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ESE CONTINANTAL SPECIALTIES CONPOMA TION

Model 2001 Sweepable

Function Generator. $186.00"
Get the waveforms youneed—1 Hzto 1 MHz In
five overlapping ranges: stable, low-distortion
sine waves, fastrise/fall-time square waves,
high linearity triangle waves —even a separate
TTL square wave output. Plus high- and low-
level main outputs.

Anapplied DC Voltage at the Sweep input
can shiftthe 2001's frequency; or sweep up to
100:1 with an AC signal.

A pushbutton activates the DC Offset
control, which shifts the output waveform up or
down on command.

You'd expect to pay a lot more for all the
2001 can do!

Model 4001 Ultravariable

Pulse Generator.™ $235.00*
Here's a precision digital pulse generator with
fastrise and fall times covering 0.5 Hz to 5 MHz
in 5 overlapping ranges. With pulse width and
pulse spacing each independently variable
from 100 nsec to 1 sec foranamazing 107: 1
duty cycle range.

You'll find the 4001 delivers the pulse
modes you need: Continuous, One-Shot, Trig-
gered, Gated, Square Wave, even a Comple-
ment mode. The Trigger/Gate input, 50 Ohm
variable output, TTL-level output and Sync
output connectors are BNCs.

The 4001 Nothing does as much as well
for anywhere near the price.

Smarter tools for testing and design.
CONTINENTAL SPECIALTIES CORPORATION .
Call toll-free for details

o e s 1-800-243.6077

During business hours
* Suggested U.S. resale. Available at selected local distributors. Prices, specifications subject to change without notice. € Copyright 1979 Continental Specialties Corporation

70 Fuiton Terr . New Haven. CT 06509 (203) 624-3103 TWX 710-465-1227
OTHER OFFICES San Francisco (415) 421-8872 TWX 910-372-7992
Europe CSC UK LTD Phone Saffron-Waiden 0799-21682. TLX 817477
Canada Len Finkler Ltd . Downsview. Ontano

CIRCLE 18 ON FREE INFORMATION CARD

www americanradiohictorvy com



NEW TECHNOLOGY

For $89.95 the Mura cordless telephone
sounds like a bargain. But wait until
you hear about its many disadvantages.

It's about time. For years you've seen ads
for cordless telephones selling for between
three and four hundred dollars.

Now through some very clever planning and
a sprinkle of new technology, Mura Corpora-
tion has come up with a cordless telephone
that sells for $89.95. However, it has major
disadvantages that could totally discourage
you from buying the system—but more on that
later.

ONLY IN AMERICA

The Mura weighs only 12 ounces and
measures 1%2"'x 2%'"'x 6%2". The system in-
cludes a base unit that plugs into your tele-
phone jack. You carry your cordless telephone
with you and when your phone rings, you press
a button and answer. And you can talk to any-
one as long as you remain within 400 feet of
the base unit.

But wait. We mentioned that the phone had
major disadvantages. And it does. But first,
let's outline some of its major advantages.
Convenience You don't need an extension
telephone. With the Pocket Phone you have
an extension phone that you can take with
you—inthe bath, inthe den, in the garden, or to
your neighbors.

Intercom You can use the base unit to page
the person holding the cordless telephone. For
example, if you're in your office and someone
outside has the unit, you can press a button on
the base unit and buzz the portable phone-
just like on an intercom. Simply by talking on
the phone plugged into your base unit, you can
talk with someone on the remote phone. It's
ideal for home or factory use.

Price The cost of the Mura remote telephone
is only $89.95. Compare this price not only
with the cost of other $300 remote telephones
but with conventional phones as well, and you
can appreciate what a major breakthrough the
Mura system represents. But there’s more.

You can plug any conventional phone into
the base unit and carry on a three-way conver-
sation. You can answer a call at the base unit
and signal the remote unit to pick up the line.
You can cut out the remote phone from the
base unit if you want to keep a conversation
private.

TALK OF VALUE

You can carry the cordless telephone with
you with its antenna collapsed and the battery
on standby. When a call beeps your unit, you
simply extend the antenna, turn the power on,
and start to talk.

The unit is FCC approved for connection
directly into your telephone line. If you don't

Cordiess
wonder

have a four-pronged jack or a modular con-
nector, simply call your telephone company.
They'll promptly install a jack for you and the
cost will be around $15 or less depending on
your location.

NOwW THE CATCH

We mentioned that there was a catch—afew
major disadvantages that you, as the con-
sumer, should know about before you con-
sider purchasing this product. Here they are:
Forget About Dialing The new Mura Pocket
Phane can't dial out. !t only receives calls. To
many people, this doesn't matter because
90% of remote phones are used to receive
calls and not to place them. By eliminating the
dial, Mura has cleverly saved consumers
hundreds of dollars.
Forget About Steel Walls The Mura unit
won't penetrate them. This means that if you
want to use your phone in a factory with metal
walls, your unit won't work. But for most facto-
ries and practically all homes, the unitis ideal.
Forget About Snooping The unit has only a
400 foot range. At first this might seem awfully
short, but nobody can snoop in on your con-
versations if that person is beyond this range,
and 400 feet is more than enough for most
applications. Most cordless telephones
operate in the 27 megahertz range—the same
frequency area used for citizen band radios.

The base unit for the Mura can also be used as
a personal paging system or intercom.

The Mura uses the 49 megahertz range. This
frequency has clearer reception with practi-
cally-no interference.

The above are the disadvantages. For 90%
of you, they don't mean a thing. For those 10%
of you who need a dial, we would recommend
the more expensive cordless telephones.

But for those of you who will accept its
disadvantages, you'll be in store for the great-
est idea in telephone convenience since the

www americanradiohistory com

The Mura cordless telephone represents a
major breakthrough in telephone technology.

cordless telephone was first introduced. In
fact, rather than install an extension phone,
why not consider the Mura instead?

TRY IT FIRST

We suggest you try the Mura Cordless
telephone system in your own home, office or
factory. Use it for 30 days. Take the phone to
your next door neighbor's house or with you to
the bathroom while you take a shower or bath.
Take it with you on your patio or balcony, or
bring it in your garden as you work. Use it in
your factory as an intercom or in your office as
a remote telephone.

After you've given it a thorough test, then
decide if you wantto keep it. If not, no problem.
Simply return your system for a prompt and
courteous refund including your $3.50 post-
age and handling. You can'tlose.

HERE'S THE WAY

To order your unit for a 30-day test, simply
send your check for $89.95 plus $3.50 post-
age and handling to JS&A Group, Inc., One
JS&A Plaza, Northbrook, lllinois 60062.
(Ninois residents please add 5% sales tax.)
Credit card buyers, call our toll-free number
below. We'll send your base unit, cordless
telephone, rechargeable batteries, recharger,
complete instructions, our 90-day limited
warranty, and the address of the closest Mura
Service Center or service-by-mail station.

Your unit is backed by Mura Corporation, a
17-year old company famous for their micro-
phones, headsets, and other audio products.
JS&A is America's largest single source of
space-age products--further assurance that
your modest investment is well-protected.

Very often when a product’s disadvantages
aren’t made clear to the consumer, that prod-
uct ends up being a disappointment. By ex-
plaining the major disadvantages of the Mura
cordless telephone, not only are we avoiding a
possible disappointment, we're proving just
how great a product it really is. Order a Mura
cordless telephone at no obligation today.

0 PRODUCTS
o THAT
THINK

Dept.RA One JS&A Plaza
Northbrook, Ill. 60062  (312) 564-7000
CallTOLL-FREE ........ 800 323-6400
in llinoisCall .......... (312) 564-7000

©JS&A Group, Inc.,1979
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THE MAGAZINE FOR NEW
IDEAS IN ELECTRONICS

Electronics publishers since 1908

MARCH 1980 Vol. 51 No. 3

SPECIAL 46 NIFTY WIRE-WRAP TRICKS
FEATURES A few tricks that make wire-wrap projects easier, quicker

and sturdier to build. Otto Slack ON THE COVER
53 SPEECH SYNTHESIZERS Featured on our newly designed
Part 1—The new breed of circuits that talk back. cover is OK Machine and Tool
Martin Bradley Weinstein Corporation’s Just Wrap tool
ST shown being used to wire wrap
BUILD 35 AUTOMOTIVE BURGLAR ALARM a prototype board. Also shown
Build it for less than $20. Automatic feature protects your is Vector Electronics P183

car without having to turn the alarm on or off. forming and cutting tool.
Steve R. Stout Wire-wrap construction has
38 [B)AQCTYASE SLANT:fLL'LE T;’ R;CE"CEF: e building vou many advantages over printed
etails of the ront-end gets you star uilding your . .

own backyard installation. Robert B. Cooper, Jr. Cll'cutlt bt(,)ardSH for protc:Lype
56 THUNDERSTORM ALARM construction. owever, ere

Simple radio accessory provides early warning of
approaching storm. Calvin R. Graf

TECHNOLOGY 4

R

LOOKING AHEAD
Tomorrow’s news today. David Lachenbruch

12 SATELLITE TV NEWS
The latest happenings in an exciting new industry.
Robert B. Cooper, Jr.
48 IC APPLICATION NOTE
14 nifty applications for Harris Semiconductor’s HA-2400
programmable amplifier.
60 HOBBY CORNER
A digital temperature sensor, a mosquito repelling circuit,
plus more. Ear! “Doc” Savage, KASDS
64 NEW IDEAS
A winning circuit application from our readers.
AUDIO 57 SUPER CLASS-A AUDIO AMPLIFIERS
New circuit technique radically reduces crossover
distortion. Len Feldman
P
VIDEO 42 WHAT’'S NEW IN 1980 TV RECEIVERS
A look at the new circuitry being introduced in this year’s
IVjsets ianl"Saren SUPER CLASS-A AMPLIFIER uses new circuit
66 SERVICE CLINIC techniques to radically reduce crossover dis-
Troubleshooting automatic brightness limiters. Jack Darr tortion without any of the drawbacks associ-
67 SERVICE QUESTIONS AND ANSWERS ated with negative feedback. To discover how

R-E’s Service Editor solves technician’s problems.

EQUIPMENT 24
REPORTS 25

Radio Shack Road Patrol Radar Detector
RCA Mini-State TV Antenna

are also several disadvantages.
To find out how to overcome
many of these disadvantages
and how to make your wire-
wrap projects faster, easier and
sturdier, turn to page 46.

it’s done, turn to page 57.

Radio-Electronics, (ISSN 0033-7862) Published monthly
by Gernsback Publications, Inc., 200 Park Avenue South,
New York, NY 10003. Phone: 212-777-6400. Controlied

ici P H Circulation Postage Paid at Concord, NH. One-year sub-
30 Data Precision Model 938 Digital Capacitance Meter sortion rate: U-SA. and U.S, possessions. $13.00, Can-
32 American Beauty Micro-SoIdering Station ada, $16.00. Other countries, $18.00. Single copies $1.25.

© 1980 by Gernsback Publications, Inc. All rights
réserved. Printed in U.S.A.

Subscription Service: Mail all subscription orders,

DEPARTMENTS 102 Advertising Index 16 Letters changes, correspondence and Postmaster Notices of
o - undelivered copies (Form 3579) to Radio-Electronics
14 Advertising Sales Offices 81 Market Center Subscription Service, Box 2520, Boulder, CO 80322.
78 Books 65 New Lit A stamped selt-addressed envelope must accompany all
14 Editorial 72 New Products submitted manuscripts and/or artwork or photographs if
) their return is desired should they be rejected. We
103 Free-Information Card 75 Stereo Products disclaim any responsibility for the loss or damage of

6 What’s News

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 g d p
B le vari in the quality and condition of materials and workmanship used by readers, Radio-Electronics disclaims any responsibility for the safe and proper

of
functioning ‘of reader-built projects based upon or from plans or information published in this magazine.
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& RADIO-ELECTRONICS

RCA’s videodisc: RCA will have its capacitance video-
disc system in nationwide distribution in the first quarter of
1981, after shipping demonstration players and discs to its
distributors in December 1980. After nearly 15 years of
development, the company revealed its plans to distribu-
tors and the public. President Edgar Griffiths said that the
first players will sell for less than $500 each “‘in 1981 dol-
lars’’ and discs of motion pictures and other entertainment
will be $15 to $20 each. He said RCA hopes to have 200,000
players in distribution in 1981 and forecast that videodisc
players would reach 30-to-50% penetration of color TV
homes in 10 years, with disc sales of 200 to 250 million in
the tenth year. Griffith revealed that the disc system “rep-
resents the largest single investment in a consumer pro-
duct in RCA's history.”

Some disappointment was expressed by hi-fi dealers on
learning that the first player model wouid not be equipped
for stereophonic sound and, in fact, wouldn’t even have a
jack for use with home stereo systems. RCA officials said
that later, step-up models and some future discs would
play in stereo, but that the first units were designed for use
with the 140-million television sets that all have mono-
phonic sound. Future models will feature freeze-frame,
slow-motion, reverse, and other special effects.

RCA announced its videodisc plans virtually on the first
anniversary of the start of marketing of the Philips/MCA
optical videodisc system in the U.S. The Magnavision play-
er is produced by Magnavox (a subsidiary of Dutch Philips)
and the discs are made by DiscoVision Associates, a joint
subsidiary of MCA and IBM, and marketed by MCA. The
deluxe Magnavision player features all the special effects
that are only in RCA SelectaVision's future, but both play-
ers and discs were plagued by low production. It's esti-
mated that only about 5000 players were sold in the three
markets (Atlanta, Seattle-Tacoma and Dallas) where they
were on sale. The player sells for $775 and movie discs for
$16 and $25, with shorter discs at lower prices.

Universal Pioneer, a Japan-based company owned joint-
ly by Pioneer Electronics, MCA, and IBM, has supplied
more than 10,000 microprocessor-based industrial video-
disc players to General Motors. They are compatible with
Magnavision players and can play standard DiscoVision
discs, as well as more sophisticated programmed and
indexed discs for use in automobile showrooms and for
personnel training. U.S. Pioneer, the audio-equipment
company, plans to have its own consumer optical disc play-
er—also compatible with Magnavision—on the American
market at about midyear at under $1,000.

Other Japanese manufacturers haven't revealed their
home videodisc plans, but have experimented with differ-
ent approaches. Many have taken out licensees for either
the RCA or the Philips/MCA approach or both, or have
developed their own non-compatible systems. Sony will
produce an optical player to the Philips/MCA standards,
but only for the industrial market—at least at first—and it
says it hasn’t decided which approach to use for the con-
sumer market. The Matsushita organization has demon-
strated two different systems, both of them incompatible
with either of the two systems on the U.S. market, and says
that either one could be put into production quickly. Its
subsidiary, JVC, has a grooveless capacitance system

which is capable of all the special effects attainable in the
Philips/MCA optical system, while Matsushita Electric has
demonstrated a grooved mechanical technique designed
as a low-cost competitor to RCA’s SelectaVision. Thom-
son-CSF of France sells an optical system, incompatible
with all others, on the industrial-institutional market.

Better audio for video: The year's big ““feature’ in the
new television set lines is sound. In the 1980 models now
available, high-end sets take advantage of the full-frequen-
cy sound now being transmitted by the networks. Two
manufacturers, by coincidence, adopted the same name
for their new sound systems—Magnavox with *‘Super
Sound’ and Sylvania with *‘Supersound.” Magnavox's top-

of-the-line sets have 12-watt amplifiers, three-way speak--

ers and separate bass and treble controls. Other Magna-
vox sets feature increased amplifier power, better speakers
and improved frequency response. Some have tone con-
trols, others ‘‘voice/music” switches. Sylvania’s top-end
consoles have separate eight-watt amplifiers, two-way
speakers, separate bass and treble controls and a high
filter switch to eliminate noise from program sources such

as old movies. RCA’s approach, called “Dual Dimension-

Sound,” is quite different. It's used in some 19- and 25-inch
models that have speakers on both sides of the screen, and
simulates stereo. The speaker on one side carries low, and
high frequencies, while the other speaker has mid-low and
mid-high frequencies, giving a spatial effect.

in other new-set developments, RCA introduced a *‘Dy-
namic Detail Processor System' incorporating a new
comb-filter CCD IC, increasing picture resolution. Magna-
vox’s Computer Color 330, now in 75% of its line, uses a
glass delay line to accomplish the same effect. RCA also
introduced a 13-inch set with pushbutton ‘‘Autoprogram-
mer,’’ on which seven days of programming can be set up
in advance via a keyboard panel. Magnavox features a
MPU keyboard tuning system that eliminates all fine-tuning
and can receive mid-band cable TV channels without a
converter box.

De-ghosting: Broadcast television’s major bugaboo, the
ghost, is under all-out attack through a variety of exorcizing
programs. Some stations are now adopting circular polar-
ization, that cuts down ghosts on rabbit-ears and can help
eliminate ghosts for outside-antenna installations, too—
but special outdoor antennas must still be used. TDK and
others have developed ferrite-concrete coating materials
that make tall buildings virtually “invisible’ to TV signals by
absorbtion—but that is a very expensive process. In Japan
and the U.S., many firms are working on electronic de-
ghosting systems. GTE Labs has demonstrated one which
uses the LS| equivalent of 20,000 transistors. it indentifies
the first ghost as identical to the primary signal, notes the
magnitude of the signals and the distance apart. It then
produces a signal equivalent to that of the ghost but of
opposite polarity. That generated ‘“ghost” cancels out the
original, undesired ghost. The same function is accom-
plished many times in a transversal filter, to suppress multi-
ple echoes.
DAVID LACHENBRUCH
CONTRIBUTING EDITOR
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The VIP hobby computer:

New! VP 111
Microcomputer..
Assembled* and tested.

599,

Features:

e RCA 1802 Microprocessor.

e 1K Bytes static RAM.

Expandable on-board 1o 4K.
Expandable to 32K Bytes total.

e 512 Byte ROM operating system.

e CHIP-8 interpretive language or
machine language programmable.
Hexidecimal keypad.

Audio tone generator.

Single 5-volt operation.

Video output to monitor or modulator.
Cassette interface—100 Bytes/sec.
Instruction Manual with 5 video game
listings, schematics, CHIP-8, much more!

ideal for low-cost control applications.

Expandable to full VIP capability with
VP-114 Kit.

*User need only connect cables (included), a
5-volt power supply, and speaker.

Please send me the RCA COSMAC VIP items indicated.

0O VP-111 New low cost Microcomputer

(See description above) .............
O VP-114 Expansion Kit for VP-111—lIncludes
3K RAM, I/0 Port and connectors... $ 76
VIP-—The original VIP Microcomputer
(See descriptron above) ............. $1
RAM On-Board Expansion Kit—Four
2114 RAMIC's. Expands VP 711
memory to 4K bytes ............. _r

VIP Color Board—Converts VIP to
color. Four background and eight
foreground colors .................... $ 69

VIP Simple Sound Board—Provides
256 programmable frequencies. For
simple music or sound effects.
Includes speaker
VIP Super Sound Board—Turns your
VIP into a music synthesizer! Two
independent sound channels. On-
board tempo control. OQutputs to
audio SYSteM.........ooiiiiiieat

4-Channel Super Sound—Includes
VP-576 expander, demo cassetle
and manual. Requires VP-550 and
4K RAM
VIP Memory Expansion Board—

Plug-in 4K RAM memory. ............ $ 95

VIP Auxiliary Keypad—Adds two-
player interactive capability. 16-key
keypad with cable. Connects to
sockets on VP-590 or VP-585 ... ....
VIP Keypad Interface Board—Inter-
faces two VP-580 Auxiliary
KeypadstoVIP. ...

0O VP-711

0O VP-44

0O VP-590

0O VP-595

0O vP-550

0 VP-551

$ 74

0O vP-570

0O VP-580

0O vP-585

New low price! $1 99
The original VIP .. =
Completely assembled

and tested.

All the features of the VP-111 plus:

A total of 2K Bytes static RAM.

Power supply.

8 Bit input port.

8 Bit output port.

I/O port connector.

System expansion connector.

Built-in speaker.

Plastic cover.

Three comprehensive manuals:

e VIP Instruction Manual—20 video
game listings, schematics, much more.
® VIP User's Guide—operating instruc-
tions and CHIP-8 for the beginner.

e RCA 1802 User's Manual (MPM-
201B) - complete 1802 referenceguide.

O VP-560 VIP EPROM Board—Interfaces.two

2716 EPROMs toVIP ................ $ 34
VIP EPROM Programmer Board—
Programs 2716 EPROMs.
Withsoftware. ........................
VIP Expansion Board—Provides 4
butfered and one unbuffered
expansion sockets. ..................
VIP Two-Board Expander—Allows
use of 2 Accessory Boards in either
i/O or Expansion Socket............. $
ASCII Keyboard—128-character
ASCII Encoded alphanumeric
keyboard. ... $ 65

0O VP-565
0O vP-575
O VP-576
0O VP-601

Enclosedis$
Add your state and local taxes $

| enclose O check or O money order or, charge my O VISA/Bank Americard

O Master Charge.
Credit card account No.

Start programming for only $99.

COSMAC VIP lets you add
computer power a board
at a time.

With easy-to-buy options, the versatile
RCA COSMAC VIP means even more
excitement. More challenges in
graphics, games and control functions.
For everyone, from youngster to serious
hobbyist.

Built around an RCA COSMAC micro-
processor, the VIP is easy to program
and operate. Powerful CHIP-8 inter-
pretive language gets you into
programming the first evening.
Complete documentation provided.

Send the coupon now...

Complete the coupon below and mail to:

RCA VIP Customer Service, New
Holland Avenue, Lancaster, PA 17604.
Or call toll free (800) 233-0094

to place your Master Charge or VISA
credit card order. In Pennsylvania,
call (71 7)397-7661, extension 3179.

O VP-611 ASCII/Numeric Keyboard—Same

as VP-601 plus 16 key numeric

keypad.......ooooiiiiii $ 80
0O vP-620 Cable: Connects ASCil keyboards

TOVIP. Lo $ 20
0O VP-700 VIP Tiny BASIC ROM Board—BASIC

code stored in 4K of ROM............ $ 39
O VP-710 VIP Game Manual—Listing for 16

exciting games. .........ooeeeiennnn. $ 10
O VP-720 VIP Game Manual-ll—More exciling

games (Available 2nd gtr. '80) ........ $ 10
0O MPM- CDP1802 User Manual—(Included

201B  withVP-711) ..o $ 5

[m] Please send more information....... -

for items checked plus shipping & handling charge of $3.00.

Total enclosed $

Master Charge Interbank No.

Expiration date:

Signature (required for credit card orders).
Name (please type or print):

Street address:

City:

State & Zip:

Telephone: ( )

Make checks payable to RCA Corp. Prices and specifications are subjectto change

without notice.
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whats news

Automotive manufacturers see day
of electronics arriving

The long-predicted day of the takeover
by electronics in the auto industry has final-
ly arrived, according to analysts of The New
York Times. After electronic ignition be-
came pretty much standard, there was a
pause, during which there was little further
application of electronics in the automotive
field. Now, according to Peter J. Schuyten
of the Times, “‘tiny microprocessor-based
systems are overseeing such vital engine
functions as exhaust-gas recirculation and
air-fuel ratios. Integrated circuits are being
incorporated in door-lock assemblies, on
the dashboard and in automotive enter-
tainment systems.”

This sudden surge, says the Times,
could—with the imminent addition of such
functions as transmission control and elec-
tronic braking—mean a market of nearly
$4 billion by 1990.

This sudden “‘windfall”’ may be as much
a problem as an opportunity for the semi-
conductor industry. Increasing markets in
other fields are already taking up practical-
ly the full capacity of the semiconductor
plants, and a surge of orders from Detroit is
likely to prove embarrassing. The automak-
ers may well have to turn their attention
abroad. Ford is already buying circuit chips
from Toshiba, and General Motors is said
to have signed contracts with several Euro-

pean suppliers. (R-E readers have known
about this for years; about time everyone
else ‘‘discovered" it.— Editor)

Report from Germany—
IC’s, new uses for TV, up

The use of transistors in German TV sets
has dropped off sharply, members of the
international press were told at a confer-
ence arranged by the International Radio
and TV Exhibition 1979 at Berlin. Con-
versely, the number of integrated circuits is
rising. The discrete components are being
replaced by IC’s. Production of TV receiv-
ers is also rising sharply—aimost doubling
in the past four years.

Electronic methods have almost com-
pletely superseded mechanical devices in
the tuning circuits, and selection of 12 to 30
stations is standard. Remote control, areg-
ular feature in color sets, began in 1977 to
shift from ultrasonic to infra-red devices,
and the microprocessor took over part of
the process of station selection.

The first experiments with stereo televi-
sion sound and dual-language sound are
being carried out in West Germany. (In
dual-language sound, the two stereo chan-
nels carry different languages instead of
stereo—a re-broadcast American show
may have English on one channel and a
German translation on the other.)

With the prices of electronic memories
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ELECTRONIC COMPONENTS of the new Ford V-8 engine used in the 1980 Lincoln Continental and
Mark VI. No less than six of these are sensors of the various engine conditions, information from
which is used to control the electronic tuel injection and other functions to limit emissions while
promoting fuel economy. Electronic components are aiso used to control the entertainment appara-
tus, remote-controf the CB equipment, and even to open the doors.

dropping drastically, it is expected that
such uses as Teletext and Viewdata, as well
as intelligent games, will tend to become
universal. Field trials of Viewdata by the
German Post Office, and of Teletext by the
broadcasting authorities, are due to com-
mence in 1980; satellite television is pres-
ently expected to reach the experimental
stage by 1983.

U. S. ambitions meet setback
at Geneva WARC sessions

United States efforts at the World Ad-
ministrative Radio Conference (WARC) to
expand its allocations of the world’s broad-
cast frequencies, to increase its share of
the spectrum for governmentai and scien-
tific use, and to meet the growing demands
of the exploding communications activity
were largely unsuccessful. Opposition to
the United States proposals came largely
from thie underdeveloped Third World na-
tions. Those countries had been given
scanty allocations at former conferences
(which are held roughly every 20 years).
Many of them were in fact colonies of the
larger Powers when some of the earlier
conferences were held.

The United States delegation held that
the airwaves should be made available to
the countries now most in need of them,
rather than allocated to nations who have
no present capability of using them. The
small-nation approach is that if they do not
do something to get a share of the frequen-
cies immediately it will soon be too late
even to try.

Armando Vargas of Costa Rica, a promi-
nent proponent of the Third-World view
that was forwarded vigorously by a 12-
nation Latin American coalition, gives
much credit to the instruction and counsel
given the coalitioh by American and British
public-interest organizations. They offered
their support, Mr. Vargas said, because the
interests of the developing nations are sim-
ilar to those supported by public-interest
groups in the industrialized ones.

“‘We both want to see the frequencies
used for the types of satellites that provide
inexpensive social services—education for
people in remote areas or health and agri-
cultural consultations,” said Mr. Varga.
“The industrial countries . . . are inter-
ested in huge satellites for widespread
communications, which small countries
can't afford.”

Ralph Jennings, deputy director of the
United Church of Christ’s Office of Com-
munications, set forth a parallel but some-
what different approach:

“'With us, the issue is an ethical one. . .

It is in the long-range interest of our own
country to recognize that the undeveloped
nations have legitimate rights to the air-
waves. They don't want to be left way
behind in the next century.”

& RADIO-ELECTRONICS
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Facts from Fluke on low-cost DMM’s

Three good reasons to buy your
handheld DMM from Fluke.

Ask yourself what you'’re really
looking for in a handheld DMM, and
then take a good long look at ours.

CHOICES? The Fluke line of
handheld DMM’s now offers three
clear performance choices. There’s the
8022A Troubleshooter, a solid value for
basic voltage/current/resistance
measurements that offers 0.25% basic
dc accuracy. The 8020A Analyst is the
world’s best-selling DMM and first to
offer conductance for high-resistance
measurements to 10,000 Megohms —
now with accuracy improved to 0.1%.
And the new 8024A Investigator, a
powerful instrument also with 0.1%
accuracy that boasts three unique
capabilities: logic level/ continuity
detection with an audible “beeper” for

| TEMpoC
<R TE

instant continuity testing, and
slow-speed logic checking, peak hold to
lock onto elusive transient signals, and
direct temperature readings to1265°C
via K-type thermocouples.
CONVENIENCE? Pick one up
and you’ll know what true one-hand
operation means — tough, lightweight,
palm-size packages designed with
in-line push buttons for quick range
and function changes.
RELIABILITY? Count onit. A
substantial number of components are
used exclusively to insure
reliability and
to guard
against
overloads.

Calibration is traceable directly to the
National Bureau of Standards.

LOW COST? Compare these U.S.
prices: $129 for the 8022A, $169 for the
8020A and $199 for the powerful 8024A.

Fluke standards of quality and
customer service, of course, are
uncompromising — for our line of
handheld DMM’s and all our products.
For more facts call toll free
800-426-0361; use the coupon below;
or contact your Fluke stocking
distributor, sales office or
representative.

FLUKE]
®

"IN THE U.S. AND NON-
EUROPEAN COUNTRIES:

John Fluke Mfg. Co., Inc.

PO. Box 43210 MS # 2B
Mountlake Terrace, WA 98043
(206) 774-2481

Telex: 32-0013

IN EUROPE:

Fluke (Holland) BV.
P.0. Box 5053,

5004 EB Tilburg,

The Netherlands

(013) 673 973 Tix: 52237

[0 Please send all the facts on Fluke

low-cost DMM's.
Please have a salesman call.

Mail Stop




® RADIO-ELECTRONICS

NRI will train you at home
to be an electronics professional
in the growing world
of communications.

Learn to service, repair, and install everything from microwave antennas
to two-way radios...from radar sets to TV transmitters.

Direction Finders, Loran

www americanradiohistory com




No other home-study course
gives you such complete, professional
training in so many fields of com-
munication. No other gives you the
actual bench training with kits ard
demonstration units specially designed
for learning. Only NRI gives you the
thorough preparation and training
you need to achieve professional
competence in the wide world of
communications.

Learn at Home
in Your Spare Time
Learn at your own pac, tight in
your own home. There’s no need to
quit your job or tie up your evenings

Aircraft Guidance &
Landing Systems

" Microwave Relay

| your option, you can train with a full
y forty-channel mobile CB and base- —_— .

AM & FM Broadcasting

with night classes. No time or gas meter and digital CMOS frequency
wasted traveling to school.. .NRI counter. NRI even gives you special
brings it all to you. You learn with lessons to get your Amateur License so

NRI-pioneered “bite-size” lessons and
proven, practical “power-on” training.

Build Your Own 2-Meter,
Digitally Synthesized
VHF Transceiver or
40-Channel CB

NRI training is “hands-on”
training, You get honest bench ex-
perience as you build and test this
industrial-quality two-way radio and
power supply. You reinforce theory les-
sons as you induce and correct faults,
study individual circuits and learn
how they interface with others. Or, at

You also build and keep for use ~ (rANSCEiver.

L in your work a transistorized volt-ohm FCC License

or Full Refund

In all, you get 48 lessons, 9
special reference texts, and 10 training
©, kits...the training you need to become
. ...a aprofessional. And NRI includes train-
— ing for the required FCC radiotele-

phone license examination. You pass
or your tustion will be refunded in
full. This money-back agreement is
valid for six months after the com-
pletion of your course.

Free Catalog,

CB Radio No Salesman Will Call

NRI's free, 100-page full-color
catalog shows all the equipment you
get, describes each lesson and kit in
detail, tells more about the many
specialized fields we train you for. It
includes all facts on other interesting
areas like TV and audio servicing or
digital computer electronics. Mail the
postage-paid card and see how we can
make you a pro.

If the card has been removed,
write to:

NRI Schools
McGraw-Hill Continuing
CJ [ Education Center
Wisconsin Ave
e 3939 .
"Hall'|

Washington, D.C. 20016

www americanradiohistorvy com
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The satellite TV pioneer

Those who have been following the series of articles in
Radio-Electronics describing the challenges offered in establish-
ing your own private satellite TV earth station know well that
the excitement attached to this project is almost uncontrollable.
The combination of high-quality programming, great diversity
of channcls, and being involved in man’s conquest of our near-
space environment is an unbeatable combination

For the pioneer, these are trying times. Less than one year ago
you couldn’t find any information about satellite reception and
what you did find was more often than not written (or then-
practitioners of “the art.” The ncophyte, desirous of learning
the basics from: the ground up, was hard pressed to locate start-
ing data. Now there is plenty of information available. Much of
it describes work done on a custom basis. by talented pioneers
who are more intent on making their own first terminals sit up
and operate than in providing how-to-do-it data for others with
fess experience in microwave system design and operation.

Plainly what is nceded more than anything else at the moment
is a handful of dedicated sources for the specialized circuit
boards and microwave-family component parts that a private
satellite terminal requires. It would appear that within the next
60 to 90 days several such sources may develop and begin ship-
ping parts kits and circuit boards on demand, in quantity. We
intend to watch the development of this very carefully and we
will keep you advised monthly, as circuit boards and parts kits
become available. Those who have products in thesc areas
should in turn see that we know about your products as rapidly
as possible, recognizing that there is a 60-75 day delay between
your telling us about such equipment and our first opportunity
to discuss it here in this monthly news column.

Licensing Deregulation

As most readers are undoubtedly now aware, on October 18,
1979 the FCC determined that builders of satellite TV termi-
nals are no longer required to obtain an FCC license to construct
their terminals. Before that ruling, every cable-system construc-
tor of a satellite terminal was supposed to go through a lengthy
(and expensive) license-application process. Most private (i.e.,
non-commercial) terminal builders were ignoring that rule. The
Commission. perhaps mindful of the difficulty presented in
tracking down “unlicensed receive stations,” simply decided to
eliminate the requirement; now you may build your terminal
without any type of federal license.

However, both the FCC and the satellite program operators
maintain that while you may build a terminal without a license,
you may not waich anything with it (!) unless you have the
written authority of the programmers using the satellite. The
FCC states that, because all satellites are licensed in a special
type of scrvice called fixed point-to-point common carrier, and
the downlink transmission band is in turn *“fixed” by interna-
tional agreements for non-broadcasting use, none of the pres-
ent-gencration satellites may engage in broadcasting in the sense
that people are free to simply tune in their transmissions. That
issue will undoubtedly end up in the courts. For now the sim-
plest way to “stay clean” is to obtain a letter of authorization
from at least one satellite-programming source that approves
your tuning in that source’s programming transmitted via satel-
lite. Several of the present satellite programmers have been
authorizing individuals to receive their satellite transmissions
without charging a fee for the programming. (Others grant

authorizations, but only after requesting fees as high as $96 per
year.) Here are four such services vou can contact:

I. PTL (Praise The Lord), transponder 2, FI. Mr. Gary
Deaner, PTL Satellite Network, Charlotte, NC 28279.

2. CBN (Christian Broadcasting Network), transponder 8,
FI. CBN, Inc., Pembroke Four, Virginia Beach, VA
23463.

3. KTBN (Trinity Broadcasting Network), P.O. Box A, San-
ta Ana, CA 92711.

4. Satellite Magazine (Satellite Television Technology). P.O.
Box G, Arcadia, OK 73007.

Since the FCC did away with the mandatory license require-
ment. a number of the satellite programmers have developed the
attitude that they do not want private terminal viewers. Many
cable-system operators feel uncomfortable with the prospect
that. one day, home viewers will have access to satellite pro-
gramming on their own without the cable system’s satellite
receiving terminal as an inter-connection; and considerable pres-
sure is being placed on the satellite programmers by the cable
firms. That pressure translates to “Don’t authorize private view-
ers to watch your satellite service if you want the cable firms to
subscribe to your service.” That aspect also is in an evolutionary
state.

One proposal to remedy the situation has come from Comsat,
the U.S. company that represents U.S. interests in the world-
wide INTELSAT network. Comsat is suggesting a special (new,
not yet designed or launched) satellite that would offer up to six
channels of direct-to-the-home satellite-delivered television for
a monthly fee—a sort of cable service without the cable. The
theory is that if people were offered six channels of high-quality
satellite TV that was specifically designed for home viewing, the
interest in pirating cable TV programs directly from the present
satellites would fade away. Whether that proposal flies or not
remains to be seen: as of now, the carliest date that such a
service could become operational is five to six years ahcad. For
the present, then, the problems associated with the ‘‘cable-
related programming” continue.

Scrambling

One proposed solution to insuring that only those receiving
terminals authorized to receive transmissions may do so has
been advanced by Home Box Office (HBO), which is carefully
considering several technical proposals that will enable them 1o
scramble (as in encode) their satellite transmissions. The tech-
nology for scrambling certainly exists. Unfortunately, anything
that can be scrambled can also be descrambled; and to expect
several thousand authorized reception terminals to stand guard
over their descrambling boxes day and night may be too much to
ask of anyone. Every scrambling technique advanced to date has
one major drawback: It introduces some degradation to the pic-
ture even when properly descrambled. One of the big selling
points for HBO and other premium (i.c., movie) scrvices has
been the high technical quality of their picture. To degrade that
picture quality purposefully as a trade-off for sccurity may make
good technical sense, but would be a poor business decision.
Again, we’ll watch this development and keep you advised. You
should be aware that few (perhaps four or five) of the present
satellite programmers have indicated any interest in scrambling
their satellite signal: most recognize that the disadvantages (for
now) far outweigh any benefits.

ROBERT B. COOPER, Jr.
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Choose any one of these

books at the special club discount, and

L GET ONE FREE

(values up to $60.00)
when you join the
COMPUTER

PROFESSIONALS'
BOOKCLUB
/|

g

select any other as your gift Free of Charge when you enroll:

AUTOMATIC DATA PROCESSING HANDBOOK
Edited by The Diebold Group, Inc.
168/075 Pub. Pr., $38.95 Club Pr., $25.75

PROGRAMMING LANGUAGES By A. B. Tucker, Jr.

man
491/380

70130X

MICROCOMPUTER-BASED DESIGN By J. Peat-
Pub. Pr., $26.50

DATA BASE DESIGN By G. Wiederhold
Pub. Pr., $24.50

PRINCIPLES OF INTERACTIVE COMPUTER

HOW TO DESIGN AND BUILD YOUR OWN CUS-
TOM TV GAMES By D. L. Heiserman
786/585 Pub. Pr., $14.95 Club Pr., $11.95

HANDBOOK OF OPERATIONAL AMPLIFIER
CIRCUIT DESIGN By D. F Stout, edited by M.
Kaufman
617/97X Pub. Pr., $29.95 Club Pr., $17.50

Club Pr., $18.95

Club Pr., $18.25

654/158 Pub. Pr., $22.00 Club Pr., $16.50
MINICOMPUTER SYSTEMS, 2nd Ed. By R. H.

Eckhouse

787/026 Pub. Pr., $21.95 Club Pr., $16.50

MICROCOMPUTERS/MICROPROCESSORS:
Hardware, Software & Applications By J. L.
Hilburn & P. N. Julich
771499 Pub. Pr., $22.50 Club Pr., $16.50

MICROPROCESSOR APPLICATIONS MANUAL
By Motorola, Inc.
435/278 Pub. Pr., $38.00 Club Pr., $26.50

THE 8080A BUGBOOK: MICROCOMPUTER IN-
TERFACING AND PROGRAMMING By P R.
Rony, D. G. Larsen & J. A. Titus

GRAPHICS, 2nd Ed. By W M. Newman & R. F

Sproul!
463/387 Pub. Pr, $24.95 Club Pr,, $19.95
PF(I:OGHAMMING FOR MINICOMPUTERS By J.C.
luley
785/49X Pub. Pr,, $17.50 Club Pr, $13.50

REAL-TIME PROGRAMMING WITH MICRO-
COMPUTERS By R. C. Turner
786i372 Pub. Pr., $16.95 Club Pr., $13.95

MEMORY DESIGN: Microcomputers and Main-
frames By Electronics Magazine

ANALOG SYSTEMS FOR MICROPROCESSORS
AND MINICOMPUTERS By P H. Garrett
786/496 Pub. Pr., $18.95 Club Pr., $14.95

ENCYCLOPEDIA OF COMPUTER SCIENCE
Edited by A. Ralston & C. L. Meek
769/01X Pub. Pr., $60.00 Club Pr., $39.95

MICROPROCESSOR AND MICROCOMPUTER
SYSTEMS By G. V. Rao
783/659 Pub. Pr.,, $24.50 Club Pr., $19.50

THE Z-80 MICROCOMPUTER HANDBOOK By W.
Barden, Jr.

783/845 Pub. Pr., $9.95

Why YOU should join now!

e 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 guaran-
tee savings of at least 15% off publishers’ list prices on every book.
Usually 20%, 25% or even higher!

Club Pr., $8.45 191/549

e 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.

o 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 selection —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.

Pub. Pr., $18.50

———————————— ey

Club Pr., $15.50 784/914 Pub. Pr., $8.95 Club Pr., $7.69

———————————— e ey

Computer Professionals’ Book Club
P.O. Box 582, Hightstown, New Jersey 08520

Please enroll me as a member and send me the two books indicated, brlling me for my first
selection only at the discounted member’s price, plus local tax, postage and handling. If
not satisfied, | may return the books within 10 days and my membersnig will be canceled. |
agree te purchase @ minimum of 3 addifianal books during the nex! 2 years as outlined
under the club pian described in this ad. Membership in the ciub is continuous but
cancellable by me any time atter the four book purchase requirement has been fulfilled.

Write Code # of Write Code # of

FREE selection here FIRST selection here
Orders from outside the U.S. must be prepaid with internationgt money orders in u.s.

L

Charge my [ VISA[]

MASTER CHARGE* Exp. Date

Credit Card # *MC Bank #

Signature

Name

Address

City, State, Zip

Corparate Affiliation
This order subject to occeptance by McGraw-Hifi. All prices subject to change without
nohce. Offer good only to new members. A postage and handling chorge is added fo all
shipments. P39L32
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editorial

Times Change

Over the past 50 years, Radio-Electronics has come to you in a
package with several different labels. In July 1929, it was Radio-
Craft (our first issue). In 1949, the name was changed to Radio-
Electronics and was printed in a stencil typeface. In 1957 the name
was not changed, but the typeface was. And that’s the way it stayed
until this issue.

No! We have not changed the name, but we have given it a much
more modern look—one that is inspired by the “electricity” in our
industry. The change, the growth, the excitement.

The content has not been changed. It is still the firm in-depth
editorial coverage that has made and kept Radio-Electronics your
Number 1 Authority in this industry, and we intend to keep right on
delivering that kind of information.

This month, for example, we show you how to build a low-noise
amplifier for the front end of a Backyard Satellite TV receiver. There
are some Nifty Wirewrap Hints; a story on how to Build Your Own
Automotive Burglar Alarm; another on Using An IC PRAM; a look at
Super Class-A Audio Amplifiers; and the first part of a feature on
Speech Synthesizers. And that’s only part of what you can discover
this issue.

It is this kind of solid editorial content that keeps you reading
Radio-Electronics, and it is the kind of editorial content you will
continue to find in our pages. When something new happens—like
computers or satellite TV reception, we will be sure to bring it to
you.

We would like your comments on our new look, even if you
disagree with our choice. But we really hope that you'll like it;

obviously we do!

LARRY STECKLER
Editor
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SHORTCUTS

Breadboard and test the faster and easier way.
Solderless, of course.

Your breadboarding is a
super-snap with an AP Super-Strip
Build a circuit almost as fast you dream it
up. Pull it apart and do another—
everything's as good as new. Your AP
Super-Strip combines an 8-bus
power/signal distribution system with a
matrix of 428 terminals, each with 5 tie
points. It accommodates up to nine 14-pin
DIPs. Altogether, you have 840 plug-in
solderless tie points. No need for special
patch cords either—use Solid 22 AWG
Wire. Where to buy? Read on.

With Non-corrosive Alloy 770 terminals, $47. With goid-plated terminals, $24.95.

A P Terminal and Distribution Strips Your
basic breadboarding building blocks.
When you take on a project that's too
big for your A P Super-Strip, use these
A P modules. Now you've got the world's
easiest way to assemble full-performance,
solderless bread-boards of any size or
shape. Our terminal and distribution strips
come in 11 configurations, all with universal
A" x 4" matrix, accept all components with
leads up to .032” diameter, connect with
any solid wire up to No. 20 AWG. No
special patch cords. Get as few or as
many as you need at your nearby A P
Distributor. Where? Read on.

Distribution Strips with 2 or 3 strips, from $2.
Terminal Strips with up to 128 terminals from $4.75.

A P All-Clircuit Evatuator...The best, or

assemble your own and get the best for less.
Your A P "ACE" will save you time—time
after time—because there's no faster or

7 Now experience the easiest

way there is fo trouble-shoot DIP ICs.

e
7 Ournew A P Super Grip il is the ultimate

J test clip. A heavy-duty industrial-grade steel
/" spring maintains firm contact pressure. No

intermittents. No shorts. Ever. Contacts are gold-
F plated phosphor bronze arranged in a “contact

comb" which separates contacts precisely. New,
narrow-nose design fits highest-density boards.

Flat contacts won't roll off IC leads.
Engineering-grade thermoplastic body
is molded around contact pins. Nail-
head pin rows offset for easy probe
attachment (straight-pin) modeils for
connector attachment, too). We'll tell
you where to get your A P test clip—
and we'll send you our compiete A P
catalog, The Faster and Easier Book.

easier way to prototype. You plug in
your circuit, add power, and test.
it's super-fast breadboarding,
with the electronic integrity
you get in all A P products.
Our solderless plug-in tie
points are a special
non-corrosive alloy.
Use them over
and over again.
Same.good
connections
everytime. Our AP "ACE"
kits are a snap to assemble.

5 assembiled models
or 2 kits, available from $18.95.

A P Super Grip Il test clips in 8, 14, 16,
16151, 48, 20, 22, 24, 28, 36 and 40-pin models from $4.50.

Where to buy? Phone (toli-free) 800-321-9668.

AP PRODUCTS INCORPORATED
1359 W. Jackson St., Painesville, Ohio 44077 Tel. 216/354-2401 TWX: 840-425-2250

CIRCLE 62 ON FREE INFORMATION CARD

www americanradiohistory com

!'H"f'”'fi
15‘24_ ‘

0861 HOHVYWN

-h
n



RADIO-ELECTRONICS

-t
=]

TECHNOLOGY

| read your editorial in the June 1979 Edi-
tion, and right on!

It's a very common opinion today that at
some point technological improvement just
stopped and no further innovation is neces-
sary. We have a car that works. Stop. We
have radios that work. Stop. We have com-
puters that work. Stop.

Upon closer examination, however, we
find that our cars don’t work all the time
and they don’t tast very long, either. Sure
we have radios, but have we reached the
full potential? The computers are marvels,
but can we direct them to more human type
thinking? Are there other methods of ap-
proaching or perhaps improving the com-
puter concept?

Inventors and designers know the poten-
tial and most realize that the process of
innovation can almost be carried out to
infinity. But more and more today, fewer
people will listen. All the immediate needs
have been satisfied. They may then shut off
the switch on the flow of new ideas. It is
ironic that the ones who are most likely to
laugh at the new breakthroughs are often

the most knowledgeable in the field. Has
the credential of expertise also become the
license to play God?

K. RHOTEN

Schererville, IN 46375

FOR THOSE WITH LIMITED VISION
A large proportion of persons called
“blind” are not totally blind; they have lim-
ited vision that may reach the extent of 5 or
10%. Many such persons can read books
and magazines with the aid of special
lamps and magnifiers. “‘Limited vision” is a
condition that can remain stable over many
years, and may retain its stability for life.
A friend whose vision is thus limited
asked me if | could obtain a digital calcula-
tor for her—one which has digits the size of
those on her digital alarm clock. She can
see the 0.6-t0-0.7-inch digits of the clock,
but not those of the small, hand-held calcu-
lators. | checked into the features of some
so-called desk calculators and discovered
that the digit size was generally 0.25-inch
bright fluorescent or 0.375-inch not so
bright. Years ago, there were calculators
with large bright readouts, but they don’t

seem to be around any more.

I have toyed with the idea of taking an
existing desk calculator that has large,
easy-to-use keys and interfacing it to a
large separate display. | discussed the proj-
ect with several persons more knowledge-
able than | in digital techniques, and they
hemmed and hawed about source and sink
drivers for 8 plus 1 digits, and 7 plus 1 seg-
ments with special power supplies, and
tricky ground referencing. One chap sug-
gested looking into National’s selection of
high-current driver chips that can be fed
from the multiplexed main chip.

Among your readers and contributors,
there must be someone who has encoun-
tered and tackled this sort of project. Per-
haps there is an article in a magazine that |
have overlooked; perhaps there is a prod-
uct that has escaped me. | would appreci-
ate hearing from someone who has the
answer, or even helpful ideas. (I know
about the special ‘‘voice output’ calcula-
tors that are available for the blind. So far,
they are very expensive and are obtained
through State subsidy in most cases. | look

continued on page 23

Tube

Electron
Tube

Electron
Tube

Electron
Tube

Electron
Tube

the Reéeiving Tubes you'll ever need

for most replacements.

With RCA you get the exact replace-
menttubes you need along with quality
you can depend on. Whatever receiv-
ing tube you need, you'll find it at your
RCA Distributor. Miniatures, Novars,
Compactrons, Nuvistors, Glass Tubes,
Metal Tubes . . . over 1,000 types, pro-
duced to RCA’s exacting standards.

Plus many RCA service aids and busi-
ness alds to add to your efficiency and
promote your business . . . tube cad-
dies, service tools, technical literature
and a wide assortment of in-store signs
and displays.

See your RCA Distributor for all your
tube needs.

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

www americanradiohietory com
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HICKOK LX SERIES MULTIMETERS |
OBSOLETE YOUR TRUSTY OLD vOMm! |

Here are the truly inexpensive, no ronsense, high
performance DVOM's you've beer locking for! Com-
pact. Lightweight. Easy to reac, indoors or odt.
Accurate. Precise. Reliable. Rugged. Sa‘e.
Self-contained. Easy to hold anc ogerat2 with the
same hand.

A complete line of inexpensive accessories is
available to extend other capatilities far beyond
those of a comparably priced VOM.

All the super-durable, high quali‘y professional
meter you need for service and maintsnance work at
an analog price. So why pay as much for analog
inaccuracy...or more for dicital f-ilis?

Write today for complete details or contact your
local Hickok distributor. Better y=t, call us toll free,
outside Ohio, at 800-321-4664.

LX303 - 574.%
LX304 - *89.%

CIRCLE 63 ON FREE INFORMATION CARD
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e Automatic polarity, zero and overrange
indication
e Easy-to-read 2" high L C.D display
e Y, year battery life in typical use f
e 12 pz. including 9V battery
e Withstands 4 ft. drop without loss
of accuracy
e Automatic decimal point, built in low
battery indicator, diode and transistor
testing capability (LX304 only)
Carry it in your pocket, brief case or tool |
box and enjoy on-the-spot accuracy when-
ever and wherever you need it.
No need to worry about damage. it’s built
to take it...so you can take it with you
wherever you go. i

—
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L
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———
THE HICKOK ELECTRICAL INSTRUMENT CO.

10514 Dupont Avenue e Cleveland, Ohio 44108
(216) 541-8060 . TWX: 810-421-8286
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If you’re interested in learning how to fix air
conditioners, service cars or install heating
systems — talk to some other school. But if
you’re serious about electronics, come to
CIE -The Electronics Specialists.

S
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"_17"|$£; bﬁ'%“ - _'__\__ _—

e Special Projects Director
Cleveland Institute of Electronics
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My father always told mc that
there were certain advan-
tages to putting all vour eggs in one
basket. “John,” he said, “learn to
do one important thing better than
anyone else, and you'll always be
in demand.”

I believe he was right. Today is
the age of specialization. And I
think that’s a very good thing.

Consider doctors. You wouldn’t
expect your family doctor to perform
open heart surgery or your dentist to
set a broken bone, either. Would you?

For these things, you’d want a
specialist. And you'd trust him. Be-
cause vou'd know if he weren’t any
good, he’d be out of business.

Why trust your education
and career future to
anything less than a
specialist?

You shouldn’t. And vou certainly
don’t have to.

FACT: CIE is the largest indc-
pendent home study school in the
world that specializes exclusively
in electronics.

We have to be good at it because
we put all our eggs in onc busket:
electronics. If we hadn’t done a good
job, we’d have closcd our doors
long ago.

Specialists aren’t for

everyone.

I'1l tell it to you straight. If you
think electronics would make a nice
hobby, check with other schools.

But if you think you have the
cool —and want the training it takes
—to make sure that a sound blackout
during a prime time TV show will be
corrected in seconds— then answer
this ad. You’ll probably find CIE has
a course that’s just right for you!

At CIE, we combine
theory and practice. You
learn the best of both.

Learning clectronics is a lot
more than memorizing a laundry list
of facts about circuits and transis-
tors. Electronics is intercsting be-
cause it’s based on some fairly recent
scientific discoveries. It’s built on
ideas. So, look for a program that
starts with ideas —and builds
on them.

That’s what happens with CIE’s
Auto-Programmed® Lessons. Each
lesson uses world-famous
“programmed learning” methods to
teach you important principles. You
explore them, master them com-
pletely. . . before you start to
apply them!

But beyond theory, some of our
courses come fully equipped with
the electronics gear to actually let
you perform hundreds of checking,
testing and analyzing projects.

In fuct,depending on the course
you talke, vou'll do most of the basic
things professionals do every day —
even use a Digital Learning Laboratory
to apply the digital theory cssential
today to keep pace with clectronics
in the cightics.

Plus there’s a professional quality
oscilloscope vou build and use to
“see’” and “rcad” the characteristic
waveform patterns of electronic
cquipment.

You work with experi-
enced specialists.

When vou send us a completed
lesson, vou can be sure it will be
revicwed and graded by a trained
electranics instructor, backed by a
team of technical specialists. If you
need specialized help, you get it fast
... in writing from the faculty spc¢-
cialists best qualificd to handle
your question.

Pcople who have known
us along time, think of us
as the “FCC License
School.”

We don’t mind. We have a fine

record of preparing people to take . ..

and pass. . . the government-
administered FCC License exams.
In fact, in continuing surveys ncarly
4 out of 5 of our graduates who take

the cxams get their Licenscs. You
may alrcady know that an FCC
License is needed for some carcers
in electronics —and it can be a
valuable credential anytime.

Find out more?! Mail this
card for your FREE
CATALOG today?

If the card is gone, cut out and
mail the coupon.

I’ll send you a copy of CIE’s
FREE school catalog, along with a
complete package of independent
home study information.

For your convenience, I'll try to
arrangc for a CIE representative to
contact vou to answer any questions

you may have.

Rcmember, if you are serious
about learning clectronics. . . or
building upon vour present skills,
your best bet is to go with the elec-
tronics specialists — CIE. Mail the
card or coupon today or write CIE
(and mention the name and date of
this magazine ), 1776 Last 17th
Strect, Cleveland, Ohio 44114,

Pattern shown on oscilloscope screen is simulated.

Cleveland Institute of Electronics, Inc.

1 ClI

Print Name. _ ——
Address.

City —
State.

\ge -

Check box for G. 1. Bill i~formation:

Mail today?

wwWw americanradiohistory com

Veteran

1776 East 17th Street, Cleveland, Ohio 44114
Accredited Member National Home Study Council

[J YES... John, I want to learn from the specialists in clect ronics —CIE.
Send me my FREE CIE school catalog — including details about troubleshooting
courses — plus my FREE package of home study information.

Apt.

__Zip

TPPhone (area code) =

Active Duty
RE-83

086+ HOHVIN
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When quality counts

Do not be fooled by the low prices, these brand
new lab quality frequency counters have important
advantages over instruments costing much more.
The models 7010 and 8010 are not old counters repack-
aged but 100% new designs using the latest LS|
state-of-the-art circuitry. With only 4 IC’s, our new 7010
offers a host of features including 10 Hz to 600 MHz
operation, 9 digit display, 3 gate times and more.
This outperforms units using 10-15 IC’s at several
times the size and power consumption. The older

designs using many more parts increase the possiblity .

of failure and complexity of troubleshooting. Look
closely at our impressive specifications and note you
can buy these lab quality counters for similar or less
money than hobby quality units with TV xtal

time bases and plastic cases!

Both the new 7010 and 8010 have new amplifier
circuits with amazingly flat frequency response and
improved dynamic range. Sensitivity is excellent
and charted below for all frequencies covered by the
instruments.

Both counters use a modern, no warm up, 10 MHz
TCXO [temperature compensated xtal oscillator]
time base with external clock capability - no economical
3.579545 MHz TV «xtal.

Quality metal cases with machine screws and heavy
guage black anodized aluminum provide RF shield-
ing Jlight weight and are rugged and attractive - not
economical plastic.

For improved resolution there are 3 gate times
on the 7010 and 8 gate times on the 8010 with rapid
display update. For example, the 10 second gate time on
either model will update the continuous display every
10.2 seconds. Some competitive counters offering a
10 second gate time may require 20 seconds
between display updates.

The 7010 and 8010 carry-a 100% parts and
labor guarantee for a full year. No “limited” guarantee
here! Fast service when you need it too, 90%
of all serviced instruments are on the way back to
the user within two business days.

We have earned a reputation for state-of-the-art
designs, quality products, fast service and honest
advertising. All of our products are manufactured and
shipped from our modern 13,000 square foot facility in
Ft. Lauderdale, Florida.

When quality counts...count on Optoelectronics.

MODEL 8010 1GHz
CIRCLE 41 ON FREE INFORMATION CARD
1 GH: FREQUENCY COUNTER — —
MODEL 7010 600 MHz ot o
| G \]
] [ 7]
4 optoelectronics inc.
3 . .
i WL CLK. ML Do M2 11y w; 2 e0  so0o " ) -
» " ] L (Y
s e e { -8 §{ 8= '...’ @
. ] — ), -
| l l l L ) e e o gt RANGE — MHZ VOV war
- ~ i ~ -
RASEE — e QAT — ear. J
: -
® 100% U.S.A. FACTORY ASSEMBLED ® DISPLAY HOLC FUNCTION ® LAB/PORTABLE-AC ADAPTER INCLUDED
® 100% PARTS & LABOR YEAR GUARANTEE @ 9 RED LED DIGTS 4” HIGH ® 1 MEGOHM & 50 OHM INPUTS
® CERTIFIED NBS TRACEABLE CALIBRATION @ .1 Hz RESOLUBION ® STATE-OF-THE-ART LSI DESIGNS
® EXTERNAL CLOCK INPUT ® 0.1 PPM 10 MHz TCXO TIME BASE ® COMPREHENSIVE USER MANUAL PROVIDED
©® COMPACT SIZES—7010- 1-%" Hx4-%" Wx3-%"0  8010- 3" Hx7-1:" Wx6-1%2"D
SENSITIVITY ¥’ § I ext |ni-cap
MODEL | pricp! | HANGE | LEO 50 OHM INPUT HI-ZINPUT it % - TOXO TIVE BASE | o\ ock | BaTT
ICE | 10Hzto | BIGITS§ o5 550 Mz | 250-450 MHz | 450 MHz-1GHz | 10Hz - 60 MMz soMHz | max. FREQ | 20 -a0°c | FREQ INPUT | PACK
7010 | 145.00 20-40 mV 4 10 Hz 1PPM | 45 MM ogrstf)u YTE%N
. m - o K 1
-7010.1 | 225.00 | 600 MHZ| 9 A un 10-30 mv 10 600 MHz DG s [ UGE 600MHz | 01PPM g, e ‘”;15_
8010 | 325.00 . - iy 1PPM e [l ~yes: [YES
Msotoal h aoctoofll MGHz 9 1-10mv 5-20 mV 10-25my | 10wV BIO120SEC  AHz | 1H S o eem |1ommz[ SED os;g:n
* Has precision 0.1 PPM TCXO time base.
MODEL 7010 MODEL 8010 ACCESSORIES

#7010 600 MHz Counter - 1 PPM TCXO  $145.00
#7010.1 600 MHz Counter - 0.1 PPM TCXO $225.00

OPTIONS
#Ni-Cad-701 Ni-Cad Battery Pack &

#8010 1 GHz Counter - 1 PPM TCXO

$325.00 #TA-100 Telescope Ant with

#EC-70 External Clock input,10 MHz
#CC-70 Carry Case, Padded Black Vinyl

charging circuitry
Installs inside unit

ORDER FACTORY DIRECT o

#8010.1 1 GHz Counter - 0.1 PPM TCXO $405.00 Right Angle BNC § 9.95
#8010.1-13 1.3 GHz Counter - 0.8 PPM TCXO $495.00 #P-100  Probe, 50 ohm, 1x $13.95
#P-101 Probe, Lo-Pass, !

OPTIONS Audio Usage $16.95

#Ni-Cad-801 Ni-Cad Battery dack & #P-102  Probe, Hi-Z, e
$ 15.00 charging circuit'y General Purpose  $16.95 T g4
$ 25.00 Installs inside unit $ 39.00 '
$ 8.95 #CC-80 Carry Case, Padded Black Vinyl $ 9.95

CALL TOLL FREE

ptoelectroniecs inc 1-800-327-5912

5821 N.E. 14th Avenue, Fort Lauderdale, Florida 33334

TERMS: Orders to U.S. and Canada, add 5% for shipping, handling and insurance "0 a maximum of $10.00. ‘All other orders add 10%.
C.0.D. coljection fee $1.00. Orders under $15.00 add extra $1.00 handling. Regular checks must clear before order is shipped. Florida residents add 4% sales tax.

FROM FLORIDA (305) 771-2051/2




LETTERS
continued from page 16

farward to a future article in Radio-Elec-
tronics making use of the new voice syn-
thesizer modules.)

WESLEY H. ALDRED

Cleveland, OH

HEART RATE MONITOR

Usually, | don’t read Radio-Electronics,
but your July 1979 cover showing the Heart
Rate Monitor prompted me to buy that
issue. | didn't build your circuit, either, but
my interest in it derives from having de-
signed a similar circuit (digital readout) that
| submitted to a design contest, and which
won me the first prize! (See EDN Septem-
ber 5, 1977 and EDN October 20, 1977,
page 79 for the circuit.) Since that circuit
aroused great and unexpected interest, |
am passing along the following information
to your readers:

The only criticism | have of M. C. Wor-
ley’s circuit is the rather slow response time
(6+ seconds) because of the output filter.
Also, the physical size of the circuit could
be reduced by using a quad op-amp
(LM324)in place of IC1 and IC4; in addition,
that allows low voltage and a single supply
(battery) operation. IC2 and IC3 might also
be replaced by a 556 dual timer. IC5, Q3,
and the speaker can also be simplified to
one “Sonalert” beeper. A comparator with
histeresis in front of Q1 also greatly im-
proves noise (muscular, etc.) immunity.

My circuit updates the rate at every pulse
using frequency muitiplication with F/V, V/
F converters, runs on one 9-volt battery,
and has digital LCD display—all for less
than $60. The sensor | use is a Monsanto
MCA-7 ($3.95).

Since the originally published circuit
turned out to have some problems, | devel-
oped an improved version obtaining f=1/t
by analog division.

A copy can be obtained from Intech
Function Modules (the sponsor of the con-
test), 282 Brokaw Road, Santa Clara, CA
95050 or directly from me. Good luck.
GERO TIMMERMARNN
Mutltitech, P.O. Box 2277, Santiago, Chile

NOT CONFUSED ABOUT EINSTEIN

| may be careless, but | am not confused
about ‘‘Einstein’s Theory,” as Dr. Mark
suggests in his letter in the October 1979
issue. My letter in the June 1979 issue
should have stressed the stability of the
mobile radar transmitter, so that without
measuring we know its transmitted wave-
length and frequency never changes no
matter how the police car maneuvers. Thus
“simultaneity” is no longer a problem, as
we know the frequency at the source is sta-
ble without measuring it again at each
observer where it changes, except where
there is no Doppler or radial motion.

How is the ‘“famed” Michelson-Morley
experiment even involved with photons and
relativity? That experiment used mono-
chromatic light as a source, which is light of
one frequency or very stable. That mono-
chromatic light source was solid to the
same Earth as the lenses and mirrors in the
interferometer, so there was no relative
motion, which is all and precisely what the
Michelson-Morley experiment measured

Today we have a much better source of
monochromatic light. The laser is not only
very stable, but outputs essentially only
one coherent frequency, hence makes an
excellent clock. We now have solid-state
lasers the size of a grain of sand, which we
can attach on the end of a string and swing
this monochromatic light source or stable
frequency back and forth. When the laser
swings to a detector the detector gets a
higher frequency or up Doppler as the
source travels faster than the speed of
light; but when the laser swings away from
the detector, it gets down Doppler as the
light arrives at the detector at less than the
speed of light. Only at the extremes of
swings does the detector get the same fre-
quency as the laser always outputs. How?
Because the speed of light is a constant

only to the source and may not be a con-
stant to all observers.

It has been 58 years since Einstein won
the Nobel prize for the photoelectric effect.
As yet, no one has ever even found one
photon, let alone measure its velocity, as
Dr. Mark implies is an easy thing to do. If
Einstein had had precision-tuned electron-
ic circuits, as most Radio-Electronics
readers have, he could have explained the
photoelectric effect with them. Each differ-
ent atom represents a sharply tuned circuit
of a different frequency, and will only emit
electrons when it absorbs its own particular
frequency to get sufficiently excited. Look
up “‘postulate” in the dictionary. Einstein’s
math is not science. R-E
JOHN W. ECKLIN
Alexandria, VA
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Sprague distributors have MORE to offer . . . more component types,
more styles, more ratings, more sizes, more quality, more value. With
Sprague distributors, you save time by getting what you want when you

want it, faster and easier.

For the name of your nearest Sprague distributor and a copy of Catalog

C-622, write to:
Sprague Products Company

Distributors’ Division of the Sprague Electric Co.

81 Marshall Street
North Adams, Mass. 01247.

659138

SPRAGUE

THE MARK OF RELIABILITY
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Where MORE is more than a promise.
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Radio Shack Road Patrol
Radar Detector

CIRCLE 101 ON FREE INFORMATION CARD

RADAR SPEED DETECTORS STILL SEEM TO BE
hot-selling items judging from the continuing
production of these little devices by the elec-
tronics industry.

One of the newest designs is the Road
Patrol L.R. recently released from Radio

Shack. Made for Radio Shack by a prominent
manufacturer, the Road Patrol multiband de-
tector is designed to respond to either X-or
K-band signals. As with other similar devices,
the Road Patrol extracts power from the ciga-
rette lighter receptacle. A retractible coil cord
keeps the power line snug. A universal mount-
ing bracket is furnished with the detector,
allowing for a variety of mounting schemes. A
self-adhering pad (supplied) may be used to
stick the detector and bracket assembly firmly
to the windshield for greatest clearance. Alter-
nately, the bracket may be stuck or screwed
down to the top of the dash or to the hardware
seal around the windshield. A sct of adjustable
screws permit the unit to be optimally tilted on
its mount so that it faces directly forward for
maximum range.

The housing is plastic with a non-glare
rough black texture. There are two electronic
adjustments, accessible from the front. The
volume of the audible alarm may be set so that
any triggering may be heard above ambient
vehicle noise. A sensitivity control provides an
approximate range-distance selection.

Accompanying the audible alarm, a tlashing
red panel light displays the warning, CHECK

SPEED, when the detector is triggered.

If it is likely that the owner would like to
transfer the detector repeatedly between vehi-
cles, extra mounting brackets are available at
additional cost from Radio Shack.

A green LED pilot light indicates when the
unit has been switched on. When first powered
up, the unit will “beep” and flash the alarm
light for a short stabilization period. After
that, the unit may be adjusted for optimum
performance.

In a major metropolitan area, there are
many stray RF signals which may cause false
triggering of the sensitive device. That suscep-
tibility is common to virtually all broadband
Radar detectors; it is a fact of life. Fortunately,
such false indications are usually erratic and
are also short-lived.

When the Road Patrol detects an actual
speed radar transmission, the audible pulsating
tone and flashing red alarm light will recur
repeatedly. That signal is unmistakable when
compared to the occasional signals.

How it works.

A radar detector is simply a broadband,
high-sensitivity RF-level detector. It has a

RCA's 1980
SK Guide puts
Sylvania ECG’

inits place.

You'll find the comparable ECG
number right along with the SK
number for the second year in a
row in RCA’s new SK Solid State
Replacement Guide.

ndations
5pG-2027

hisisit...
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tuned microwave horn antenna that is designed
to pass signals in the X-and K-(several thou-
sand megahertz) bands into a diode. The
radio-frequency energy is then rectitied into a
voltage that upsets a delicately balanced alarm
circuit. Obviously, a radar speed trap cannot be
detected unless the radar is actually transmit-
ting a signal. That is one way that law enforce-
ment agencies can outwit the detectors: They
may use short bursts of radar o monitor spe-
cific vehicles momentarily—hardly enough
time for a radar detector to resolve whether the
incoming signal is a random bit of RF interfer-
ence, or whether it actually is a transmitted
radar signal.

The range of a radar detector depends on a
number of factors including its own sensitivity,
the power-output level of the radar transmit-
ter, the terrain on which the transmitter is

Are they legal?

The battle in the courtrooms still looms.
Some recent landmark decisions have ruled in
favor of the driver. Is the mere possession of a
radio-receiving device proof that the owner is
guilty of trying to evade the law? That this
question is ditlicult to answer.

Some police agencies have attempted (o
locate strategically old radar transmitters that
will produce false signals on major highways,
causing detector owners to lose faith in the
judgment of their detector devices. That action
has been recently struck down by the FCC
because of the interference the transmitters
generate on the airwaves.

So far, only one technique has been proven
100% effective for avoiding speeding tickets:
Just stay under 55 miles per hour! The Radio
Shack Road Patrol radar Detector sells for

l

Free!

Edmund Scientific

being used, the amount of surrounding traffic, $199.95. R-E

: h . ? :

‘m%vl c,weal};‘fft est the Road Pairol .. Explore Astroriomy, Biofeedback,
cv;]erfcla 2 oﬁ:sé co oal e Orc”} Rotable TV RCA Mini-State Optics, Lasers, Magnets, Weather

recent holiday weekend. On a trip 1o a loca 8 o i -

hamfest, we entered the city limits of Knox- Axntenna Magnitiers, Microscopes, Photo

graphy ... . Over 4,000 Fascinating

ville, Tennessee, and the little detector began Products in Our FREE 100 page color

WE ARE LIVING IN AN AGE OF RAPIDLY INCREAS-

to beep persistently. We couldn’t turn the sen-
sitivity low enough to keep it from frantically
trying to tell us something. Instinctively, we
slowed down, and looked analytically at the
bushes, trees, grass—anything and everything.
After about & half mile of super-cautious driv-
ing, there it was: an airport radar dish, sweep-
ing the horizon!

Our return trip was more productive. A
series of radar traflic-control points were defi-
nitely in operation in Western North Carolina,
and the Road Patrol let us know every time we
came near one with plenty of time to sparc so
we could slow down.

ing miniaturization. Watches, calculators,
computers, and automobiles all reflect the
trend. Now, RCA has joined the ranks of the
miniaturizers with their new Mini-State com-
pact UHF/VHF TV antenna.

Looking like a flying saucer, the SMS440
Mini-State is maqunted as high as possible,
away from metallic masses. Internally, the 21-
inch plastic housing encloses a motor-driven
directional antenna array. A circular styrofoam
form provides support for a UHF Yagi and a
terminated, tuned VHF loop. The VHF loop is

continued on page 26

Catalog! Send for your FREE

Edmund Scientific Catalog, Today!

38 Years

O Yes! Rush me your FREE catalog!

Name

Of Service!

Address

City
State

Zip

Clip and Mail Coupon Today to:

Edmund Scientitic Co, Dept. 2020, EHO6

Edscorp Bidg., Barrington, N.J. 08007

No. 156

1980 Edmund Scientific Co

one SK book-all you need
to fill your solid state
replacement needs.

® DUAL NUMBERING SYSTEM
e.g. SK3444/123A

® EVERYTHING UNDER ONE COVER

RCA SK’s are all manufactured by RCA’s Solid State
Division or by reputable original solid state device
manufacturers. This means built-inquality and fewer
costly call-backs for you. Your profit picture gets
brighter and brighter with RCA SK's . .. transistors,
rectifiers, thyristors, integrated circuits and high-
voltage triplers.

® PUBLISHED EARLIER THAN EVER

® 1,080 SK AND KH TYPES REPLACE

See your RCA SK distributor for a copy of the 1980
MORE THAN 161,000 DOMESTIC

RCA SK Replacement Guide, SPG 202Y orsendyour

AND FOREIGN TYPES request with check or money order for $1.50 to RCA
Distributor and Special Products, P.O. Box 597,
® MAKE MRO REPLACEMENTS RIGHT Woodbury, N.J. 08096.
FROM YOUR SHELF z
)
“c SK Replacement 2
SOIid State *ECG is a trademark of GTE Sylvania (?3%
25
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amplified by a single-transistor integral pream-
plifier, while the UHF signal is coupled direct-
ly to the downlead.

RCA supplies a 60-foot length of prefabri-
cated coaxial /control cable. The RG-59 coaxi-
al cable is terminated at each end with an F-
type connector, compatible for hookup both to
the antenna and the power-supply unit below.
The three-wire control cable is connected to
screw terminals for motor drive control.

Assembly is easy. A screwdriver locks down
the control cable leads, and the prewired coaxi-
al cable screws on to the F connectors. Direc-
tions are excellent and easy to follow.

The manufacturer suggests that the radome
be mounted as high as possible, frec and clear
of metallic obstructions. That is always a good
practice for any antenna.

The rotable system is activated by a hand-

held remote-control unit. Colorful back-
lighted compass points are illuminated succes-
sively as the thumb control is depressed, sig-
nalling that the internal antenna is being
rotated through its azimuth.

Mounting is provided by a stainless steel
mast-mounting bracket. A set of spider legs is
also included for setting the radome on a flat
surface such as a closet shelf or attic floor.

Optional accessories available include a vari-

ety of mounting masts. An offset pipe facili-
tates the otherwise awkward case of side
mounting on a wall. A rod-mounting tripod is
also available.

The antenna system is powered from 120
VAC. A dual power model (includes 12 VDC)
is available as the SMS550. 1t is useful for
portable applications, such as recreational ve-
hicles and boats. Aside from the power sup-

We Started With A Great Idea

Then Made It 10 Times Greater

—

b s
W No. 424 - 4"

’

We originated the tongue and groove plier. Improved it
with patented undercut mating parts that can't slip.
Improved it again with the patented reinforcing flange
that minimizes stress breakage. Meanwhile, we de-
veloped ten sizes and styles to satisfy a wide range of
needs.Reasons why the first of its kind is best of its kind.
CHANNELLOCK. Be sure that name is on the handle.

CHANNELLOCK, INC. - Meadville, Pennsylvania 16335

Meet: The Rest Of The Family. Send For Free Catalog.
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plies, the two systems are identical.

Excellent literature accompanies the Mini-
State antenna system. The owner’s manual
includes a complete circuit diagram, as well as
a supply of operational and installation hints.

: sk

CIRCLE 102 ON FREE INFORMATION CARD

We compared the Mini-State to a roof-
mounted Radio Shack V-/7/0 log periodic
dipole array. Both antennas were clear of sur-
rounding obstructions, even though the Mini-
State was mounted about four feet higher than
the V-110.

Geographically, the test area was deep
fringe. Since the Mini-State is advertised as
useful in metropolitan and near suburban
applications, we didn’t expect it to perform as
well as the large log-periodic under such condi-
tions. Sure enough, it didn’t! Stations were still
visible in most cases, but they were way down
in the snow. It was really an unfair comparison
considering the capture area and gain of the
log periodic.

Would we recommend the Mini-State! Yes,
under certain circumstances. Unquestionably,
when space is a problem, the Mini-State is
better than rabbit ears. Also. its ability to be
rotated is an advantage. On almost every chan-
nel, the sharp, unidirectional property of the
unit was obvious. In urban applications where
signal reflections, ghosts, and co-channel inter-
ference may be a problem, the rotating directa-
bility will be very useful.

Also, the Mini-State would find excellent
application anywhere that signal strengths
from ncarby TV transmitters are sufficiently
high that enormous antenna gain is not a con-
sideration. Pleasure boats docked or being
piloted in waters near major metropolitan areas
would be a logical application of such a com-
pact TV antenna system. The additional fea-
ture of rotability makes the antenna even more
desirable for such mobile applications.

Similarly, people with recreational vehicles
parked near urban areas where there is still
some reasonable level of television signals pre-
sent will find the Mini-State a good invest-
ment. The low profile of the antenna makes: it
particularly suitable for mobile installations
where other types of projecting antennas
would be a hazard. In the majority of cases, the
antenna would not have to be removed as
would other types of electrically equivalent
antenna installations:

If the TV set is being operated by 120 VAC
power, the regular SMS440 may be powered
from the same source. In mobile applications
where 12 volts is powering the TV set, the
5MS550 dual-powered Mini-State should be
considered. The model SMS440 Mini-State
compact TV antenna has a recommended retail
price of $89.95. R-E

continued on page 30
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341 WAYS TO INCREASE YOUR
ELECTRONICS KNOW-HOW!

SEND NO MONEY! We'll Invoice you on 10-DAY FREE TRIAL.
ALL BOOKS 100% GUARANTEED. You must be satisfied
or return the books and we'll cancel the invoice.

COMPUTERS, MICROPROCESSORS & ROBOTICS

1169—GIANT Handbook of Computer Projects 504 p. 217 ill
1160—1001 Things to do With Your Personal Computer 336 p.
1201 —Complete Microcomputer Systems Hdbk. 322 p., 125 it
1050—Most Popular Subroutines in BASIC 182 p., 349 il
1045—Programmer's Guide to LISP 210 p., 133 il.
1241 —How To Build Your Own Sell-Programming Robot 238 p.
1062—The A to Z Book of Computer Games 308 p, 73 it.

1053—Microprocessor Cookbook 266 p.. 124 1
1141—How To Build Your Own Working Robot Pet 238 p., 86 il

1069—Computerist’s Handy Databook/Dictionary 96 p. 42 il
1071—The Complete Handbook ot Robotics 364 p 137 il

1070—Digutal Intertacing with an Analog World 406 p. 277 il.

1076 —Artificial Intetligence 252 p. 118 il

841—Build Yous Own Working Robot 238 p., 117 il $5.95

1055—The BASIC Cookbook 140 p.. 49 il.
1015—Begnner's Gde. to Computers & Microprocessors 308 p
1000—57 Practical Programs & Games in BASIC 210 p. 64 il.
995—Beginner's Guide to Microprocessors 182 p. 106 il.
985—Programming Microprocessors 208 p. 102 i.
676—Simplified Computer Programming—Including RPG 240 p
971--Miniprocessors: from Calculators to Computers 196 p.
874—Master Handbook ot Digital Loglc Applic's 392 p. 287 il
952—M/processor Programming for Computer Hobbyists 387 p.
955-—Modern Digital Communications 308 p. 122 i)
853—Piloting/Navigation With the Pocket Calculator; 406 p., 338 1l
97 5~The “Compulator” Book—Build Super Calcutators & Mini-

$5.95
$6.95
$6.95
$5.95

$8.95
$6.95
$8.95

$9.95
$7.95
$9.95
$5.95
$5.95
$7.95
$7.95
1111—Design, Build, Prog. Your Own Working Computer System $8.95
$5.95
$6.95
1107 —Computerist's Handy Manual 64 p., 39 il. $2.95
$3.95
$7.95 |
1085—24 Tested, Ready-To-Run Game Programs in BASIC 252 p. $6.95

$8.95

1088 —Hiustrated Dict. of Microcomputer Terminology 322 p., 150il.$7.95

$7.95

1098-—~How To Build Your Own Working 16-Bit Microcomputer 80p. $3.95

1095—Programs in BASIC for Elec. Eng., Techs., & Exp. 140 p. $4.95

1077 —Hdbk. of Remote Control & Automation Techs. 294 p., 250 11.57.95 |
4.95

$6.95
$7.95

§7.95

AUDIO, RECORDING. HI-FI & STEREO

1234—21 Custom Speaker Enclosures You CanBuild 240p., 1771. $7.95
1206—How to Design & Build Digital Audio Amplifiers 350 p., 249 i1. $9.95
1167—Electronic Music Synthesizers 168 p., 127 il. $5.95
1034—How To Select & Install Your Own Speakers 238 p., 131 il. $5.95
1166—Build 2 Small Budget Recording Studio From Scratch $8.95
867—Electncal Hdbk for RVs, Campers, Vans, Boats, Tralers  $3.95
1001-—Master Handbook of Still & Movie Titling tor Amateur & Pro $9.95
1011—How To Repair Movie & Slide Projectors 304 p, 270il.  $7.95
911—Restorning & Collecting Antique Reed Organs 320 p.. 124 ii. $8.95
1064—How to Design/Build/Test Complete Speaker Systems 336 p.$7.95
1056—Install Everything Electr. in Cars/Boats/Planes/ Trucks 364 p. $7.95
1042—Jap Radio, Record/Tape Player Schem Manual—V. 2 200 p.$7.95
1017—Understanding Sound. Video & Film Recording 140p.. 74 il. $5.95
966—Complete Handbook of P A Sound Systems 272 p., 148 il.57.95
681—Questions & Answers on Tape Recording 264 p., 1021il. $5.95
610—How to Repair Musical Amplifiers 288 p., 50 1l $8.95
736—Amateur Filmmaker's Hdbk Sound Sync/Scoring 210 p.  $5.95
875—Microphones—How Work & How to Use Them 224 p. 92 il. $6.95
646—Acoustic Techniques for Home & Studio 224 p. 168 il $6.95
781—Handbook of Multichannel Recording 322 p. 196 il.
934—Photo Guide to AM/FM Sterso Repair 288 p. 281 it.
756—4-Channel Stereo-From Source to Sound 252 p. 102 1.
634 —Basic Audio Systems 240 p. 203 il. X
1031—Produce Exciting Siide Shows & Movies With Sound $6.95
689—Cassette Tape Recorders-How Work/Care/Reparr 204 p.  $5.95
497—Tape Recording for Fun & Profit 224 p. 171 1l $5.9
681—Questions & Answers About Tape Recording 264 p. 102 il. $5.95
716—Saervicing Cassette & Cartridge Tape Players 294 p. 196 il. $6.95
505—Installing & Servicing Home Audio Systems 256 p. 136 (. $5.95
67 —Elements of Tape Recorder Circuits 224 p. 145 il. $4.95
642—Jap Radio, Record & Tape Player Service Manual 228 p. $6.95
59—Servicing Record Changers 224 p. 173 il. $5.95

HAM RADIO, CB,COMMUNICATIONS & TELEPHONE

1194—How to Repair Amateur Radio Equipment 448 p, 385 il.  $9.95
1152—Antenna Data Relerence Manuai—incl. dimension tabies $7 95
1120—0SCAR: The Ham Radio Satelites 128 p.. 95 il. 4.95

802—The Giant Book of Amateur Radio Antennas 462 p.. 255 1. $8.95

399—How to Hear & Speak CB in a Short-Short 176 p. $3.50

665—Mobiie Radio Handbook 192 p.. 175l $4.95
1097—Ail About Telephones 192 p. 140 il $4.95
1052—Radar Detector Handy Manual 80 p.. 63 il. $2.25
1054—Antenna Construction Hdbk, for Ham, CB & SWL 238 p.  $5.95
1005—Hdbk of Solar Flare Monitoring & Prop. Forecasting 196 p $6.95
997—The Handbook of Telephones & Accessories 432 p. 215 11.$9.95
969—CBer's Handy Manual of Base Stations 96 p. 55 i $2.50

computer Hdwe. with Calcutator Chips 322 p. 227 il. $7.95 | 801—Master Handbook of Ham Radio Circuits 392 p., 301 il.
752—Computer Programming Handbook 518 p. 114 il $9.95 | 963—Home-Brew HF/VHF Antenna Handbook 210 p. 143 il.
554—Computer Technician's Handbook 480 p. 428 il $10.95 | 959-—CBer's Handy Manual of SSB 80 p. 42 il. I
824—Advanced Applications for Pocket Calculators 304 p. 275 il. $5.95 | 685--The Complete Shonwave Listener's Handbook 288 p 101l.$6.95
538—Computer Circuits & How They Work 192 p. 109 il $5.95 683—Pictonial Guide to CB Radio Install./Repair 256 p. 304 il.  $5.95
574—Beginner's Guide to Computer Programming 480 p 364 i.$9.95 | 373_"‘0‘"“" Be A Ham—incls. Latest FCC Rules 192 p. 25 1l
785—Microprocessor/Microprogramming Hdbk. 294 p. 176 i $6.95 738:'(':'50’;"‘-“&0' 8’03553§l—CATV—T?EIgpomm§b4zo'ggv|04 il
709 - Modern Guide to Digital Logic 294 p. 222 i $7.95 | Tl @it e (ion A9 . TRl

9 og P ; 899—CBer's Handy Manual 48 p.

724—Get the Most Out of Electronic Calcutators 204 p. 28 il.
548—Beginner's Guide to Computer Logic 192 p. 1751l

1189—The Master IC Cookbook 476 p., il.
1137—First Book of Electronic Projects 64 p., 55 il.
1184—Master Guide to Electronic Circuits 516 p.. 302t
1168 —How to Reparr Clocks 182 p., 90 il
1123—The Laser Experimenter's Handbook 210 p., 187 il.
1118—Making & Using Electricity From the Sun 144
881—666 Science Tricks & Experiments 406 p., 38g o
114284 Practical IC Projects You Can Build 140 p, 113l $4.95
805-99 Test Equipment Projects You Can Build 378 p., 337 il. £7.95
804—Master Hdbk of 1001 MORE Practical Electronic Circ.  $12.95
1105—How To Cast Smali Metal & Rubber Parts 144 p., 132 il. $5.95
1101—How To Design & Bulld Your Own Custom TV Games 546 p $9.95
B06—The Power Supply Handbook 420 p. 292 il. $7.95
1108—Lasers. The Light Fantastic 294 p. 158 il $6 95
1079—How to Build & Use Low-Cost Hydrophones 140 p. 98 it. $4.95
1113—Understanding Electronics 182 p. 265 il. $4.95
800—Master Hdbk. of 1001 Practical Etectronic Circuits 602 p. $12.95
1060—303 Dynamic Electronic Circuits 308 p., 303 il $6.95
1023—Beginner's Guide to Designing /Bldg. Transistor Radios
965—Modern Transistor Radios 64 p., 112 il
958-—Beginner's Guide to Making Electr. Gadgets 140 p. 113 il
921—The ABC Book of Hi-Fi/Audio Profects 168 p. 131 4.
909—How to Build Metal/Treasure Locators 140 p. 60 il
935—Build-it Book of Optoelectronic Projects 238 p. 1751l
864 —Modern Crystal Radios (Make and Use Series) 64 p. 101 il
637—Fun with Electronics 140 p. 50 il 53,
836—Optoelectronics Guidebook-with Projects 196 p. 115 il.
905—Build-It Book of Digital Electronic Timepieces 294 p. 209 il.
926—Model Railroad Electronics 308 p. 218 il
91288 Practical Op Amp Circuits You Can Build 140 p. 120 il.
868—CBer's Handybook ot Simple Hobby Projects168 p. 114 il.
887—106 Easy Electr. Projects-beyond the transistor 224 p.
790—21 Simple Transistor Radios You Can Build 140 p. 122 il
861—Display Eiectronics 2562 p. 195 il $5.
771—Integrated Circuits Guidebook 196 p. 119 if !
706—Indexed Guide to Modern Electronic Circuits 216 p 92 il.
787—O0P AMP Circuit Design & Applications 280 p. 239 il
796—MOSFET Circuits Guidebook-with 100 Projects 322p. 19611
714—Radio Astronomy for the Amateur 252 p. 88 il $!
571—Radio Electronics Hobby Projects 192 p. 214 il
591—Solid State Projects for the Experimenter 224 p. 228 .
780—111 Digital & Linear IC Projects 210 p. 244 il.
699—Solid State Circuits Guidebook 252 p. 227 il.
629—Handbook of IC Circuit Projects 224 p. 136 il
487—64 Hobby Projects for Home & Car 192 p 195l
537—125 One-Transistor Projects 192 p. 1251l
83—Fun with Electricity 128 p. 94 il.
647—Stereo/Quad Hi-Fi Principles & Projects 192 p. 100 il
464—Elactronic Hobbyist's IC Project Handbook 154 p. 86 il.
613—New IC FET Principles & Projects 154 p. 60 il

$3.

$4.95
$4.95
$4 95

462— 104 Easy Transistor Projects You Can Buid 224 p. 105 il $7.95
590—Practical Solid-State Principles & Projects 176 p. 127 il $3.95
568—IC Projects lor Amateur & Experimenter 182 p. 252 il $5.95

542—Transistor Projects for Hobbyists & Students 192 p.

70—Electronic Puzzles & Games 128 p. 75 il.
BASIC & GENERAL ELECTRONICS TECHN

1u66—lllustrated Dictionary of Electronics 882 p.
510—How to Read Electronic Circuit Diagrams
588—Basic Electronics Course 384 p. 275 il
B8B2—Transistor Ignition Systems 252 p. 162 il.
749—Auto Electronics Simplhified 256 p., 202 il
748—The Complete Auto Electric Handbook 210 p., 139 il.
891 —Practical Solid-State DC Power Supplies 196 p. 151 1l
628 —Basic Electricity & Beginning Electronics 252 p. 191 il.
830—Introduction to Medical Electronics 320 p 126 il
655—Modern Electronics Math 686 p. 424 il.
728—Basic Digital Ejectronics 210 p. 117 il.
6381 —Electromics Unraveied 228 p. 96 il. $5.
828—Switching Regulators & Power Supphes 252 p. 128 il. $6.95
583—Industnal Electronics: Principles & Practice 416 p. 380il. $8.95
930—Servicing Medical & Bioeiectronic Equipment 350 p. 165 1.$8.95
601—Basic Color Television Course 420 p. over 300 il. $9.95
104—Basic Radio Course 224 p. 128 il
638—Marine Electronics Handbook 192 p 106 il
528—Pulse & Switching Circurts 256 p. 184 il
585—Digital Electronics; Principles & Practice 292 p. 191 il.
105—Basic TV Course 224 p. 1281
111—Basic Transistor Course 224 p. 179 il $7
791—Mathematics Unraveled—A New Commonsense Approach$6.95

153 i.54.95
$395
GY

472
92 p. 140 il.

735—-The Complete FM 2-Way Radio Handbook 294 p. 111 1.
859—The Complete Handbook of Siow-Scan TV 304 p. 168 il.
954 —Practical CB Radio Troubleshooting & Repair 406 p. 169 il.
597—RTTY Handbook 320 p. 230 il. $
933—CBer's Handy Atlas/Dictionary 64 p

722—Amateur FM Conversion & Const. Projects 276 p. 187 il.
678—Modern Communications Switching Systems 276 p. 171il. $17.95
581—Citizens Band Radio Service Manual 228 p. 841l $5.95
621-—The 2-Meter FM Repeater Circuits Handbook 312 p. 194 il. $6.95

ELECTRONIC TEST EQUIPMENT

1177—Practical T'shtg. with Modern Test Instruments 304 p., 28811 $7.95
1162-—Practical T'shtg. with Modern Scopes 288 p., 267 il. $7.95
132—How to Test Almost Everything Eiectronic 160 p. 144 il.  $3.95
730—Effective Troubleshooting with EVM/Scope 238 p., 185 1. $5.95
1012—How To Design /Bulld Electr. Instrumentation 420 p. 210 il. $9.95
792—Buiid-it Book of Miniature Test & Msmt. Instr. 238 p. 15111 $4.95
472—Working with the Oscilioscope 104 p. 183 il. 7" x 9%" $4.95
672—Understanding & Using the VOM & EVM 192 p. 187 il. $5.95
927—How to Use AF & RF gognal Generators 238 p. 162 il $5.95
702—Electronic Measurements Simplified 240 p. 217 il $4.95
723—Electronic Test Equipment—& How To Use It 204 p., 174 i.$4.95
729—AF & Digital Test Equipment You Can Build 252 p. 217 il. $5.95
B77—Under. & Using Modern Signal Generators 294 p. 120 il. $6.95
664—Understanding & Using the Oscilloscope 272 p, 170 il
577—How to Use Color TV Test instruments 256 p. 230 il
131—Test Instruments for Electronics 192 p. 155 il.
680—How to T'shool & Repar Electr. Test Eqpt. 252 p. 143 il.
777—Under./UUsing Modern Electr./Svcing./Test Eqwgmenl 252 p.$5.95
483—99 Ways to Use Your Oscilloscope 192 p. 327 il $5.95
485—How to Use Test Instr. in Electronics Servicing 256 p 234 il. $4.95

ELECTRONICS ENGINEERING & REFERENCE

1133—The Active Filter Handbook 280 p. 251§ i
1132—Hdbk of Electrical Noise: Measurement and Technology ~ $6.95
1038—Electronic Designer's Handbook-3rd Edition 350 p., 278 il $9.95
1087—How to Repair Briggs & Stratton Engines 182 p., 135il.  $4.95
1035—Instrumentation & gontrol Sys. Eng. Hdbk. 434 p. 184 1l. $19.95
929—Solid-Slate Motor Controls 322 p., 162 it. $8.95
742—Prof. Electrical/Electr. Engr's License Study Guide 476 p. $7.95
750—Electronic Conversions, Symbols & Formulas 224 p. 46 1l. $5.95
829-Impedance 196 p 90 il $5.95
774—Dignal/Logic Electronics Hdbook 308 p. 226 il.
118—Electronics Data Handbook 256 p. 149 il

FCC LICENSE STUDY GUIDES

1092—First Class Commercial FCC Lic. Study Guide 392 p. 205 11.7.95
582—Commercial FCC License Handbook 444 p 150 1l $8.95
652—2nd Class FCC Encyclopedia Study Guide 602 p. 600 il. $7.95
893—Third Class FCC License Study Guide 322 p. 88 il. $6.95
873—Ham Radio Novice Class License Study Guide 224 p. 57 il. $5.95
851—Ham Radio General Class License Study Guide 448 p $7.95
827-—Ham Radio Advanced Class License Study Guide 252 p. $6.95
543—Ham Radio Extra-Class License Study Guide 224 p. 162 1. $5.95

989—Ham Radio Incentive Licensing Guide 154 p. 34 il. $4.95
SEMICONDUCTORS. TUBES & TRANSISTORS

1216—Towers’ international OpAmp Linear-IC Setector 190 p.  $7.95
1016—Towers' International FET Selector 140 p., 97 1l $4.95
1010—Towers' Inter. Transistor Selector 200 p. 179il. 7" x 10" $6.95
856—Master OP-AMP Applications Handbook 476 p 320 il $9.95
960—IC Function Locator 224 p . 28 il. $5.9
984—CMOS Databook 280 p. 570 18
870—Master Tube Substitution Handbook 322 p. 576 it
717—Transistor Theory for Technicians & Engrs. 224 p. 116 if.
938—Linear IC Applications Handbook 280 p. 183 il.
| 470—Transstor Circuit Guidebook 224 p. t181l.

794—Microelectronics 266 p. 228 il.
708—Modern Applications of Linear 1C's 276 p. 301 il.

| MODEL RADIO CONTR

d
1093—Radio Controf Handbook-
1135—Radio Control Manual—Sys., Circuits, Const.—3rd Ed.
B25—Flying Model Airptanes/Helicopters by RC 192 p. 147 Il
747—RC Modeler's Handbook of Gliders & Sailpianes 196 p. 143l.$4 gg
€.

| 812--Radio Control for Models 350 p 417 il. .
693-—Model Sail & Power Boating by Remote Control 192p. 125ii. $4.95
122—Advanced Radio Control 192 p. 181 il
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1073—Amateur Rad. Lic. Sty. Gde for Nov. Tech & Gen. Class $6.95°

5 must add 15% shipping and be prepaid.

APPLIANCES, ELECTRICITY & ENERGY

1138—Buyer's Guide to E'thing Eiectronic for the Home 224 p.
1196—Adding Solar Heat to your Home 280 p.. 185 1l
1163—Complete Hdbk. of Sewing Machine Repair 308 p., 240 il.
1081—Build Your own Log Cabin from Scratch 350 p., 239 il.
968—How to Convert Your Car or Van to Diesel 210 p., 166 ii.
1140—Basic Gunsmithing 288 p.. 152 il.
925—Practical Electnical Installation, Repair & Rewiring 406 p.
1178—How To Make Your Own Sotar Electricity 68 p., 87 il b
1020—Auto Air Conditioning Handbook—Install. Maint. & Repair $6.95
1176—The Master Handbk of ALL Home Heating Systems 352 p.$7.95 .
631—Aviation Electronics Handbook 406 p., 227 ii. $8.9!
1128—Make Home Electricity From Wind, Waler & Sunshine
1019—The Master Handbook of Electrical Wiring 406 p., 289 il.
1036—Cut Your Electric Bill, install Your Own Emerg. Power Sys. $2.95
1063—How To Install Your Own Home or Mobile Ele. Power Plant $5.95
931—Direct Current Motors 252 p. 170 11. $14.95
817—How to Repair Diesel Engines 308 p., 237 il $7.95
604—Using Electronic Testers for Auto Tuneup 252 p., 226 il.  $4.95
987 —Heanng Aild Handbook 336 p. 224 1. $8.9!
913—Complete Hdbk. of Electrical & House Wiring 476 p. 193 )1. $6.9
906—Homeowner's Gde. to Solar Heating/Cooling 196 p. 113 il. $4.9
962—Microwave Oven Service & Repair 420 p. 210 il $9.9
903—Guide to Modern Energy-Efficient Heating/Cooling Sys.
758—How to Completely Secure Your Home 224 p. 162 il.
1030—101 Practical Uses for Propane Torches 140 p. 98 il.
1006—Build-It Book of Solar Heating Projects 196 p. 111 il
820—Central Heating/Aw Cond. Repair Guide 320 p. 285 il
T-97—Electric Motor Test & Repar 160 p. 102 il.
515—Smail Apphance Repair Guide-Vol. 1 224 p. 100 il
917—How to Repair Small Gasoline Engines 392 p. 251 il.
904—Homeowner's Guide to Saving Energy 288 p. 183 Il
745—-The Home Apphance Clinic 196 p. 61 il.
885—-How to Reparr Home Kitchen Appliances 294 p. 205 il.
920—Complete Hdbk. of Locks & Locksmithing 392 p. 200 il.
855—How to Repair Home Laundry Appltances 280 p. 137 il.
715—Small Appliance Repair Guide-Vol. 2 210 p. 119 il.
555—Major Appliance Repair Guide 288 p. 278 il 95
67 1—Electrical Wiring & Lighting for Home & Otfice 204 p. 155 il. $4.95
520—How to Repair Home & Auto Air Conditioners 208 p. 100 if. $5.95
5

295—Relnieranon 160 i 53 $3
$6.

743—Electronic Music Circuit Guidebook 252 p. 180 il
843—Sourcebook of Electronic Organ Circults 168 p. 101 1l.
718—Electronic Music Production 156 p. 79 (l.
546—Electronic Musical Instruments 192 p. 121 il.
832—Electronic Musical Instr. Manual 210 p. 7” x 10" 385 1.
503—Servicing Etectronic Organs 196 p. 812" x 117 1454

TV, RADIO & ELECTRONIC SERVICING

t148—How to Repair Oid-Time Radios 252
1013—Beginner's Guide to TV Repair—2nd Edition 224 p., 56 il $5.
1082—TV Field & Bench Servicer's Handbook 208 p. 165 il. $6.
1119—Color TV Trouble Factbook—ath Edition 434 p., 100's of il. $7.
1028—How To Repair Video Games 270 p., 182 il $7.9
939—Hdbk of Marine Electroruc & Electncal Systems 546 p. $9.
901—CET License Handbook-2nd Edition 448 p. 381 il $
821-—TV Troubleshooter's Handbook-3rd £d. 448 p. over 300 ii. $4.
956—Fire & Theft Security Systems-2nd Ed. 192 p. 108 il.
876—Color TV Case Histories lliustrated—Vol. 2 352 p 243 1l
746—Color TV Case Histories fllustrated 238 p 219 il.
136—A New Way to Service Color TV 192 p., 137 1l
544—TV Trouble Diagnosis Made Easy 256 p., 213 il
809—Photo Symptom/Guide: Solid-State Calor TV Troub. 224 p.
772—Troubleshooting with the Dual-Trace Scope 224 p. 252 (. $5.
738—TV Schematics: Reading Between the Lines 252 p. 188 il. $5.
605—Install./Svcing. Electr. Protective Systems 252 p. over 160 i1.$7.
696—TV Tuner Schematic/Servicing Manuai-Vol. 1 224 p. 287 il. $6.95
979—TV Tuner Schematic/Servicing Manual-Vol. 2 200 p. 374 it. $6.95
690—Logical Color TV Troubleshooting 240 p. 151 il. $5.95
5§59—199 TV Tough-Dog Problems Solved 252 p. 199 1l $5.95
580—Modern Radio Reparr Techniques 260 p 207 il.
532—How to Repair Solid-State Imports 192 p., 8%" x 1171221,
761-—Jack Darr's Service Clinic No. 3 262 p. 122 i
133—Jack Darr's Service Clime No. 1 192 p. 125 il.
430—Pinpoint Transistor Troubles in 12 Minutes 492 p. 243 il.
595199 Color TV Troubles & Solutions 224 p. 178 il
507—101 TV Troubles-From Symptom to Repair 224(;)
619—T'shooting Sohd-State Elsctr. Power Supplies 208
778—Small-Screen TV Serwvicing Manual 240 p. 367 .
653—T'shooting Solid-State Wave Gen. & Shaping Circs. 92 p.
636—Installing TV & FM Antennas 168 p. 158 Il
B35—VHF/UHF Fire, Police, Ham Scanners Ser. Manual 250 p
625—Troubleshooting Solid-State Amplifiers 256 p. 95 il.
732—Jap Consumer Electr. Ser.Man. 196 p.incl. schematic fotdout
694 —Auto Stereo Service & Installation 252 p. 245 i

BROADCAST. CATV. CCTV & VIDEOTAPE

890—Anatomy of Local Radio opy-4th £d. 140 p. $5.9!

865—CATV Program Origination & Production 256 p. 64 1. $14.95
811—Complete Hdbk ot Videocassette Recorders 280 p. 160 il. $5.95
B52—B'cast Engr & Maintenance Hdbk 532 p. 235 il. $19.95
815—Desig./Maintain. CATV/Smaii TV Studio 288 p. 100il.  $12.95
768—Cablecasting Production Handbook 210 p., 44 il $12.95
1009—CCTV Installation, Maintenance & Repair 294 p., 208 1l.  $8.95
773—Talk-Back TV: Two-Way Cable Television 238 p. 64 il $5.95
833 Complete Broadcast Antenna Handbook 448 p 310it.  $17.95
523—Guide to Radio-TV B cast Engineering Pract. 288 p. 140il. $12.95
733—Durectional Broadcast Antennas 210 p. 60 il. $12.95
557—How To Bacome A Radio Disc Jockey 256 p. 36 il $12.95
845—How to Prepare a Production Budget: Film & Videotape $12.95
541—Videotape Prod. & Comm. Techniques 256 p. 100 il. $12.95
793—TV Lighting Handbook 228 p. 230 il. $12.95

10-DAY FREE TRIAL—NO RISK COUPON
TAB BOOKS, Blue Ridge Summit, Pa. 17214
Please send me the books indicated below:

$5.95
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Sabtronics gives you DMMs and Frequency
Counters with more features, better
performance and incredibly lower prices

Model 2010A Bench/Portable DMM:

Features: 3'; digit LED display ® 31 measurement
ranges 6-Functions ¢ 0.1% Basic DCV accuracy ¢
Touch-and-hold capability ® Hi-Lo Ohms 40 Hz
to 40 kHz frequency response ® Auto Zero, Auto
Polarity  Overload protected ¢ Overrange indica-
tion e Single chip LSI logic ® Laser-trimmer
resistor network and ultra-stable band-gap
reference for better long term accuracy * Built-in
NiCd battery charging circuit. ]

Brief Specifications: DC Volts 100uV to 1000V in 5
ranges;. AC Volts 1004V' to 1000V in 5 ranges; DC
Current 0.1pA to 10A in 6 tanges; AC Current
0.1¢A to 10A in 6 ranges; Resistance 0.1{) to
20M & in 6 ranges; Diode Test Current 0.1pA to
1mA in 3 ranges; Input impedance, 10M {2 on AC
and DC volts; Power requirement, 4.5 to 6.5 VDC
(4 "C” cellsy or optional AC adapter/charger.

i Model 2015A-'>B,ench/Por'tabl'e- DMM:

B Same features and specifications-as Model 2010A
L N except with large, 0.5" LCD 3% digit display.

i Optional Accessories

#AC-115, AC adapter/charger $7.95

#THP-20, Touch and Hold Probe $19.95

a #NB-120 NiCd Battery Set $17.00

ar $109.95

sabtronics
MO0 70154 DO MATRCTER

Model 8610A Fr equency Counter: Also available Model 8110A, same

; . . as 8610A except maximum. ‘
Features: 8-digit LED display ® 10 Hz to 600 MHz frequency is 100MHz and without
guaranteed frequency range (5 Hz to 750 MHz battery charging circuit; ] 7 9 A 95

typical) ® 3 Gate times ® 10 MHz TCXO Time
base ® Auto decimal point ® Overflow indicator'e
Leading zero blanking ® Resolution to 0.1 Hz »
‘Built-in-charging circuit for NiCd batteries.

Brief Specifications: Frequency Range, switch: S —— : e -
selectable, 10MHz, 100 MHz, 600MHz ® Sensitivi- e
ty, + 10mV RMS to 100 MHz,  50mV RMS, 100 id 34567

MHz to 450 MHz; 90mV RMS 450 MHz to 600 . !

MHz ® Impedance, IM {2, 10 MHz and 100 MHz " RGN ey

ranges; 50 {2 600 MHz range ® Gate time (switch
selectable) 0.1 sec, 1 sec, 10 sec o Temperature
stability, 0.1 ppm/°C ® Ageing rate < + 5 ppm/yr e
Accuracy, 1 ppm or 0.0001% Input protection,
150V RMS to 10 kHz (declining with frequency) ®
Power Requirement, 4.5 to 6.5V DC @ 300mA (4 -
“C" cells) or optional AC adapter/charger (7.5 to Model 8610A

9V DC @ 300 mA). .
Ordering Information $ 1 09 ° 95 Making Performance Affordable

USA - Add-$5.00 per order for shipping & handl- e i P
ing.- Personal checks have to clear- before goods are s y

shipped (allow 2-3 weeks). For faster delivery send T INTERNATIONAL INC. ﬂ
cashiers check or money order. 10% deposit for CALL TOLL FREE : i

C.O.D. orders. Florida residents add 4% sales tax. 1:800-237-5567 {In Continental U.S. onl - ]

. CANADA - Add $7.50 per kit for shipping & M. l_ - y N_Ia" ISispnpan o adjacerjt page
handling. No C.O.D. Payment in U.S. funds. Fla. Residents and Foreign Countries Call SPATIN. Sot SER SRS

OVERSEAS - Add $21.00 per unit for airmail’ (813) 623-2631 or Tampa, Florida 33610

delivery. Payment by bank draft in U.S. funds.
‘ ' | vear I LR




Sabtronics NEW Hand-held Digital Multimeters. . .

The only thing that
beats their performance

is their price.

Accurate performance you can rely on,
time after time. That's what you expect
from a quality DMM. But don't expect
to pay as much for it any more. Because
now Sabtronics brings you top quality
DMMs with more features and better ac-
curacy than other comparable units on
the market today. And they cost surpris-
ingly. less!

We cut the price.
Not the quality.

What you get is a precision crafted unit
that features single-chip LSI logic, laser
trimmed resistor network and a stable
band-gap reference element for better
long term accuracy. Basic DCV accuracy
is 0.1%. The Model 2035A gives you 32
measurement ranges over 6 functions
and the Model 2037A an additional two
temperature ranges.

First in features.
First in price.

Both models feature touch-and-hold
capability with the optional probe - it's
so convenient, you'll wonder why the
expensive models haven't got it yet! And
two-terminal input for all measurement
functions - this eliminates lead switching
and makes your job easier. The Model
2037A even has a built-in temperature
measuring circuit with a —50°C to

Making Performance Affordable

- -
btronics (7
INTERNATIONAL INC a

BRIEF SPECIFICATIONS: M
DC VOLTS: 100u V - 1000V, 5 ranges’ piesse send me

AC VOLTS: 100u V - 1000V. 5 ranges |
DC CURRENT: 0.14 A - 2A, 5 ranges |
AC CURRENT: O0.14 A - 2A - 5 ranges
Hi-OHMS: 0.1 2 - 20M @, 6 ranges
Lo-OHMS: 0.1 - 20M@, 6 ranges
TEMPERATURE: —50°C - +150°C |
(—-58°F - +302°F), 2 ranges |
{Model 2037A only)

WEIGHT: 11 oz. (exc!. battery) |For Dn;hvery in Florida, add 4 % Sales Tax
OVERLOAD PROTECTION: 1000V DC |£gclosed . Check

ai—lto—: Sabtronic?lnternataal, Inc., 576_9 N_ 5t'h—-Street,

+150°C range (—58°F to +302°F) and
is supplied complete with the sensor
probe. Of course, auto zero, auto
polarity and overload protection
are standard. And you get 200
hour operation from a single 9V
transistor battery. A low battery
indicator warns you of the
last 20% of battery life. The
large, crisp LCD readouts
allow easy viewing even in
bright sunlight.

Your models 2035A &
2037A come with a full

one year warrantee from
Sabtronics International,
makers of top quality test
equipment.

Biggest value in
small DMMs

We are so sure that the Model 2035A and
2037A are the best values available that we
offer a money-back guarantee. Examine
either unit in your own home for 10 days,
and if you are not convinced that it is the
best value for your money, return it in its
original condition for a prompt and
courteous refund of the purchase price (less
shipping and handling). Order yours today!
Use the convenient order form or call us

Model 2035A

$99.95

CALL TOLL FREE

:‘oll f;:e with your Master Charge or Visa 1-800-237-5567 {Continental U.S. onlyl
umber.
Fla. Residents and Foreign Countries Call

(813) 623-2631

or
Mail in coupon
5709 N. 50th Street  m/s 35
Tampa, Florida 33610

M/S 35 Tampa, Florida 33610.
Model 2035A Hand-held Muitimeter @ $99.95 each

Model 2037 A Hand-held Muitimeter @ $119.95 each

#THP-20 Touch-and-hold Probeis)' @ $ 19.95 each

Model 2010A Bench/Portable DMM @ $89.95 each

_Model 2015A Bench/Portable DMM @ $ 109.95 each

Model 8110A Frequency Counter @ $79.95 each

Model 8610 A Frequency Counter @ $109.96 each

Shipping and Handling @ $5.00 per unit *

R R T R A AR AR AR AR

Money Order Master Charge Visa TOTAL

(Allow 2-3 weeks clearance time for personal checks}. 10% deposit for C.0D.

or AC peak all voltage ranges, 250V|Chargemvcredilcard#

DC or AC peak all Ohms ranges;

2A/250V fuse all current ranges.

SABTRONICS SERVICE AVAILABLE | " - )
IN MOST COUNTRIES OF THE | City B 7
__ WORLD _

!Name

Expiry Date_

*Continental U.S. only. AK, HI & PR: §




EQUIPMENT REPORTS
continued from page 26

Data Precision Model 938
Digital Capacitance Meter

ALTHOUGH DISPLAY SPEEDS ARE STILL SLOW
when compared to other forms of character
readouts, the trend toward LCD digital equip-
ment scems well cstablished.

A recent introduction to the field in Data
Precision’s 938 3'/>-digit capacitance meter.
The half-inch liquid crystal display shows high
contrast, and is easily rcadable at distances of
at least 20 fect.

The meter itself mcasures 6%/ X 32 X 11/
inches—about the size of a good scientific cal-

culator. It is pocketable if you have a
good-size pocket! Power for the unit is provid-
¢d by an internal 9-volt battery (included). An
ordinary battery may be expected to last about
100 hours with typical intermittent use. An
alkalinc battery will approximately double that
lifetime. Alternately, an AC adaptor is avail-
able for test bench applications.

When battery voltage becomes too low (un-
der 7 volts) toassure accurate measurements, a
LO-BAT indication comes up clearly on the
LCD display.

Automatic overrange indication is provided
by the display blanking and leaving one digit
and a decimal point. The 938 is current-pro-
tected by a replaccable internal input fuse. A
spare fuse is provided, handily mounted inside
the instrument casc for easy replacement.

Also provided is a pair of 12-inch long test

RADIO-ELECTRONICS
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Creative Computing can help you select
the best computer and get the most out of it.

With so many new personal com-
puters being announced and lhe prices
coming down sorapidly, isn't the best bet
to waitayearorsotobuy asystem?

We think not. A pundit once observed
that there are three kinds of people in the
world: 1) those who make things happen,
2} those who watch things happen and 3}
those who wonder what happened.
Today, it is those who are getting involved
with microcomputers who are making
things happen by learning to use
computers effectively.

Furthermore, It is not likely that we
will see the same dramatic price declines
in future years that have already taken
piace. Rather, one will be able to get more
capability for the same price,

s —

A

The TI-99/4 has excellent color graphics and
costs $1150 including color TV monitor

Which system is for you?

No two people have exactly the same
needs. You'tl have to determine what
capabilities are important to you. Key
variables include

* Upper and lower case. Obviously
vital if you are planning to do word pro-
cessing oranything with text output.

+ Graphics. Most systems have
graphics but the resolution varies widely.
How much do you really need?

* Color. Some systems are B&W,
some have 4 colors, others up to 256
colors. Many colors sounds nice, but do
youreally need 4, or 16, or more?

* Mass storage. The smaller systems
are cassette based; larger systems offer
floppy disks oreven hard disks. What size
data bases do you intend to use and is 1t
important to have high-speed random
access toan entire data base?

« Languages. Basic is standard but
increasingly Pascal, Fortran, Cobo! and
special purpose languages are being
offered.

* Audlo, Speech, Music. Are these
features important for your planned
applications?

* Applications Software. Third party
software is widely available for some
systems, non-existent for others. Do you
r.eed this, or can you wrlte your own?

N

Unbiased, in-depth evaluations.

At Creative Computing, we obtain new
systems as soon as they are announced.
We put them through their paces in our
Software Center and also in the environ-
ment for which they are intended —
home, business, or school. We published
the first in-depth evaluations of the Texas
Instruments 99/4, Atari 800, TRS-80, Ohio
Scientific Chalienger, Exidy Sorcerer,
Apple !l disk system and Heath H-8. We
intend to continue this type of coverage,
not only of systems, but peripherals and
software as well.

Sorting: A Key Technique

While evaluations are important, the
main focus of Creatlve Computing maga-
zine Is computer applications of all kinds.
Many of these require that data be re-
trieved or sorted. Unfortunately, most
programming texts focus on the bubble
sort (or straight insertion) and, very infre-
quently, another technique {usually de-
layed replacement) and let It go at that.

Yet, except for comparison counting,
the bubble sort is the least efflcient.
Tutorials and articles in Creative Com-
puting demonstrate that the Shell-Metz-
ner and Heapsort are from 50 to 12 C0O
times as fast as the bubble sort! Consider
a sort of 100,000 items on a DEC System
10

Bubble sort 7.t days
Delayed replacement 3.8days
Heapsort 17.3minutes

Shell-Metzner 15.0 minutes
Needless to say, on a microcomputer, a
bubble sort of even 1000 Items |Is
agonizingly long.

Free Sorting and Shutfling Reprint

Because sorting and shuftling (mixing
alistof items)is so vitat In most program-
ming, we are making available a 20-page
reprint booklet on Sorting, Shuffling and
File Structures along with our May 1979
issue which has several articles on writing
user-oriented programs and making the
most of available memory space. The
reprint booklet and issue are free with
12-issueorlonger subscriptions. *

At Creative Computing, we believe
that computers can be of benefit to
virtually every intelligent person in the

Free reprint booklet and issue with a new sub-
scription to Creative Computing.

B ‘1 ;
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Contributing editer Ted Nelson (L) is author of
“Computer Lib/Dream Machines.” Publisher

David Ah! (R) is a pioneer in computer models,
simutations and games.

country. We do not believe that the
“Computer priesthood” should confuse
and bully the public. As Ted Nelson stated
in the Computer LIb Pledge, we do not
treat any question as a dumb question,
since there is no such thing. We are
against computer terms or systems that
are oppressive, insulting or unkind, and
weare doing the best we can to improve or
replace such terminology or systems. We
are committed to doing all we can to
further human understanding and make
computers easy to understand, inter-
active wherever possible, and fun for the
user. The compiete Computer Lib Pledge
is contained in our May 1979 issue which
we are furnishing free to new subscribers.

Computer literacy to everyone

The Creative Computing Software
Division is particlpating with Children's
Television Workshop in an important new
venture, Sesame Place. These theme
parks are being designed to bring inter-
active computer games and simulations
to young children {and thelr parents) and
remove the mystique of computers from
the youngest segment of our popuiation.
In addition, we are participating in pro-
Jects with several school systems and
museums to wrlte reading comprehen-
slon and ecology simulations software.
We are also involved in a major college-
level computer literacy project.

As a subscriber to Creative Comput-
Ing, you will benefit from all of these
activities. Creative Computing is the
Number 1 software and applications
magazine. Subscribe today — 12 issues
for $15 (89 saving over the newsstand
price). Or, beat inflation and get 36 issues
for just $40. Money back if you're not
satisfied. Send payment or Visa, Master
Charge or American Express number to:

Creative Computing, Attn: Alison
P.O. Box 789-M
Morristown, NJ 07960
Savetime, and call your order toll-free to :
800-631-8112
(In NJ catl 201-540-0445)

creative compating
J

To start your 12-1ssue subscription to Greatlve Gomputing, circle reader

service no. 65. You will be billed $15.

For a free cataiog of books and software, clrcle reader service no. 70

CIRCLE 65 ON FREE INFORMATION CARD

wwWw americanradiohietory com

leads with alligator clips. An integral panel-
mounted socket featuring a spring-clip connec-
tor for rapid capacitor insertion is also provid-
ed. We had considerable difficulty inserting
leads of our test capacitors in several of the
socket holes. We found the alligator clips more
positive cxcept at the lowest capacitance
ranges where test lead capacitance was a prob-
lem. The holes in the panel-mounted socket
loosened up after repeated insertions with a
stiff wire.

CIRCLE 103 ON FREE INFORMATION CARD

We ¢ncountered some other minor difticul-
ties as well. The battery leads in our unit were
so short that battery installation had to be
forced, pulling some of the insulation away
from one lead. The on/off slide switch was
quite touchy; when on, only a slight pressure
against the siide would shut down the meter.
The soft plastic window protecting the LCD
display is quite susceptible to scuffing. Users
are cautioned to remove dust carefully.

Now, the good points—of which there are
many! With eight capacitance ranges, mea-
surements from .1 pf to 2000 uF are possible.
Range selection is manually chosen by pressing
any one of eight interlocked switches. Sam-
pling rate is two per second, and “settling
down” time of the meter is usually within one
second for a stable reading. At the worst, sta-
ble readings are available within five seconds
on the highest capacitance ranges.

Accuracy is +0.1% (+ 1 digit) on any scale
(cxcept 1% on the highest range). If a standard
capacitance is available, a handy internal trim-
mer may be used to tweak up calibration. A
convenient front-panel thumbwheel trimmer
allows rapid zeroing to improve low-range
accuracy. Peak excitation on any range is 2.8
volts, with the positive side always higher than
the negative.

The circuit is a departure from most capaci-
tance meters that measure indirectly. Classi-
cally, capacitance is defined as coulombic
charge as compared to voltage. The 938 mea-
sures that relationship directly, via a dual-slope
integrating A/D converter. The output of the
analog measurement is fed into an Intersil
7106 chip, the same IC used in Data Preci-
sion’s digital multimeter.

The accompanying manual is exceptional—
it’s both well written and profusely illustrated.
Explanations are included of meter circuitry (a
complete schematic diagram is included), ca-
pacitance theory, instrument calibration tech-
nique, general maintenance, and operational
instructions.

When properly calibrated, an accurate ca-
pacitance meter is an invaluable aid in circuit
design and troubleshooting. For determining
drift rate of frequency-determining capacitors,
the LCD meter will find a useful application.
Similarly, leaky capacitors that degrade circuit

continued on page 32



NEW 1980 DIGITAL MULTIMETERS FROM
FLUKE

®

J

8010A and 8012A
o Large 3'2-Digit LCD's - view in any light
« Conductance function - resistance to 10,000 MQ

8010A

$249 * AC measurements to 50 kHz and higher
* True RMS for ac accuracy
$289 » Touch-Hold probe for tricky places (Y8008)
wirechargeable o Diode test and low power ohms
batteries e AC or dc current to 10 amps with 8010A

» Resistance resolution to 0.0010 with 8012A
o Built-in batteries and charger (Option -01)

(option-01)

NEW
8050A

8012A

$329
$299
$379
wirechargeable
batteries $339
(option-01) wirechargeable
batteries
8050A

IMMEDIATE DELIVERY

resistance to 100,000MQ

4%, -digit multimeter (option-01)
microprocessor technology

« dB: That's right, direct
readings in dBm, referenced
to any of 16 impedances that
you select from the 8050A's

e Conductance function
o AC measurements to 50 kHz and higher
e True RMS for ac accuracy

scrolling reference memory.

* REL: This stands for relative
reference in the dB mode or
offset measurements in other
functions.

» Touch-Hold probe for tricky places (Y8008}
* Diode test and low power ohms
o Built-in batteries and charger (Option -01)

8024A
$199

NEW

Model 8024A:
The Investigator

« Nine functions e Peak hold on voltage

dc voltage and current functions
ac voltage « Selectable audible
dc current indicator for

ac current continuity

resistance or level detection
diode test

conductance (1/R) » 3%2-digit resolution

logic level and
continuity detect

temperature (K-type
thermocouple)

* 0.1% basic dc accuracy
» LCD display
» Qverload protection

Please add $3.00 for shipping and handling.

\
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Model 8022A:
The Troubleshooter

Model 8020A:
The Analyst

* Seven functions
dc voltage
ac voltage
dc current
ac current
resistance
diode test
conductance (1/R)

* 3'%-digit resolution

8020A

$139

* Six functions $1 79
dc voltage
ac voltage
dc current % .
K ST * 0.1% F)asm dc accuracy
resistance e LCD display
diode test * Overtoad protection
e 3Y2-digit resolution « Free case

e Two year parts
and labor warranty

* 0.25% basic dc accuracy
» LCD display
» Overload protection

_/

TOLL FREE HOT LINE
800-223-0474

54 WEST 45th STREET, NEW YORK, N.Y. 10036 212'687-222£Ecm

THE TEST EQUIPMENT SPECIALISTS
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Start Computing For Just $129.95 With An
8085-Based Professional Computer Kit—

Explorer/i85

100% compatible with all 8080A and
8085 software & development tools!

No matter what your future computing plans may
be, Level *‘A"—at $129.95—is your starting point.

Srarting at just 8129.95 for a Level ‘'A’’ operating system,
you can now build the exact computer you wani. Explorer/85
can be your beginner's system, OEM controller, or IBM-
formatted 8" disk small business system. . .yet you're never
Jorced 10 spend a penny for a component or feature you don’t
wan! and you can expand in small, affordable steps!

Now, for just $129.95, you can own the first level of a fully
expandable computer with professional capabilities—a com-
puter which features the advanced Inicl 8085 cpu, thereby
giving you immediate access to all software and development
tools that exist for both the 8085 and its 8080A predecessor
(they are [00% software compatible}—a computer which
features onboard S-100 bus expansion—plus instant conver-
sion to mass storage disk memory with either 5-1/4"" diskettes
or standard IBM-formatted 8 disks.

For just $129.95 (plus the cost of a power supply, keyboard/
terminal and RF modulator, if you don’t have them already),
Explorer/85 lets you begin computing on a significant level . .
applying the principles discussed in leading computer maga-
zines. . .developing **state of the art’’ computer solutions for
both the industrial and leisure environment.

Level “A” Specifications

Explorer/85's Level **A"’ system features the advanced Intel
8085 cpu, an 8355 ROM with 2k deluxe monitor/operating
system, and an 8155 ROM-1/0—all on a single motherboard
with room for RAM/ROM/PROM/EPROM and S-100 ex-
pansion, plus generous protolyping space.

(Level “*A’" makes a perfect OEM controller for industrial
applications and is available jn a special Hex Version which
Epaked can be programmed using
the Netronics Hex Keypad/
3] Display.)

r PC Board: glass cpoxy, plated
through holes with solder mask
* 1/0: provisions tor 2S5-pin

- (DB2S5) connector for terminal
Level “"A" at $129.95 is a serial 170, which can also sup-
complete operating system, port a paper tape reader
perfect for beginners, hob- provision for 24-pin DIP
biests, or indusirial con- socket for hex keyboard/dis-
troller use. play. . .cassette tape recorder in-
put. . .cassetle tape recorder output...casselte tape control
output. . .speaker output... LED output indicator on SOD
(serial output) line. . . printer interface (less drivers). . .total of
four 8-bit plus one 6-bit 170 ports »Crystal Frequency: 6.144
MHz ¢ Control Switches: resct and user (RST 7.5)
interrupt. . .additional provisions for RST 5.5, 6.5 and TRAP
interrupts onboard ¢ Counter/Timer: programmable, 14-bit
binary ¢ System RAM: 256 bytcs located at F809, ideal for
smaller systems and for use as an isolated stack area in
expanded systems. .. RAM expandable to 64k via S-100 bus or
4K on motherboard.

System Monitor (Terminal Version): 2k bytes of deluxe
system monitor ROM located at FO08 lcaving 8009 frec for user
RAM/ROM. Features inctude tape load with labeling . . .tape
dump with labeling. . .examine/change contents of memory
...insert data...warm start.. examine and change all
registers. .. single step with register display at each break point,
a debugging/training feature.. .go to execution address. ..
move blocks of memory from one location to another. . fill
blocks of memory with a constant. . .display biocks of memory

.automatic baud rate selection, . . variable display line length
control (1-255 characters/line). . .channelized 1/0 monitor
routine with 8-bit parallel cutput for high spced printer.
serial console in and console out channel so that monitor can
communicate with 1/0 ports.

System Monitor (Hex Version): Tape load with labeling. ..
tape dump with labeling. . .examine/change contents of mem-
ory...insert data...warm start.. .examine and change all

-
P\ etronics RAD Ltd. Dapt. RE3
333 Litchfield Road, New Milford,

T 06776
Please send the items checked below— plus $2 p&h.

registers. . single step with register display at each break point
.. .80 to execution address. Level ““A’" in the Hex Version
makes a perfect controller for industrial applications and can
be programmed using the Netronics Hex Keypad/Display.
= Hex Keypad/Display
Specifications

Calculator type keypad with 24
system defined and 16 user
defined keys. 6 digit calculator
type display which displays full
; address plus data as well as
Hex Keypad/Display. register and status information.
Level “B” Specifications

LevelB"" provides the S-100 signals plus buffers/drivers to
support up to six S-100 bus beards and includes: address
decoding for onboard 4k RAM expansion select-able in
4k blocks. . .address decoding for onboard 8k EPROM expan-
sion selectable in 8k biocks. .. address and data bus drivers for
onboard expansion . . . wait state generator (jumper selectable),
to allow the use of slower memories. . .1wo separate 5 voli
regulators.

Level “C” Specifications
Level ““C"" expands Explorer's
motherboard with a card cage,
allowing you to plug up to six
i S-100 cards directly into the
= 5 motherboard. Both cage and
Explorer/85 with Level cards are neatly contained inside
““‘C*’ card cage. Explorer’s deluxe steel cabinet.
Level **C'" includes a sheet metal superstructure, a S-card gold
plated 5-100 extension PC board w hich plugs into the mother-
board. Just add required number of §-100 connectors
Level “D” Specifications
Level D" provides 4k or RAM, power supply regulation,
filtering decoupling components and sochets to expand your
Explorer/85 memory to 4k (plus the original 256 bytes located
in the 8155A). The static RAM can be located anywhere from
009 to EFFF in 4k blocks.
Level “E” Specifications
Level “'E"" adds sockets for 8k of EPROM to use the popular
Intel 2716 or the T1 2516. It includes ait sockets, power supply
regulator, heat sink, filtering and decoupling components.
Sockets may also be used for soon to be available RAM IC’s
(allowing for up to 12k of onboard RAM).

Order A Coordinated

Explorer/85 Applications Pak!

Experimenter's Pak (SAVE $12.50)—Buy Level *‘A’’ and Hex
Keypad/Display for $199.9¢ and get FREE Intel 8085 user's
manual plus FREE postage & handling!

Student Pak (SAVE $24.45)—Buy Level “A,”’ ASCII Key-
board/Computer Terminal, and Power Supply for $319.85 and
get FREE RF Modulator plus FREE Intel 8085 user’s manual
plus FREE postage & handling!

Engineering Pak (SAVE $41.00)—Buy Levels A, “B.,”
©C,” “D,” and *E"" with Power Supply, ASCII Keyboard/
Computer Terminal, and six S-100 Bus Connectors for $514.75
and get 10 FREE computer grade cassette tapes plus FREE
808S user's manual plus FREE postage & handling!

Business Pak (SAVE $89.95)—Buy Explorer/85 Levels “°A,”
*‘B,"" and *"*C" (with cabinet), Power Supply, ASCIl Key-
board/Computer Terminal (with cabinet), 16k RAM, 12"
Video Monitor, North Star 5-1/4"" Disk Drive (includes North
Star BASIC) with power supply and cabinet, all for just
$1599.40 and get 10 FREE 5-1/4’" minidiskettes ($49.95 value)
plus FREE 8085 user's manual plus FREE postage & handling!

Continental U.S.A. Credit Card Buyers Outside Connecticut

CALL TOLL FREE 800-243-7428

To Order From Connecticut Or For Technical
Assistance, Etc. Call (203) 354-9375

sonalized disk operaling system—just
plug it in and you're up and running!).l

RADIO-ELECTRONICS
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1 Explorer/85 Level ‘A" Kit (ASCII
Version), $129.95 plus $3 p&h.

1 Explorer/85 Level ‘A’ Kit (Hex
Version), $129.95 plus $3 p&h.

O 8k Microsoft BASIC on cassetie
tape, $64.95 postpaid.

O 8k Microsoft BASIC in ROM Kit
(requires Levels **B,” “'D,”” and “'E""),
$99.95 plus $2 p&h.

O Level “'B’’ ($-100) Kit, $49.95 plus
$2 p&h.

[J Level *“C'" (S-100 6-card expander)
Kit, $39.95 plus $2 p&h.

O Level 'D" (dk RAM) Kit, $69.95
plus $2 p&h.

O Level “E” (EPROM/ROM) Kit,
$5.95 plus 50¢ p&h.

O Deluxe Steel Cabinet for Explorer/
85, $49.95 plus $3 p&h.

O ASCII Keyboard/Camputer Ter-
minal Kit (features a full 128 character
set, upper & lower case, full cursor con-
trol, 75 ohm video output convertible
to baudot output, selectable baud rate,
RS232-C or 20 ma. 1/0, 32 or 64 char-
acter by 16 line formats, and can be
used with either a CRT monitorora TV
set (if you have an RF modulator),
$149.95 plus $2.50 p&h.

LD Hex Kevpad/Display Kit, $69.95
L K R B ]

O Deluxe Steel Cabinet for ASCII
Keyboard/Terminal, $19.95 plus $2.50
p&h.

O Power Supply Kit (+ 8V @ 5 amps)
in deluxe steel cabinet, $39.95 plus $2
p&h

[J Gold Plated S-100 Bus Connectors,
$4.85 each, postpaid.

O RF Modulator Kit (allows you o
use your TV set as a monitor), $8.95
postpaid.

O 16k RAM Kit (S-100 Board expands
10 64k), $199.95 plus $2 p&h.

O 32k RAM Kit. $329.95 plus $2 p&h.
O 48K RAM Kit, $459.95 plus $2 p&h.
O 64k RAM Kit,$589.95 plus $2 p&h.
{J 16k RAM Expansion Kit (10 expand
any of the above up to 64k), $139.95
plus $2 p&h each.

[J Intel 8085 cpu User's Manuat, $7.50
postpaid.

L[] Special Computer Grade Cassette
Tapes, $1.90 each or 3 for $5, postpaid.
O 12" Video Monitor (10 MHz band-
width), $139.95 plus $5 p&h.

CJ North Star Double Density Floppy
Disk Kit (One Drive) for Explorer/
85 (inciudes 3 drive S-100 controller,
DOS, and extended BASIC with per-

$699.95 plus $5 p&h.

OPower Supply Kit for North Slarl
Disk Drive, $39.95 plus $2 p&h.

O Deluxe Case for North Star Diskl
Drive, $39.95 plus $2 p&h.

O Experimenter's Pak (see above),l
$199.90 postpaid.

O Student Pak (see above), S3l9.85|

postpaid.

O Engineering Pak (see above),l

$514.75 postpaid.

O Business Pak (see above), SlS99.40I

postpaid.

Total Enclosed $ I

(Conn. res. add sales tax) By—

O Personal Check [ M.O./Cashier'sl

Check 0O visa [ Master Chargel
(Bank#___ __ )

Acct. # l

Signature _____ Exp.Date ___
Print I

Name

Address I

Cit I
Y

State Zip I

SN S SERS IS GERS BEND GEED B SDEm W GER e mem =@ [ Send Me Information -J
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EQUIPMENT REPORTS
continued from page 30

performance can be identified with this meter.
Don’t forget that when equipment has gone
out of spec, the blame can often be laid on
faulty capacitors.

One very handy application of an instrument
with such an accurate low-range scale would be
to measure capacitance-per-foot of coaxial ca-
ble. Also, leaky capacitors are revealed by a
continuously drifting reading.

Truly, the day of the cumbersome capaci-
tance bridge seems to have passed, and the true
Q/V measurement of digital meters like the
model 938 is upon us.

A liberal two-year warranty accompanies
the versatile capacitance meter. The niodel!
938 has a suggested retail price of $149. R-E

American Beauty T-7
Micro-Soldering Station

CIRCLE 104 ON FREE INFORMATION CARD

ANYONE WHO HAS EVER DONE A FAIR AMOUNT
of soldering will appreciate the flexibility of
American Beauty’s new model! T-7 Micro-Sol-
dering Station. While it is certainly possible to
do an array of soldering jobs with only one tip
size and a single wattage iron, there is no sub-
stitute for having just the right amount of heat
when you need it—and the right soldering tip
to match.

The 7-7 allows heat adjustment from 175°
10 910° Fahrenheit (79° to 487° Celsius) viaa
front-panel calibrated potentiometer control.
A series of replaceable tips, both needle and
chisel points, increases the flexibility of this
well engineered tool.

The 7-7 is designed for serious electronic
applications. For the inveterate home builder,
it can be used in cramped quarters as well as on
wired terminals. However, it cannot be used
for heavy-duty soldering of large metallic sur-
faces where rapid heat sinking will quickly dis-
sipate the small tip of the 12-wa't (nominal)
heating element.

Soldering tips are very easily changed. The
replaceable element and shank is removed as
one piece, securely held in place in the handle.
The electrical connection to the element is
made by a snug push-on terminal. The tip is
powered by low-voltage AC, isolated from the
power lines by a transformer. A three-wire
grounded cable provides an additional measure
of safety.

Current to the tiny tip is controlled by an
electronic circuit built into the console, and

continued on page 80



ADVANCE 1S PROUD TO INTRODUCE
The @ HITACHI Line of High Quality Oscilloscopes

All Hitachi Instruments
Are Backed by A Two-Year Warranty

~N

e TV sync-separator circuit facilitates rapid video
signal measurement.

« Extra-high sensitivity; vertical sensitivity of
1mV/div. now available.

* Built-in signal delay line for leading edge observa-
tion of quick-rising waveforms (V-301 and V-302).

¢ X-Y operation very convenient for measuring
phase difference of two waveforms.

¢ Sweep-time magnifier effective for precise
measurement; sweep time magnifying 10 times
with one-touch operation.

¢ Trace rotation system for easily adjusting
bright-line inclination caused by terrestrial

magnetism.
Hitachi Oscilloscope V-302 * Z-axis input provided-possible to use as CRT
DC-30MHz dual-trace KL
e 0.2us~0.2s-wide sweep range setting.
1. TV sync-separator circuit 5. Sweep-time magnifier (10 times) o One-touch shifting waveform slopes.
2. High-sensitivity 1mV/div 6. Trace rotation R | |
(5MHz). 7. Z-axis input * Five modes of vertical deflection operation
3. Signal delay line (Intensity modulation) (Type V-152 and V-302).
4. XY operation  Panel layout with color-coding of respective
functions.

(Also available in single-trace)

HITACHI V-302 & V-152

Put a proven Hitachi dual-trace oscilloscope on your bench
for as little as $695. Our V-152 15MHz model includes 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-302
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 “cutscop-
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. Call for more details.

Hitachi Oscilloscope V-152

Normal Price
[] V-152 15 MHz Dual Trace $695* _ Call For DC-15MHz dual-trace
[ v-302 30 MHz Dual Trace $945* {|Special Introductory
. )
Probes included. Price Offer 1. TV sync-separator circuit 4. Sweep-time magnifier (10 times)
2. High-sensitivity 1mv/div 5. Trace rotation
1 3 5MHz 6. Z-axis input
Hitachi...The measure EbE (intonsity modutation)

3. X-Y operation

of quality.

(Also available in single-trace)

\

THE TEST EQUIPMENT SPECIALISTS

" TOLL FREE HOT LINE
800-223-0474

54 WEST 45th STREET, NEW YORK, N.Y. 10036 212-687-22fwcm
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¥ RADIO-ELECTRONICS

This is an offer you shouldn’t resist. To
introduce you to the new family of oscil-
loscopes from B&K-PRECISION, we’ll
let you “live with™ one for up to 10 days,
free! We’re confident that after trying
any one of our new scopes, you’ll want
to keep it for a lot longer. Of course,
there’s no obligation.

Leading off our 1400 series scopes is
the new 1479, 30MHz dual-trace
triggered scope. It’s ready to challenge
your testing needs with 5 mV/cm vertical
sensitivity, 11.7 nS rise time, SOMHz
triggering and built in high- and low-pass
filters. A signal-delay line is built in to
permit view of the leading edge of high
frequency pulses. The 1479 also provides
differential input capability and algebraic
addition and subtraction of input signals.

For those requiring only a I5SMHz
dual-trace scope, the 1477 is an outstand-
ing solution. Having many of the fea-
tures of the 1479, the 1477 also offers a

Model 1477 $840

standard video sync separator for use
with video systems-or computer termi-
nals. If battery portability is essential,
the B&K-PRECISION 15MHz 1432 is a
field-proven workhorse. It’s a full-
featured 3", dual-trace scope with an
optional battery pack. For a 10MHz re-

Model 140532808 B
a Model 1432 $840

Model 1466 $560

oK Precision

sponse, choose either the dual-trace 1476
or the single-trace 1466. With video sync
separators and vectorscope capability,
both are standouts. For basic monitoring
applications, the low cost 3" 1405 is the
best answer.

Common features of all 5” 1400 series
scope include Z-axis inputs, plug-in PC
board construction, scope camera-
compatible CRT bezels, triggered sweep,
excellent high- and low-voltage power
supply regulation, built in calibration
signals and cool, energy-efficient opera-
tion. The 1466 draws 20 watts: the 1479
draws only 25 watts.

For immediate delivery on the scope
of your choice or for additional
information, contact your local
B&K-PRECISION distributor.

DYNASCAN
CORPORATION

6460 W. Cortland Street - Chicago, IL 60635 - 312/889-9087

In Canada Atlas Electronics Ontario International Sales Empire Exporters (nc. 270 Newtown Road, Plainview, L.I, N.Y. 11803

Before you look at another scope,
try one of these free for10 days!

Model 1479 $1099

Model 1476 $700

4
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AUTOMOTIVE
BURGLAR
ALARM

This “hassle-free’’ security system protects your car
and its contents without the need of a key to turn
it on and off. You can build one for less than $20.00.

STEVE R. STOUT

DID YOU EVER WANT TO INSTALL A BURGLAR ALARM IN YOUR CAR,
but didn’t want to drill a hole in your fender or door for the
keyswitch? Or maybe you just couldn’t find that convenient
place for a hidden switch under the dash? Or you just didn’t
want the hassle of having to remember to turn the alarm on and
off.

This alarm will protect the contents of your car, without the
need for an outside key; you don’t need to remember to turn it
off or on; it will sound instantly if your radio is removed, and the
basic unit can be built for less than $15.00 even if all parts are
purchased new.

How it works

The base of transistor Q1 (Fig. 1) is connected via R1 to the
accessory terminal on your car’s {use block. This is a point that
is positive only when the car is running or the key is turned to
the accessory position. With the car running, QI’s collector is
low holding flip-flops 1C1-a and IC1-b reset and causing Q2's
collector to be high. When the car is turned off, the collector of
Q1 goes high, enabling the flip-flops and pulling Q2’s collector
Jow to trigger timer IC2-a. At the end of the timing cycle,
adjustable from 1-2 minutes, the output at pin 5 drops low,
clocking flip-flop IC1-a to the set condition. The alarm is now
armed and ready.

The base of transistor Q3 is connected via R7 to the switched
side of the dome light circuit (Fig. 2-a). When a door is opened,
the dome light goes on and transistor Q3’s collector goes high,

driving the collector of Q4 low and triggering timer IC2-b. Note %
that IC2-b will only start after flip-flop 1C1-a has set because its P
reset pin (pin 10) is connected to the Q output of IC1-a. At the T
end of timer 1C2-b’s cycle, adjustable from 30-90 seconds, its g
output at pin 9 drops low, clocking flip-flop ICI-b to the set =

35
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7805

+12 VOLTS +5V
BATT
(NOT ACC)
e N g fOUT — 45V 5”35'(
- 1030/ cm*l o4 2 v g0 07
TZSV T 33/20\/T r zl 1/2 1476 127876 |7 (OPTIONAL, FIG. 4-a)
S G ¢—=GND > fVee PR PR
GND POWER SUPPLY 4], al® 1, o ]
6
+5V ek ICla s ek e o
6 K a K -
L oo o cL @
R4 =
27K 13 Ia .
R1 a1 4
4 33K 35y R13
ACC —AAA—g < 3.3K
i Q6 HEP $5000
273 = o e 70
: ° f 172 556 1 RY 1
[ RS & > R17 =
s b 2 14 10 E
C 2 1KS < 500K 13 a
Vee g
a1, 0z, 3, 4, Q7- 2 L 1026 Ofz—
2N2222 or MPS2222 1 1c2 (W] : 3
Q5-2N2307 or MPS2907 U2z ;E YV sy Img/sz\? v GND T %
+5V ] 8 I c9*
R6 =
27K
(*C5-C10:.05 0R .1) ce*
- 02 SET| RESET
DOME 33K = Q 1 0
CONNECTION <2 AA a o 1
(Fig. 2-a) Rz
2K $ for 1= 55y
FIG. 1—SCHEMATIC of the hassle-free auto security alarm. Circuit is
armed when driver leaves the car and is disarmed when he returns and
swifches on ignition.
+2v +2v g ;
PARTS LIST
Resistors 10% or better, Vi watt
E%MET R1, R3, R7, R11, R15, R20, R21—3300 ohms
1H R2, R4, R6, R8, R10, R12, R22—2700 ohms
;g’ R5, R13— 1000 ohms
AND R14—470,000 ohms
Q3 BASE R16, R17—500,000 ohms, miniature potentiometer
I R18, R19, R23—680 ohms
IC1—7476 dual J-K flip-flop
DDOR IC2—556 dual timer
(Sr\uNlcT)CHES 4L, STYLEQ f A IC3—7805 5-volt regulator, TO-220 case

USE EXISTING CIRCUIT
FORSTYLE 1 DOME

LIGHTS DOME LIGHTS

a b

FIG. 2—DOME LIGHT circuit may have door switches on ground side as at

aor in the “hot” side as at b.

+12
BATT. (NDT AcCC.)
1

3 i
= D2 . ALARM
S inateg | A {BELL, SIREN ETC.)
5 FROM Q6 RY1
l-_lU COLLECTOR
w QuUTPUT
g FIG. 3—RELAY is used to supply current to the horn or other alarm
< device. When low-current relay is used, you may need to parallel double
[ned contacts to carry load current,.
36

DELETE Q3, R7, R12 AND
CHANGE FOR STYLE 2

C1, C2—100 uF, 20 voits, electrolytic
C3— 150 uF, 25 volits, electrolytic
C4—33 uF, 20 voits, electrolytic
C5-C11—.05 or 0.1 uF, 16 volts, disc cer

D1, D2— 1N4148 or equal

Q1-Q4,Q7—2N2222, MPS2222 or equal

Q5, Q8—2N2907, MPS2907 or equal

Q6—HEPS5000 or equal

LED1—red LED, any size suitable

RY1—relay, 12 voits DC with contacts rated to handie load

condition. This turns on Q5 and Q6, pulling in relay RY1 (Fig.
3) and sounding the alarm. If at any time before flip-flop IC1-b

sets, the key is turned to accessory or the car is started, QI

conducts resetting both and disabling the alarm.

Options

Transistor Q7, R21 and D1 may be added (Fig. 4-a) for those
who wish the instant alarm feature. The free wire is connected

to your radio’s chassis and made to look like an extra ground

WWW americanradiohistorv com



+5V
To1ctb PINT {3 }— qpy  FREEWIRETORADIO
a 3.3K /
— —1>—/\/\
= ci
05 0R .1
= [0} ]
- - lg
TOIC1-b PIN 8 :r.. YT
+5V
R22
27K a8
TO IC1-aPIN 14 2N2907
OR ﬁgf{\)ﬂEDﬂl”DlCATUR
MPS2907 -
R23
\ 68082
\ LED 1
b

FIG. ——TWO OPTIONAL CIRCUITS. The circuit at a provides added pro-
tection for radio, tape deck or CB set. Circuit at b shows when alarm is
armed. 12V

!

LO__,. TO BRAKE
LIGHTS
12v DC
RELAY

L 250 400k
4’

CONNECT ACROSS
LIGHT OR HORN
IN RADAR OETECTOR

2N2222

GNO-=— -
FIG. 5—CRUISE-CONTROL is disconnected automatically when radar
detector picks up police clocking signal.

wire. When the wire is cut or disconnected, Q7 conducts, pull-
ing the preset inputs of both flip-flops low, setting them and
turning on the alarm.

Another option which helps during set-up and also lets you
know your unit is functioning is the alarm-armed indicator (Fig.
4-b). This is an LED connected so as to light when flip-flop
IC1-a is set and the alarm armed.

The circuit in Fig. 5, though not directly related to security, is
something you might consider while building the alarm system.
It is designed to automatically disconnect the car’s cruise con-
trol, thus cutting down on reaction time, when the radar detec-
tor picks up a signal. The detected radar signal turns on the
transistor and pulses the relay—causing the brake lights to flash
on and off and disconnect the cruise control. You may have to
replace the 250-uF capacitor with a larger one—depending on
resistance of the relay coil. (Note: Not all cruise control systems
are deactivated by the brake lights.—Editor.)

Alarm operation

The following is a typical sequence showing the operation of
the alarm
1. Driver shuts off car and leaves.
2. Timer IC1-a starts and arms alarm after delay set by
R16.
3. Thief or driver enters car. Timer IC2-b starts when door
is opened.
4a. Thief disconnects radio and alarm sounds, or timer B
finishes cycle set by R17 and alarm sounds.
4b. Driver starts car, disabling alarm. Note that the alarm is
disabled anytime the car is running or the key is in the
accessory position.

Notes on construction

Check the configuration of the dome light wiring in your
vehicle. If the door switches arc on the high side of the dome
light, modify the circuit as in Fig. 2-b. Power transistor Q6 may
be replaced with a 2N2222if RY 1’s coil current is less than 150
mA. Mount relay RY ! near the siren, bell or horn used Wwith the
alarm. Any style of cabinet may be used but it should be
mounted out of sight. Wiring is not critical and I used wire-wrap
in my prototype. However, a circuit board or point-to-point
using a Proto-Board is recommended for strength. R-E

PIONEERS OF RADIO

FRED SHUNAMAN

THE PLACE OF PROFESSOR AS. POPOV IN
the history of radio has been obscured to
some extent by rival claims of Marconi
supporters and by persons who insisted
that, because he was Russian, he could
not have invented anything important.
The facts that most people agree on are
that Popov, of the Russian Marine Acad-
emy at Kronstadt, described and demon-
strated to the Russian Physical and
Chemical Society, on the 7th of May,
1895, equipment he had constructed to
study atmospheric electricity. It followed
the “‘state-of-the-art” of that time, using
a Branly coherer. But Popov added one
improvement. The original Branly coher-
er had a disadvantage—once its filings
had “cohered” on receiving a signal, its
resistance dropped and remained low,
paralyzing it until its filings were jarred
loose again. Branly and Lodge *‘deco-
hered” it by striking the table with a mal-
let. Popov used the signal itself to
restore the receiver’s sensitivity. Battery

A.S. POPOV

current through the coherer also passed
through the coil of an electric bell, which
was so mounted that its clapper struck the
coherer on every backstroke. When a sig-
nal was received the bell rang and contin-
uously decohered the tube of filings, pro-
ducing an audible signal as long as the
radic waves continued.

Papov also used an elevated acrial wire
and is credited by some with the inven-
tion of the antenna. However, earlier
inventors (Loomis, Dolbear) had used
aerials, and Edison had described ele-
vated ‘“‘condensing plates” in his radio
patent of 188S5.

Although Popov designed his receiver
to study atmospherics, he checked its sen-
sitivity with a spark transmitter. Using
the apparatus of Hertz, he said, *with a
sphere of 30 cm,” he could actuate it at a
distance of 1 kilometer. With the appara-
tus of Bjerkness, “of a diameter of 90
cm,” good results were obtained at a
distance of 5 km.

There is no indication that he at-
tempted to transmit intelligence. But lat-
er in the year he suggested that a wireless:
telegraph system could be established if a
powerful enough “oscillator” could be
made. In March, 1896, he did transmit
the words *“Henri Hertz” a short dis-
tance—and taped the program!

In March 1897 a radio station was
established at Kronstadt under his direc-
tion, and he began outfitting ships of the
Russian Navy. On the 23rd of January,
1900, a message from St. Petersburg
instructed the icebarker Yermak to pro-
ceed to the rescue of a group of fishermen
on floating ice in the Gulf of Finiand.
This was accomplished, and was probably
the first use of a radio transmission to
save life at sea. This work, incidentally,
was carried out with commercial equip-
ment, made by the French instrument
maker Ducretet for the Russian Navy.

Like Hertz, Popov had a short life. He
died in 1906, at the age of 45. R-E |
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BUIEBDELEIS

SATELLITE TV
REGEIVER

Part 6: The front end is critical if you build your own
satellite TV receiver. This issue we explore several
different approaches to making one that will work.

ROBERT B. COOPER, JR.

LAST MONTH. THE BASIC DO-IT-YOURSELF
satellite TV receiving system was de-
scribed along with a novel spherical an-
tenna system. This month, we'll look at
several approaches to building the front
end of the receiver.

Suitable LNA designs

The low-noise amplifier (LNA) deci-
sion depends largely on the mixing ap-
proach taken by the builder. As dis-
cussed last month, if you decide to use
a prepackaged passive double-balanced
mixer, such as the VARI-L. DBM 500
unit, you will need more voltage gain
from the LNA than if you elect to use an
active GaAs-FET mixer. We'll show
both LN A approaches here: the bipolar
transistor system for use where 40 to 50
dB of gain is required, and the GaAs-
FET transistor system where approxi-
mately half as much gain is needed.

A few comments are in order for those
building microwave circuits for the first
time. Read them caretully.

1. Board material—Normal circuit-
board materials, such as the fa-
miliar G-10, are bad news at mi-
crowave frequencies. Any printed-
circuit board must be designed
for microwave applications. That
means a microwave-rated Teflon
dielectric board. Such board ma-

quencies. IC and packaged active
devices used in this system, even
when operating at baseband
(video) frequencies, will oscillate
when given the opportunity. (One
recommended source for the
microwave region board material
that is used in the 4 GHz LNA
stages and in the local oscillator/
active mixer segments is the
Rogers Corporation. Box 700,
Chandler, AZ 85224. The board
material is Duroid grade D-5880
226-127; dielectric thickness is
0.031 inches, 1 ounce clad on
two sides.)

. Grounds—AIll boards must be

perimeter-grounded. That means
all around, all four edges, both
sides. Spot grounds through
standup mounting lugs or pillars
are not adequate.

. Lead length—Exceedingly short,

direct leads must be used with all
parts. Remember that at micro-
wave frequencies even a 1/8th-
inch lead becomes an appreciable
portion of a wavelength.

. Capacitors—All capacitors speci-

fied in the microwave portion
must be chip type. Normal ceram-
ic, etc. capacitors have far too
much inductance at microwave
frequencies to be utilized. Where
RF chokes are specified, put
them in.

RADIO-ELECTRONICS
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terial is expensive but if you use
very small amounts of it, the per-
system costs will still be minimal.
. Double-sided—Use only double-
sided board for all circuits, in-
cluding those at baseband fre-

There are several sources for chip
capacitors suitable for this project.
One national source is Dielectric Labs,
69 Albany St., Cazenovia, N.Y. 13035.
Smaller quantities can be obtained
from Robert M. Coleman, RFD 3, Box

WWW americanradiohistorv com

58-A Travelers Rest, SC 29690, and,
from Satellite Innovations, Box 5673,
Winston Salem, NC 27103. Where
some of the circuits here specify certain
brands of parts, such as capacitors,
look to the value of the device and then
locate a suitable substitute from the
sources just given.

Two-stage bipolar LNA

The workhorse amplifier in this ser-
vice is described in Hewlett-Packard
Applications Note 967: a single-stage
bipolar amplifier using either the
HXTR-6102 or the HXTR-6101 devices.
The 6102 is a better grade of the 6101
and it is capable of producing an LNA
stage with approximately 10-11 dB of
voltage gain in the 3.7 t0 4.2 GHz range
with a noise-temperature of between
270° and 290° Kelvin (K). The 6101
tends to be 15° to 25° K ‘‘hotter. (In
this case, hotter is worse, not better!)

English experimenter Steve Birkill

TWO-STAGE BIPOLAR LNA is primarily an
etched circuit board with very tiny parts mount-
ed in precise position.



TWO STAGE BI-POLAR LNA

PARTS LIST
Two-stage bipolar LNA

Q1—HXTR-6102 transistor (Hewlett-
Packard)

Q2—HXTR-6101 transistor (Hewlett-
Packard)

R1, R3—10,000 ohms, linear pot

R2, R4—10,000 ohms, 2 watt

C1, C8, C15—2.2 pF (Vitramon
VJO0B05A2R2DF)

C2, C5, C9, C12—270 pF (Vitramon
VJ0B05A271)

C3, C6, C10, C13—4.7 pF (Vitramon
VJ0B05A4R7DF)

Cc4, C7, C11, C14—1000 pF (Vitramon
VJ0805X 102KF)

PL1—SMA-type plug receptacle, tab
contact, flush dieiectric. Selectro type
50-646-4575-31 (gold plated) or similar

J1—SMA-type jack receptacle, tab
contact, flush dielectric. Selectro
50-645-4575-31 (gold plated) or similar.
Note: SMA connectors from different
makers may be known variously as
SMA, SRM, RIM or OSM.

Microstrip board: 62.5 x 22.5 x 0.79 mm.

Duroid D-5880 226-127
dielectric constant 2.5, etched.

of Sheffield has developed a two-stage
circuit board using this device series
and it is shown in Fig. 1. A full-size
circuit board is shown in Fig. 2. The
opposite side of the board—which, as a

TWO-STAGE HFET GaAs-FET LNA is similar in
design and almost identical in layout to bipolar
LNA two-stage device; primary difference be-
ing the substitution of HFET series transistors
for bipolars.

+10VDC
Ri BIAS ADJUST

QUARTER-WAVE
FEED CHOKES

MATCHING
NETWORKS

5092

INPUT

PLT C1

2.2pF

c5
IZ7UpF

+10vDC
R3 BIAS ADJUST

500
COAXIAL
C15 OUTPUT

2.2pF

FIG. 1—SCHEMATIC DIAGRAM of the two-stage bipolar low-noise amplitier. The shaded areas
represent leads and inductors that are vital parts of the circuit design.

o 21/2 INCHEs ——————————

FIG. 2—PATTERN for etching the top surface of the LNA microstrip board. The lower surtace is

plain copper.

CONNECTOR FLANGES SOLOERED GROUNDING PINS SOLDERED QUTPUT CONNECTOR
T0 TOP AND BOTTOM OF BOARD ON BOTH SIDES OF BOARD (SMA JACK)
N
-« “\
-] = -} - -]
HOLE c4 c3 ts Ciig €0 f12
CARRYING FEED
FROM BIAS 1 — a2
BOARD BT BASELEAD EEkE’E TOR o Base COLLECTOR @
o c8 cis
INPUT g13 0143
CONNECTOR czg \gté ém B o 8
(SMA PLUG)
PLI
CONNECTOR
INNER TABS
INNER TABS EMITTER LEADS CUT OFF CLOSE AGAINST

MICROSTRIP LINE

TRANSISTOR PACKAGE

FIG. 3—COMPONENT LAYOUT shows placement of the transistors and capacitors. The capacitors

are chip-type approximately 8 x 5 mm.

reminder, must be a microwave-rated
board—is solid copper.

Following the components selection
guide given here and the construction
tips, there is nothing to the system in
the way of tuning or alignment. Ten
VDC is the operating voltage; the base
bias is adjusted with the 10K pots (one
per stage) for a total device current of
4 mA. There is no tuning other than
this; all resonant circuits are obtained

www americanradiohistorv com

with the etched inductances and the
fixed capacitances shown.

Figure 3 shows a parts layout for the
same two-stage amplifier. The bias
parts (resistor plus pot per stage) can
be located on the backside of the am-
plifier circuit board. When constructed,
the board(s) must be mounted in a suit-
able microwave enclosure with suit-
able grounds all around as noted. The
amplifier is very stable, but not when
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1ST STAGE

OUTPUT TO
MIXER

750
LINK

2ND STAGE

INPUT FROM LNA ——>

CAN BE SAME
PIECE OF DUROID
PC BOARD (.031}

FiG. 4—SCHEMATIC AND LAYOUT of a two-stage LNA amplifier designed by Robert Coleman.

i<_—2--7/1s|NCHEs_-—>

FIG. 5—PRINTED-CIRCUIT foil pattern for a single-stage low-noise amplifier. Two can be connected

in cascade for more gain.

operating at the end of several clip
leads as it dangles in space! One source
for microwave enclosures is Adams
Russell, Modpak Division, 80 Cam-
bridge St., Burlington, MA 01803

Two-stage GaAs-FET LNA

If your approach is to follow the
active mixer design of Robert Coleman,
or you simply want a lower front-end
noise figure than is possible with the
HXTR bipolar series, then you can
build the two-stage Coleman HFET-
1101 amplifier. Figure 4 shows the
parts layout for the HFET-1101 ampli-
fier. The HFET series of GaAs-FET
devices are also produced by Hewlett-
Packard and a stocking distributor is
Hallmark Electronics Corp., Attention:
Paul Koeppen, 1208 Front St., Build-
ing K, Raleigh, NC 27609.

The HFET series of GaAs-FET’s is
capable of producing noise tempera-
tures in the 170° K region (2-dB noise
figure). Like the bipolar HXTR series,
there is no tuning; the devices mount,
turn on, and have voltage (positive and
bias) supplies adjusted for optimum
performance. Again, you cannot do
that at the end of clip leads! The HFET
data sheets suggest an operating volt-
age of +4.5 VDC. Developer Robert
Coleman found that in the circuit shown
(the actual-size foil pattern for a single
stage is shown in Fig. 5.) the devices
tended to be unstable at that voltage.
By dropping the operating voltage to
+3.6 and applying a —3.0 VDC (adjust-
able) bias to the gate lead (as shown in
Fig. 6) he was able to make the stage

GAAS-FET
LNA POWERING/BIASING CIRCUIT

-3.0vDC 5K

BIAS
VOLTAGE

+3.6 vDC

1000 oF 0-50 MA 1000 pF
FEEDTHRU FEEDTHRU
BYPASS BYPASS

M

ﬁ—'{a‘,u L2

IHJU/BSV

c2
100/35\/%

i \
e
3 ¥4 o —;GATE
ai
NOTE:
L1, L2 = 2 TURNS #36,0.1"
DIAMETER (RF CHDKE)

L1, L2, C1,C2 ON UNDERSIDE
OF PCBOARD. L1, L2 LEADS
PASS THROUGH HOLES TO
01 TERMINALS.

FIG. 6—HOW COLEMAN LNA IS BIASED AND
POWERED. RF chokes L1 and L2 are mounted
on underside of the board with leads anchored
in holes in the PC board.

stable and optimize performance.
With all LNA stages (bipolar or
GaAs-FET) there should be a separate
bias control adjustment on each device.
With the HFET devices. maximum
gain occurs when the device current is
around 40 mA but optimum noise figure
occurs much lower; near 12 mA. Since
in this situation voltage gain is sec-
ondary to noise-temperature per-
formance, you will need a method of
measuring the device current. Cole-
man’s approach is to watch a current
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THIS INNOCENT-LOOKING DEVICE is capable
of producing +10 dBm of local oscillator signal
at 4 GHz! Avantek VTO 8360 is a microwave 0s-
ciliator device totally self contained. it mounts
on full-foil side of board with pins (leads) ac-
cessible on opposite board side with active 4-
GHz circuits.

meter on the stage and keep an eye on
the satellite-delivered picture to op-
timize the stages involved. Start with
the first stage after setting both stages
to approximately 12 mA current.
Circuit boards are available for either
the Birkill bipolar (two-stage) ampli-
fier or the single stage GaAs-FET de-
vice from Robert M. Coleman, RFD 3,
Box 58-A, Travelers Rest, SC 29690.
The price is $25 on the Birkill two-stage
board and $15 on the single-stage GaAs-
FET board. A parts list is not included
for the GaAs-FET LNA since many of
parts are already listed for the bipolar
LNA. The 100pF capacitors are also
made by Vitramon and Q1 and Q2 are
Hewlett-Packard HFET-1101 transistors.

The VTO local oscillator

Creating a +10 dBm-level continu-
ous-wave signal source for the local os-
cillator can be a bit of a pain, especially
when the local oscillator must operate
in the 4-GHz region! Fortunately,
Avantek (3175 Bowers Avenue, Santa
Clara, Ca. 95051) has solved that prob-
lem with a neatly packaged device that
only requires board mounting (on
microwave pc board). The device re-
quires connection of a + 15 VDC supply
and application of a second +10-to-
+20-VDC range tuning voitage. The
VTO 8360 device is virtually a perfect
local oscillator source for our applica-
tions since it tunes the range of interest
and while not inexpensive (in the $125
region) it is far less costly to use than a
lower-frequency oscillator chain with
multiplying techniques. And, as Murphy
notes, there is much less to go wrong
because everything is inside on a sub-
strate-designed package.

In Fig. 7 we have the complete local
oscillator ready to drive any mixer put
into service. The output pin four is
linked through an appropriate short
length of coaxial cable (if the length is
under 6 inches, virtually any 50- or 75-
ohm coax will function; but you will
want to choose cable that will mate
with the SMA or other series fittings
'you are using). Another approach is to
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FIG. 7—THE AVANTEK VOLTAGE-CONTROLLED
OSCILLATOR as it would be used as a local os-
cillator feeding a low-noise mixer.

use coaxial adapters to plug the output
of the local oscillator directly into the
appropriate input fitting on the mixer.
If you are using the VARI-L DBM-500
mixer (VARI-L Company, Inc., 3883
Monaco Pkwy. Denver. CO 80297)
you will need to build around the

NOTES:
RFC14 TURNS #28 WIRE, 1/8" DIAMETER
L1-6 TURNS #12 WIRE, 3/8" DIAMETER SLUG
TUNED TAPPED 2 TURNS FROM BOTTOM (SIMILAR
COILS IN RADIO SHACK COIL AND CHOKE PACKAGE)
L2-2 TURN QUTPUT LINK

4V C1-SELECT TO MAKE L1 RESONATE AT 70 MHz
1010V % 5K CIRCUIT BDARD MUST BE DUROID (.031)

4 GHz
~REC1 STRIP LINE
3 270pF =

— 70 MHz
c1 OUTPUT
2

AVANTEK VTO 8360 FROM

A
o W
ouT
.
10 TURN =
VERNIER
CONTROL 4700

Nis

RK‘WL»

=l +15VDC

= 10-TURN  REGULATED
HELIPOT

FIG. 8—A COMBINATION of the Avantek VCO and GaAs-FET used to make a tuneable 4 GHz-10 70-

MHz converter using an active mixer.

Satellite television reception en-
thusiasts interested in learning
more about the fast developing
satellite TV industry and the options
available to persons building their
own home terminals may find some
of the following of interest:

1. Satellite Study Package—De-
signed to teach you how the
satellite TV system operates,
what the equipment require-
ments are, which services are
available, and to whom and
where. Includes a 72-page
book written by Bob Cooper
that explains in lay terms the
complete satellite TV scene,
plus a 22 x 35 inch four-color,
two-sided wall chart depict-
ing the location and operating
characteristics of more than
30 geostationary satellites
carrying television program-
ming. Shipped via first class
mail, price is $15 in U.S. and
Canada (in U.S. funds), $20
elsewhere from: Satellite Tele-
vision Technology, P.O. Box
2476, Napa. CA 94558.

2. Coop’s Satellite Digest—A
monthly publication providing
up-to-date circuits, hardware,
and satellite operational news.
Mailed first class, widely read
as the insider digest of the
low-cost, private satellite TV
industry. Price in U.S. and
Canada is $50 per year ($75
outside, in U.S. funds); sample
copy for $5 in U.S. funds.
Order from: Coop’s Satellite
Digest, P.O. Box G, Arcadia,
OK 73007

3. Paul Shuch Satellite Lecture
Series Videotapes—Approxi-
mately eight hours in Beta or

Additional Satellite Material

YHS format; world-reknowned
microwave teacher and satel-
lite system engineer-designer
H. Paul Shuch takes the stu-
dent through the entire satel-
lite equation from antenna to
remodulated RF. Series origi-
nally videotaped at SPTS '79,
world's  first international
seminar for low-cost satellite
TV terminals. Excellent learn-
ing tool, teaching tool. Price
is $210 in VHS (LP) and $225
in BETA-2in U.S. and Canada;
add $25 elsewhere from: Sat-
ellite Television Technology,
P.O. Box G, Arcadia. OK 73007
(405-396-2574).

. SPTS ’80/California—A three-

day lecture series and exhibit
featuring noted satellite TV
low-cost terminal-developers
H. Taylor Howard of Stanford,
Oliver Swan. who developed
the Swan Sphericai TVRO an-
tenna, H. Paul Shuch of Micro-
comm, Robert Coleman of
South Carolina, and many
others. Combines classroom
learning of the latest state of
the art of satellite TV hardware,
plus the latest in marketing of
low-cost systems to private
homes, with commercial ex-
hibits of hardware. More than
25 sessions in three-day period
with course learning materi-
als. Next event will be held in
San Francisco Bay Area in
June of this year. For informa-
tion, contact SPTS '80/Cali-
fornia, P.O. Box G, Arcadia,
OK 73007 (405-396-2574). Ad-
mission by pre-registration
only, limited capacity.
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+4VDC

*standard’” microwave SMA fittings.
Note that just as you don’t use any sub-
stantial lengths of low-frequency (i.e.,
RG-8, etc.) coaxial cable at 4 GHz, you
also don’t use fittings such as the UHF
type. Even the BNC type are at best
questionable in performance at 4 GHz,
although there are some type N fittings
“‘rated”’ to beyond 4 GHz. The proper
fittings and coax (for short intercon-
necting runs) can be located at Satellite
Innovations, P.O. Box 5673, Winston
Salem, NC 27103). What you are look-
ing for is type SMA series connectors
and suitable coax to mate with the
SMA series fittings.

There is absolutely nothing to do
with the VTO 8360 local oscillator but
mount it and turn it on. The + 10-to-
+20-VDC tuning voltage varies the op-
erting frequency through the range of
interest (3.630 to 4.130 GHz). Once
again—make sure the VTO 8360 is
mounted on microwave circuit board
and is firmly seated into a housing be-
fore turning on.

Active Mixer

The most cost-effective approach to
the 4-GHz front-end at the moment ap-
pears to be a marriage of two stages of
GaAs-FET LNA to the active mixer
(plus local oscillator) shown in Fig. 8.
This is another Robert Coleman-devel-
oped circuit, using the HFET-1101 not
as an amplifier but rather as a single-
ended mixer. The 4-GHz energy from
the LNA stage(s) is coupled into the
gate of the HFET 1101. The 4-GHz
range local oscillator signal from the
VTO 8360 is coupled into the same gate
through a coupling strip. The 4-GHz
pair of signals mix in the GaAs-FET
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VTO 8360 (mounted out of sight on back side)
mounts in single container. Unit can mount out-
side, at antenna, if appropriately weather-
proofed thereby running only 70-MHz IF energy
down and inside (in low-cost 50- or 75-ohm
coaxial cable).

and are delivered at the output in the
70-MHz region. Inductor L1 plus ca-
pacitor C1 determine the IF resonance.
With the value shown for L1, C1 will
typically be around 5 pF. It is important
that the Q of this output section be kept
fairly low so that the full 30-MHz band-
width of the 70-MHz IF signal gets out
of the mixer and into the IF amplifier
stages without being restricted. The 5K
pot in the —4 VDC bias supply lead is
adjusted for optimized performance
simply by looking at the picture on the
screen. This adjustment, plus the tun-
ing voltage on the VTO 8360 are the
only two real adjustments that you
need to work with to get 4-GHz energy
down to 70 MHz! Inductor L1 tunes
broadly and can be optimized after the
satellite signal is received.

This portion of the system can be
tuned by using an MATV/CATV-type
field-strength meter tuned in the 70-to-
80 MHz region—or, in a pinch, you can
actually run the 70-MHz IF output into
a standard television receiver tuned to
channel 4. No, you will not recover
video (or audio); remember that the
satellite TV format is FM, and 30-MHz
or so wide FM at that, and consequent-
ly the 4.5-MHz wide TV IF set up to
detect AM video modulation simply
can’t recover usable video. But, the
TV receiver tuned to channel 4 can act
as a ‘‘tuning indicator’’ of sorts, and if
you happen to run across a transpond-
er transmitting a static picture, such as
color bars or a slide, you may for a brief
instant even see something resembling
a picture.

The circuit-board layout for the active
mixer is available from Robert Cole-
man directly (address previously given)
and a complete board ready to mount
the parts on (including the VTO 8360)
is also available for $25.

There: Getting from 4-GHz down to
the 70-MHz IF was not all that difficult!
Next month we will look at the IF-to-
baseband circuits, as well as the RF re-
modulation back to a standard NTSC
format for direct viewing on a standard
television receiver. R-E

INEREVISION

WHAT'S

KARL SAVON
SEMICONDUCTOR EDITOR

HAVE YOU NOTICED THAT THE TELEVISION-
receiver power transformer has virtually
disappeared? Just two or three years ago
one of the features of the more “solid”
sets was the presence of that bulky, pow-
er-line isolating device. Today, design
economy and a greater use of power-sup-
ply technology have eliminated the power
transformer. Television tuners have also
emerged, dramatically changed, from
their mechanical infancy. Even many of
the small-screen receivers use electronic
tuners. The smaller sets tend to use the
potentiometer-programmed varactor
types first popular in the large-screen
sets, while the larger deluxe sets now have
“intelligent” tuning systems that smack
of space-age technology and bear the
fruits of microcomputer technology.

Those advances are found in both the
surviving American producers’ sets as
well as the product releases of the Far
Eastern competition.

Deflection and
power-supply circuitry

Figure 1 shows the merged horizontal-
deflection and power-supply circuitry of
the 1980 Sharp 19D82 chassis. That
receiver typifies the general circuit-de-
sign direction. The main chassis consits of
four integrated circuits (two more are
used in the tuning system) surrounded by
a relative sparsity of discrete components.
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1980 TV

The set’s schematic displays an unusual
neatness and simplicity for a color televi-
sion receiver. Although the innards of the
IC’s themselves are shown in Fig. | as
blocks, the schematic seems to lose many
of the mysteries that were inherent in the
esoteric, discrete designs of the past. It is
no longer necessary for manufacturers to
use every circuit trick possible to keep
costs under control.

This particular deflection sytem uses a
single IC that contains the sync separator,
horizontal oscillator, vertical oscillator,
high voltage hold-down (X-ray protec-
tion), and vertical preamplifier stages.
There is no fundamentally new function-
ality in the deflection structure, but rath-
er a new kind of organization that sup-
ports a SCR-based regulator system. The
design eliminates the power transformer
by transferring its responsibility to the
horizontal-output transformer. In addi-
tion to the traditional pix-tube second-
anode and focus supplies, the horizontal-
output transformer drives the set’s main
18-VDC low-voltage power supply
through D704, as well as the regulated
110-VDC power supply:

As a result of the SCR regulator cir-
cuit, all supplies energized from the
deflection transformer are regulated. One
interesting thing is that the 110-VDC
power supply feeds the horizontal-output
transistor and so is self-supplied. It’s not
perpetual motion though, since all the
energy ultimately comes from the 170-
volt DC supply that runs from the AC
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There are some interesting circuits behind the
color picture tube. Here’s a look at what Sharp

and Zenith are doing this year

line. Besides the advantage of climinating
the power transformer, the power sup-
plies now operating at the 15.734-Hz
horizontal oscillator frequency have re-
duced filter-capacitance requirements be-
cause of the higher frequency.

Regulator SCR701 is fed from line
rectifier diode D701 through a winding
on the horizontal-output transformer.
The regulator drive circuit varies the fir-
ing time of the SCR in the 63.5-micro-
second horizontal period so that the aver-
age voltage developed at the cathode of
the SCR is equal to the desired [10-volt
regulated output. The SCR’s conduction
time is determined by the interval be-
tween the arrival of the SCR gate turn-on
pulse and the turn-off pulse produced by
the horizontal-output transformer wind-
ing. Regulator circuit Q701, Q702, Q703
is a DC comparator followed by a ramp-
level detector that determines the turn-on
point of the SCR. The regulator-output
vollage is divided down to 7.1 volts by
resistor network R708, R709, R710 and
R711. Potentiometer R709 is the regula-
tor voltage adjustment for trimming the
output voltage.

Error amplifier Q703 compares the
divided output voltage to the 6.2-volt
Zener connected in series with the tran-
sistor’s emitter. As transistor Q703’s base
voltage tries to decrease, the transistor
conducts less. The actual determination
of the trigger point occurs at the moment
Q702 conducts. A winding on the hori-
zontal-output transformer is connected to

the base of transistor Q707 through R718
and C709. This R—C network is an inte-
grator that produces a sawtooth wave-
form at the horizontal frequency on the
base of Q702. The output current of the
error amplifier transistor is returned to
the 18-VDC supply through R716 and is
also connected to the base of Q702
through R717.

In effect. thc horizontal sawtooth
waveform is biased up and down in volt-
age as Q703 changes conduction. The
emitter of Q702 is returned to the refer-
ence Zener diode through D703 as a con-
venient bias point. Therefore when
Q702’s base reaches about 7.7 volts. the
transistor begins to conduct. Exactly
when this point is reached depends on the
contribution of Q703.

Let’s follow the regulator action in one
direction with the help of Fig. 2. If the
regulated supply tries to increase, for
example due to a reduction in the supply
load, the transistor collector current in-
creases through R717. its collector volt-
age is reduced, and the bias level of the
horizontal sawtooth on the base of Q702
is reduced. Now the sawtooth crosses the
trigger level later in the horizontal cycle.
At the point that Q702 conducts, its out-
put current is amplified by SCR driver
transistor Q701 and is coupled through
R712 and C708 to the SCR gate. The
action of the switched SCR regulator
results in good receiver performance over
a wide range of AC line voltage and sup-
ply load regulation.
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Microprocessor tuning

Zenith’s 1980 color TV line aiso uses
¢lectronic voltage regulation: the use of
magnetic voltage regulation transformers
has been discontinued. But the most inno-
vative new Zenith feature is the Key-
board Touch-Command electronic tuning
system. It is a microprocessor-controlled
frequency synthesizer that uses a phase-
locked-loop to control the tuner’s local
oscillator precisely. Closed-loop systems
compared to open-loop schemes never
require manual tuning by the viewer and,
in addition. are not subject to oscillator-
drift problems.

Figure 3 shows the system block dia-
gram. The microprocessor receives com-
mand inputs from the keyboard or remote
control that specify the channel to be
tuned. Along with the tuning algorithms,
the processor’s read-only memory con-
tains data that is used to convert channel
numbers to the necessary division ratio
required by the phase-locked-loop to pro-
duce the correct tuner oscillator frequen-
cy for the selected channel.

Two frequency-divider chains force the
local oscillator frequency to be a pro-
grammable ratio of a reference oscillator.
The {oop creates whatever varactor tun-
ing voltage is necessary to generate the
exact required frequency. Because the
frequencies extend into the 1000-MHz
region, which cannot be cconomically
handled by the lower frequency logic on
the programmable divider IC, a separate
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Fig. t—HORIZONTAL DEFLECTION AND POWER SUPPLY CIRCUITRY of the 1980 Sharp 19D82 chas-
sis. Schematic displays trend towards simplicity and increased usage of IC technology. Above circuit
is remarkably simple, especially for a color-TV chassis.

dedicated divide-by-256 prescaler is nec-
essary to do this job.

A 3.581055-MHz crystal reference os-
cillator is divided down by a 14-stage
counter to the 976.5625-Hz reference
comparator input. For example, tuning to
Channel 2 requires a local oscillator fre-
quency of 101 MHz. The total division
ratio from the tuner to the comparator
must be 103,424 to produce the 976.5625
Hz output. Taking into account the fixed
=256 prescaler, the programmable divid-
er must be set to precisely 404 by the
MiCroprocessor.

The comparator produces a signal with
an average DC output that is needed to
tune the oscillator frequency so that the
output of the programmable divider is the
same as the reference-divider output fre-
quency. While the comparator actually
produces variable-width pulses, the active
filter reduces the comparator output to
slowly changing DC. The active filter is
an amplifier with a low-pass frequency
characteristic. A clamp circuit prevents
the tuning voltage from going below 2.25
volts. Reversals in the varactor tuner fre-
quency-versus-voltage curve could other-

TRIGGER
LEVEL Q702
. BASE
| VOLTAGE
REDUCED |
LOADING |7
1
|
= Tl
! SCR701
GATE VOLTAGE

FIG. 2—SCR TRIGGER SIGNAL bias level is
altered to change: the conduction angle of the
SCR and thus provide regulation.

wise cause a lockout condition.

Several features have been added to the
basic synthesizer system to make it prac-
tical in a television receiver. First, al-
though the system has been chosen for its
precision and minimum of user interven-
tion, there are some real-life situations
where tuning off the theoretically ideal
frequency is nccessary. For example,
some MATYV systems intentionally trans-
late the received frequencies to nonstan-
dard frequencies to prevent adjacent-
channel interference. Therefore a special
AFC mode can be switched in to initiate a
receiver search above and below the syn-
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thesized carrier frequency until a signal is
found. To ensure that a sound carrier or
other nondesired signal has becn found,
the system logic checks for the extremes
of the allowed tuning range and verifies
that a 60-Hz signal is being generated by
the vertical sync separator. The special
AFC mode will capture signals that may
be as far as 3.25 MHz away from the
standard frequencies.

Second, the tuning system has the abil-
ity to tune CATYV frequencies. When the
CATV-mode is selected by the viewer,
the twenty-three mid-band and super-
band CATYV channels replace the lower
UHF channels. The high-UHF channels
are disabled. CATV channels A through I
and J through W become channel num-
bers 14 through 36. For CATV tuning
the system searches its programmable
divider-ratio memory for the data re-
quired to tune the CATV frequencies
instead of UHF. You can consider this
first cable-ready TV to be a 105-channel
receiver (the sum of the 82 standard
channels and the 23 CATV stations).

The direct-access tuning system dis-
plays the channel number on a 2-digit
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FIG. 3—ZENITH'S NEW TUNING SYSTEM is based on a phase-locked-ioop controlled by a micropro-
cessor. The system features keyboard entry of channel information and ability to tune 105 channels—
82 UHF/VHF channels plus 23 CATV channels.
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LED indicator which is driven by a BCD-
to-seven-segment decoder. Multiplexing
the digit information uses four BCD data
lines and a fifth lead to indicate which of
the two digits is valid at any particular
time while the set is on.

Keyboard channel entry is finalized by
pressing the ENTER button following the
channel-number sequence. This method
simplifies single-digit channel (2 through
9) selection by requiring pressing the
proper digit followed by the ENTER key.
Some other electronic tuning systems
require a zero to be entered prior to a
single-digit channel number. The system
is smart enough to rctain the previously
sclected channel upon an illegal channel
entry attempt.

Three transistor circuits arc fed by the
microprocessor to control bandswitching.
One circuit switches between VHF and
UHF, a sccond between the low and high
VHF bands. The third circuit is enabled
when the super-band CATV channels are
selected. The lower-frequency CATV

channels are bandswitched by the stan-
dard low/high VHF circuit.

The 11-button keyboard (0 through 9
plus ENTER) is scanned by three micro-
processor outputs and five inputs that
sense any switch closure. R-E
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WIRE-WRAPPING IS THE WAY TO GO IF
your next electronics construction project
1s not being assembled on a PC board.
There are several variations on the wire-
wrap theme and in the instruments used.
(“Doc™ Savage covered wire-wrap basics
in his article “Wiring Systems For Pro-
Jects” in the August 1979 issue.) I use
both the Vector Electronics Slit-N-Wrap
and the OK Machine and Tool Corpora-
tion’s Just Wrap tools and wire for most
projects. The ideas expressed and demon-
strated here are based on those systems.
However, even if you use other standard
wire-wrap tools (such as Vero Electronics
Wrap tool), you'll find that you’re able to
apply my ideas.

Add space for easier wiring.

In wire-wrap layouts using normal
spacing, Vector’s P/83 forming and cut-
ting tool is used to hold the loose end of
the wire while the wire-wrap tool is
anchoring the wire on the terminal post.
The PI83—supplied with the P/84 man-
ual S/it-N-Wrap tool—has a sharp, metal

BOARD LAYOUT with “finger-distance” spac-
ing between rows. Too much room at the ends
of the IC’s is wasted space. You don’t need to
manipulate the wire there and the 0.2-inch
spacing provides enough room to cross over
in-between rows. All wire in this series of pho-
tos is the older polyurethane-Nylon-coated
wire. If you use the Tefzel insulated wire, you
may find that you’'ll have to increase the end-
to-end distance between the sockets because
of its larger diameter.

(14 o
MEASURING CORRECT DISTANCE between
the rows. The “finger distance” is 0.8 inches on
this board. You could also turn your finger to
manipulate the wire. Too narrow a distance will
slow you down and give you a sore finger.

NIFTY

OTTO SLACK

WIRE-WRAP TRICKS

Here’s a look at a few tricks to make
wire-wrapped projects easier,
faster and sturdier

i i QA o

USING YOUR FINGER to hold the wire down
while turning it onto the post with the tool. You
never have to pick up or lay down your finger:
Notice the hot-melt glue holding down the wire
runs. If you have any wires that you’re afraid will
get snagged and broken, or skufted on a post
and shorted, hold them down in this manner.

o

DEMONSTRATION OF THE STRENGTH of a
'splice. It is nearly as strong as a single piece
and it can be turned over and lifted in the same
manner.

TWO PROJECTS ARE SPLICED TOGETHER,
one being on the dark perf board and the other
on the light. Both projects were wire-wrapped,
but the “finger-distance” concept wasn’t used
here. The tools shown from left to right are Vec-
tor’'s P160-4T1 powered and the P108 manual
Slit-N-Wrap tools, the P183 chisel knife and
forming tool, a needle nose and diagonal pliers,
and, finally, an O0.K. Machine & Tool Co. hobby
wrap tool.

SPLICING TWO BOARDS together using strips
of perf board. Use a No. 44 drill bit to drill the
holes and 2-56 X % screws and 2-56 nuts.

MANUFACTURERS of tools and materials

JWK-6—Just Wrap kit, $24.95.

OK Machine & Tool Corp., 3455 Conner St., Bronx, NY 10475:
CIRCLE 148 ON FREE INFORMATION CARD
WSU-30—Wrap/unwrap tool, $6.95, plus materials, accessories, boards.

R-JW—Just Wrap wire, 50-foot spool, $2.98.

Vector Electronics Co., Inc., 12460 Gladstone Ave., Sylmar, CA 91342:
CIRCLE 149 ON FREE INFORMATION CARD
P-183 —Chisel knife and forming tool, $2.15.
P-180—Slit-N-Wrap tool, $25.00, plus materials, accessories, boards, kits.
P-160-4T 1—Motorized handle, includes P-180 Slit-N-Wrap tool, $99A50;

Vero Electronics, Inc., 171 Bridge Rd., Hauppauge, NY 11787:
CIRCLE 150 ON FREE INFORMATION CARD
163-28300A—Combiwrap tool, $12.36, plus materials, accessories, boards, kits.
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R’ L6, R AIRSE
USING THE P783 FORMING TOOL and P180
Slit-N-Wrap tool. This board layout is poor.
Even if you must make your rows too narrow
and have to use the forming tool, lay them out
end-to-end. Extra room on the ends of the IC’s
is wasted space because the room isn’t needed
for your fingeu or the forming tool.

ARROWS POINT te the nuts on the bottom of
board holding the splice together. Notice that
there are no strips of perf board on the bottom.
That makes i relatively easy to splice a board
near a heavily wired area.

THE PENCIL POINTS to an area of wire-wrap
pins that have bent over in their holes from
handling. The posts themselves have not bent.
Some of thcse posts will fall out of the holes
when handled it the wire-wrapping hasn’t been
completed on them yet.

Prspi

SR T I

LS {

o

HOLDING WIRE-WRAP POSTS in place with
hot-melt glue. A wire run is also held down with
the glue. If you see a leaning post here, that’s
because it was either glued that way or the post
is bent. These glued-down posts hold resistors
and transistors.

AEDANE B 'Ot .

MORE USES FOR THE HOT-MELT GLUE GUN.
The two metal pots, the T0-220 regulator, the
bridge rectifier and the bottom electrolytic
capacitors are all held in place with hot-melt
glue. The advantage of hot melt in these exam-
ples is that it is fast, strong, and the compo-
nents are removable with heat.

THIS EPROM LOADER AND TESTER was built
using the “finger-distance” concept and hot-
melt glue to hold the wire-wrap and other posts
in place. It has been running for a year. It is
made almost exclusively with wire-wrap and
pert board. The big exception to this is the PC
board in the upper left-hand part of the photo.
The device contains 32 IC’s, including three hex
readout chips plus the high-voltage power-sup-
ply board in the center, all wired with the wire-
wrap technique. This project is ready to be
mounted in an aluminum box with the perf
board on the plywood frame mounted in a hole
in the top.

www americanradiohistorvy com

chisel point on one end and a plastic piece
similar to a blunt screwdriver or align-
ment tool on the other. It is the blunt end
that is used to hold the wire and dress it
against the board when necessary.

I find the forming tool cumbersome to
use in some spots so | eliminate the need
for it by spacing out the 1C’s, transistors,
and other components on the perforated
board. The IC’s are placed end-to-end
and spaced 0.2 inch apart in rows. The
rows are spaced “finger distance” from
each other. | usually space the rows 0.8
inch apart but it could be less depending
on the size of your finger and the avail-
able room. Now, instead of using the
forming tool you can use your finger to
hold the wire in place. 1 find that my
finger does a faster and better job. The
only disadvantage in using that technique
is the additional board space required for
your layout.

Expanding a wire-wrap circuit

Sometimes a circuit change requires
more space than is available on the perfo-
rated board. In other instances, two cir-
cuits must be tied together with a large
number of connections. You can use a
ribbon cable, but that is both expensive
and unnecessary. A better solution is to
butt-splice the two circuit boards togeth-
er using strips of perforated board about
one-half inch wide. I use 2-56 X */s inch
screws and 2-56 nuts.

You don’t need splicing strips on the
bottom side of the board; the assembly is
strong enough without them. That makes
it relatively easy to splice two boards in
heavily wired areas.

Keeping terminal posts in place

A large, densely wired project requires
a lot of handling before it is completed.
The board flexes when handled by one
edge; that flexing action can looscn the
terminal posts. Some posts can loosen
enough to bend over in the holes; and
since most of the posts are installed
before you start wiring, they can fall out
if your wire-wrapping hasn’t reached that
point. To eliminate the problem, use a
hot-melt glue gun and run a bead of glue
down each side of each row of wire-wrap
posts. (Adjacent rows of posts must be at
least one-half inch apart so you can get
the glue gun between them. Don’t get
glue on the tops of the posts! It is a very
good insulator.) The end result is' posts
that are anchored in place and will take all
the handling you have to give them while
assembling a large wire-wrap project.

You can also use a dab of hot-melt glue
to hold wires in place. Pots, and most oth-
er components, can also be anchored to
the perforated board using hot-melt glue
so they don’t have to rely on circuit wir-
ing for support. R-E
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SEMICONDUCTOR

A DIVISION OF HARRIS CORPORATION

APPLICATION NOTE
514

INTRODUCTION

HARRIS SEMICONDUCTOR'S HA-2400/HA-2405 FOUR CHANNEL
Operational Amplifier combines the functions of an analog
switch and a high-performance operational amplifier, and makes
practical a large number of linear circuit applications.

A functional diagram of the HA-2400 is shown. There are
four preamplifier sections, one of which is selected through the
DTL/TTL-compatible inputs and connected to the output
amplifier. The selected analog input terminals and the output
terminal form a high-performance operational amplifier.

vt v- GND comp
11 9 13 12
A O O=0=0— _______l

ANALOG
SWITCH

ANALUGsl
INPUTS 30— |
46— I

N
e— S g
26—~ 3 !
| I |
|
|
|

| INPUT 0ECODE/
DIFFERENTIAL QECODE/

| PREAMPLIFIERS

16 1
Dg Dy ENABLE

DIGITAL INPUTS

In actuality, the circuit consists of four conventional op-amp
input circuits connected in parallel to a conventional op-amp
output circuit. The decode/control circuitry furnishes operating
current only to the selected input section.

CIRCUIT CONNECTIONS

These inputs control the selection of the amplifier input chan-
nels in accordance with the following truth table:

O Dy |ENABLE||ICHANNEL 1|CHANNEL 2|CHANNEL 3]CHANNEL 4
L L H oN OFF OFF OFF
H L H OFF ON OFF OFF
L H H OFF OFF ON OFF
H H H OFF OFF OFF ON
LORH|LORH L OFF OFF OFF OFF
OVELS+0.8V +2.0V 2 H 2450V

The digital inputs can be driven with any DTL or TTL circuit
that uses a standard + 5.0-volt supply.

THE HA-2400 PRAM
FOUR CHANNEL
OPERATIONAL
AMPLIFIER

DON JONES

COMPENSATION

Frequency compensation for closed-loop stability is recom-
mended for closed-loop gains less than 10. This is accomplished
by connection of a single external capacitor from pin 12 to AC
ground (the V+ supply is recommended). The following table
shows the minimum suggested compensation for various closed-
loop gains, with the resultant bandwidth and slew rate. Obvious-
ly, when the four channels are connected with different feed-
back networks, the channel with the lowest closed-loop gain will
govern the required compensation.

BANDWIDTH | SLEW RATE
GAIN, VOLTS/VOLT Ccomp {TYPICAL) (TYPICAL)
NON-INVERTING | INVERTING |  pF (-3dB)MHz | VOLTS/us
1 = 15 80 15
2 1 7 8.0 2
3 2 4 80 2
5 4 3 6.0 25
8 7 2 50 30
>10 >9 0 40-GAIN 50

Compensation capacitors of greater value can be used to
obtain lower bandwidth, greater phase margin and reduced over-
shoot, at the expense of a proportionately reduced slew rate.

External lead-lag networks could also be used to optimize
bandwidth and/or slew rate at a particular gain.

APPLICATIONS

Any circuit function that can be constructed using a conven-
tional operational amplifier can also be constructed using any
channel of the HA-2400. Similar or different networks can be
wired from the output to each channel input pair. The device
can therefore be used to select and condition different input
signals, or to select between different op-amp functions to be
performed on a single input signal.

To wire a particular op-amp function to a channel, simply
connect the appropriate network between the two inputs for that
channel and the common output in the same manner as in wiring
a conventional op-amp. It is often possible to design with fewer
external components than would be required in wiring four
separate op-amps (see Applications 2 and 3). It should be
remembered that the networks for unselected channels may still
constitute a load at the amplifier output and the signal input, as
if the unselected input terminals were disconnected from the
network.

If offset adjustment is required, it can generally be accom-
plished by resistive summation at either of the inputs for each
channel (see Application 8).

The analog input terminals of the OFF channels draw the
same bias current as the ON inputs. The maximum differential
input voltage of these terminals must be observed and their
voltage levels must never exceed the supply voltages.
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When the enable input is held low, all four input channels are
disconnected from the output. When this occurs, the output
voltage will generally slowly drift towards the negative supply.
If a zero-volt output condition is required, one channel should
be wired as a voltage follower with its positive input grounded.

The amplifier output impedance remains low, even when the
inputs are disabled; so it is not generally practical to wire the
outputs of two or more devices directly together. The compensa-
tion pins of two devices, however, could be wired together to
produce a switch with one output and more than four input
channels.

The voltage at the compensation pin is about 0.7 volt more
positive than the output signal, but has a very high source
impedance. Maximum current from this pin js about 300 pA,
which makes it a convenient point for limiting the output swing
through clamping diodes and divider networks (see Application
13).

Even if the application only requires a single channel to be
switched on and off, it is often more economical to use the
HA-2400 rather than a separate analog switch and high-perfor-
mance op-amp. Unused analog channel inputs must be
grounded. Unused digital inputs may be wired to ground for a
permanent low input, or either left open or wired to +5.0 volt
for a permanent high input.

Here are a few of the thousands of possible applications for
the Four Channel Operational Amplifier. These will give the
reader a general impression of how the units can be connected;
and probably will help generate many other ideas for applica-
tions. Also included are some challenges for the reader to modi-
fy the designs shown to perform different functions.

APPLICATION NO. 1

\_/ 0
+ 0
G
IN3 13 DECODE/ ?3— DIGITAL
p = CONTROL }—H—! CHANNEL
: 2> |EnaBLE ) pECEE
= Gno o 5°F

IN1 +11 COMP b= |
12 ! V+ ]———(‘_l——OHEV
IN 2 — ¢ ——00UT

OUTPUT
HA-2400 AMP V-{i -15V

ANALOG MULTIPLEXER WITH BUFFERED INPUT AND OUT-
PUT

This circuit is used for analog signal selection or time division
multiplexing. As shown, the feedback signal places the selected
amplifier channel in a voltage follower (noninverting unity gain)
configuration, and provides very high input impedance and low
output impedance. This single package replaces four input buff-
er amplifiers, four analog switches with decoding and one output
buffer amplifier.

For low-level input signals, gain can be added to one or more
channels by connecting the (—) inputs to a voltage divider
between output and ground. Bandwidth is approximately 8
MHz, and the output will slew from one level to another at
about 15.0 volts-per-microsecond.

Expansion to multiplex 5 to 12 channels can be accomplished
by connecting the compensation pins of two or three devices
together, and using the output of only one of the devices. The
enable input on the unselected devices must be low.

Expansion to 16 or more channels is accomplished in a
straightforward manner by connecting outputs of 4 four-chan-
nel multiplexers to the inputs of another four-channel multi-
plexer.

Differential signals can be handled by two identical muiti-
plexers addressed in parallel.

Inverting amplifier configurations can also be used, but the
feedback resistors may cause crosstalk from the output to unse-
lected inputs.

APPLICATION NO. 2

INPUT A g~ Dg
*”’*;f:V oECo0E/ [ P
e conTroL T H [ pIGITAL
CONTROL
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b
GND = 15eF
1>—C——f-§ COME__h= & +15V
e N =
ouTPUT
HA-2400 AMP V- -15V | OUTPUT
3K
<K
:; 50082
‘I 50082
4 AN

AMPLIFIER, NON-INVERTING WITH PROGRAMMABLE GAIN

This is a noninverting amplificr configuration with feedback
resistors chosen to produce a gain of 0, 1, 2, 4, or 8 depending on
the digital control inputs.

Comparators at the output could be used for automatic-gain
selection for auto ranging meters, etc.

Challenge: Design a circuit using only two HA-2400’s that
can be programmed to any of 16 different gains.

APPLICATION NO. 3
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L
223k 3 x 1, 0g
= :V oecove’ 15 P |oyoim
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E s BN
5F333k3 -
3| = 433 oUTRUT
HA-2400 AMP v-p—o15v
5pF >
=~ SIK
s
ouTPUT

AMPLIFIER, INVERTING WITH PROGRAMMABLE GAIN

The circuit can be programmed for a gain of 0, — 1, —2, —4,
or —8.

This could also have been accomplished with one input resis-
tor and one feedback resistor per channel in the conventional

manner, but this would require eight resistors rather than five.

APPLICATION NO. 4

INPUT
Z=60082
./
2]
<300 - DECODE/ ['5 —
> cONTROL I—' k| DIGITAL
CONTROL
[ENABLE -

<150
b2} + comp GND [}——_;_ 15pF

75 j& v+ =0
2 S +15V
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HA-2400 AMP V- '1(;\/

$ -
ik ouTPUT
+ Z=6000

PROGRAMMABLE ATTENUATOR
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This circuit performs the function of dividing the input signal
by a selected constant (1, 2, 4, 8 or oo as shown). To multiply by
a selected constant, see Application 2. White T, = or L sections
could be used in the input attenuator, this is not necessary since
the amplifier loading is negligible and a constant input imped-
ance is maintained. The circuit is thus much simpler and more
accurate than the usual method of constructing a constant
impedance ladder and switching sections in and out with analog
switches.

APPLICATION NO. 5

APPLICATION NO. 7

RADIO-ELECTRONICS

0
o

- \/
- o~ DU :
= 0ECODE/ [ ]
YWy == CONTROL | "1 & ggﬂ;%
AN rWV—E L
= - ’
A {:[5 ETCIL W
o AAA n - 15‘!F
Nx| ﬁ‘ comp ONO g_‘é‘ |
O—-A = {}—- Ve
INY [ +
$32 3 QUTRUT 4
IR HA-2400 AMP = J_-?SV
ouT &
Hx,y)
ADDER/SUBTRACTOR

The circuit shown can be programmed to give the output
functions —K, X, =K, Y, = (K; X + K, Y), or Ki X — K¢ Y.
Obviously, many other functions of one or more variables can be
constructed, including combinations with analog multiplier or
logarithmic modules.

This device opens up many new design approaches in digitally
controlled analog computation or signal manipulation.

APPLICATION NO. 6

Any oscillator that can be constructed using an op-amp, such

DIGITAL
CONTROL
S
4 X 3—J
UL—?V DECODE/ -
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[':w' [Bwele = v
VIN A'A'AT n -
‘E + coMp GND ]—_1__ 15pF
= = o
HEDS
- OUTPUT
,[— ¢ MA-2400  AMP V-f}—o-15v
ﬁ)
ouT

INTEGRATOR/RAMP GENERATOR WITH INITIAL CONDITION
RESET

Itis difficult in practice to set the initial conditions accurately
in an integrator. This usually requires wiring contacts of a
mechanical relay across the capacitor—leakage currents of sol-
id-state switches produce integration inaccuracy. The scheme
shown above eliminates these reliability and accuracy prob-
lems.

Channel 1 is wired as a conventional integrator, Channel 2 as
a voltage follower. When Channel 2 is switched on, the output
will follow V,y, and C will discharge to maintain zero volts
across it. When Channel | is then switched on, the output will
initially be at the instantaneous value of V., and then Will
commence integrating towards the opposite polarity. This cir-
cuit is particularly suitable for timing ramp generation using a
fixed DC input. Many variations are possible, such as program-
mable time-constant integrators.

APPLICATION NO. 8

as the twin-T, phase-shift, crystal-controlled types, etc., can be sy F V Dy ESQ%/OHLOLO
made programmable by using the HA-2400. Illustrated is a W DECODE/ [ t|—o
Wien-bridge type that is very popular for signal generators, g;ff‘_—rn N CONTROL __L:__L
since it is easily tunable over a wide frequency range and has a ADJUST :w. [EnsLE = sy
very low-distortion sinewave output. The frequency-determin- B b
ing networks can be designed from about 10 Hz to greater than — Ezw. comp SN0
I MHz. Output level is about 6.0V RMS. By substituting a 3R
programmable attenuator (Application No. 4) for the buffer R 7
amplifier, a sinewave source for testing can be constructed. R ¢
Challénge: A high-Q, narrowband filter can be made by T A0
feeding back more than one-third of the output to the negative. = = 4
input. Design a circuit using the HA-2400 and an R-C network
that can be programmed either to generate or to detect an audio [+
. . . 15v oUTPUT
tone of the same frequency. Such a circuit would be quite useful
for data communications. TRACK AND HOLD/SAMPLE AND HOLD
1
_ "= 2Re
2 é R
<D
L pNy
+ Op
{ ? rﬁy oEcoDE/ [ P
= SR = l CONTROL |1 hH
o ¢ 3 + DIGITAL
i %b [enasie b CONTROL
— ’_{.—_:-5 comp VO _I;DF
— < — —
= 2 3 «Fﬂz& wh | 1 o Bm;en
= TIrf QUTPUT ) *
— >
A = i HA-2400 AMP V-fF———o0-15v 250

A
A\AAZL

PROGRAMMABLE FREQUENCY SINEWAVE OSCILLATOR
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Channel 1 is wired as a voltage follower and is turned on
during the track/sample time. If the product of R X Cis
sufficiently short compared with the period of maximum output
frequency, or sample time, C will charge to the output level.
Channel 2 is an integrator with zero input signal. When Channel
2 is then turned on, the output will remain at the voltage across
C.

An even simpler circuit can be made by wiring one channel as
an amplifier, choosing the compensation capacitor to yield the
minimum required bandwidth or slew rate. When the enable
input is pulled low, the output will tend to remain at its last level
because of the charge remaining on the compensating capaci-
tor.

APPLICATION NO. 9

INPUT
, DIGITAL
- N . 0y CONTROL
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PHASE SELECTOR/PHASE DETECTOR/SYNCROMNOUS
RECTIFIER/BALANCED MODULATOR

This circuit passes the input signal at unity gain, either
unchanged or inverted depending on the digital control input. A
buffered input is shown, since low source impedance is essential.
Gain can be added by modifications to the feedback networks.
Signals up to 100 kHz can be handled with a 20.0-volt peak-
to-peak output. The circuit becomes a phase detector by driving
the digital control input with a reference phase at the same
frequency as the input signal, the average DC output being
proportional to the phase difference, with zero volts at £90°.
By connecting the output to a comparator, which in turn drives
the digital control, a synchronous full-wave rectifier is formed.

With a low-frequency input signal and a high-frequency digi-
tal control signal, a balanced (suppressed carrier) modulator is
formed.

APPLICATION NO. 10.
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FREE-RUNNING MULTIVIBRATOR WITH PROGRAMMABLE
FREQUENCY

This is the simplest of any programmable oscillator circuit,
since only one stable timing capacitor is required. The output
squarewave is about 25-volts peak-to-peak and has rise and fall-
times of about 0.5 us. If a programmable attenuator circuit
(Application No. 4) is placed between the output and the divid-
er network, 16 frequencies can be produced with two HA-
2400’s and still only one timing capacitor.

A precision, programmable square-triangle generator can also

be constructed by adapting the circuit described in Application
Note 507 to the HA-2400.

APPLICATION NO. 11
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PROGRAMMABLE ACTIVE FILTER

Shown is a second-order low-pass filter with programmable
cutoff frequency. This circuit should be driven from a low-
source impedance, since there are paths from the output to the
input through the unselected networks.

Virtually any filter function that can be constructed with a
conventional op-amp can be made programmable with the HA-
2400.

A useful variation would be to wire one channel as a unity-
gain amplifier, so that one could select the unfiltered signal or
the same signal filtered in various manners. These could be
cascaded to provide a wide variety of programmabile filter func-
tions.

APPLICATION NO. 12
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PROGRAMMABLE POWER SUPPLY

Many systems require one or more relatively low-current
voltage sources that can be programmed to a few predetermined
levels. It is no longer necessary to purchase a programmable
power supply with far more capability than needed. The circuit
shown produces positive output levels, but could be modified for
negative or bipolar outputs. Transistor Q1 is the series regulator
transistor, selected for the required current and power capabili-
ty; Circuit R1, Q2 and Q3 form an optional short-circuit protec-
tion circuit, with R1 chosen to drop about 0.7 volt at the maxi-
mum output current. The compensation capacitor, C, should be
chosen to keep the overshoot, when switching, to an acceptable
level.

Challenge: Design a supply using only two HA-2400’s that
can be programmed to 16 binary-weighted (or 10 BCD-
weighted) output levels.

www americanradiohistory com
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APPLICATION NO. 13
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MULTIPLYING D-TO-A CONVERTER

This circuit performs the function, Vour = Vv X N/16,
where N is the binary number from 0 to 15 formed by the
digital input. If the analog input is a fixed DC reference voltage,
the circuit is a conventional 4-bit D-to-A converter. The input
could also be a variable or AC signal, in which case the output is
the product of the analog signal and the digital signal.

The HA-2400 on the left is a programmable attenuator with
weights of 0, /i, /> or . The HA-2400 on the right is a
noninverting adder that adds weights to the first output of 0, Vi,
/8 Or /6.

If four-quadrant multiplication is required, place a phase
selector circuit Application No. 9 in series with either the ana-
log input or output. The Dy input of that stage becomes the + or
— bit of the digital input.

APPLICATION NO. 14
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FOUR-CHANNEL COMPARATOR

When operated open-loop without compensation, the HA-
2400 becomes a comparator with four selectable input channels.
The clamping network at the compensation pin limits the output
voltage to allow DTL or TTL digital circuits to be driven with a
fanout of up to ten loads. ,

Output rise and falltimes will be about 100 ns for differential
input signals of several hundred millivolts, but will be in the
microsecond region for small differential signals.

The circuit can be used to compare several signals against
each other or against fixed reference voltages; or a single signal
can be compared against several reference voltages. A window
comparator, which assures that a signal is within a voltage range,
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can be formed by monitoring the output polarity while rapidly
switching between two channels with diflerent reference inputs
and the same signal input.

MORE CHALLENGES

One of our favorite college textbooks paused at each climactic
point with a statement to the effect that, “Proof of the following
theorem is omitted, and is suggested as an exercise for the
student.”

The following is a list of some additional applications in which
we believe the HA-2400 will prove very valuable. The *“proofs,”
at present, remain as exercises for our ingenious readers.

¢ A-to-D Converter, Dual-Slope Integrating

Active Filter, State-Variable Type with Program-
mable Frequency and/or Programmable “Q"
Amplifier with Programmable DC Level Shift
Chopper Ampilifiers

Crossbar Switches

Current Source, Programmable

FM Stereo Modulator

FSK Modem

Function Generators, Programmabie

Gyrator, Programmable

Monostabie Multivibrator, Programmable
Multiplier, Pulse Averaging

Peak Detector with Reset

Resistance Bridge Amplifier/Comparator with Pro-
grammable Range

Sense Amp/Line Receiver with Programmable
Threshold

Spectrum Analyzer, Scanning Type

Sweep Generator, Programmable

Switching Regulator

Touch-Tone Generator/Detector (Use Harris HD-
0165 Keyboard Encoder IC)

FEEDBACK

We believe we have only scratched the surface of possible
applications for a multiple-channel operational amplifier.

If you have a solution for any of the previous “challenges” or
any new application, please let us know. Anything from a one-
word description to a tested design will be welcome. R-E

Copyright © Harris Corporation, 1977
Courtesy of Harris Semiconductor.
Reprinted with permission of the copyright owner, Harris Corporation.
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There are several ways we can use electronics to
generate the sounds of human speech. Here's a look
at some of the schemes available today.

MARTIN BRADLEY WEINSTEIN

ASK ANY YOUNGSTER HOW THE NEW
talking toys like Speak & Spell (from
Texas Instruments) can talk, and
chances are you’ll hear about the “lit-
tle man inside.”” And, in fact, they
won't be far wrong. Every speech-syn-
thesis scheme ever devised is based, at
some point, on a model of the human
vocal tract.

Let's take a look at the various ap-
proaches to speech simulation, begin-
ning with the simplest, while keeping
an eye on the various tradeoffs. The
key requirements and parameters to
observe include circuit complexity,
memory requirements, system cost,
vocabulary size, fidelity of the resultant
speech, flexibility of the synthetic
voice, inflection, and software require-
ments. Those things will sort them-
selves out as we go along.

Recording and transmission media.

In the broadest sense, telephones
and tape recorders might be considered
speech synthesizers; after all, they are
not human, yet they speak with human
voices. Indeed, the telephone company
has used electronic-interrupt operators
for years—in fact, decades. They
prove an excellent starting point.

You may have experienced, while
dialing the number of a friend who had
just moved, a recorded message some-
thing like: *““The number you have
reached, 555-1234, has been changed;

the new number is 555-0987."" Those
interrupts (in all but the newest equip-
ment) are recorded messages, but not
in the usual sense (see Fig. 1).

Only the minimum number of words
or phrases ever used are recorded, and
only once each. When an interrupt is
required, the telephone switching sys-
tem alerts the interrupt subsystem to
start its sequence; the particular se-
quence that is required for any one
circumstance is programmed when the
need for an interrupt is entered into the
system.

Figure | shows how multiple-track
tape recorders would be applied to the
task. But for quite some time now,
there have been no moving parts re-
quired; instead, the limited vocabulary
is converted to data and stored in
memory.

Crude digital speech

Figure 2 shows a very crude method
of recording and playing back speech
with digital memory.

The audio (speech) input is digitized
through a zero-crossing detector and
entered into RAM as the counter is
clocked through the cycle of addresses.
The playback operation exchanges this
“*write"’ operation for a “‘read’’ opera-
tion, and every data change is heard as
a click from the speaker. The pitch of
that raspy, buzzy voice can be altered
by varying the clock frequency.

www americanradiohistory com

Experience with analog-to-digital
conversion methods shows the best
clock rate to be twice the highest de-
sired frequency response, or about 10
kHz for 500—5000-Hz speech. This
means that a 16K RAM is only good for
about 1.6 seconds of speech.

This leads us to believe that in the
mathematics of electronics, at least,
the human voice may not be the best
model for providing a synthesis of the
human voice —a great deal of additional
number crunching will be required.

Our crude digitizer, by the way, can
be made quite acceptable if we expand
it to 8-bit-wide data words and include
an analog-to-digital converter at the in-
put (replacing the zero-crossing detec-
tor) and a digital-to-analog converter at
the output. Lowpass or bandpass filters
at both input and output can further en-
hance fidelity.

Down the tubes

The approaches described so far can
reproduce rot only any voice (with
varying degrees of success, depending
on the approach), but any other sound
within the same frequency range, in-
cluding everything from music to
cacophony. Mightn't we trade some of
that versatility (which, by the way, the
human voice does not share) for data
economy”?

A closer ook at the human vocal
tract shows that it can be modeled as a
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Al: THE NUMBER YOU HAVE REACHED . ..

A2:...THE NEW NUMBERIS. ..

IS NOT IN SERVICE
HAS BEEN CHANGED . ..

A1 - B{7L.TIMES) - C1 - END (DIS(_IDNNECT).

A1—B (7 TIMES) — €2 — AZ — B (7 TIMES) — END.

FIG. 1—GREATLY SIMPLIFIED RECORDED-LOOP TELEPHONE INTERRUPT “OPERATOR.” Each

loop represents a multi-track tape player. Words within each band or track represent a pre-record-
ed message. Although the vocabulary is quite limited, it can be used for several trillion messages of
a limited nature. This system has recently been replaced by solid-state speech synthesis.

cylindrical tube, just under 7 inches
long. While muscles, air flow, tongue
and lip placement may vary the model
in detail, we are still primarily con-
cerned with the fundamental acoustic
resonant frequency and its third and
fifth harmonics, called the first, second,
and third formants.

Think of those formants as harmonic
passbands or filters or resonators.
Typically, they would be near 500,
1500, and 2500 Hz, + 50 % with modu-
lation. Which is to say, any of the three
formants can slide up or down in fre-
quency, depending on the geometry of
the vocal tract.

A complete model of human speech
must take in the ‘‘hiss’’ of fricatives
(like s, z, f, v and so on), aspiratives
(like h), nasal resonances (like n, m),
and stops (like k,p,t).

An excellent article by D. Lloyd
Rice of Computalker Consultants (821
Pacific Street #4, Santa Monica, CA
90405) appeared in the August 1976
issue of Byte. (A limited number of
copies may still be available through
either Byte or Computalker). Entitled
*‘Friends, Humans and Countryrobots:
Lend Me Your Ears,” it follows the
discussion of the human vocal tract
through to a fairly comprehensive dia-
gram of a digitally-driven speech syn-
thesizer.

APPLICATIONS FOR
SYNTHETIC SPEECH

Handicapped aids
Production lines

Complex assembly operations
. Simulators

Education aids

Games

Instrumentation

Pilot's aids
Telephone/computer services
Robots/androids

Appliances

& Consumer products :
Translational aids |

Pronunciational aids

ZERD - |
| CROSSING WIDE
{ DETECTOR RAM

1-BIT

Rice’s circuit, based on controlled
filters, is similar to one integrated onto
a single, high-density chip recently by
Texas Instruments—and used as the
heart of their Speuk & Spell.

Input vs storage vs output

The advantage of switched-filter-
characteristic encoding versus the digi-
tal-to-analog converter technique is
that, since the analog electronic hard-
ware pre-defines limits on a number of
crucial parameters, less data is needed
to define any given length of speech
message.

In the Speak & Spell synthesizer, for
example, a total of 48 bits in each data
‘frame”’ defines amplitude, pitch, and
filter coefficients for a ten-stage digital
filter. For continuous speech, those
frames are updated at 50 Hz. This
means 2400 bits-per-second of speech,
versus 80,000 bits for the digital-to-
analog scheme, a 97% improvement.

By comparison, there’s a series of
synthesizers available from Telesensory
Systems, Inc., that requires only seven
bits to define whole words. And TSI
synthesizers are priced between $95
and $179 standard models). The rea-
son for all this economy is that the
TSI boards have fixed and very limited
vocabularies.

Their $95 model S2A, for example,
offers only 24 words. But since the
available words (in your choice of
English, German, or Arabic) are tail-
ored for calculators (TSI builds those
boards for talking calculators for the
blind and people with impaired vision,
among other applications), the arrange-
ment works out eminently well.

Phonemes

So why not, you may ask, break
language down into its basic sounds—
the various vowel sounds (long and
short E, with a few in between, for ex-
ample), consonants, combined sounds
like th, sh, ch, and so on—and put it
all into a limited **vocabulary’’ synthe-
sizer?

You can. Those basic speech sounds
are called phonemes. But there’s
something about the way we speak that

AMPLIFIER I'
ADDRESS |
CLocK COUNTER |

FIG. 2—CRUDE DIGITAL SPEECH RECORDER/REPRODUCER. During the write cycle—we will write

into the entire length of the memory—as the counter is clocked through the entire sequence of RAM
addresses. Each zero-crossing of any speech signal from the mike adds one bit of data to the
memory. On read, or playback, these data bits become pulses in the speaker. Increased clock
speeds enhance fidelity and intelligibility while it reduces the available message length.
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Manufacturers of Speech
Synthesis Hardware

Computalker Consultants
P.O. Box 1951
Santa Monica, CA 90406

Telesensory Systems, Inc.
3408 Hillview Avenue

P.O. Box 10099

Palo Alto, CA 94304

Texas Instruments

Consumer Specialty Products
Division

Lubbock, TX

Votrax

Division of Federal Screw Works
500 Stephenson Highway

Troy, Ml 48084

makes those simple phoneme-rostering
synthesizers only marginally intelligible.

The specific pronunciation of a
phoneme, it seems, is altered not only

24-WORD CALCULATOR
MODULE VOCABULARY,
Telesensory Systems, Inc.,
S2A and S 16000 series
oh percent
one low
two over
three root
four em (m)
five times
Six point
seven overflow
eight minus
nine plus
time-minus clear
equals swap

by inflection, as we might expect, but
also by the *‘flavor’” of the phonemes
surrounding it.

Because of that, the software that
drives  Computalker  Consultants
phoneme-based CT-/T Speech Synthe-
sizer, for example, first sets target

Verlag 1972.

1975.

Coding", Interface Age, June, 1979.

ADDITIONAL READING
Flanagan, J.L.. Speech Analysis, Synthesis and Perception, 2nd Ed., Springer

Markel, J.D., and Gray, A.H., Jr., Linear Prediction of Speech, Springer Veriag 1976.

Erman, Lee, ed, IEEE Symposium on Speech Recognition, April, 1974, Contributed
Papers, IEEE Catalog # 74CH0878-9 AE.

Flanagan, J.L.. and Rabiner, L.R., eds, Speech Synthesis, Benchmark Papers in
Acoustics, Dowden, Hutchinson & Ross, Inc., 1973.

Lehiste, llse, ed, Readings in Acoustic Phonetics, MIT Press, 1967.

Moschytz, George S., Linear Integrated Networks Design, Van Nostrand, New York,

Brantingham, Larry {(Texas Instruments), 'Speech Synthesis with Linear Predictive

Rice, D. Lloyd (Computalker Consultants), “Friends, Humans and Countryrobots:
Lend Me Your Ears'", Byte, August, 1976.

values for the centers of each string of
phonemes, then plots a smooth curve
through them (or near them) to pro-
duce a more natural sound.

In addition to their phonetic (phoneme-
based) software system, Computalker
offers a direct parameter control mode
requiring nine 8-bit bytes at a 100 Hz
frame rate.

It isn’t easy—yet

Electronically, all the hardware
sophistication we'll ever need for com-
pletely natural synthetic speech is avail-
able today—and at reasonable prices.

But we're still not close enough to
having the software and firmware we
need to drive it. Work on that front is
progressing rapidly, with some good
news to report.

First, National Semiconductor is
rumored to be preparing a single-chip
speech synthesizer capable of accept-
ing phoneme data (address) code and
needing little else to output natural-
sounding synthesized speech. The
good news is that it should be under
$30 or so; the bad news is that it will
only be available in mask-programmed
custom-vocabulary versions to large
industrial customers for the next year
or more. The news leaking out of Santa
Clara is hazy at this writing, but we will
advise you of coming developments.

Second, we may soon see an under-
$200, single-board microprocessor-
compatible phonetic synthesizer based
on a custom LSI IC in about two years—
very available at the hobby level.

So the era of smooth synthetic talk-
ers should soon be upon us. R-E

JOHN STONE Radio-Pioneer

FRED SHUNAMAN

A FEW PIONEERS REMEMBER HIM WITH
respect, but the name of John Stone
Stone rings no bell with the majority of
today’s engineers. Yet he was the per-
son who introduced exact science into
the communications art. The first to
work out his problems theoretically.
then verify his results by experiment,
he *‘could well, therefore, be considered
the progenitor and exemplar of the
communications research engineer of
today,”’ according to the History of
Engineering & Science in the Bell Sys-
teni. He was early in the field—when
Marconi’s tuning patent was declared
invalid in 1943 (indicating that he had
never had any right to the near-monop-
oly he enjoyed many years), it was on
the basis of ‘‘earlier work by Tesla and
John Stone Stone.™

Stone joined Bell Labs as a graduate
student in 1890, and was assigned in
1892 to attempt ‘‘to transmit speech to
vessels at sea.’” He worked with a tiny
arc as ‘‘discharger” and a Tesla coil

resonating in the order of 50 kHz (re-
ceiver unknown). He was not success-
ful—the trouble was that he was just
too far ahead of him time.

The same year, he suggested that
radio could be used for multiplex tele-
pheny by sending several messages over
the wires at different frequencies, then
sorting them out at the receiver end
with tuned circuits. Again, the idea
cotld not be carried out with the equip-
ment of 1892, and. in fact, carrier tele-
phony did not come into general use
until about 1915.

Stone left Bell in 1899 (still retained
as consultant and patent affairs expert)
to develop a wireless system that would
conquer interference problems with
selectivity,”” a term he invented. After
early difficulties. the Stone Telegraph
and Telephone Co. made several suc-
cessful installations for the Navy. He
also installed Stone equipment on a half
dozen ships and looked forward to suc-
cessful business when the Navy let a
large contract in 1908. But the award
went to a competitor. and lack of in-
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come forced Stone to sell his company,
to the de Forest Company.

Some of his trouble may have been
due to the very excellence of his equip-
ment. Radio inspectors found his ap-
paratus puzzling. and were suspicious.
All other systems showed a double
hump on their wavemeters—what now
would be called overcoupling. Stone’s
had a single hump, obtained by using a
four-coil circuit. The usual coils were
used in the spark and antenna circuits,
but they were not coupled—between
them were two other coils. connected
together conductively. One of these
was coupled inductively to the spark
coil; the other was coupled to the
“‘aerial’’ coil.

After several years as a successful
consultant. Stone moved to California.
There, in 1920. he was engaged by
AT&T as engineer-at-large, living in San
Diego, with AT&T paying transporta-
tion whenever he had to come East.
Between 1920 and his retirement in
1934 he developed about 30 patents for
AT&T: the most notable of them was
probably the 3-dimensional antenna
array, with antennas stacked above one
another for vertical selectivity. R-E
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BUIBDELEIS
THUNDERSTORM

ALARM

Don’t be caught unawares by the sudden arrival of a thunderstorm with its
accompanying wind and rain. This simple radio accessory gives an early warning.

CALVIN R. GRAF

THUNDERSTORMS, AND THEIR ACCOMPA-
nying strong winds, rain, and possible
hail, can make their appearance rather
suddenly sometimes. This is especially so
in spring and summer months, but they
can actually sneak up on you at almost
any time in some parts of the country.
When camping out, fishing, picnicking,
or just relaxing at home, it is important to
know of any severe weather that might be
approaching the local area. This is of spe-
cial interest to those who have to conduct
outdoor operations such as construction
workers, farmers, and ranchers. Campers,
away from their vehicles, can be warned
to seek higher ground in case of flash
floods.

The thunderstorm activity indicator
described in this article will alert you to
an approaching clectrical storm through
the flashing of two light emitting diodes
(LED’s) and the sounding of an audio
alarm. The activity indicator is connected
to the earphone audio output jack of a
pocket transistor radio or connected
across the speaker terminals of any radio
receiver. The radio is then tuned to a
clear spot near the upper end of the
broadcast band (1600 kHz) where there
are no stations being received. An AC
power supply with 9-volt DC output can
be used to operate the radio at home.
With this supply, the receiver can be left
on continuously and the receiver will con-
sume little power but will provide an alert
no matter the time of day or night a storm
may appear. The AC-operated supply is
inexpensive and can be purchased at any
local radio store. A volume control is pro-
vided so that the audio alert level may be
adjusted or turned down completely. A
visual alert is still provided, however, by
the continuous flashing of the LED’s as a
storm appears.

The circuit diagram shows how the
alarm is connected to the receiver. Trans-
former T1 is a small transistor radio
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FIG. 1—THUNDERSTORM ACTIVITY indicator and alarm. The audio input terminals are connected to
the speaker terminals of any AM broadcast radio receiver.

output transformer connected in reverse.
It is used to raise the audio voltage across
the loudspeaker (3.2 ohms) to a level that
will cause the LED’s to operate properly
(500 ohms). Resistor R1 serves as a cur-
rent limiting resistor for the LED’s so
that the voltage drop across them never
exceeds a nominal 1.6 to 1.7 volts. The
LED’s are connected in reverse polarity
parallel so that one will conduct in the
forward (positive) direction of the audio
signal and other LED will conduct in the
reverse (negative) direction of the audio.

Diode D1 is used to rectify the alter-
nating audio voltage so that only pulsat-
ing DC is applied to the Sonalert as its
polarity markings must be observed. The
Sonalert emits a pleasant 2900 Hz signal
when the applied voltage is a nominal |
volt DC. The capacitor charges up on the
sharp noise impulses that occur each time
there is a lightning flash. When the volt-
age across the capacitor rises to a value
close to one volt, the Sonalert will emit a
long *‘ping”. The capacitor thus serves as
an integrator and stores up lightning
flashes before it causes the Sonalert to
sound forth. In this manner, short noise
transients on the power line that are radi-
ated from light switches, air conditioners
and the like, do not cause the Sonalert to
sound. Output from the alarm is also
dependent on the setting of the receiver
volume control and it will sound out with
a normal room level setting.

When a thunderstorm is 10 to 20 miles
away, the audio output from the radio due
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to atmospheric disturbances will cause
the LED’s to flash and the Sonalert to
sound. As the thunderstorm approaches
the local area, thunder may be heard
following the “ping” of the Sonalert.
Knowing that sound travels one fifth of a
mile per second in air, the exact distance
to the storm area -can be calculated by
counting seconds from the time the ping
is heard until the thunder is heard. If you
count to five, the storm is one mile away,
and so forth. When the Sonalert sounds
continuously, the electrical storm and
accompanying rain are very nearby.

The approximate direction to the storm
can be determined by “aiming” the re-
ceiver’s antenna toward the storm area
that produces maximum audio output
from the Sonalert. The storm passage
through the local arca can be followed by
plotting the relative bearing against time.
Keep the volume level constant.

Remember, as the storm approaches,
light intensity of the LED’s and the
sound duration from the Sonalert will
increase. As the storm recedes, the rela-
tive levels of both light and sound will
drop. The storm passage may last from 30
minutes to several hours. With a little
experience, you will soon learn to recog-
nize whether it is going to rain or not, in
spite of what the weather man may say!
(If you live in the cyclone or tornado belt
consider using the Stormwarn alarm
along with a tornado alert device based on
light flashes on a blank TV raster—Edi-
tor) R-E
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Audio Amplifiers

New breed of Class A audio ampilifiers for
hi-fi reproduction deliver high power and eliminates

LEN FELDMAN
CONTRIBUTING HI-FI EDITOR

THE CHOICE OF WHICH “CLASS” OF AM-
plifier to use in high-fidelity applications
has always involved a series of trade-offs.
Most high-powered audio amplifiers use
Class-B circuitry, or Class-AB circuitry,
in which a slight amount of idling current
flows in the output-stage transistors at all
times. Class-AB power amplifiers provide
relatively high efficiency (around 60%
when they are delivering rated output,
lower efficiency at other output levels).
Their chief drawback, however, is that
they often produce crossover distortion
(also known as switching distortion)
when one transistor of the output pair
turns off and the other one turns on.

Figure | illustrates the problem. The
sinusoidal trace is the output waveform of
a Class-A B amplifier that uses high-speed
bipolar transistors having fairly good
switching characteristics. The distortion
(mid-screen trace), measured on an aver-
age-reading distortion analyzer, is very
low: 0.0036%, which would certainly be
regarded as insignificant. Nevertheless,
the clearly visible spikes in the distortion-
waveform output that occur every time
the audio signal crosses the zero axis are
much higher in amplitude than is indi-
cated in the average reading of the distor-
tion meter.

What makes matters worse is the fact
that at the low listening levels more typi-
cally used, the crossover or switching dis-
tortion remains as great, and thercfore
constitutes a higher percentage of the
total signal heard. Furthermore, because
of the nature of this type of distortion, it
consists of higher-order harmonics that
are subjectively more annoying to a lis-
tener than second- or third-order har-
monic distortion components.

nonlinearity in the driver stages

One way to eliminate crossover distor-
tion completely is to operate the output
stages of an amplifier in Class A. In
Class-A amplifier circuits, the output
transistors conduct fully during the entire
cycle of the input signal. A few high-
powered Class-A amplifiers have appear-
ed in the audio market but, as might be
suspected, they are extremely inefficient;
they generate a great deal of heat and are
generally extremely large and heavy, be-
cause of their tremendous heat-sink re-
quirements and, often, their requirement
for self-contained fans.

Nonrlinear amplifier stages

Distortion in an audio amplifier can
also result from nonlinear operation of

FIG. 1—CROSSOVER DISTORTION is chief

drawback of Class-AB amplifier. Center trace
shows crossover distortion in relation to output
signal.

voltage-amplifying stages that precede
the output stage, including the driver
stage. Figure 2 shows a typical power-
amplifier circuit. The voltage gain A, of
the voltage-amplifier stage is given by:

A, = gm XBX Ry,
where gm is the transconductance of
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FET’s Q1 and Q2, 8 is the DC current-
amplification factor of transistor Q3, and
load impedance R, is the combined im-
pedance of the power-stage input imped-
ance and the constant-current source I, in
parallel with it.

In the above equation, it is 8 that con-
tributes the greatest nonlinearity in actu-
al amplifiers. That can be understood by
examining the transfer curves shown in
Fig. 3 for a common-emitter transistor
amplificr stage. As the collector-to-emit-
ter voltage varies from 13 volts to 28
volts, collector current varies from 100
mA to around 120 mA for a constant
input current of 1 mA. On the other
hand, if a common-base amplifier stage
could be used, the gain would be constant
regardless of the collector-to-base voltage
(see Fig. 4.)

As for the term B in the gain equation
relating to Fig. 2, the maximum variation
of collector-to-emitter voltage Vg of
transistor Q3 will be 2V¢¢,, which is near-
ly identical with the power-supply volt-
age. So the nonlinear variation of 8 due to
variations of V¢g will be more than 10%.

Distortion can also be caused by nonli-
near variations of the junction capaci-
tance of semiconductor devices. In the
equation cited earlier, the gain was ex-
pressed for DC amplification only. Under
actual signal conditions, the collector-to-
base junction capacitance of transistor Q3
functions as a feedback capacitance. As
frequency increases, the gain Ay de-
creases at a rate of 6 dB-per-octave. Since
the collector-to-base junction capacitance
varies depending on the base-to-collector
voltage in a nonlinear manner, it follows
that the gain also has a non-linear charac-
teristic, thereby causing distortion in the
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FIG. 2—AUDIO AMPLIFIER consists of a power-output stage that is preceded by voltage-amplifying

driver stages.
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FIG. 3—GAIN of common-emitter transistor cir-
cuit varies as the collector-to-emitter voltage
varies.
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FIG. 4—CONSTANT GAIN is obtained with
common-base transistor circuit.
output-voltage waveform.

These two conditions that can gencrate
distortion are also present with the FET’s
used in the input stage and can cause dis-
tortion of the input signal and the ncga-
tive feedback signal.

JVC’s new Super-A class circuit

What JVC calls their Super-A class
circuit is, in fact, a two-part solution to
the problems we have been discussing.
One circuit refinement takes care of the
nonlinearity problems of the driver stage,
while the second part is concerned with
the output stages and possible notch or
crossover distortion. We will examine the
circuitry relating to voltage-amplifier/
driver circuitry first.

To eliminate the nonlinear distortions
caused by variations in Vg (in 2 common
emitter circuit) techniques must be used
that maintain Vg at a predetermined val-
ue regardless of the presence or absence

of an input signal.

Figure 5 is JVC’s new circuit that is
used in both the input and sccond stages
of some of their latest amplifiers. It uses
cascode amplification; in addition, *“boot-
strapping” is applied to the base of their
respective common-base circuits. In ef-
fect, this circuit combines the high gain
of a common-emitter configuration with
the high-linearity of common-base opera-
tion. W
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FIG. 5—JVC’S NEW AMPLIFIER CIRCUIT com-
bines cascoded amplifier stages and boot-
strapping to provide both the high gain of a
common-emitter configuration and the linearity
of a common-base configuration.

A simplified diagram of the cascode
connection is shown in Fig. 6. When the
circuit is connected in this cascode fash-
ion, the voltage of the transistor providing
the gain (lower transistor) is frozen at a
constant value, resulting in constant gain.
The cascode connection thus combines
the characteristics of both the common-
basc and common-emitter configuration,
as shown by the transfer curves of Fig. 7.
JVC claims that this driver circuit results
in reduced driver-stage harmonic distor-
tion amounting to approximately 20 dB
of improvement at high driver-output
voltages. As proof, they measured distor-
tion for a Class-A driver stage and for
their new Super-A driver stage. The
results are shown in Fig. 8.
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Output stage operation

Ordinary class-AB output stages actu-
ally operate as Class-A stages over a lim-
ited range of low-output levels. When
that range is exceeded, one of the comple-
mentary transistors is cut off, with the
possible result of crossover distortion.
The cut-off occurs because bias voltage in
conventional Class-AB (or, for that mat-
ter, Class B) circuits is fixed. If bias volt-
age could be varied by means of some
additional circuitry, crossover and
switching distortion could be lowered or
climinated and the circuit could operate
entirely in Class A but with improved
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FIG. 6—CASCODE CONNECTION. Upper tran-
sistor acts as a regulator and maintains the col-
lector-to-emitter voltage and thus the gain of
the lower transistor constant.
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FIG. 7—LINEAR AMPLIFICATION and high gain
are obtained with JVC’s cascode configura-
tion.
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FIG. 9—LOGARITHMIC COMPRESSION-BIAS

circuit varies the bias voltage of the output
stage in accordance with the output current.



FiG. 10—OQUTPUT WAVEFORMS of new Super-
A 100-watt amplifer. Waveform at 1-watt output
level is shown in a; the 100-watt output level is
shown in b.

efficiency. JVC’s solution to this problem
is called a logarithmic compression-bias
circuit. The actual output stage uses a
pair of complementary output transistors.
The bias voltage is made to vary with out-
put current in accordance with the curve
shown in Fig. 9. Using this varying char-
acteristic of the bias voltage, the mini-
mum bias voltage required to maintain
Class-A operation is obtained even when
the power transistors approach cut-off.
As a result, both high efficiency and
excellent linearity are claimed for the
new circuit.

Figs. 10-a and 10-b show the output-
current waveforms of the NPN and PNP
power transistors of a power amplifier
using the new bias circuit and having a
rated output of 100 watts-per-channel.
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FIG. 11—POWER DISSIPATION vs. output pow-
er of conventional Class-A, Class-B and new
Super-A amplifiers.

FIG. 12—REDUCED CROSSOVER DISTORTION
with Super-A amplifier is shown in center trace.
when compared to Class-AB amplifier as
shown in Fig. 1.

The waveforms were observed at two
ouput levels; 1 watt and 100 watts.
At the 1-watt output level, the wave-

forms are similar to those that would be.

observed with an ordinary Class-A ampli-
fier. At the 100-watt output level, the
upper and lower waveforms are asymmet-
ric and approximate the output wave-
forms that might be observed with a
Class-AB amplifier. The major difTer-
ence, however, is in the important cross-
over area. With the new JVC Super-A
power stage, the nonlinearity in the cross-
over arca is extremely gradual and con-
tains much less of the higher-order dis-
tortion components.

As JVC points out, such gradually-pro-
duced nonlinearity can easily be elimi-
nated or reduced to insignificant levels
with negative feedback.

The output waveforms of Fig. 10 sug-
gest that the efficiency of the amplifier
using this new bias circuit might be com-
parable to that of Class-AB amplifiers,
but such is not the case at all. Figure 1
shows a comparison of efficiency between
amplifiers of different classes having the
same rated output (100 watts at 8 ohms
or 4 ohms). The ratio of output power to
maximum rated output power is plotted
on the horizontal axis while the ratio of
power loss to rated output is plotted along
the vertical axis.

As for the improved linearity of the
new circuit and the reduced “switching
distortion,” one has only to compare Fig.
12 with Fig. 1, shown earlier. Once more:
The sinusoidal trace represents the ampli-
fier's output (it is rated similar in power
to that shown in Fig. 1) while the center
trace represents what little residual dis-
tortion can be detected. The actual mea-
surement of harmonic distortion for the
Super-A class amplifier was 0.0016%; not
all that much better than the 0.0036%
measured for the conventionally-designed
amplifier represented in Fig. 1. Note,
however, that there is no trace of the
switching spikes that were observed in
the other amplifier. JVC intends to intro-
duce several integrated amplifiers in the
near future that make use of this new
circuitry. R-E

SOLID STATE NEWS

Speech synthesizer

The time when the computer will be
“humanized” seems to be drawing closer.
Texas Instruments has developed a
speech-synthesis 1C using low-cost metal-
gate PMOS technology. The circuit is
called Speak & Spell when it is teamed
up with two 128K dynamic ROM’s and a
version of the TMS1000 microprocessor.
Each of the two ROM’s stores the equiva-
lent of over 100 seconds of speech.

Pitch-excited linear predictive coding
(LPC) is used to reduce the redundant
information in the human voice so that it
can be efficiently stored in semiconductor
memory. The method is based on a time-
varying digital filter that is modeled on
the vocal tract. An 8-bit digital-to-analog
(D/A) converter transforms the stored

digital information, processed through
the filter, into synthetic speech.

The digital filter has 12 input paramet-
ers, including 10 filter coefficients and
pitch and energy variables, that are stored
in the ROM’s. Periodic filter input sig-
nals produce definite pitch sounds such as
vowels, and random input signals produce
noise-like sounds such as “s,” “f,” “t”
and “sh.”

The 10-stage lattice filter uses an array
multiplier, an adder coupler and various
delay circuits. The multiplier circuit ac-
cepts two inputs every 5 us. Twenty mul-
tiply and accumulate operations generate
each speech sample up to 10,000 of which
are produced per second.

That such an advanced technique can
be used in a relatively low-cost product
such as the Speak & Tell learning aid
clearly indicates that the speech-synthesis
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circuit will become a commonplace out-
put device.

High-voltage SCR’s

Raytheon has announced a break-
through in semiconductor technology
with its silicon-controlled rectifiers
(SCR’s). The CR303 planar technology
series has forward- and reverse-break-
down voltages up to 800. The devices
exhibit a room-temperature leakage of
only 100 nA and have a minimum gate
sensitivity of 10 uA. They are used for
such applications as appliances, timers,
solid-state relays, ignition systems and
motor controllers. Large-quantity prices
are between $.42 and $1.03, depending
on voltage ratings. Complete specifica-
tions are available from Raytheon TAG
Semiconductors, 43 Third Avenue, Bur-
lington, MA 01803. R-E
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hobby corner

A digital temperature sensor, a mosquito-repelling circuit,

plus other tid-bits.

A WHILE BACK 1 RELAYED A READER IN-
quiry for a mosquito repeller circuit.
Another reader, Steven Thomas of Saw-
yer AFB, MI, has come up with some
very interesting information.

Steve’s research indicates that a fre-
quency just above the range of human
hearing will repel both male (non-biting)
and female (biting) mosquitos. [t seems
that they simply don’t like frequencies
around 20 kHz.

8.n.
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The 555 oscillator circuit in Fig. | is
Steve’s answer to the mosquito problem.
Adjusting R2 will provide output fre-
quencies from below 200 Hz to above 62
kHz. Neither parts nor construction
should pose any problem. The only possi-
ble difficulty is the miniature speaker or
earphone. Use a good quality one so that
it will produce frequencies on the order of
20 kHz.

With all the harmonics contained in
the output of this squarewave generator,
it should be effective if set anywhere near
the right frequency. 1 suggest that you
turn higher and higher until you can no
longer hear it and then experiment with
finer tuning while you are out in mosqui-
to country!

Thanks, Steve.

Racetrack timer

Bill Wisel of Fallston, MD has sent in a
neat question. It seems that his Cub
Scout Troop enjoys the annual Pine
Wood Derby but the close heats some-
time create “heat” between the contes-
tants, What Bill needs is a simple circuit
to time each of the four lanes or, at least,
to show which car comes in first, second,
and so on.

EARL “DOC” SAVAGE, K4SDS, HOBBY EDITOR

Do any of you have a circuit you would
share with Bill and others? If not, what
can you come up with? Here are a few
ideas:

Start with a timer—555 or crystal and
a divider for greater accuracy. The timer
can drive four separate and independent
counter circuits controlled by four sig-
nals. The signals are derived from cadmi-
um sulfide photocells, phototransistors or
light activated SCR’s (LASCR). The
photo devices are buried beneath the fin-
ish line and activated by the shadows of
cars passing betwcen them and an over-
head light.

Now what do you say?

VHF converter

Larry Tornow of Hewitt, NJ, has
Joined a volunteer fire company and
needs an inexpensive monitor. He and the
other guys don’t want to lay out big mon-
ey for a scanner when they are interested
in only one channel.

Larry wants a “quick and dirty” way to
convert a transistor FM broadcast receiv-
er to the low VHF band. How about it
you volunteer firemen, rescue squaders,
and others—send along a conversion.
Larry and your other fellow volunteers
will appreciate your help. Oh yes, while
you are at it, how about the high band?

Digital thermometer

Ken Pavlicek of LaGrange, IL has
come up with a great idea for a tempera-
ture sensor and thermometer circuit. Be-
ing digital rather than the usual analog
variety, it has several advantages.

Ken makes use of the fact that a diode’s
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resistance changes with temperature. His
sensor consists of two series-connected
IN914’s and these are part of the circuit
of a 555 multivibrator. Wired as shown in
Fig. 2, the output pulse rate is propor-
tional to the temperature of the diodes.
This output is fed to a simple frequency-
counting circuit.

Adjustment of the 1K pot is fairly crit-
ical and Ken suggests using a multi-turn
unit there. The use of a standard frequen-
Cy counter may require a conversion for-
mula to go from the reading to the tem-
perature but you should be able to juggle
the resistor values to make the relation-
ship a simple one.

Ken uses a counter based on the adjust-
able frequency of a 555 rather than a
crystal and, thus, can get a readout direct-
ly in degrees (F or C). In addition,
through the use of some presettable com-
parators, he controls both his furnace and
air conditioner with his thermometer
readout. I regret that space will not per-
mit going into the entire circuit but you
have the heart of it. Thanks for sharing,
Ken.

Tide timing

Have you noticed just how popular the
subject of clocks is these days? A good
portion of Hobby Corner mail is related
in one way or another to clock circuits.
Here are a couple that you may find espe-
cially useful.

Reader Art Williams of Wilmington,
NC, is an amateur fisherman and keeping
track of the tides is important if he wants
to have the best chance for a big catch.
The *‘slow clock™ circuit that appeared
here in Hobby Corner a few months ago
caught Art’s eye.

He went in the other direction and
made a fast clock so that low tide occurs
at 00:00 and high tide at 12:00. Now he
can set the alarm in order to get down to
the beach to meet the fish-—he hopes!!
There is no need to reset the alarm each
day as would have to be done on a normal
clock and referring to a tide chart is
unnecessary.

I won’t give Art’s circuit because it is
Just like the one shown in the July 1979
issue. All he did was adjust the rate of the
oscillator until the readout matched the
tides.

If you don’t need the alarm feature of
the clock IC, you can keep track of the
tides (or whatever) in a less expensive
way, too. A standard 555 timer circuit or
the fast-slow clock oscillator can drive a



counter and a couple of LED digits.
Thanks for the idea, Art.

Readout wanted

Pat Craddock of Navasota, TX is look-
ing for a clock readout circuit that will
drive lamps or LED’s with minute and
hour values. He would like to have four
|-minute, one S-minute and five 10-min-
ute lamps indicating the time with a like
number to indicate hours.

Sounds like an interesting display
scheme with different color LED’s and so
on. Can any of you help Pat with this
circuit?

One final (for this time) word on
clocks. Hold on to your hat as you read
about this next one. Don’t try to tell me
that you and your fellow readers don’t
have imagination’

Unusual clock readout

Reader Hankinson of Downingtown,
PA wrote about a really different clock he
has constructed. Bob’s readout consists of
a single vertical row of LED’s—yep,
that’s no misprint —one vertical row of
LED’s. Bob didn’t send his circuit but he
did send pictures of the readout including
a 32-shot multiple exposure.

Let me see if 1 can explain how it
works. Imagine one of those “moving
message” signboards made of many light
bulbs on which letters and numbers move
from left to right. Now imagine that all
the bulbs are covered from view except
for one vertical line. Next, substitute fast-
acting LED’s for the bulbs and speed up
the display. There you have Bob’s read-
out!

There is a little trick to reading the
display. If you look straight at it, all you
see is a line of LED’s. However, if you
scan across it at the right speed, it’s right
there: 4 digits of the correct time com-
plete with colon. It has to do with persis-
tence of vision—the same characteristic
of your eyes that keeps TV, movies, and
fluorescent lights from seeming to flick-
er.

Now that’s what [ call an unusual dis-
play. R-E
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“You think that's bad? That’s nothing at all.
You should try turning it on when it’s
plugged in’

$140
Gets It All.

We just knocked down the last reasons for not going digital in a
multimeter. Fast continuity measurement. And price.

Beckman’s exclusive Insta-Ohms™ feature lets you do continuity checks
as fast as the analogs. And Beckman’s superior technology and experience
let you own this beauty for such a reasonable price.

Of course you get a lot more. Like 7 functions and 29 ranges including
10 amp ac/dc current capability. 0.25% Vdc accuracy. In-circuit resistance
measurements and diode/ transistor test function. Two years’ typical operation
from a common 9-volt battery. In other words, all the features you want in
one hand-held unit of exceptional good looks and design.

With 1500 Vdc overload protection, 100% instrument burn-in, plus
rugged, impact-resistant case, you're assured of the utmost in dependability and
long-term accuracy. You get a tough meter that keeps on going, no matter
how tough the going gets.

So visit your dealer today and get your hands on the DMM that does it
all. Or call (714) 871-4848, ext. 3651 for your nearest distributor.

BECKMAN

CIRCLE 20 ON FREE INFORMATION CARD
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FLUKE

®

New Portable Digital Capacitance Meter

»,
oS Precision mopeL 820

* Measures capicitance
from O.1pF to 1 Farad

* Resolves to 0. 1pF

* 10 ranges for accuracy
and resolution

® 4 digit easy-to-read LED
display

* 0.5% accuracy

* Special lead insertion
Jacks or banana jacks

* Fuse protected

* Uses either rechargeable
or disposable batteries

* Qverrange indication

Call For Our Price

(i-DATA PRECISION

0.1%, 32-Digit, LCD DIGITAL

* WIDE RANGING — from 199.9 pF full scale
(0.1 pF resolution) up to 1999 pF full scake, in
eight ranges. virtually every capacitance you'll
ever need to measure.

* FAST AND EASY TO USE — Direct reading,
pushbutton ranges. Just piug in and read.

* EXCEPTIONALLY ACCURATE — provides
+0.1% basic accuracy.

* TOUGH AND COMPACT — Built to take rough
usage without loss of calibration accuracy. Fits
and goes anywhere; takes very littlie bench
space; aways handy for quick capacitance
checkout, matching, calibration, and tracking

* PORTABLE — Palmsized, lightweight, operates
up to approximately 200 hours on a single 9V
akatine battery

¢ EASY READING — big, clear, highcontrast
3%edigit LCD display, a full 0.5 high, readable
anywhere,

* VALUE PACKED —- Outstanding measurement
capability and dependability. Outperforms DC
time-constant meters, and even bridges costing
2 to 5 times as much,

* RELIABLE — warranteed for 2 full years.

Model 938
CAPACITANCE

HICKOK
LX304 DIGITAL MULTIMETER

FAST, EASY,
ONE HAND
OPERATION

AVAILABLE NOW
$8995

NEW

FLUKE]| DIGITAL MULTIMETERS
®

* Six functions ¢ 3% .digit resolution

dc voltage
ac voltage * 0.25% basic dc accuracy
Model 8022A: dc current * LCD display
The Troubleshooter ?ecsics‘:;'nec”; o Overload|potEEiion
diode test

$139

Model 8020A:
The Analyst

$179

Model 8024A:
The Investigator

L $199
\

NEW

« Seven functions

dc voltage
ac voltage
dc current
ac current X
resistance « Nine functions « peak hotd on voltage
diode test dc voltage and current functions
conductance (1/R) Zz Zzlrtfe%? * Selectable audible
* 3'2-digit resolution indicator for
ac current ontinuit
* 0.1% basic dc accuracy resistance S uity .
) diode test of level detection
¢ LCD display lode tes - )
Overioad conductance (1/R) *® 3'2-digit resolution
* Overioad protection i
w logic levet and * 0.1% basic dc accuracy
+ Free case continuity detect

temperature (K-type * LCD display

* Two year parts thermocouple) * Overload protection

and labor warranty

New Low Distortion Function Generator

' PRECISION mooeL 3010
* Generates sine, square and triangle
waveforms

* Varlable amplitude and fixed TTL square-
wave outputs

* 0.1 Hz to 1MHz in six ranges

* Push button range and function selection

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

* Variable DC offset lor engineering

' applications

* VCO external nput for sweep-frequency
tests

New Sweep/Function Generator
mooeL 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

Call For Our Price
¢ Internal inear and log sweeps

* Tone-burst output is front-panel or
externally programmable
-
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rDORIC

LEADER

Non-Linear Systems

Q-DATA PRECISION

PORTABLE
OSCILLOSCOPES

BATTERY OPERATED

@ Non-Linear Systems

MS-215

Single Trace 15MHz
Reg. price $349.

$299°%
MS-230

SUPER
SPECIAL

HICKOK 385X i
500MHz COUNTER o
Reg 499% Og(’jGH STAB’LITY

- ILLATOR
LIMITED QUANTITIES ;

NOW 229°°

_J
™

Dual Trace 30MHz
Regular price $598.

$499°%

Dual Trace 15 MHz
Reg. price $465.

$399%

THESE 1980 B&K OSCILLOSCOPES
ARE IN STOCK AND AVAILABLE
FOR IMMEDIATE DELIVERY

Model LBO-520
30 MHz Dual Trace N
Scope with Delay Line . o

List Price $1100

$879%

High Sensitivity.

Wide Bandwidth,

Single Shot Trigger. P-D-A CRT.

* 5mV sensitivity facilities accurate signal viewing from low level sources.

* Built-in delay line makes it easy to view the leading edge of a pulse.

e Single shot trigger {CH-1, CH-2} captures transient phenomena — no
guesswork, no “double-takes”

1479 Dual-Trace 30 MHz
1477 DualTrace 15 MHz
1432 Dual-Trace 15 MHz Portable
1476 Dual-Trace 10 MHz
1466 Single-Trace 10 MHz

1405 Single-Trace 5 MHz

CALL FOR OUR
EARLY BIRD SPECIAL LOW PRICE

Automatic Transistor Checker

MODEL

LTC-906

Lights Up. Sounds Off. Measures.
Identifies. Displays.

* A multipurpose, portable, transistor checker
automatically better for laboratory, shop
and school.

& in or out of circuit.

with simple, program on-off switches—no
confusing buttons or lead changes.

« Automatically identifies Germanium or Silicon,
plus emitter base and collector.

« LED display plus audible tone indicates
defective or good performance.

» Absolute meter readout of DC parameters.

LEA

Thastruments Corp.

Regular price $189'

$159.%

» Checks transistors, FETs, diodes, good or bad

* Automatically tests a broad range ot parameters

J

800-223-0474

M\ THE TEST EQUIPMENT SPECIALISTS
— TOLL FREE HOT LINE

54 WEST 45th STREET, NEW YORK, N.Y. 10036 212-687-222£Ecm

ADVA
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LED PEAKMETER

I WOULD LIKE TO SUBMIT MY LATEST
project to your New Ideas column. I call
it the LED Peakmeter. It is a basic dot/
bar readout built around the new Nation-
al LM3914 display driver. The circuit
also includes a peak detector that imme-
diately drives the readout to any new
higher signal level and slowly lowers it
after the signal drops to zero. The readout
is a moving dot or expanding bar display.

The diagram shows one channel of the
stereo LED Peakmeter shown in the pho-
tograph. All parts are easily obtained and
layout is not at all critical. Although not
absolutely necessary, I suggest trying the

LM3414 | 5 \

iK

circuit on a solderless breadboard before
hand-wiring to check delay time and to
match components in a stereo unit.

I used a spare piece of perforated board
as a template to drill holes for the LED’s
in the project box’s plastic front. A bat-
tery holder with four “C” cells is
mounted on the back of the box.

The circuit has other possibilities. It
can be expanded for a longer bar readout
if desired. Tapping five or more LED
Peakmeters into a frequency equalizer or
series of audio filters should give a unique
result. Physical layout. of the LED’s can
also be changed to simulate the action of
regular VU meters.

The bottom LED of each peakmeter
remains on with no signal at the input,
thus providing a pilot light for the unit.—
Wm. J. Cikas

new ideas

NEW IDEAS

This column is devoted to new ideas,
circuits, device applications, construc-
tion techniques, helpful hints, etc.

All published entries, upon publica-
tion, will earn $25 plus a Circuit Board
Holder, Standard Base and Tray Base
Mount from Panavise Products, Inc.
(See photo below.) Selections will be
made at.the sole discretion of the edito-
rial staff of Radio-Electronics.

I agree to the above terms and grant
Radio-Electronics Magazine the right
to publish my idea. | declare that the
attached idea is my own original materi-
al and that its publication does not vio-
late any other copyright. | also declare
that this material had not been previ-
ously published.

“'So, we'd save 25 cents on the steak here.

Now, how about the drinks?”

www americanradiohistorv com

Title of Idea
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Mail your idea along with this coupon
to:

New Ideas

Radio-Electronics

200 Park Ave. South

New York, NY 10003




More information on new lit is available. Use the
Free Information Card inside the back cover

MINIATURE JOYSTICK CATALOG, No. CAT MJ
78, contains 16 illustrated pages of miniature joy-
sticks designed for laboratory, industrial or mili-
tary applications. Includes full descriptions and a
list of environmental specifications for different
models plus detailed schematics.—Measure-
ment Systems, Inc., 121 Water St., Norwalk, CT
06854.

CIRCLE 141 ON FREE INFORMATION CARD

DMM SELECTION GUIDE is a full-color, 6-page
brochure describing the maker's complete line of
3'%-digit DMM's. The brochure details features,
specifications and applications for all models;
specifications are written in standardjzed format
on one page. Also included is a description of a
solid-state temperature probe for use with analog
and digital multimeters, together with applica-
tions.—B&K-Precision, Dynascan Corp., 6460
W. Cortland St., Chicago, IL 60635.

CIRCLE 142 ON FREE INFORMATION CARD

SEMICONDUCTOR REPLACEMENT GUIDE, No.
X78-2, provides 239 pages of carefully selected
and matched semiconductor replacement de-
vices and IC’s. Cross-referencing has been com-

piled on an equal-to or better-than basis. The first
part of the catalog contains an introduction and
description of device usage, as well as sections
on symbols and nomenclature, device descrip-
tions and index, specifications, case styles, etc.
The second half of the catalog contains the actual
listing of semiconductors with manufacturers’
numbers and replacement numbers side by side.
The price of the guide is $1.560.—Workman Elec-
tronic Products, Inc., P.O. Box 3828, Sarasota,
FL 33578.

TOOL KIT CATALOG, Too! Kits and Test Equip-
ment, contains 27 pages of tool kits for the field
service repair and installation industry, as well as
special sections on medical electronics, instru-
mentation, computers, and test equipment. The
kits range from complex kits for repair of sophis-
ticated equipment to simple kits for production
lines. Also included is a test equipment section
that offers a large selection ranging from inex-
pensive analog meters, through compact DMM'’s,
to portable oscilloscopes. Order form is includ-
ed.—Electronic Tool Co., Claremont Ave.,
Thornwood, NY 10594. R-E
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BIG 27

DISPLAY!

SOLID STATE
CLOCK/CALENDAR KIT

0101 Displays time of day, date or alternate between
both automatically. May be connected to 8 ohm
speaker for alarm clock. Operates from 120 VAC 60 Hz.

$49.95 walnut case extra, $24.95

AUTO CLOCK CALENDAR KIT

0106 Displays either
hours and minutes,
n month and day, or
' seconds. Requires only
2 mA of current while
ignition is off. Also
operates on 9V
battery. Mounts easily

$29.95 e in compact two-inch
$39.95 assembled ‘\ enclosure (Not included)
UNIVERSAL

DESIGNER

KIT

6100 Indispensable aid
to digital IC design.

2 pushbuttons, 2 read-

outs, 4 switch outputs,
8 LEDs, 2 generators,

2 counters, 5V supply pins.
Shown with CSC QT47S

Breadboard (not included) $49 95 assembled

.‘, pwsvmwm SEND FOR Add $2.50 per order
FREE postage and handling.
F'» 8PAGE
b.o,, CATALOG

s vy _
‘"4 ¥ - = ==/ "]
_

14905 N.E. 40th Street, R-3
Redmond, WA 98052 (206) 883-9200
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Circuit
Boards
Eurocards

Prototype
Boards

Terminal Pins
Edge
Connectors

D.LN.
Connectors

Card Frames
—Standard

Card Frames
—Custom

Card Frames
—-Euro

Module
Systems
Card Handles
Card Guides

Plastic
Enclosures

Instrument
Cases

Accessories

Fan &
Blower Units

vero

Perfect for the enginser, experimenter, or
serious amateur who needs a high quality tool
for detailed wiring projects. This versatile tool
strips the wire, then wraps it around the stake
or unwraps existing connections. PLUS—for
a limited time only we’ll include, at no extra
cost, a free roll of our best wrapping wire.

171 Bridge Road, Hauppauge, N.Y. 11787 [516)234-0400 TWX: 510-227-8890

3 in 1 Wire Wrapping Handtool

Special Offer

P e
e

CIRCLE 61 ON FREE INFORMATION CARD
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COSTTOYOU. ..

PLUS 100’ of
30 AWG
Wrapping Wire
FREE

100 ft. of Wrapping Wire $ 3.65
Wire Wrapping Handtool $ 6.95

Retail Value $10.60

$6.95
+ 50¢ for postage

When ordering ask for item RO59-8547E
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service clinic

More on troubleshooting automatic brightness limiters.

LAST MONTH'S SERVICE CLINIC WAS DE-
voted to troubleshooting an ABL (Auto-
matic Brightness Limiter) circuit in a
Magnavox T-995-03 chassis. The symp-
tom was raster cutoff. Coincidences
abound in our business; not more than ten
days later, I came across a Sylvania E-
21-3 chassis that displayed exactly the
opposite symptoms.

The raster flared up to maximum
brightness and the breaker tripped. The
high-voitage shutdown circuit didn’t
work. The high voltage was not increasing
but was instead being pulled down by the
current overload. The symptom was in-
termittent. On scene changes in the pro-
gram, it happened; turn the channel
selector from station to station and it also
happened. Apparently, the trouble was
being triggered by a small transient.

Checking voltages and a bit of judi-
cious hammering on things got us no-
where. No bad solder joints, etc. 1 said
idly *“This looks just like the last one, but

VIDED
BUFFER

JACK DARR, SERVICE EDITOR

the symptoms are reversed!” At that
point I looked to the ABL circuit. This is
similar to the Magnavox in that the con-
trol voltage is developed by sensing the
voltage drop across a small resistor in the
high-voltage return circuit. Figure |
shows the circuit; the sensing resistor is
R996, at the top of the schematic.

The voltage is clamped by a connection
to the + 24 volt line. In normal operation,
the sensor voltage goes more negative
with rising beam-current. That bucks and
drops the voltage at the junction of R996
and R919. The lower voltage causes diode
SC918 to turn on and apply the lowered
voltage to the base of Q900, the Black
Clamp Amplifier. (This transistor con-
trols black level of the video, and thus
determines brightness.) The change in
the collector voltage of Q900 varies the
base voltage of Q902, the Video Amplifi-
er, and the direct coupling from here on
through the video amplifiers and outputs
reduces the beam current of the picture
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tube. Now that’s a somewhat simplified
explanation!

In this circuit as in Magnavox’s circuit,
we have a voltage developed across a
resistor in the high-voltage return path.
As the beam current increases, this volt-
age should go more negative; it did not!
That point is screened on the board as BL.
The DC voltage on BL measured almost
=+ 50 volts. (This voltage is not given on
any of the schematics we had. However,
you’ll soon find out what it ought to be.)
When we monitored this point and
caused the fault to show up, the voltage
Jjumped to almost + 100 volts! The exces-
sive beam current was causing a change in
the voltage, but it was far too much and
the wrong polarity. Now we analyze!

The first suspect was diode SC996.
This checked OK. The 1.0 uF/50V ca-
pacitor C996 was the next suspect. Odd
readings prompted us to replace it. Prob-
lem solved! Everything worked normally
and the DC voltage at BL dropped to
about +10 volts. If I were you, I'd write
this in on my schematic; it is on mine.
The +50-volt reading is a sure sign of
serious problems. After some discussion,

TORG&B
DRIVER

2200 VERTICAL +24V -
BLANKING
L a
S A HORIZ
33K BLANKING
BLACK
CLAMP
< >
3 BRIGHTNESS 2,
RANGE
K =
S
BRIGHTNESS
CONTROL
\J
+28V
FIG. 1
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we came to the conclusion that C996 had
been leaking. That placed a shunt resis-
tance across the remaining capacitance
and the shunt diode. So, excessive current
caused the development of more voltage.
The shunt resistor across the diode devel-
oped a positive voltage. Any other inter-
pretations will be welcomed and probably
agreed with! At any rate, whatever the
exact fault was, a replacement of C996
cured it.

Later, a curiosity check inspired a look
at the Sylvania service literature, espe-
cially their always-welcome Service
Notebook, from which Fig. 1 was taken.
A couple of similar cases turned up. In
one, the symptom was “raster cutoff.”
Again the culprit was C996, but this time
it was open. (As with an open input filter
capacitor in any DC power supply, the
voltage goes down.)

Of course, there are quite a few things
that can cause this type of problem. For
example, leakage in the black clamp tran-
sistor, video transistor, or bad compo-
nents in the low-level video circuitry. By
the way, the circuit and part numbers in
the E-21 chassis are the same in the E-20
chassis. So, if this type of problem shows
up in a E-20 chassis, check C996 and
family. As we said before, if the problem
is loss of control of the brightness, scratch
around in the circuitry that’s supposed to
be controlling it. For example, in this
chassis, note that the brightness-control
voltage is actually going through Q900.
So, any defects in this area can cause
problems. Keep your eyes open and look
at what’s going on. R-E

service
questions

HIGH-VOLTAGE PROBLEM
I checked everything you suggested on
high-voltage problems | had with a Zenith
model 25FC45, and it didn’t help. A Zenith
technician told me to try changing tuning
capacitor C229, even if it checked out OK.
The parts supplier said that this was cor-
rect and that there was a new improved
type to replace the original. | tried the
new capacitor and it worked! | just
thought I’d pass this along, since it might
help others in the same fix.—Paul Schiie,
E. Northport, NY.
Thanks, Paul. It should help a lot.

ALWAYS CHECK NEW PARTS

I'wrote in February 1979 asking about a
Zenith model 16Z8C50 with very low
screen-grid voltage on the 6LB6 hori-
zontal output tube. You suggested |
check to make sure that the plate of the
tube wasn’t open, since an open plate can
cause this symptom.

Since you’ve advised technicians for
some time to recheck any parts we put in,
1 did. And | found that the “new” screen

bypass capacitor that I'd replaced had
more leakage than the old one! A good
capacitor cured the problem, and now
everyone’s happy.—M.C.B., Newport
News, VA.

SUBSTITUTE TRANSISTORS

I needed vertical output transistors for
a Sears 528.43600. Set went out late Fri-
day evening. No parts available; so, | used
a pair of Radio Shack transistors.
Worked, but couldn’t get linearity to set
up at all. Checked all parts found nothing.
Got two new SK-3054 RCA’s and put
these in and it worked. Question: Why?—
D.Y., Lexington, NC.

Crystal-ball answer: Most likely thing,

the sub transistors weren’t quite able to
handle the needed power output. Drive
them off the linear part of curve and
that’s the reaction. Radio Shack transis-
tors are pretty good from what I've
found.

PICTURE BENDING

Here’s some feedback for you: You
mentioned checking the AFC diode unit
on an RCA CTC-72. Eventually, 1 did
this and found that both diodes werc dif-
ferent in their forward resistance. What
threw me was that the brightness control
was affecting the bending. A ncw and bal-
anced diode unit did the trick.—John
Conti, Texas City, TX. R-E

Only VIZ bench DMM’s tell so much for so little

N

Sheer magic from
the Wizard of ViZ

Manual ranging

WD-762 LCDdisplay $210

WD-760 $199.95

LED display

LED

WHAT

LCD >HOW MUCH
: o

H A A AN

Autoranging

WD-763  LCD display = $265

WD-761 $255

LED display

These are all laboratory quality instruments for bench or battery use. Supplied with
AC adapter, spare fuse and deluxe probes. Features include:

e Accuracy 0.1% DCV

« Full range hi or lo power
ohms, pushbutton selectable

s 10amp AC or DC
See your local VIZ distributor.

« Fully shielded
against RFI

« Voltage ranges from
0.1mV to 1000V AC & DC.

“ lZ VIZ Mfg. Co., 335 E. Price St., Philadelphia, PA 19144

Qver 70 test instruments in the line

www americanradiohistory com

 CIRCLE 58 ON FREE INFORMATION CARD

0861 HOYVYIN

(=]
~



EQUIPMENT AND TRAINING
NO OTHER SGHOOL 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 Send for the full color catalog in the elec-
state of the art in electronics. And NTS is the tronics area of your choice-discover all the
only home study school that enables you to advantages of home study with NTS!

train for this booming field by working with NTS also offers courses in Auto Mechanics,
your own production-model microcomputer. Air Conditioning and Home Appliances. Check
We'll explain the principles of trouble- card for more information.

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

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 all 14
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 Audio Electronics, you'll be able to
assemble your own NTS/HEATH digital stereo
receiver with 70 watts per channel.

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

RADIO-ELECTRONICS
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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 & 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 m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>