 and RL2 can be attached. Put small 
blocks under the lower end to protect the corner 
adjustment bolts. 

four feet off the ground and attach rear 
legs RL1 and RL2 as shown in Fig. 21. 

Raise the antenna into place. The 
rear legs will slide into place. BE VERY 
CAREFUL when raising or moving the 
antenna until it is secured on the base 
pads. It can twist out of shape if one 
side is lifted more than the other. That 
can cause the screen to stretch and be- 
come loose. NEVER stand the antenna 
up until you are prepared to anchor it 
securely. It will blow over if the wind 
speed is 20 to 30 mph from the rear. 

Install braces B3, B4, B5, B6, B7, B8, 
and BR in the order listed (see Figs. 19 
and 22). The antenna is now complete 
and ready to be placed on the base pads. 

FIG. 22 -REAR VIEW of the 12 -foot 8 -Ball an- 
tenna. All of the rear -support members are 
clearly visible. 

That finishes the assembly of the 
basic 8 -Ball antenna. Next month we'll 
show you how to find the satellites that 
you're interested in, pour the concrete 
basepads, mount the antenna, and ad- 
just the reflector for best reception.R -E 
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Higher and higher frequencies require better and more efficient microwave generators. 

These devices represent the current state -of- the -art. 

Part 3 AS WE SAW LAST 
month, RCA success- 

fully developed a higher efficiency 
microwave generator in 1967. But there 
was some disagreement on how RCA's 
TRAPATT worked. 

Cornell University physicists offered 
a somewhat different explanation of the 
high efficiencies observed. The Cornell 
theory maintained that avalanche 
resonance pumping was the responsible 
mechanism, so advanced the acronym 
ARP. The Bell Labs view seems to 
have prevailed. The difficulty in deter- 
mining the proper theory of operation 
caused a two -year delay between the 
first observations of the TRAPATT 
mode and the explanation of how it 
worked. Part of the problem is that 
TRAPATT operation is not amenable 
to small- signal analysis, so the correct 
theory had to be worked out somewhat 
more laboriously than would have 
otherwise been possible. 

It has been demonstrated that 
ordinary PN junction diodes (silicon) 
can be made to oscillate in the 
TRAPATT mode. It is, however, rather 
tricky to adjust such circuits, so they 
do not find much application. Most 
commercial TRAPATT devices use the 
p + -n -n+ structure of the single -drift 
IMPATT. A typical TRAPATT device 
is shown in Fig. 16-a. 

The structure of the TRAPATT de- 
vice is very similar to that of the 

JOSEPH J. CARR 

IMPATT. In fact, some TRAPATT de- 
vices will oscillate in either the 
TRAPATT or the IMPATT modes, de- 
pending upon the bias and other circuit 
conditions. It is noted that numerous 
TRAPATT oscillators actually start out 
in the IMPATT mode for a few nano- 
seconds after turn -on, and then convert 
to the TRAPATT mode when certain 
circuit conditions are satisfied. To 
make the device switch from the 
IMPATT to the TRAPATT mode, we 
need to drive it hard with a current 

a 

vz 

vo 

LENGTH 

b 

FIG. 16-TYPICAL TRAPATT device uses the 
p + -n -n+ structure of the single-drift IMPATT. 
Electric -field distribution in the region is shown 
in b. 

pulse. Since the risetime of that pulse 
must be very short, it is usual to use the 
IMPATT mode to generate the pulses. 
(It is very difficult to obtain the rise - 
times needed with external circuitry.) 

What is a trapped plasma (the 
"TRAP" in "TRAPATT"), and how 
ever there is a large density of charge 
carriers (holes and electrons) present. 
If the electric field in that region is very 
low, then the plasma is said to be 
trapped, i.e., it takes a long time to 
sweep carriers out of the region under 
the influence of the electric field. The 
carrier velocity is considerably lower 
than the saturation velocity. 

Figure 16-b shows the electric -field 
distribution within the n- region. The 
device is biased to just punch -through; 
i.e., the depletion zone reaches through 
the entire length of the n- region, but is 
biased at a point less than the avalanche 
voltage Vz. The slope of the electric 
field (Fig. 16-b) is dependent upon the 
charge density. Because we are op- 
erating in the punch -through region, 
there will be no free charge -carriers 
present. 

If we excite the TRAPATT diode 
with a large, fast -risetime current pulse, 
IQ, then we will observe a point in the 
constant -bias field VB move as an ava- 
lanche shock front. We find that the 
velocity of that shock front can be 
faster than the saturated velocity of the 
holes and electrons, a phenomenon that 
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FIG. 17 -A FAST -RISING, nearly square, current pulse is applied to a half -wavelength transmission 
line that has a TRAPATT device at its end. 

is much like the behavior of water 
waves at the beach striking the shore 
at an angle. Typical times for the ava- 
lanche shock front to traverse the n- 
region are around 100 picoseconds. 

Notice what happens to the terminal 
voltage in Fig. 16 -b. Shortly after the 
initiation of each shock front, the 
terminal voltage drops from a very 
large value down to a very small value. 
The falltime of that drop is very rapid, 
so the TRAPATT operates as a very 
fast, low- impedance electronic switch. 
If we were to place the diode at one end 
of a half -wavelength transmission line 
as shown in Fig. 17, then that phenome- 
non would result in a pulse being applied 
to the transmission line. The current 
pulse has a fast risetime, and a wave - 
shape that is nearly square, so it is rich 
in harmonics. The harmonics are taken 
out by a lowpass filter so that the funda- 
mental could be applied to the load ZL. 
The value of the current pulse will be 
I = VB / Zo, where VB is the applied 
bias potential and Z0 is the char- 
acteristic impedance of the transmis- 
sion line. 

The description above required a 
current pulse to be applied to the 
1 RAPATT diode before the TRAPATT 
mode could be realized. That pulse 
could easily be an IMPATT pulse when 

CAUSED BY REFLECTION 
OF HARMONIC ENERGY 
FROM LOW PASS FILTER 

VB 

FIG. 18- HARMONICS reflected by a lowpass 
filter cause the TRAPATT -mode oscillators to 
become continuous. 

N P" 

FORWARD 
BIASED VB 

+II It 

REVERSE 
BIASED 

FIG. 19- BARITT DEVICE has two back -to-back 
p+ junctions, one of which is slightly forward - 
biased while the other is slightly reversed-biased. 

the device is operating in the IMPATT 
mode. But the TRAPATT mode will 
build up in a nearly exponential man- 
ner until it becomes self -sustaining. 
The foregoing discussion does not ex- 
plain how the TRAPATT mode could 
become self -oscillatory. For that type 
of operation we must rely on the actions 
of the lowpass filter at the end of the 
resonant half -wavelength transmission 
line. It will transmit energy at the 
fundamental TRAPATT frequency, but 
will reflect energy at the harmonics of 
the fundamental frequency. Those har- 
monics are reflected with a phase rever- 
sal (i.e., reflection coefficient of -1 in 
the ideal case) so they will initiate an- 
other avalanche shock front. The small 
rise in the terminal voltage in Fig. 18 is 
caused by that returning reflection. The 
return pulse will, then, cause the 
TRAPATT-mode oscillations to be con- 
tinuous. In the typical TRAPATT oscil- 
lator, the device will begin in IMPATT 
operation. The IMPATT-mode oscilla- 
tions will build up in an exponential 
manner until the current becomes large 
enough to trigger a shock -front transit. 
(Hence the use of "triggered transit in" 
the device's acronym.) 

BARITT devices 
Consider the p + -n p+ structure shown 

in Fig. 19. That device contains a pair 
of back -to -back junctions. One of those 
junctions will be slightly forward - 
biased, while the other junction is 
slightly reverse -biased. The flow of 
current under conditions when the bias 
voltage is less than the punch -through 
voltage will be limited by the ordinary 
leakage current of the reverse -biased 
junction. If the bias is increased to the 
point where the device is operated in 
the punch- through mode, then the de- 
pletion region exists across the entire 
n- region until it reaches the forward - 
biased junction. That will cause all of 
the carriers (holes) at the forward -biased 
junction to be swept across the n- region, 
causing the current to increase rapidly 
as shown in Fig. 20. That current can 
be used in a microwave oscillator pro- 
vided that the field is large enough to 
make the holes drift across the n- region 
at the saturated velocity and the volt- 
age applied is kept below the point at 

~ VB 

Vy VB 

FIG. 20- CURRENT INCREASES rapidly in the 
BARITT device as the carriers are swept across 
the n- region. 

b 

c 

d 
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( E E ALSO FIG. 20) 

FIG. 21 -IF A BARITT DEVICE is operated in 
parallel with a resonant tank circuit, noise pulses 
will ring the tank circuit and cause an RF al- 
ternating potential to appear across the diode 
as shown in d. 

which avalanching will occur. Devices 
that use that phenomenon are called 
BARITT (BARrier Injection Transit 
Time) oscillators. 

Suppose that a BARITT device is 
biased with a DC potential close to the 
potential required for punch- through 
operation. Further suppose that the de- 
vice is operated in parallel with a 
resonant tank circuit (as was done in 
our discussion of the Gunn device 
earlier). Noise pulses will ring the tank 
circuit and cause an RF alternating 
potential to appear across the diode 
that will add algebraically with the bias 
potential (Fig. 21 -a). When the total 
bias exceeds the punch- through po- 
tential on positive excursions of the RF 
waveform, a sharp current -pulse is in- 
jected (Fig. 21 -b). During the period 
when the injected current is peaking, 
the terminal current (from the DC bias) 
is added to it, causing a reversal of the 
current direction for that period (Fig. 

continued on page 93 
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Part 2 WITH 
THE THEORY OF 

operation of the Pro - 
gramma-2's control board out of the 
way (it's always helpful to know what 
you're doing) we can now start work on 
the board itself. 

Position the board as shown in Fig. 5 

and start construction by installing the 
24 -pin IC socket. After that, install 16- 

pin sockets in the IC 103 and IC 102 

positions. In the same manner, install a 
14 -pin socket at IC 101 and then two S- 
pin sockets at IC106 and J101. Tha 
takes care of the IC sockets. 

Install crystal XTAL101 next. Push it 
flush against the board and quickly 
solder the leads. Don't apply excessive 
heat, or you may crack the seal. 

Now you can install the 100K resis- 
tors around IC102. Insert R108 and 
R107 first, then solder and clip the 

moment and check your work. There 
should be spaces left for C104 and C 103. 

Continue by moving to the right and in- 
stalling a 47 -ohm resistor at R118. On 
the other side of IC 103, install a 10K 
unit at R116. Move down and install a 
2.2K resistor at R117. Keep going by 
installing the remaining 100K units at 
R123 and R124. Install 33K resistors at 
R125 and R126. Then move up slightly 
and install a 68K unit at R122. Install a 

1 -meg resistor at R121, next XTAL101. 
That takes care of the resistor installa- 
tion, and the board is now taking on a 
finished appearance. 

There are five wire jumpers on this 
board, and they should be installed 

board before soldering. 
Next come the transistors. Start with 

Q101, a 2N3906. Install it as shown 
next to IC 103, with the flat side pointing 
down. Then install Q 102, an MPS -A 13, 
as indicated next to the pot. Be sure to 
position the case so that the flat spot 
points to the right. Finish up with 
the power- supply components. Install 
IC 104, a 78L05 regulator, as shown, 
next to the crystal. Be sure the flat side 
of the case is pointing down. Then in- 

leads. Then install the group of four just 
below. Start with R104, continue with 
R105, and R131, and end with R106. 
Solder each connection and clip the 
leads. Then move to the right, and in- 
stall another group of four resistors, 
beginning with R111, continuing with 
R110 and R109, and ending with R103. 
Solder and clip. Finally, move up and 
install the last group of four resistors in 
the same manner. Note that this group 
starts with R115 and ends with R 112. 

Continue with the rest of the resis- 
tors. Refer to Fig. 5 for details. Starting 
at the top left corner, install 100K resis- 
tors at R101 and R 102. Then move 
down below IC102 and install a 100 - 
ohm resistor at R127. Move to the right 
slightly and install a 150 -ohm unit at 
R 120. Keep going right and install 10K 
resistors at R119 and R 129. After that, 
install a 22K resistor at R130. Stop for a 

GARY McCLELLAN 

This month we'll show 
you how to assemble the 

Programma-2's 
two main boards. When we're 

done, the RF generator will be nearly complete. 

next. Use leftover resistor leads. The 
jumpers are identified with a "J" in 
Fig. 5. Install the first two as shown be- 
tween IC 101 and IC102. Bend the leads 
to fit with needle -nosed pliers, and in- 
sert them into the holes. Make sure 
they aren't touching, then solder and clip 
off the excess lead. Install the next 
jumper near pin 1 of IC102. Move to pin 

1 of IC 103, and install a jumper just be- 
low it. Finally move over to pin 1 of 
IC 105 and install the last jumper. 

Now for a few odds and ends. Start 
by installing C111, a 5 -30 pF trimmer, by 
the crystal. Before installing it, turn it 
over and identify which pin goes to the 
adjusting screw. This pin must go the 
ground foil, and is usually wider than 
the other pin. Insert the trimmer so that 
this pin points up, and solder. Then in- 
stall R128, a 5K pot. Install as shown, 
being sure to press it flush against the 

stall D101, a 1N5229 Zener diode near 
the right edge of the board. Note that 
the banded end points toward the cen- 
ter of the board. Stop at that point and 
double check the ihstallation of the 
parts. It's a good idea to correct any 
mistakes before going any farther! 

All that's left are the capacitors. 
They will be installed like the resistors, 
from left to right in Fig. 5. Start by in- 
stalling C101, a 0.001 µF disc above 
IC 101. Then install C108, a 0.111F disc, 
on the other side of the IC. Keep going 
and install C104, a 22 µF tantalum type. 
Note that the "plus" side faces R120. 
After that, install 0.1 µF Mylar capaci- 
tors at C102 and C103. Continue by in- 
stalling C110, a 220 µF electrolytic. 
Note that the "plus" side faces the 
edge of the board. At the other edge, 
install C105, a 100 µF electrolytic. Be 
sure the "plus" side faces the center of 
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FIG. 5- STEP -BY -STEP assembly instructions are given In the text. Don't forget to install the five 
jumpers. 

the board. Move down and install C114, 
a 0.1µF disc next to IC 105. Keep going 
down, and install C115, a 0.1µF Mylar 
capacitor near the pot. Then, just 
above this capacitor, install C116, a 
0.001 µF Mylar capacitor. At the top of 
the board install C113, a 68 pF mica. 
And right next to it, install C112, a 39 
pF mica unit. Finish up by installing 
two 0.1 pF discs on either side of D101 
at C106 and C107. 

Stop at that point and check your 
work. Make sure the capacitors are in- 
stalled in the proper places, and that 
the polarized ones are oriented proper- 
ly. Correct any mistakes before going 
any farther. The board should look like 
the one in Fig. 6. 

Turn the board over and install C109 
(100 pF) on the foil side, between pins 1 

and 8 of the IC 106 socket. Trim the 
leads to about 1/4 -inch first, then solder 

FIG. 6- COMPLETED CONTROL BOARD. Light - 
colored ribbon cables around 4059 IC go to 
switches. Dark cables will be added later. 

across the pins as shown. Bend the 
capacitor so that it is flush with the 
board. This completes the control 
board. 

Switch connections 
Now is a good time to connect the 

FREQUENCY -SET switches to the board, 
and install the IC's. Those switches, 
S1 -S4, are the ones that mount on the 
front of the instrument and program 
the desired frequency. All wiring is 
done around IC 102. 

Ú 
Refer to Figs. 7 and 8 for details as 

you wire the switches. It is suggested 
O that you use short lengths of 4 conduc- 

tor cable for the connections; this 
w makes the wiring easier to follow and 
El less messy. 
Ó The first step is to prepare the cables. 

Prepare four six -inch strips. Then re- 
cc move two conductors from one of the 
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strips. Separate the ends of all cables 
for at least 1/2 -inch, then strip and tin 
the ends. Also cut a 6 -inch piece of 
hookup wire and strip and tin its ends. 
Now you are all set for the wiring. 

Look carefully at your switches' ter- 

CABLES 
(q 

COMMON 
WIRE 

FREQUENCY 

;'E1 
SWITCHES 

SI 

TO 
sa 

CABLE CONNECTIONS: 

BOARD TO SWITCH TERMINAL 

A AOR I 
B B OR 
C C OR 
D 00R8 

FIG. 7- DETAILS of board /switch connections. 
They're not difficult -just match up the letters. 

minais. They should be marked: "C, 
1, 2, 4, 8," "COM, A, B, C, D," or 
similarly. Run a piece of bare wire 
through all the "COM" lugs and solder 
at each. Then solder one end of the 
single piece of hookup wire to one of 
the common lugs. Now turn to the front 
of the switches, positioning them so 
you can read them. The switch position 
to the farthest left is SI. Connect the 
two -conductor cable to the "A" and 

FIG. 8- SWITCHES AND CONTROL BOARD 
mounted in case. Usefulness of ribbon cable is 
obvious. 

PARTS LIST 
CONTROL BOARD 

All resistors 1/4 watt, 5 %, unless other - 
wise noted. 
R101 -R115, R123, R124, R131- 100,000 

ohms 
R116, R119- 10,000 ohms 
R117 -2200 ohms 
R118-47 ohms' 
R120 -150 ohms' 
R121-1 megohm 
R122 -68,000 ohms 
R125, R126- 33,000 ohms 
R127 -100 ohms 
R128 -5,000 ohms, trimmer potenti- 

ometer, horizontal PC -mount 
Capacitors 
C101 -0.001 F, ceramic disc 
C102, C103, C114, C115 -0.1 F, 50 

volts, Mylar* 
C104 -22 F, 16 volts, tantalum' 
0105 -100 F, electrolytic, 16 volts 
0106- C108 -0.1 F, 16 volts, ceramic 

disc 
C109 -100 pF, ceramic disc 
C110-220 F, 6.3 volts, electrolytic 
C111 -5 -35 pF trimmer (E.F. Johnson 

275 -0430 -005 or equivalent) 

C112 -39 pF, mica 
C113 -68 pF, mica 
C116 -0.001 F, 50 volts, Mylar 
Semiconductors 
IC101 -CD4013 dual D flip -flop with 

set /reset 
IC102- CD4059 programmable divide - 

by-n counter 
IC103 CD4046 phase -loced loop 
IC104 -78L05 five -volt, 100 mA, regu- 

lator 
IC105 CD4060 14 -stage rippled count- 

er 
IC106- CA3130AE op amp (RCA) 
Q101- 2N3906 PNP 
0102- MPS -A13 Darlington, NPN 
D101- 1N5229 4.3- volts, 500 mW, Zener 

diode 
XTAL101 -2.048 MHz, 32 pF parallel - 

mode, ± 0.005 %, HC -33/U case 
S1-S4 BCD thumbwheel switch (C &K 

332110000 or equivalent) 
J101 -8 pin IC socket 
Miscellaneous: PC board, IC sockets, 

4- conductor ribbon cable, wire, 
solder, etc. 
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"B" (or "1" and "2 ") lugs. The switch 
section next to SI is S2. Solder the 
wires from a four -conductor cable to 
each of its terminals. If possible, match 
the colors to those used on SI (and do 
the same for the other sections). It's 
easier to connect a switch, if, say, all 
"A" leads are green, "B" leads are 
blue, and so on. Wire up S3 and S4 in 
the same manner. 

Finish up by connecting the switches 
to the board. Start by inserting the wire 
from the switches' common bus into the 
COM pad on the board. Solder it in 
place. Then match up the leads from SI 
to the "B" and "A" holes below R107 
and R108 on the board. Insert and 
solder. Match up the leads from S2 with 
the points on the board above the resis- 
tor group starting with R 104. Note that 
the connections are "DCBA" reading 
from left to right. Insert and solder. 
Likewise, insert and solder the leads 
from S3 into the holes above the resis- 
tor -group starting with R111. Note that 
the connections are arranged as 

"DCBA" like those for S2. Finally, in- 
sert the wires from S1 through the holes 
by the resistor -group starting with RI 12. 
Note that R112 is the "A" connection, 
and that the others follow in order. 
That ends the switch installation. 

Check over your wiring for errors, 
and correct any mistakes. Then finish 
up by installing the IC's. Refer back to 
Fig. 5 for placement. Install a CD4013 
at IC 101, a CD4059 at IC 102, and a 
CD4046 at IC 103. Make sure they are 
plugged in properly (watch out for bent 
pins) and then install a CD4060 at IC 105 
and a CA3130 at IC 106. 

That completes the control board. 
Next we'll cover the VCO board and 
start discussing final assembly. 

How the VCO works 
The VCO board contains three oscil- 

lators, a divider, a modulator, and an 
RF amplifier. Also included is some 
switching circuitry for both RF signals 
and power. and two power supplies. At 
this point you may want to refer to he 

schematic in Fig. 9 as you read about 
the circuitry. 

The oscillators consist of IC201 
through IC203, Motorola MC1648's, to- 
gether with a few external components. 
The 10-30 MHz signals are generated 
by IC201, while IC202 generates the 
5 -10 MHz signals and IC203 handles 
the 3 -5 MHz range. Tuning within 
these ranges is done by D201 through 
D203, Motorola MV1404 tuning diodes. 
Think of them as electrically controlled 
variable capacitors; an input voltage 
ranging from 0.5 -volt to 9 -volts will 
cause each oscillator to tune through its 
frequency range. 

Since only one oscillator at a time 
can be operating in this device, some 
switching has to be done. Transistors 
Q204 through Q206 perform this task. 
The desired oscillator is turned on by 
grounding the base one of the transis- 
tors. This is done by the switch board, 
which will be described later. 

The outputs of the oscillators are 
ECL -level (0.8 volt AC), but transistors 
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FIG. 9 -THE PROGRAMMA -2 uses an ingenious method for controlling modulation and RF -out -put 
levels -the heart of the circuit is at diodes D219 and D220 (upper right). The scheme is described in 
the text. 

67 

www.americanradiohistory.com



-C201 
R201 

0201 

C202 

1.201 

J201 

Q201 through Q203 increase those sig- 
nals to TTL levels for use by the cir- 
cuitry that follows. The diodes are in- 
cluded for biasing and switching. Final- 
ly. IC204 -a is used to buffer the sig- 
nal, insuring that it is at TTL levels. 

The VCO signal from the buffer is 
fed to both IC205. a divide -by -10 coun- 
ter. and to IC204 -b. That gate, together 
with IC204 -c and IC204 -d, act as an 
SPDT switch and select either the "di- 
rect" VCO signal or the divided -down 
signal from IC205. This solid -state switch 
is controlled by the HMO switch, S6, 
on the front panel. When the H1 line 
from the switch is grounded, the VCO 
signal feeds straight through over a 

range of 3 to 30 MHz. When the Lo line 
is grounded, the divided -down signal is 
selected (300 kHz to 3MHz). This ehm- 
inates the need for extra VCO's. The 
output of the divider also goes to the 
Dv jack, J202 , which provides the sig- 
nal required for the control board's 
programmable- divider circuit. 

The output of IC204 drives the mod- 
ulator circuit. This circuit is unusual in 
that it uses diodes to modulate the 
VCO signal. Basically, it is nothing 
more than a voltage controlled attenua- 
tor. The amount of signal passing through 
it depends upon the control voltage, 
which is really the sine wave from the 
MOD IN jack. Resistor R219 sets the 
bias so that the signal will continue to 
pass through the circuit when there is 
no modulation. 

In operation, diodes D219 and D220 
are foreward biased, although to dif- 
ferent degrees. Diode D220 tends to be 
more heavily biased because there is 
less resistance between it and the 
power source. At the cathode end of 
this diode there are several resistors. 
The 500 -Hz modulation is also applied 
at this point, and the voltage across the 
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FIG. 11- CONNECTORS FROM THE COILS to the board are made using leftover capacitor leads. 
Capacitor C202 is soldered directly to the lugs of coil L201. 

resistors causes the current flow 
through the diode to vary. As the cur- 
rent through D220 varies, it can be 
greater or less than the current through 
D219. 

At this point an interesting charac- 
teristic of diodes enters the picture - 
diodes can act as variable resistors; the 
greater the current flow through a diode, 
the more signal it will pass. Sometimes 
D219 conducts more signal -to ground, 
and sometimes D220 conducts more 
signal -to the RF amplifier. This cir= 
cuit is known as a T attenuator. In the 
Programma -2 it causes the level of the 
RF signal to be controlled by the level 
of the 500 -Hz tone. 

From the modulator the signal goes 
to a broadband RF amplifier. which 
boosts it to useful levels. This is the job 
of Q207, which has a maximum gain of 
5. The output level is controlled by 
adjusting the power supply voltage -in 
this case from 1.2 to 10 volts. This 
supplies from 10 mV to over 300 mV of 
signal at the RF OUT connector. 

The rest of the circuitry on this board 
consists of power supplies. There is the 
usual 5 -volt regulated source for the 
ECL and TTL devices, plus an adjust- 
able source for the RF amplifier. An 
LM317 -T adjustable regulator handles 
the latter job. 

Construction 
A foil pattern for the VCO board is 

provided in Fig. 10. if you prefer not to 
make your own, refer to the Parts List 
for a supplier. 

Start construction by studying Fig. 11. 

To simplify matters, we'll break the 
board into two sections and concentrate 
on completing each separately; this 
makes construction a lot easier. 

The first thing to do is to enlarge the 
holes for coils L201 L203. Using the 
IC pads as a guide, orient the board as 
shown in Fig. 11 and locate the three 
holes. Note that they are part of the 
ground foil that runs around the edges of 
the board. Using a set of progressively 
larger drills, increase the size of the 

7 INCHES 

FIG. 10-THE COMPLEX VCO circuit can be built on a single -sided PC board using only three jumpers. 
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PARTS LIST 

VCO BOARD 

All resistors 1/4 -watt, 5% unless other- 
wise specified 

R201- R203- 47,000 ohms 
R204-R206, R213, R214, R222 -1000 

ohms 
R207-R209-100 ohms 
R210-270 ohms 
R211, R212- 10,000 ohms 
R215, R216, R220-470 ohms 
R217, R218 -2700 ohms 
R219-100,000 ohms 
R221-4700 ohms 
R223-680 ohms 
R224-47 ohms, 2 watts, carbon 

composition (see text) 
R225.-10 ohms 
Capacitors 
C201, C206, C210, C217, C218, C220, 

C222, C224, C227 -0.01 MF, 16 volts, 
ceramic disc 

C202 -12 pF, ceramic disc or mica 
C203. C205, C207, C209, C211, C213- 

0215, C221, C223, C226, C229-0.1 
µF, 16 volts, ceramic disc 

C204. C208, C212 -not used 
C216 -1000 F, 25 volts, PC -mount 

electrolytic 
C219 -15 pF, ceramic disc 
C225 -1 pF, 16 volts, electrolytic 
0228 -10 µF, 16 volts, electrolytic 
Semiconductors 
IC201- IC203- MC1648P MECL voltage - 

cortrolled oscillator (Motorola) 
1C204- 74LS00 quad NAND gate 
1C205- '74LS90 decade counter 
IC206 -7805 or LM340 -T 5 -volt regula- 

tor. TO -220 case 
IC207- LM317 -T adjustable voltage 

regulator, TO -220 case 
0201- Q206- 2N3906 or equivalent 
Q207- 2N2219 or equivalent 
D201- D203- MV1404 tuning diode 

(Motorola) 
D204-D209-1N4148 or 1N914 
D210 -D216, D219, D220-1N4002, 100 

Ply, 1 amp 
D217, D218- 1N5231 Zener, 5.1- volts, 

500 mA 
L201 -0.3 -0.58 µH coil (Miller 4201 or 

equivalent) 
L202 -2 -5 5 pH coil (Miller 4203 or 

equivalent) 
L203 -10 -25 pH coil (Miller 4205 or 

equivalent) 
J201- J204 -PC -mount RCA -type phono 

jacks 
Miscellaneous: PC board, IC sockets, 
slip -on TO -5 heat sink for 0207, solder, 
etc. 

A complete set of three boards for 
the Programma -2 is available for 
$22.00 ppd. from: Technico Services, 
PO Box 20HC, Orangehurst, Fullerton, 
CA 92633. CA residents please add 
6% tax; foreign orders please add 
$3.00 for shipping. Order No. SSG -1. 

A complete set of parts, excluding 
boards, crystal, transformer and case, 
is available for $112.00 ppd. from: Cir- 
cuit Speciaílists, Inc., PO Box 3047, 
Scottsdale, AZ 85281. Order No. KT -5. 
Phone orders (800) 528 -1417; all other 
inquiries (602) 996-0764. AZ residents 
please add tax. 

THIS IS WHAT THE VCO BOARD looks like when it is finished and mounted in the case. The board 
below the VCO board is the control board. 

holes to 1/4-inch. Then use a reamer or 
small file to enlarge them farther, to 
N inch. 

Next, install the IC sockets. Note 
that there are five of them, and that 
they are all 14 -pin units. If the sockets 
have an identifying mark for pin 1, 

position them as shown. 
The four RCA jacks, J201 J204, are 

installed next. You may have to en- 
large the holes in the board so that they 
can be mounted. 

Install the capacitors as shown. Be- 
gin with the 0.01 -µF discs, and install 
one each at C201, C206, and C210. 
Note that these parts are located near 
the coils. Then continue with the 0.1- 
µF capacitors. There are quite a few. 
Install one at C205, C203, C209, C207, 
C213, and C211. Then move to the top 
left corner of the board and install one 
at C215. Move down and install one at 
C2I4. That almost takes care of the 
capacitors; there's one left to mount on 
a coil. 

The coils are next. They just snap 
into place. Be sure to observe the posi- 
tioning of the terminals before you 
snap them in place; this is important. 
Install the No. 4201 coil at L201, the 
No. 4203 coil at L202, and finally. the 
No. 4205 coil at L203. Wire the coils to 
the two pads below them as shown, 
using short lengths of solid wire. The 
clipped leads from the capacitors should 
work fine. Be sure to keep the leads as 
short as possible; that makes the coils 
more shock resistant. After the wiring 
is dong, install a 12 pF capacitor, C202, 
directly across the terminals of L201. 

The resistors come next. Install the 
47K units first, with one at R201, R202, 

and R203. Note that you'll have to 
bend the leads of R202 so that they 
don't touch the coil wire. The 100 -ohm 
units are next. Install one at R207, 
R208, and R209. Be careful to get them 
in the right places. Then come the 10K 
units by IC204. Install one at R211 and 
another at R212. After that come the 
I K resistors. Install one at R204, R205, 
and R206 near the bottom of the board. 
Finish up by installing a 270 -ohm resis- 
tor at R210. 

The three jumpers go near IC20I, 
above IC205, and next to IC203. Use 
leftover leads from the resistors for the 
jumpers. Install the jumper next to 
IC201 first, then the one below IC202, 
and last, the jumper above IC205. 

Now for the diodes. Note that there 
are two kinds -MV 1404 and 1N4148. 
The MV 1404's come first. Be careful 
when you install them because they are 
rather expensive! Avoid bending the 
leads right at the body as this will break 
them. Install three MV 1404 diodes at 
D201. D202, and D203 as shown. Note 
that the banded ends point to the right. 
Then come the 1N4148's. Install them 
at D205, D207, and D209 near R210. 
Then install the rest at D204, D206, and 
D208. Be sure to check your installa- 
tion before going farther. 

Continue with the transistors. They 
are all 2N3906's, which makes installa- 
tion easier. Install one at Q201 and 
Q202. Be sure the flat in the case points 
to the right. Then do Q203 with the flat 
side pointing up. When done, move 
down and install the three remaining 
transistors at Q204, Q205, and Q206. 
with the flat side facing right. 

continued on page 97 
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USEFUL 

TROUBLESHOOTING 

HINTS ik TIPS 
The best solution to any problem is often the simplest one. 
Here are some easy -to -use ideas that really work. 

A SHORT TIME AGO. I RECEIVED A CALL 
from a sales engineer who I'd helped 
before with certain technical problems. 
This time he had a serious problem that 
demanded an immediate resolution, as 
human lives hung in the balance. It 
seemed that around four in the after- 
noon each day, the telemetry units in 
his hospital's coronary-care unit were 
"clobbered" by brief but overpowering 
interference. 

As you might suspect, the tiny radio 
transmitters (Fig. 1) that were attached 
to the patients are low -power (power 
output is about 1 microwatt) and they 
transmit in the VHF portion of the 
radio spectrum. Not being able to drive 
the 150 miles or so to the hospital, I 

reasoned that there was a pattern (i.e. 
specific time each day) and that only 
the telemetry equipment was being in- 
terfered with. About a week or so be- 
fore, I had posed a question to my class 
of BMET's (Biomedical Equipment 
Technicians), that asked them to deter- 
mine a harmonic relationship between a 
CB transmitter and patient telemetry, 
and if a harmonic relationship could be 
identified, what specific telemetry fre- 
quencies (there are about eighty) would 
be affected. 

I pulled out my list of calculations, 
and determined that the telemetry- 
transmitter frequency was the same as 
the seventh harmonic of a CB fre- 
quency. A quick call to the engineer 
with the suggestion that he take a walk 
around the area immediately surround- 
ing the hospital resulted in both identi- 
cation of the source and a cure. It ap- 
pears that a nearby citizen was operat- 
ing an illegal linear amplifier or "kicker." 
After a few words of explanation, he 
disconnected the linear and the inter- 
ference was gone. 

FIG. 1- MEDICAL- TELEMETRY transmitter. 
Some of those transmitters have power outputs 
on the order of a microwatt and a range of about 
250 feet. 

Naturally, the majority of CB users 
do not operate illegally, but if you do 
come across a problem like that one, 
why not stop a minute and determine 
what frequencies could (not necessarily 
would) have a harmonic relationship 
that might cause problems. Remember, 
it is not the properly- operated RF 
source that will cause the problem, but 
rather one improperly used or adjusted 
that can frequently be at the root of a 
problem. 

ELLIOT S. KANTER 

Staying with low -powered RF sources 
for a while longer, I found that I needed 
an easy and cheap method of being cer- 
tain that one of those small telemetry 
transmitters was really putting out RF. 
Again, I was faced with the fact that 
one particular model didn't even put 
out a full microwatt, and a frequency 
counter was a clear case of over -kill. 
What did evolve is shown in Fig. 2, a 
simple, cheap, and easy -to -build RF 
sniffer, in a shielded metal case. 

If you are an "old- timer," you will 
recall the circuit as an add -on RF probe 
for use with a VTVM. It can be used 
with digital voltmeters as well. If you 
deal with devices like medical telemetry 
equipment, you might want to replace 
the probe and ground leads with either 
plugs or jacks to match the input (which 
is also the output) of the telemetry 
transmitter. Shielded cable is a must 
(RG -58/U or RG- 174/U) from the probe 
to the VTVM. The device detects RF 
and displays it as a DC voltage. While 
that will not give you a calibrated indi- 
cation of the power output, it will show 
you when RF output is there. 

PC board component replacement 
Usually, changing a resistor, capaci- 

tor, or diode on a PC board isn't too 
difficult or time consuming. All you 
have to do is unsolder the old part, re- 

DC VTVM 

MÈTAL CAS 

4,7 MEG .D1 

RF PROBE 

1N34 

GND 

FIG. 2 -THIS simple RF sniffer can also be used with a digital voltmeter. 

www.americanradiohistory.com



11 11 11 II 11 11=11111111111111 

move it, make certain the PC board 
holes are clear, insert the new compo- 
nent, resolder and clip off the excess 
leads. I know you are saying that's 
nothing new and, in fact, those five 
steps are just what you always do... 
right? WRONG! 

Consider a service request I had from 
a client: She (the head nurse) wanted all 
twenty of her heart-rate alarms modi- 
fied for a longer delay before going off 
in the high -rate mode. That meant that I 

would have to alter a time constant 
determined by a resistor and capacitor 
on each of twenty modules. It was ob- 
vious that it would be simpler to change 
the 22K resistor to 39K than to match a 
capacitor, but I didn't especially relish 
all of that soldering and unsoldering. 
Hence the five- easy -step method illus- 
trated in Fig. 3. 

1. Take long -nose pliers and crush 
the resistor (or diode or capacitor). You 
might also need side cutters to do the 
job, but the object is to destroy the 
component, leaving only the leads. 

2. Clean off the wires, and blow or 
brush away any residue from step one 
from the PC board. 

3. Use your long -nose pliers and bend 
both of the leads upward so that they 
will form two posts. 

4. Make a loop in each end of the re- 
placement component (I did that before 
I arrived on site) and slip the replace- 
ment component over the two posts 
prepared in step three. Be sure to ob- 
serve polarity indications. 

5. Solder both connections. 
Since you can pre -form the replace- 

ment components, you have cut your 
work at least in half and besides, you 
have done a neat, professional job with- 
out risking heat damage to the PC 
board traces, which is more than I can 

1 

2 

3 

5 

FIG. 3- FOLLOWING these five steps when you 
replace components on a PC board will result in 
less work and a neater job. 

say for the conventional (still five steps) 
method of replacing components. Just 
be sure that you use a well- tinned iron 
and only enough heat and solder to do 
the job (right. 

Versatile heat sink 
Like most hobbyists and technicians, 

I build some equipment myself, either 
from scratch or in kit form. No matter 
how careful you are, that old demon - 
Murphy, of Murphy's Law -tends to 

rear his ugly head and make junk out of 
what should have been a lovely, neat 
project. Most problems seem to be 
heat -related and take place while fol- 
lowing the instructions that state: "Flip 
the board full of components over and 
solder each connection." 

While modern components are a 
great deal less heat sensitive than older 
transistors such as CK722's heat can, 
and often does, alter specifications. Be- 
sides, there nothing as upsetting as a 
fully loaded PC board sliding across the 
table X'op as you try to solder. 

The solution is to locate an ordinary 
kitchen sponge slightly larger than the 
PC board in question. You can throw 
caution to the wind and purchase one 
or more sponges at your local hardware 
or discount store. For less than two 
dollars, you should be able to acquire a 
collection of assorted man-made 
sponges which, when damp, will serve 
two distinct purposes. First, they will 
act as a slip -resistant PC board holder 
and second, they will function as a 
heatsink. If you are a non -believer, the 
first sizzle you hear while soldering will 
make a "true- believer" out of you. A 
bonus is that the PC board is elevated 
slightly for better access. That hissing 
will warn you that things are getting hot 
and will prevent component values from 
"shifting" due to excessive heating. 

Iron idler 
There's nothing quite so frustrating 

as having to wait for your soldering iron 
to heat up from a dead start. Well, may- 
be there is something equally frustrat- 
ing- replacing tips that have been 
rendered "inoperative" due to over- 
heating. You might suggest the use of a 
soldering gun but remember, very few 

continued on page 101 
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STATE OF SOLID STATE 
From keypad to display using IC's 

JOSEPH GARTMAN AND ROBERT FALKNER 

LET'S TAKE A LOOK AT TWO EXCITING 
digital IC's from National Semiconduc- 
tor; The MM74C922 16 -key encoder 
that outputs binary code from a 4 x 4 
row- column matrix of switches, and the 
MM74C912, a 6 -digit BCD -display de- 
coder /driver that does all the house- 
keeping for a 6 -digit by 7- segment -plus- 
decimal -point display. 

The MM74C922 encoder scans col- 
umns in a 4 x 4 16 -key keyboard with a 
2 -bit counter and then reads out rows 
with a 4 -line 2 -bit encoder. A single 
capacitor completes the on -chip clock 
circuit, or an external clock can be 
used. When the 2 -bit column clock 
counter, which is decoded to four dis- 

KEY BOARD KEY ENCODER 

VCC 

1 6 
?18 

crete lines, scores a "hit" in the row 
encoder, a key- detect plus is sent 
through an on -board key- bounce elimi- 
nator and provides a strobe for the data 
available pin. It also latches the 4 -bits 
(2 from the counter, 2 from the row en- 
coding logic) of BCD data near the out- 
put. These latches are followed by on- 
chip Tri-state buffers that can disable 
or enable the data- output lines. The 
row encoding logic also incorporates a 
two -key rollover. 

The MM74C912 decoder /driver ac- 
cepts a 4 -bit binary input (plus a deci- 
mal -point control line) and a 3 -bit ad- 
dress, plus write enable, chip enable, 
and two output and multiplex -scan 

A 

B 

D 

A 

MM 
74C922 

OE 

9 (GND) 

CC 

14 
PULSE 01 

RESET 
02 

4024 

3 

GND 

12 

V 1 

VCC 
5 14 6 
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11 9 8 

oscillator -enable control lines. The 3- 
bit digit address loads the appropriate 
latch of six 5 -bit latches with the BCD - 
plus- decimal -point data strobed into 
the IC. An on -chip oscillator (requiring 
only an external capacitor) drives a 
count -to-6 counter. This both selects 
the digit that is being driven by the digit 
driver and multiplexes the appropriate 
latch's 4 data bits (the decimal point is 
driven separately with its own line) into 
a 16 -line by 7 -bit ROM. The ROM out- 
puts segment information (and the deci- 
mal -point control line) to an array of 
NPN segment drivers that can typically 
output 80 mA. And, according to Na- 

continued on page 93 
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FIG. 1 -THE KEYBOARD /DISPLAY circuit displays inputs from the keyboard on the 6 -digit LED readout. 
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took no further! One of these nine 
SIMPSON DMMS is right for you! 

Now there are nine value- engineered Simpson DMMs 
from which to choose . . . with the performance and 
features you really need! 

Each one is a best design for hands -free measurements 
on the bench or in the field. Engineered for reliable serv- 
ice by the maker of the world famous 260® VOM. 

Built to last with quality -selected components, built -in 

protection systems and high- impact cases. 

Every Simpson DMM is given a double burn -in, and is 

backed by Simpson's one -year warranty. 

The New Model 467 hand -portable DMM introduces the 
new exclusive DigalogTM Display LCD digital and analog 
readout. Additional unique features include differential 
peak hold, pulse detection, visual /audible continuity and 
logic level indication, true RMS measurement. 

Other value -priced Simpson compact DMMs give you a 

choice of LED or LCD oisplays, autoranging and even 
more wanted features. 

Our bench DMMs offer large, bright LED displays, 
and a choice of extra features such as AC or battery 
operation, 10 -amp AC current range, auxiliary analog 
meter, autoranging. 

Autoranging 
Bench Model 465 -2A $384* 

EACH OF THESE 
EIGHT SIMPSON 
DMMs IS XT LISTED! 

Bench Model 464 -2A 
$276* 

Deluxe DigitallAnalog 460 -4A 

$360* 

They each meet the 
requirements of UL 1244 
Standard for Safety of 
Electrical and Electronic 
Measuring and Testing 
Equipment ... and also 
meet ANSI C39.5. 

NEW! 
True RMS 
Model 461 -2R 
$223 

Autoranging 
Model 462 
$232 

g' - 
. )11tici- 

-;99.9 
4 MulhyE,tq 

NEW 
Model 461 -2 

$185 
10: Is ZP;: 

Model 463 
$190 

NEW! 
DigalogTM Display 
Model 467 $245 

SEE THEM ALL AT YOUR LOCAL ELECTRONICS OR 

ELECTRICAL DISTRIBUTOR... OR WRITE FOR A FREE CATALOG. 

0 
Price tor AC version. AC /rechargeable 
battery version available at extra cost. 

INSTRUMENTS THAT STAY ACCURATE 
KATY INDUSTRIES 

SIMPSON ELECTRIC COMPANY 
853 Dundee Avenue, Elgin, Illinois 60120 
(312) 697 -2260 Telex 72 -2416 Cable SIMELCO 
IN CANADA: Bach -Simpson, Ltd., London, Ontario 
IN ENGLAND: Bach -Simpson (U.K.) Ltd., Wadebridge, Cornwall 
IN INDIA: Ruttonsha- Simpson Private, Ltd., Bombay 

CIRCLE 13 ON FREE INFORMATION CARD 

ELECTRICAL EQUIPMENT 
AND PRODUCTS GROUP 

\J \ 
A full line of accessories ex- 
pands the measuring capabilities 
of your Simpson DMM. 

And there's also 
the popular 360® 
Digital VOM 
image mate to the 
world famous 
260® VOM. 
$350 
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HOBBYCORNER 
An easy way to etch one -of -a -kind PC boards without a darkroom 

EARL "DOC" SAVAGE, K4SDS, HOBBY EDITOR 

WE HAVE ON SEVERAL OCCASIONS DIS- 
cussed the various methods of making 
printed circuit boards, especially those 
methods that are most suitable when 
you need only one or two of a given 
board. You are aware of my inclination 
to avoid the etching process, which I 
have always considered to be time con- 
suming and messy. 

Not long ago I told you about Bish- 
op's copper stick -on patterns that pro- 
duce a good board with no etching. 
Some of you have written to say that 
you don't mind etching all that much 
but inquired about how you could avoid 
using a darkroom. 

Well, to each his own. (Wouldn't it 
be a boring world if we were all alike!) 
Here is some information for you no- 
darkroom etchers. This method and the 
associated products are from DATAK 
Corp. (Box 192, Sparks, NV 89431 or 
65 71st Street, Guttenberg, NJ 07093). 

You may be familiar with Datak's 
panel and equipment marking sets. 
Those rub -on letters, numbers, titles, 
and symbols have been available for 
years. The really neat and professional 
looking projects you see in Radio - 
Electronics were probably marked with 
Datak materials. 

Their Direct Etch dry- transfer sys- 
tem consists of the standard PC pat- 
terns mounted on plastic sheets. Those 
sheets appear very much like black pat- 
terns made for photographic reproduc- 
tion by Datak and other manufacturers 
but there is a significant difference. The 
photo patterns are printed with ink and 
the Direct Etch patterns are made of 
black plastic. The Direct Etch sheets 
are very clearly marked with the words 
ETCH RESISTANT. 

In use, the Direct Etch dry transfer 
patterns are simply rubbed on copper 
clad boards. To insure sharp etching 
without undercutting, the patterns 
should be burnished down. When the 
circuit pattern is in place, as shown in 
Fig. I, you are ready to etch. A clean 
copper board, adequate burnishing, 
and proper etching will assure you of a 
good PC board. 

When the etching is completed, com- 
pletely remove the Direct Etch material. 
A PC board with the Direct Etch par- 
tially removed is shown in Fig. 2. A 
finished, ready -to -drill board is shown 
in Fig. 3. 

O 

4 
FIG. 1 

FIG. 2 

FIG. 3 

O 

That's all there is to the system. 
There are advantages and disadvantages, 
just as there are to other systems we 
have discussed. You should select the 
system you prefer, and the one that 
best meets your needs. 

Datak Direct Etch dry transfer ma- 
terials, including complete kits, are 
available through your local dealer. 
Either Datak office should be able to 
furnish you with information on that 
product as well as their others. 

Do unto others 
Just the other day I received a copy 

of a letter from a "Hobby Corner" read- 
er. The original had been sent to a re- 

spected, long- established national com- 
pany. It seems that this reader had 
ordered an item that had been mentioned 
in this column but he did not receive it. 
He did enclose a photo -copy of his can - 
celled check. 

Now I know that there are some 
crooks out there in the mail -order busi- 
ness. But they are a very small minority 
and most don't stay in business very 
long once word gets out. 

Most people that you deal with 
through the mail are quite honest and 
they do their best to serve you well. 
Yet, I can think of a number of reasons 
why they may fail to get ordered mer- 
chandise to you. 

For example, they may have done 
their part but the carrier failed to de- 
liver. I have had even first class mail 
and packages misdelivered, and on oc- 
casion lost by the US Postal Service. If 
that happens to first class mail, how 
much more frequently must it happen 
to third and fourth class packages? 

Another reason for not receiving 
merchandise may be honest error. Of 
course, the reputable firms attempt to 
keep the number of errors to a minimum 
but one will creep in now and again. (I 
don't know of any organization or in- 
dividual who is perfect!) It does happen 
sometimes that an order gets marked 
"Filled" when it hasn't been. Occa- 
sionally a wrong address gets placed on 
a label. And sometimes some very 
strange things happen -about two 
weeks ago I received a sturdily wrapped 
empty box! 

Getting back to the reader's letter, I 

regret that Radio- Electronics and my 
name were mentioned in it. The writer 
was abusive and accused the company 
of dishonesty. That's not the way to go 
about getting a mistake corrected! If 
you write such a letter, you should not 
expect the seller to be in a big hurry to 
solve your problem. 

When you do not receive an order, 
keep your cool. Let the seller know and 
give him a chance to correct the error 
whether it was his or the carrier's. Give 
him the benefit of the doubt -do not 
jump to the conclusion that he is trying 
to cheat you. 

Of course, you deserve the merchan- 
dise that you've paid for. If you don't 
receive it after a reasonable notification 
and in a reasonable time, complain to 
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the postal service and to the state and 
federal consumer protection offices. 
And write our advertising department 
in New York City, giving full details. 
They usually can get results. 

I should also mention that you should 
allow ample time for your order to be 
filled. All kinds of things can prevent a 

company from getting your order out 
within a day or two of its receipt - 
illness, holidays, trouble with their 
suppliers, and so on. (They are required 
to notify you if it will take more than 30 
days.) Recently I mailed a small first 
class package; It took two and a half 
WEEKS to make the 350 -mile trip! 

So if you have trouble with an order, 
remember that the other guy is most 
likely as concerned as you are and is 

really trying to serve you well. Start 
with reasonableness and patience. 

Packrat 
Perhaps I am unduly influenced by 

the "Be prepared" motto or perhaps I 

suffer from the "get-it- while- the -price- 
is- right" syndrome. For whatever 
reason, I seem to gravitate toward 
bargain tables. 

Bargain tables are a source of unend- 
ing delight to me. They may contain 
almost anything -discontinued mer- 
chandise, slow- moving stock, returned 
kits that someone goofed up-you 
never know. And I just can't resist. 
How about a communications receiver 
that cost $10 and required that I spend 
one -half to locate and replace a reversed 
electrolytic? Or a $5 two-way telephone 
amplifier with one cold solder joint? 

You get the idea. I have bought hun- 
dreds of diodes, resistors, IC's, transis- 
tors, capacitors, and so on because 
"someday I'll need that." And in most 
cases, I have! 

What brought all that to mind is that 
last week a friend lost a large gold class 
ring in some tall grass near his home. A 
diligent search proved useless. He told 
me a couple of days ago that he had to 
find a metal detector somewhere. You 
can imagine my response: "Let's see - 
I think I have one." 

I did! It was a bargain kit that I picked 
up a couple of years ago after dropping 
a key that I didn't find until the snow 
melted. Following a little assembly 
time, my friend was out trying to locate 
his ring. He's still out there making 
sectional sweeps. 

Now I'm going to have to get back in 
that storage closet. I saw some other 
forgotten bargains in there -an elec- 
tronic thermometer, three 100 -kHz 
calibrators, and two VOM's. I wonder 
what else I have packed away in that 
closet in the last several years. 

Theatrical light control 
Rod Schmidt of Mascoutah, IL is 

looking for some help in designing a 
system to control theatrical lighting in 

his school. He needs to control six 
identical circuits (independently, I as- 
sume). Each circuit carries 600 watts on 
110 -volt lines. 

Rod has reviewed the "Hobby Cor- 
ner" (Radio Electronics, December 
1977) on SCR's and triacs. He plans to 
use triacs for full -range control but the 
final design is a bit more complex. 

The dimming system must be operable 
from backstage and from a remote loca- 
tion at the back of the auditorium. It's 
also possible to control the triacs with 
a microprocessor. 

I am sure that some of you have en- 
countered lighting problems similar to 
those Rod is facing. How did you solve 
them? Let me know and I'll pass the 
best solution along. 

Automotive microprocessor 
M. A. Anderson of Julian, CA has 

written to inquire about the Mostek 
3870 IC that is billed as an "8 -bit auto- 
motive microcomputer." The IC itself 
is inexpensive but some of the devices 
using it are quite costly. 

Anderson feels that there must be 
many applications in which a hobbyist 
can use a 3870. I suspect that he is cor- 
rect but I have not had a chance to ex- 
periment with it myself. The IC con- 
tains a programmable timer, a clock, 
64 x 8 RAM, 2K PROM, I /O's, and 
other goodies. That sounds like the 
makings of a variety of interesting de- 
vices. 

Let us know if you have used the 
3870 as the basis for a project and we'll 
pass the information along. 

Coming soon 
I am sure tha you have seen ads for 

the 76477 sound generator IC. It makes 
some of the best and worst sounds 
you've ever heard. We'll be looking at 
a project using the 76477 in the near 
future. Stick around. R-E 

"Their production department misread 
the engineering drawings by one 
decimal point." 

The newest in home 
computers, fine stereo 
components, color TV, 
HAM radio, precision 
test equipment. 
innovative electronics 
for the home --all in 
easy -to- build, 
money- saving kits. 

Send today 
for your 
FREE 

Heathkit 
Catalog 

If coupon is missing, write 
Heath Co., Dept. 020412 
Benton Harbor, MI 49022 

Send to: Heath Co., Dept. 020 -812 
Benton Harbor, MI 49022 

Send my free Heathkit Catalog now. 
I am not currently receiving your 
catalog. 

Name 

Address 

City State 

CL -724A Zip 
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COMMUNICATIONS CORNER 
Speech processing can add "punch" to your signal for better DX. 

HERB FRIEDMAN, COMMUNICATIONS EDITOR 

THE FIRST TRANSMITTER I EVER BUILT 
was an AM unit with "modulation 
clipping " -a circuit that simply lopped 
off the peak of any speech waveform 
that would have produced more than 
100% negative modulation (see Fig. 1 -a). 
(It is carrier interruption, produced by 
negative peaks "below zero-volts," that 
causes sideband splatter.) 

My latest transmitter is a store- bought 
appliance with a host of circuits that 
provide speech processing to increase 
the average audio level, or "talk 
power" of my signal. In fact, any cir- 
cuit or system -regardless how simple 
or sophisticated -is a "speech proces- 
sor" if, in any way, it modifies the 
original modulation so that it can con- 
vey more information. 

How we increase that "talk power" 
depends primarily on current tech- 
nology. The earliest form of speech 
processing was the modulation clipper I 
mentioned earlier. Basically, it was a 
high- voltage rectifier tube in the sec- 
ondary of an AM plate -modulation 
transformer. That tube prevented 
modulation peaks from driving the B+ 
to the final RF- amplifier plate below 
zero-volts. When the B+ was driven to 
precisely zero-volts, the RF amplifier 
was said to be modulated 100% nega- 
tive. When the B+ was driven to twice 
the DC value, the amplifier was modu- 
lated 100% positive. Since the positive 
modulation can be any level without 
adversely affecting adjacent frequencies, 
most attention was given to the nega- 
tive modulation, for if it exceeds 100% 
the carrier is literally cut off and the 
RF- distortion products generate spuri- 
ous signals that cause interference on 

adjacent frequencies. (Actually, the 
FCC was somewhat fussy about the 
positive modulation, and broadcast 
transmitters were limited to a maximum 
of 125% positive modulation.) 

Early signal processing 
There is a characteristic of the human 

ear known as "average -power sensi- 
tivity" that got technicians working on 
the idea that the required 100% /125% 
modulation- limiting could be used to in- 
crease that esoteric characteristic called 
"talk power." While the transmitter's 
modulation is determined by the modu- 
lation's instantaneous peaks, the ear 
senses the volume of the "average - 
power modulation level," which is 10 
dB to 20 dB below the peak value. For 
reasons too complex to go into at this 
time, the peak -to-average ratio is as- 
sumed to be 10 dB. In practical terms 
that means that if the transmitter is 
modulated to 100% by unprocessed 
speech, the effective modulation level 
is approximately 30%. 

Early radio technicians and engineers 
figured that, since the modulation 
peaks aren't necessary to convey intel- 
ligence (fidelity, yes; intelligence, no), 
if the microphone's preamplification 
was increased so that the modulation 
was driven deep into peak clipping at 
the modulation transformer, the aver - 
age -to -peak ratio would be less than 10 
dB, increasing the average modulation 
level. That would cause the signal to 
sound louder at the receiving station; in 
essence, a boost in "talk power." (A 
peak -to-average ratio of 5 dB provides 
55% average modulation -depth.) Logi- 
cally, with greater clipping all peaks 

PEAKS 
CLIPPED 

100% 
MODULATION Trl \t1 - 

--- 

a 

100% 
MODULATION 
CLIPPING OR 

LIMITING 
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b c 

SIGNAL -PEAK 
LIMITING 

COMPRESSOR/LIMITER 

could be eliminated; and if high volume - 
levels were clipped to boost low 
volume -levels effectively, the signal 
could have an almost unvarying, high, 
modulation- level. Heavy clipping was 
tried, but the trouble is that clipped 
waveforms produce distortion, and the 
greater the clipping the greater the dis- 
tortion. It takes heavy filtering above 3 
kHz to prevent distortion products 
from spilling to adjacent RF frequen- 
cies; also, beyond a reasonable limit of 
about 8 dB the distortion makes the sig- 
nal "mushy," and actually less readable 
when buried under interference and 
static. 

Out of all this early experimentation 
came the observation that readability 
was improved if the voice's normal 
dynamic range was sharply reduced; 
that is, if the weak sounds or words 
could be amplified in relation to the 
stronger sounds. The most successful 
early method for transmitters was the 
"limiting amplifier" (not a peak limiter), 
a circuit used very successfully in CB 
transceivers because it does not pro- 
duce excessive distortion products. 

It works this way. The audio pream- 
plifier works at maximum gain until it 
senses a predetermined input- signal 
level, after which it provides less than 
"normal" gain. As a general rule, a 
limiter provides a 1:2 ratio; above the 
limiting threshold it delivers 1-dB out- 
put for each 2-dB increase in input 
level. (Some limiters have a 1:3 ratio, 
providing a 1-dB increase in output 
level for each 3-dB increase in input 
level above the limiting threshold.) 

Combined peak /volume limiters -of- 
ten simply called "limiters " - actually 
provide almost no amplification above 
the threshold; a 10-dB rise in input level 
might result in less than 1-dB rise in 
output level. This type of "limiting" is 
extremely effective, though it produces 
excessively "hot" highs because the 
low frequencies -which are generally 
considerably stronger than the high fre- 
quencies- trigger the threshold, pro- 
ducing reduced gain for the lows and 
normal or "wide open" gain for the 
highs. The resulting waveform is shown 
in Fig. 1 -b. This type of limiter is gen- 
erally used only to protect against over - 
modulation (since it does not really 
boost the average modulation level). It's 
a standard limiter for broadcasting sta- 
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tions that don't process the sound in 
any other way. 

Speech processing today 
Solid -state devices really made a big 

difference in speech processors. Tran- 
sistors, and in particular IC circuits, are 
very easily adapted to low- distortion 
filter designs. The modern speech pro- 
cessor first strips off the frequencies 
that don't convey much intelligence. 
Those are the frequencies below about 
300 Hz and above 3kHz. The lows help 
us distinguish who is speaking but we 
don't need them to convey intelligence. 
Besides, they burn up a lot of power and 
tend to foul up limiter and gain -riding 
adjustments. 

The frequencies above 3000 Hz also 
contribute little to intelligence and take 
up an unreasonable amount of spectrum. 

Finally, we push what's left through 
a compression amplifier -an amplifier 
that provides maximum gain to weak 
signals, and little (or even negative) 
gain to very loud signals. Combined 
with peak limiting (fixed peak- signal 
threshold), what modulates the trans- 
mitter is a more or less constant "aver- 
age power" signal (see Fig. 1-c)- liter- 
ally a wall of audio. Whether the input 
signal is a scream or a whisper, it comes 
out as nearly 100% average "voice - 
power" modulation. 

It would be nice to be able to assign 
some value and say that processed 
speech was 10 dB, 15 dB, or 20 dB 
more effective than unprocessed modu- 
lation, but there's really no way to 
specify a value. A loud sound into the 
microphone might gain only 6 dB or 
10 dB, but a very low voice or a whis- 
per might be 20 dB or even 30 dB more 
effective than if it were unprocessed. 
And this is where the advantage really 
lies: it is the weaker sounds that get 
the greatest boost through speech 
processing. 

We've come a long way since the 
early AM transmitter peak -limiters. 
While a signal may not have the best 
fidelity, at least we can be certain we 
will hear all we need to. R -E 

o 

"Beautiful, Henry! How did you ever 
achieve such clarity and purity of tone ?" 

RIG 
A 

The New RCA 
Unitized Chassis Field 
Service Handbook 

YOU ASKED FOR IT! 
A handbook that simplifies in -home service diagnosis... 
requiring a single piece of test equipment ... a volt ohm 
meter. 

YOU NEED IT! 
Servicing information based on actual field failures for 
efficient troubleshooting and repairs... right in the home! 

YOUR CUSTOMER WANTS IT! 
No need to take most chassis to the shop for repair ... 
depriving the customer of its use. 

SHOP OWNERS LIKE IT! 
Shop owners report in -home set servicing beats the 
profit squeeze by reducing time and travel expenses. 

RCA's new Field Service Handbook shows you how to 
quickly and simply diagnose the CTC 87, 88, 93, 97, 
99, 101 chassis. Step -by -step troubleshooting with a 

volt ohm meter in the home. Symptoms are traced to 
their cause with easy -to -read illustrations. Included are 
recommended component replacement procedures. 
Handy, loose -leaf binder (120 pages) stays open to 
the page you need while you work. Only $8.50 each. 

Order yours today -while supply lasts. RC/1 
Yes, send me copies of the new Field Service Handbook on the 
RCA XtendedLife unitized chassis series. My check or money order for 
S at $8.50 each is enclosed. 
Please Print -This Is Your Shipping Label 

8108RE 

7 

Mail to: RCA 
RCA Technical Publications 1-450 
600 N. Sherman Drive 
Indianapolis, Indiana 46201 

NAME 

ADDRESS 

CITY STATE ZIP 
L J 
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SERVICE CLINIC 
The more problems, the harder they are to find. 

JACK DARR, SERVICE EDITOR 

I'VE OFTEN MENTIONED CASES OF DOUBLE 
troubles: two different problems in the 
same set. I have also mentioned prob- 
lems due to overlooking a very sig- 
nificant symptom. We see it, of course, 
but we don't recognize it for what it 
means. Here are a pair of "doubles;" 
different in one way but alike in another. 

The first case involves a Magnavox 
T- 910 -01. No vertical or horizontal 
sync at all. After doing some checking, 
I found that the horizontal oscillator 
circuit wouldn't "free- wheel." The 
capacitor across the oscillator coil (hold 
control) was shorted. Replacing it re- 
stored the horizontal sync with a fairly 
good picture, but still no vertical sync. 
The oscilloscope showed the vertical 
sync -pulse present on the coupling 
capacitor to the vertical oscillator input, 
but the pulse was very ragged. Check- 
ing the output of the video detector 
showed a problem. 

Video was present, but the waveform 
looked like the one shown in Fig. 1, 
instead of the normal one. The sync is 
negative going at that point, as it should 
be, but note the amplitude of that pulse; 
it's at least four times too high (and the 
video is way too low). A bit more look- 
ing around with the oscilloscope showed 
that the AGC filter capacitor, C2 (see 
Fig. 2), was open. That allowed a num- 
ber of signals to get into the AGC line, 
causing feedback. A little experimenting 
with a capacitor substitution -box 
showed that marginal filtering in this 
AGC circuit can cause a loss of picture 
detail before the vertical sync is af- 
fected. That fact may be worth remem- 
bering if you run into a similar problem. 

That is an elegant example of how 
much faster you can diagnose a prob- 
lem when you use a scope intelligently. 
In fact, in cases like that, it is about the 
only instrument that will give you any 
valid data on exactly what the circuit is 
doing. The key clue in this kind of 
analysis is to look for the presence of 
signals (or pulses, etc.) at points where 
they should not be. Do that at any cir- 
cuit point that is filtered or by- 
passed. 

Now we get to a much worse case, 
unless you're looking for a good ex- 
ample of how to foul up a fairly easy 
diagnosis! The set was a Philco hybrid 
(solid -state IF, etc., and tube ampli- 

fiers). When I was called in, the prob- 
lem was no picture. The screen showed 
only a pattern of faint vertical bars with 
"squiggles" in them. The technician 
said that when the set had first come in 
the trouble had been a "smooth white 
screen " -no snow, no picture. He'd 
tried a tuner -subber on it but without 
luck. After putting the original tuner 
back, the symptoms changed. 

So, we checked the IF stage. The DC 
voltages there were close to normal, 
though the AGC was low. A video sig- 
nal from a color -bar generator was fed 
into the grid of the first video -amplifier 
tube. That signal came through and 
made a perfect picture on the screen. It 
told us that everything beyond that 
point was OK. This also fed some video 
to the AGC input from the first video - 
amp's plate- circuit. We found that the 
AGC didn't work, either. 

We now had the trouble pinned down 
between two points. We tried over- 
riding the AGC with a bias box but that 
had no effect on the pattern. We still 
saw the faint bars on the screen. At this 
point we had all the clues needed to 
find the trouble, but we didn't know it. 

After some more fruitless checking, I 
had to leave but the technician kept 
working on it. When I came in the next 

been tried. That should have told us that 
something wasn't hooked up correctly. 
The second was the fact that overriding 
the AGC had no effect at all on the 
symptoms. It should have; even if the 
IF was in oscillation, we should have 
been able to cut it off and get back the 
white screen symptom. If we had not 
been distracted by the tuner -hookup 
problem, there were a couple of tests 
that could have been made that would 
have helped. The scope would have 
shown nothing at all on the video -de- 
tector output. By using a crystal- detec- 
tor probe on the scope, we could have 
coupled this loosely to the third video - 
IF and seen that there was a normal 
signal at that point. Between this and 
the output there was only one thing that 
could cause the problem -the diode. 

So, let that be a lesson to you. When 
you're making tests, pay close atten- 
tion not just to what you're seeing, but 
especially to what it means. 

Power supply 
I've just gotten some data on a DC 

power- supply circuit with an unusual 
feature. Let's have a look at it so that 
you'll have an idea of what's going on 
when you run into it. It's used in a 
Magnavox chassis, the model 13C2. 

II 

LOW VIDEO \ 
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FIG. 1 

day, he told me he had found the prob- 
lem: The video- detector diode was 
shorted! The vertical bars /squiggles on 
the screen were due to a less- than-per- 
fect job of hooking up the tuner IF 
cable to the chassis! The ground was 
open, and that upset the IF input. 

With perfect 20/20 hindsight, we both 
agreed that we had overlooked two sig- 
nificant clues. First, the change in the 
symptoms after the tuner substitute had 

.01 
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That is one of those switching -regulator 
types that have been discussed in pre- 
vious columns. A pass- transistor does 
the actual regulating. It is switched on 
or off to vary the pulse -widths, at the 
horizontal frequency. 

The unusual thing here is that the 
oscillator used is in an IC on the volt- 
age- regulator board, the 70419 module. 
Some similar circuits use two horizontal 
oscillators, one of which is the main 
horizontal oscillator, with the other one 
synced to it. Here, there is only the 
one, and that does it all. The IC also in- 
corporates the phase detector and over - 
current, over -voltage, and under -volt- 
age protection circuits. It even has a 
protection circuit to guard against any 
faults in the control -loop of the IC itself. 
If any of those circuits are faulty, the 
same thing happens: The DC power 
supply is turned off. That is done by 
simply turning off the pass transistor so 
that no current flows at all, and that 
stops everything. 

Hope that some of this will be of 
help, and good luck! 

SERVICE 
QUESTIONS 

TOP LINES "TEAR" 
I'm tearing my hair over this Sylvania 

Video Monitor. It works fine, but there's a 

"tearing" in the first three or four lines at 
the top of the picture. The rest of the raster 
is stable. This unit is used as a computer 
display terminal. The horizontal oscillator 
will free -wheel, and the tearing disappears 
in this model! Any help would be appre- 
ciated. -J. A., Richardson, TX 

Here's a suggestion, and I hope it 
works! Since you changed the AFC 
diodes, this stage should be OK. Scope 
the bottom end of the diode unit. There 
are resistors and bypass capacitors used 
in this area and if one of them is open, it 
can create some funny problems. I had a 
very similar case some time back; I 

found some of the bypass capacitors 
were bad. . .after I'd already replaced 
two or three diode units! Incidentally, 
an unbalanced diode can have the same 
effect. 

INTERMITTENT TURN -ON 

The complaint on this Panasonic model 
CT -254 was intermittent turn -on. Press the 
switch several times and it would either 
start or would flicker several minutes, then 
it worked fine. It played on the bench for 
seven days in a row, then it started jitter - 
ing, contracting and expanding in both di- 
rections. I changed the pass transistor in 
the regulator. The set played three days 
with no problems. I took it home; it 
wouldn't work! 

So, back to the bench. I changed the 
SCR in the regulator. The set worked for a 

Put your ideas 
in our box. 

Meet the Idea Box. The short- 
est distance between idea and 
working prototype or one -of -a- 
kind instrument. 

Its a great time -saver! You 
design the circuit, we provide 
the power supplies...assembled 
and tested...and the right case 
to house it all. 

The Idea Box comes com- 
plete with three highly regulated 
low- ripple power supplies (fixed 
5VDC @ 1A; + and -15VDC, 
variable, @0.5A). Plus yourchoice 
of a solderless breadboard; a pre - 
etched, pre -drilled PCB which em- 
ulates the hole connection of the 
solderless breadboard's pattern; 
or a blank foil board you can use 
for existing PCB designs. All, 

housed in our attractive, high - 
impact case (4 "H x 10 "W x 7 "D), 
complete with aluminum front 
panel and hardware. Priced from 
just $149.95.* 

The Idea Box has the 
capacity for big ideas as well 
as small ones. You can stack any 
of the three circuit cards, in any 
combination. 

So, before you tackle your 
next project, get a head start with 
a I the help from us: have an Idea 
Box on hand. After all, good ideas 
shouldn't be kept waiting. 

GLOBAL SPECIALTIES 
CORPORATION 

70 Fulton Terr.. New Haven. CT 06509 (203) 624 -3103. TWX 710- 465 -1227 
OTHER OFFICES: San Francisco (415) 648 -0611. TWX 910- 372 -7992 Europe Phone Saffron- Walden 0799 -21682. TLX 817477 

Canada: Len Finkler Ltd.. Downswew Ontario 

Call toll -free for details 1- 800 -243 -6077 
During business hours 

`Suggested U.S. resale. Prices, specifications subject to change without notice. 
m Copyright 1981 Global Specialties Corporation. 
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Now with added words!* 

ELECTRIC MOUTH 

ELF II VERSION 

for SI00, Elf II, Apple 
TRS -80, Level II' Prom $99.95 kit 

Now - teach your computer to talk, 
increasing interaction between you 
and your machine. 

That's right: the ELECTRIC MOUTH actually lets your computer talk! Installed 
and on -line in just minutes. In ready for spoken -language use in office. busi- 
ness. industrial and commercial applications. and in games. special projects. 
R&D. education. security devices - thaw's no end to the ELECTRIC MOUI'H's 
usefulness. took at these features: 

Supplied with 143 letters/words /phonemes /numbers. capable of producing 
hundreds of words and phrases. 
Expandable on -board up to thousands of words and phrases with additional 
speech ROM% (see new speech ROM described below). 
Four models, that plug directly into 5100. Apple. Elf II and TRS-&t Level II 
computers. 
Cet ELECTRIC MOUTH to talk with either Basic or machine language (very 
easy to use complete instructions with examples included). 
Uses National Semiconductor's "Digitalker." 
Includes on -hoard audio amplifier and speaker. with provisions for external 
speakers. 
Installs in just minutes. 

rinciple of Operation: The ELECTRIC MOUTH stores the digital equivalents 
of words in ROM%. When words. phrases and phonemes are desired. they 
simply are called for by your program and then synthesized into speech. The 
ELECTRIC MOUTH system requires none of your valuable memory spaceex- 
cept fora few addresses if used in memory mapped mode. In most cases. output 
pone (user selectable) are used. 
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~Continental U.S.A. Credit Card Buyers Outside Connecticut 

TO ORDER 
Call Toll Free: 800- 243 -7428 

To Order From Connecticut, or For Technical 
Assistance, call (203) 354 -9375 

nNETERIONICS R &D LTD. 
Road, New Milford, CT 06776 333 

Dept RE 
Please send the items checked below: 

5100 "Electric Mouth" kit wNoxI S 99.95 
Elf n "Electric Mouth" kit wNoxl S 99.95 
Apple "Electric Mouth" kit wNox I 5119.95 
TRS-80 Level II "Electric Mouth" kit wNox I 3119.95 
VOX II (Second Word Setl S 79355 

Add $20.00 for wind tested units instead of kits. VOX II pstage rs insurance 
91.00. all others $3.110 postage and insurance. Conn nrvs add sales tax. 

Total Enclosed S 

Personal Check Cashier's ChecklMoney Order 

Visa Master Charge (Bank No 

Acct. No. Exp Date 
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Print 
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Address 

City 
%State 

w 
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week then started acting up again! I 

changed the VDR and checked the junc- 
tions on all the regulator transistors. I 

swapped C805 and C807 and found the 
sawtooth generator waveform output was 
a fair squarewave! The same waveform 
showed up in the clipper. I replaced both 
capacitors. Now I see a good sawtooth; 
the set works normally! -L. C., Mena, AR 

Hooray I 

ADDING A HORIZONTAL 
CENTERING CONTROL 

John Rusinko of Little Falls, NJ 
sends in this interesting idea on how to 
add a horizontal -centering control to a 
chassis that does not have one. 

FLYBACK TRANS 
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DIODE IF 
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IN WRONG 
DIRECTION 

FIG. 1 

HORIZ 
YOKE 

HORIZ CENTERING 
MODIFICATION 
(ISOLATED FROM 
GROUND) 

10 -25 - OHM 
POTENTIOMETER FIG. 2 

Lift the lead from pin 6 of the hori- 
zontal yoke plug and place the parallel 
combination of 25 -ohm pot and a 
1N4005 diode in series with the lead. 
Adjust the pot until the picture is cen- 
tered. Measure the value of the pot and 
then replace it with a fixed resistor. The 
diode /resistor combination is covered 
with heat -shrink tubing for safety. The 
modified circuit is shown in Fig. 1. The 
value of RI will, of course, vary from 

set -to -set. 
If you wish, a pot may be permanent- 

ly installed as shown in Fig. 2, but care 
must be taken to isolate the pot from 
the chassis, because boost voltage is 
present. 

BUZZ IN SOUND 

Just serviced a Panasonic CT -329. 
Complaint was low -level buzz from the 
speaker when the set was turned off via 
the remote control. It was caused by 
T801, the remote -power transformer. 
That is mounted too close to 1251, the 
audio -output transformer. T801 is on 
even with the set off and it was coupling 
a 60-Hz signal into the output trans- 
former! Only one screw holds T801 and 
the leads are long enough to move it to 
another area a couple of inches away. 

Thanks to Frank Ferrell of Bala -Cyn- 
wyd, PA for that one. 

A 3.16 MEGOHM RESISTOR 
In the "Service Questions" column 

(Radio-Electronics, November 1980) 
there was a question on a CTC -27X 
with no color. The stated cure was re- 
placing a 3.16- megohm, 1-watt resistor. 

"There ain't no such thing!" Check- 
ing with RCA Service Co. in Medford, 
MA, they said: "Go out to the open 
market and buy a 3.3- megohm, Iii -watt 
resistor. That will work." I tried it and 
it does. 

Thanks to A.W. Martell of Nick's 
TV, Watertown, MA and the RCA Ser- 
vice Co. in Medford. 

INTERMITTENT GREEN SCREEN 
This Panasonic model CT -91T works 

fine except for an intermittent all -green 
screen. When this happens, the voltage on 
the green screen jumps to +840. I changed 
the green -screen control and the bypass 
capacitor. At turn -on, the screen stays 
green for a few minutes, then clears up for 
an indefinite time. Help! -C. C., Johns 
Island, SC 

Well, you've changed the screen con- 
trol and the arc -gap capacitor across it. 
So, something is shorting across the 
screen control and letting the full boost 
voltage reach the screen grid. Here's a 
suggestion: Take off the screen control 
and examine the location very closely. 
See if there isn't a short piece of bare 
wire (the end of the resistor lead, 
clipped off, etc.) floating around behind 
the control. This short seems to be 
"thermal "; i.e., when the set is cold it 
shorts the control, and when the set 
heats up, it opens. Solder blobs can also 
cause these kinds of problems! 

COLOR PROBLEM 
This model T -995 Magnavox has a bad 

case of yellow fever! The color intermit- 
tently turns yellow and then clears up. Any 
help would be appreciated. -Q. H., Blue 
Springs, MO 

continued on page 82 
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EQUIPMENT REPORTS 

continued from page 36 

between two antennas for different frequency 
ranges, and selectively feed the tuned signal 
into one of two separate receivers, or into the 
two separate antenna jacks frequently found on 
modern wide- coverage receivers. 

Jacks and screw terminals on the rear of the 
cabinet let you attach antenna leads and con- 
nect the unit to the receiver(s). While coaxial 
cable is recommended for connecting the tuner 
and the receiver, for short distances insulated 
single -conductor wire with a separate ground 
lead or even shielded phone cable can be 
used. 

The Shortwave /Longwave Tuner is not an 
antenna matchbox in the truest sense; it is not 
intended to provide near- perfect impedance - 
matching between the antenna system and the 
receiver. Rather, it is a preselector circuit that 
can be made resonant at a particular frequen- 
cy, improving reception on, or near, that fre- 
quency while simultaneously rejecting out -of- 
band interference. That makes the device use- 
ful with modern low -cost communications re- 
ceivers that feature high sensitivity but fall 
short in selectivity. The background clutter 
from intermodulation and front -end overload 
may be reduced or even eliminated with this 
tuner. 

Our test 
We tried the Shortwave /Longwave Tuner 

with several receivers: the Radio Shack 
DX -300 and 302, Kenwood R -1000, Drake 
R7 /DR7, and the Yaesu FRG -7700. While 
signal improvement varied with the receiver 
tested, some improvement was noted with 
every receiver. The improvement was most 
noticeable on the lower frequency ranges (AM 
broadcast band and below). 

While the manufacturers of most general - 
coverage receivers capable of tuning below 100 
kHz usually state that frequency as a nominal 
cutoff point, using the Shortwave /Longwave 
Tuner extended low- frequency reception con- 
siderably. When used with a 50 to 100 -foot 
wire antenna, reception of WWVB (60 kHz) 
and even Omega (12 - 15 kHz) was possible! In 
their literature, Grove Enterprises indicates 
that the low- frequency reception is best when 
using a 100 -foot insulated wire lying on the 
ground as an antenna! Using that for low - 
frequency reception and a shortwave dipole 
would make an excellent antenna system. 

The Grove Shortwave /Longwave Tuner is 

not perfect; in order to keep the cost competi- 
tive RF chokes, rather than a large- diameter- 
wire inductor, were used. As a result, there is 

series resistance, as well as low Q, on the low- 
est frequency ranges. Despite that shortcom- 
ing, the tuner gives an excellent accounting of 
itself when used for casual longwave reception, 
and provides some improvement on the higher 
frequencies as well. 

The Shortwave /Longwave Tuner sells for 
$59.95 plus $1.75 shipping from Grove Enter- 
prises, Inc., Brasstown, N.C. 28902. R -E 

Thanks to you 
it works. 

For all of us. 

United Way 

Easily 
the best. 
In terms of resolution and 
accuracy, the Model 135 
is easily the best handheld 
DMM available at any 
price. It's the only 
handheld offering 41/2 
digits. That gives it 10 
times better resoultion 
than the best 31/2-digit 

DMM and provides 3 to 
4 times more useable 

accuracy. Resolution isn't 
all you get. You get an 
easy -to-use instrument that's 
rugged and reliable enough 
to live in the read world. 
You get Keithley packaging. 

Its large, crisp LCD makes it 
easy to read. Rotary switches and a color -coded faceplate 

make it easy to use. Once -a -year calibration and long battery 
life make it easy to own. Easy to buy at x235. 

Best in price, best in performance. 
There is a DMM designed specifically for your application in the Keithley 
line. Your Keithley distributor has instruments in stock for your 
convenience. Call today for complete information and a demonstration. 

Sound Choice. 
New Model 128 Beeper DMM. 
Audible /visual indication on all 
5 functions of this 31/2-digit 
DMM lets you test faster, and 
the user adjustable threshold and 
special diode test function make 
it a sound choice. Unique 
features, f139. 

Bench Bargain. 
Model 176, Portable Bench DMM. 
Full 5- function LCD 41/2 -digit 
bench DMM offers 0.05% basic 
DCV accuracy. Keithley ease of 
use features include range and 
function annunciators, 1000 
hour battery life and optional 
line operation. A bargain at f269. 

KEITH LEY 
Keithley Instruments, Inc. 
28775 Aurora Road /Cleveland, Ohio 44139/(216) 248 -0400 
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