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TEK

100 MHz scope, counter, timer,
multimeter: All one integrated system.

100 MHz dual
time base scope.
3.5 ns risetime
sweeps from 0.5 s
to 5 ns/div; alter-
nate sweep; *2¢
vertical/horizontal
accuracy, vert-
ical sensitivity to
2mv/div@

90 MHz.

9-digit fluores-
cent display.
Digitally accurate
readouts accom-
pany the CRT
waveform. Error
messages and
prompts aiso
appear on the
display.

Tektronix

Dc volts and ac
coupled true
RMS volts. Mea-
sured through the
Ch t scope input.

Gated measure-
ments. Use the
scope’s intensified
marker to measure
frequency, period
width and to count
events within
specified portions
of the signal

Auto-ranged,
auto-averaged
counter/timer.
Frequency, period,
width, delay time,
A-time, plus total-
1ze to more than
8 million events
—with 7 digits
plus exponent
displayed

Now make measurements
faster, easier, with greater
accuracy and user confidence.
The Tek 2236 makes gated coun-
ter measurements, temperature,
time, frequency, resistance and
voltage measurements push-
button easy. You see results con-
currently on the 9-digit numeric
readout and CRT display.

Its complete trigger system
includes pushbutton trigger view,
plus peak-to-peak auto, TV
line, TV field, single sweep and
normal modes.

At just $2650; the 2236
includes the industry's first 3-year
warranty on all parts and labor,
including the CRT

Integrated measurement
system. 3-year warranty. 15-
day return policy. And expert
advice. One free call gets
it all! You can order, or obtain lit-
erature, through the Tek National
Marketing Center. Technical per-
sonnel, expert in scope applica-
tions, can answer your questions
and expedite delivery. Direct
orders include probes, operating

Auto-ranged
DMM. Use floating
DMM side inputs
with up to 5000-
count resolution
Get precise read-
outs of average dc
and true RMS volt-
age. Measure
resistance from
milliohms to
gigohms.

1-800-426-2200

manual, 15-day return policy, full
warranty and worldwide service

back-up.

Order toll-free:
1-800-426-2200
Extension 57

In Oregon call collect
(503) 627-9000 Ext. 57
Or write Tektronix, Inc

P.O.Box 1700

Beaverton, OR 97075

Tektronix

COMMITTED TO EXCELLENCE

Copyright €1984. Tektronix. Inc All right 1 4-1 5. L tic pri

Jreq 1 t to ch:



HX1090

When you need to hear the
action from wherever you are,
Regency delivers. Our portable
scanners keep you in touch
with the local news. Whether
it’s bank hold ups, three alarm
fires, weather, business,
marine radio, or aircraft calls,
Regency portables bring you
the on the scene action. While
it's happening from where it’s
happening . . . in your
nelghborhood

PROGRAMMABILITY WITH
A CHOICE

Regency offers you two new
exciting keyboard
programmable hand held
scanners. First there’s the
HX2000 20 channel, no crystal
scanner. It offers UHF

and VHF ranges with the
important addition of 800 MHz
and aircraft frequencies. And
with features like search and
scan, priority, liquid crystal
display, and selectable search

Re Zency hand

n
'I'E

HX2000

increments, the HX2000 is a
sure winner.

If you don’t need the extended
coverage, there’s the HX1000.
It let’s you cover your choice of
over 15,000 frequencies on 30
channels at the touch of your
finger. No crystals are
necessary. Six band coverage,
search and scan, priority
control, and a liquid crystal
display with special
programming messages and
clock are all part of the
package. And with the sealed
rubber keyboard and die-cast
aluminum chassis, the HX1000
is the most rugged and durable
hand held on the market.

CRYSTAL-CLEAR

If you don’t need all the
features of programmables, but
you want the convenience of
portability, we've got you
covered. Our two crystal
controlled hand held scanners,
the HX650 and HX750, offer

CIRCLE 261 ON FREE INFORMATION CARD
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HX650

six channels, individual
channel lock outs, LED
channel indicators, step
control, two antennas and an
adaptor/charger. Both cover
VHF high and low, UHF and
“T" public service bands, with
the EX750 offering the
additional coverage of VHF
aircraft band.

DECIDE FOR YOURSELF

Your Regency Scanner dealer
would be happy to give you a
free demonstration of these
and other new Regency
Scarners. Stop in today. Or,
write Regency Electronics,
7707 Records St., Indpls., IN
46226.

ELECTRONICS, INC.

7707 Records Street
Indianapolis, IN 46226
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RADIO-ELECTRONICS

N

NEW!

uniden
!

Products

Communications Electronics,;
the world's largest distributor of radio
scanners, is pleased to announce
that Bearcat brand scanner radios
have been acquired by Uniden Corp-
oration of America. Because of this
acquisition, Communications Elec-
tronics will now carry the complete
line of Uniden Bearcat scanners, CB
radios and Uniden Bandit® radar
detectors. To celebrate this acqui-
sition, we have speciali pricing on the
Uniden line of electronic products.

Bearcat?300-E

List price $549.95/CE price $339.00
7-Band, SO Channel ® Service Search ® No-
crystal scanner ® AM Aircraft and Public
Service bands. ® Priority Channel ¢ AC/DC
Bands: 32-50, 118-136 AM, 144-174,421-512 MHz.
The Bearcat 300 is the most advanced automatic
scanning radio that has ever been offered to the
public. The Bearcat 300 uses a bright green fluo-
rescent digital display, so it's ideal for mobile
applications. The Bearcat 300 now has these added
features: Service Search, Display Intensity Control,
Hold Search and Resume Search keys, Separate
Band keys to permit lock-in/lock-out of any band for
more efficient service search.

Bearcat® 20/20-E

List price $449.95/CE price $269.00
7-Band, 40 Channel ® Crystalless ®© Searches
AM Aircraft and Public Service bands ¢ AC/DC
Priority Channel ® Direct Channel Access ® Delay
Frequencyrange 32-50. 118-136 AM, 144-174,420-512 MHz.
Find an easy chair. Turn on your Bearcat 20/20
and you're in an airplane cockpit. Listening to all
the air-to-ground conversations. Maybe you'll pick
up an exciting search and rescue mission on the
Coast Guard channel. In aflash, you're back on the
ground listening as news crews report a fast
breaking story. Or hearing police and fire calls in
your own neighborhood, in plenty of time so you
can take precautions. You can even hear ham radio
transmission, business phone calls and govern-
ment intelligence agencies. Without leaving your
easy chair. Because you've got a Bearcat 20/20
right beside it.

The Bearcat 20/20 monitors 40 frequencies from
7 bands, including aircraft. A two-position switch,
located on the front panel, allows monitoring of 20
channels at a time.

Bearcat® 210XL-E

List price $349.95/CE price $209.00
6-Band, 18 Channel ® Crystalless ® AC/DC
Frequency range 32-50, 144-174, 421-512 MHz.
The Bearcat 210XL scanningradioIs the second gener-
ation scanner that replaces the popular Bearcat 210
and 211. It has almost twice the scanning capacity of
the Bearcat 210 with 18 channels plus dual scanning
speeds and a bright green fluorescent display. Auto-
matic search finds new frequencies. Features scan
delay, single ahtenna, patented track tuning and more.

Bearcat® 260-E

List price $399.95/CE price $249.00
8-Band, 16 Channel ® Priority ¢ AC/DC
Frequency range 30-50, 138-174, 406-512 MHz.
Keep up with police and fire calls, ham radio operators
and other transmission while you're on the road with a
Bearcat 260 scanner. Designed with police and fire
department cooperation, its unique, practical shape
and special two-position mounting bracket makes hump
mounted or under dash installation possible in any
vehicle. The Bearcat 260 1s so ruggedly built for mobile
use that it meets military standard 810c, curve y for
vibration rating. Incorporated in its rugged. all metal
caselsaspecially positioned speaker delivering 3 watts
of cnisp, clear audio.

NEW! Bearcat® 201-E

List price $279.95/CE price $179.00
9-Band, 16 Channel ¢ Crystalless ® AC only
Priority ® Scan Delay ® One Key Weather
Frequencyrange 30-50, 118-136 AM, 146-174.420-512 MHZ
The Bearcat 201 performs any scanning function you
could possibly want. With push button ease, you can
program up to 16 channels for automatic monitoring.
Push another button and search for new frequencies.
There are no crystais to limit what you want to hear.

NEW! Bearcat® 180-E

List price $249.95/CE price $149.00

8-Band, 16 Channel ® Priority ® AC only
Frequency range: 30-50, 138-174, 406-512 MHz.
Police andfirecalls. Hamradio transmissions. Business
and government undercover operations. You can hear it
all on a Bearcat 180 scanner radio. imagine the thrill of
hearing a major news event unfold even before the
news organizations can report it. And the security of
knowing what's happening in your neighborhood by
hearing police and fire calls in time to take precautions.
There's nothing like scanning to keep you in-the-know,
and no betterwaytoget scannerradio performance ata
value price than with the Bearcat 180.

Bearcat® 100-E

The first no-crystal programmable handheld scanner.
List price $449.95/CE price $234.00/SPECIAL!
8-Band, 16 Channel ® Liquid Crystal Display
Search o Limit ® Mold ® Lockout ® AC/DC
Frequency range: 30-50, 138-174, 406-512 MHz

The world's first no-crystal handheld scanner has
compressed into a 3" x 7" x 1%’ case more scanning
power than is found in many base or mobile scanners.
The Bearcat 100 has a full 16 channels with frequency
coverage that includes all public service bands (Low.
High, UHF and "T" bands), the 2-Meter and 70 cm.
Amateur bands, plus Military and Federal Government
frequencies. It has chrome-plated keys for functions
that are user controlled. such as lockout, manual and
automatic scan. Even search is provided, both manual
and automatic. Wow...what a scanner!

The Bearcat 100 produces audio power output of 300
milliwatts, is track-tuned and has selectivity of better
than 50 dB down and sensitivity of 0.6 microvolts on
VHF and 1.0 microvolts on UHF. Power consumption is
kept extremely low by using a liquid crystal display and
exclusive low power integrated circuits.

Included in our low CE price i1s a sturdy carrying case,
earphone, battery charger/AC adapter. six AA ni-cad
batteries and flexible antenna. The Bearcat 100 1s in
stock for quick shipment, so order your scanner today.

Bearcat® DX1000-E

List price $649.95/CE price $489.00
Frequency range 10 kHz to 30 MHz.
The Bearcat DX1000 shortwave radio makes tuning in
London as easy as dialing a phone. It features PLL
synthesized accuracy, two time zone 24-hour digital
quartz clock and a built-in timer to wake you to your
tavonte shortwave station. It can be programmed to
activate pernipheral equipment like a tape recorder to
record up to five different broadcasts. any frequency.
any mode, while you are asleep or at work. It will receive
AM, LSB, USB. CW and FM broadcasts.

There's never been an easier way to hear what the
world has to say. With the Bearcat DX1000 shortwave
receiver, you now have direct access to the world.

Uniden® PC22-E

List price $159.95/CE price $99.00

The Uniden PC22 1sa 40 channel AM remote mobile CB
radio. It'sthe answer fortoday's smallercarswhichdon't
always provide adequate space for mounting. Since all
the controls are on the microphone, you can stash the
“guts” in the trunk. The microphone has up/down
channel selector, digital display, TX/RX indicator and
external speaker jack. Dimensions: 5%’ W x 77 D x
1'2° H. 13.8 VDC, positive or negative ground.
QUANTITY DISCOUNTS AVAILABLE
Order two scanners at the same time and deduct
1%, for three scanners deduct 2%, four scanners
deduct 3%, five scanners deduct 4% and six or
more scanners purchased at the same time
earns you a 5% discount off our super low
single unit price.

Everancous Signals

Buth Bandut™ radur detectors feature £ DI T ™ the
Electroni Duata Interference Terminator that edits ot
false alarm ugnals
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Uniden® PC33-E
List price $59.95/CE price $44.00
The Uniden PC33 boasts a super-compact case and
front-panel mike connector to fit comfortably in today's
smaller cars. Controfs: Power & Volume, Squelch;
Switches: ANL. Other features of the PC33 include
Graduated LED "S"/RF Meter, Digital channel indicator.
Dimensions: 6" W x 6" D x 1%" H. £13.8 VDC.

Uniden® PC55-E

List price $89.95/CE price $59.00

The full featured Umiden PC55 front-panel mike con-

nector makes installation easier when space is a factor.
it has ANL, PA-CB, Channel 9 and RF Gain switches.
LED "S"/RF meter, TX lite, PA & external speaker jacks.
Dimensions: 6" W x 6" D x 1%" H. £13.8 VDC.

* g TM
Bandit” Radar Detectors
Now that everyone else has taken their best shot at
radar detection, the Uniden Bandit™ hasdone them
one better..with E.D.L.T..” the Electronic Data
Interference Terminator that actually edits-out
false alarm signals.

The Bandit 55, features a convenient brightness/
dimmer control for comfortable day or night driving,
plus a handy highwayy/city control for maximum
flexibility wherever you drive. The Bandit 95 Remote,
is a two-piece modular unit that lets you mount the
long-range radar antenna behind the grill, out of
view. The ultra-compact control unit can then be
inconspicuously tucked under the dash or clipped
to the visor.Order Bandit 55-E for$119.00 eachor
the Bandit 95-E Remote for $139.00 each.

OTHER RADIOS AND ACCESSORIES
FB-E-E Frequency Directory for Eastern U.S.A.....$12.00
FB-W-E Frequency Directory tor Western U.S.A.... $12.00

BC-WA-E Bearcat Weather Alert™.................. $35.00
AB0-E Magnet mount mobile antenna .. $35.00
A70-E Base stationantenna....................... $35.00

Add $3.00 shipping for all accessones ordered at the same time.
Add $3.00 shipping per scanner antenna.
BUY WITH CONFIDENCE

To get the fastest delivery from CE of any
product in this ad, send or phone your order
directly to our Scanner Distribution Center”
Michigan residents please add 4% sales tax or
supply your tax 1.D. number. Written purchase
orders are accepted from approved govern-
ment agencies and most well rated firms at a
10% surcharge for net 10 billing. All sales are
subject to availability, acceptance and verifica-
tion. All sales on accessories are final. Prices,
terms and specifications are subject to change
without notice. All pricesarein U.S. dollars. Out
of stock items will be placed on backorder
automatically unless CE is instructed differ-
ently. A $5.00 additional handling fee will be
charged for all orders with a merchandise total
under $50.00. Shipments are F.O.B. Ann Arbor,
Michigan. No COD's. Most products thatwe sell
have a manufacturer's warranty. Free copies of
warranties on these products are available
prior to purchase by writing to CE. International
orders are invited with a $20.00 surcharge for
special handling in addition to shipping charges.
Non-certified checks require bank clearance.

Mail orders to: Communications Electron-
ics,” Box 1002, Ann Arbor, Michigan 48106
U.S.A. Add $7.00 per scanner, radar detectoror
CBor$12.00 per shortwave receiver for U.P.S.
ground shipping and handling in the continental
U.S.A. For Canada, Puerto Rico, Hawaii, Alaska,
or APO/FPQO delivery, shipping charges are
three times continental U.S. rates. If you have a
Visa or Master Card, you may call and place a
credit card order. Order toll-free in the U.S. Dial
800-521-4414. In Canada, order toll-free by
calling 800-221-3475. WUI Telex CE anytime,
dial 671-0155. If you are outside the U.S. or in
Michigan dial 313-973-8888. Order today.
Scanner Distnbution Center® and CE logos are trade-
marks of Communications Electronics” Ad# 070184-E
t Bearcat 1s a registered trademark of Uniden Corporation.
Copyright® 1984 Communications Electronics

OrderToll Free...call

1-800-521-4414

4l COMMUNICATIONS
ELECTRONICS™

Consumer Products Division

818 Phoenmix O Box 1002 O Ann Arbor, Michigan 48106 U S A
Cait TOLL-FREE 800-521-4414 or outside U.S.A. 313.973-8888
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63 SERVICING VIDEODISC PLAYERS

VIDEO

FEATURE:

Part 2. This month, we turn our attention to
the CED system with a look at how a CED
player works. John D. Lenk

91 SERVICE CLINIC
A look at kit building.

BUILD THIS 41

51

59

RF SWITCHER

Gets rid of your video-switching woes and
that jumble of cables at the back of your
set. Bob Grossblatt

ATARI GAME RECORDER

Part 2. This month we look at the software
you need to operate the game recorder.
David A. Chan and Guy Vachon
HIGH-POWER FET AUDIO AMPLIFIER

Part 2. More on this high-performance,
high-fidelity FET amplifier. Reinhard Metz

Jack Darr
RADIO
83 COMMUNICATIONS
CORNER

“Phantom” power.
Herb Friedman

COMPUTERS

COMPUTER DIGEST

A machine-code
development system for
your ZX-81, expanding the
VIC-20, Building the Bio-
Box, and lots more!
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VIDEO ELECTRONICS

Tomorrow's news and technology in this
quickly changing industry.

David Lachenbruch

SATELLITE TV

TVRO components. Bob Cooper, Jr.
SATELLITE-TV ACCESSORIES

Add-on devices. Marc Stern
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NEW IDEAS
Multiple-outlet control circuit.

ALL ABOUT THERMISTORS

Learn more about how thermistors work,
and how they are used. This month, we'll
look at the basics. Harry L. Trietley
DESIGNING WITH LINEAR IC’s

Part 8. Op-amp based sinewave, square
wave, and triangular-wave generators.
Joseph ). Carr

HOBBY CORNER

A versatile expansion module for your
calculator. Earl “Doc” Savage, K4SDS
STATE OF SOLID STATE

Get rid of some of those house keys with an
electronic lock. Robert F. Scott

DRAWING BOARD

Doing division with the 4089, and more!

DESIGNER’S NOTEBOOK
How to protect audio circuitry from
overloads. Robert Grosshlatt
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JANUARY—DECEMBER 1984

To present the maximum number of articles
to our readers. we have not published the An-
nual Index as part of this i1ssue. A 4-page bro-
chure containing this index is available for
those who need one. To get your free copy.
send a stamped self-addressed envelope
(legal size) to:

Radio-Electronics
Annual Index

45 East 17th Street
New York. NY 10003

Any requests postmarked on or before April
30 are free. After that date there is a 50c fee.
Questions and comments about anything other
than the Index that are included with your re-
quest cannot be handled. Send them sepa-
rately to our Editonal Offices.

Radio-Electronics, {ISSN 0033-7862) Published monthly by Gernsback Publications Inc 200 Park Avenue South. New Yor< NY 10003 Second-Class Postage paid at New York NY and
addional mailing otices Second-Class mail authonzed at Ottawa. Canada One-year subscription rate U S A and possessions $15 97 Canada $20 97. all other countries $23 47 subscription
orders payable in US funds only international postal money order or check Jrawnana U S A bank Single copies $1 95 ¢ 1984 by Gernsback Publicalions. Inc Alirights reserved PrintedinU S A

POSTMASTER: Please send address changes to RADIO-ELECTRONICS. Subscription Dept . Box 2520 Boulder. CO 80322

A stamped self-addressed envelope must accompany all submitted manuszripts and or artwork or photographs 1' their return 1s desired sholld they be rejected We disclaim any responsibility for the
loss or damage of manuscripts and or artwork or photographs while in our possession or otherwise
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Introducing a broad, new line of multi-
feature, cost-competitive instruments from
Beckman Industrial Corporation™

They're in stock now and as close as
your local Beckman Industrial Corporation
distributor. Just walk in and choose the instru-
ments that provide the features and functions
you need. Then buy them and take them home,
or to work. No more ordering and waiting.

Whichever instruments you choose, you'll
be buying our reputation for high quality and
reliability, plus straightforward, easy operation.

And you'll be getting it all for a very afford-
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able price. In fact, you'll
have a hard time finding comparable instru-
ments that offer as much functionality and quality.

All of which makes this line of instruments
an exceptional value.

Choose between our 100MHz or 60MHz
advanced design oscilloscopes. Both provide
professional grade performance. Both also
feature dual time base and three channels.

The UC10 Universal Counter measures
unit count, period, time interval and frequency
to 100MHz. And the FG2 Function Generator
producessine, triangle and rectangular waves up
to 2MHz and at continuously variable duty cycles.




9

Our new circuit-powered LP10 Logic
Probe is the ideal, low cost way to check TTL,
DTL, HTL and CMOS signals.

The CM20 Capacitance Meter is a low
cost, hand-size meter that lets you measure
capacitance up to 2000uF, easily and quickly.

The CT233 AC/DC Current Clamp enables
you to use your digital multimeter to measure
AC or DC current without breaking the wire.

Plus every instrument is designed, manu-
factured, and tested to ensure years of trouble-
free, reliable operation.

And whichever products you buy, service

jon just got easier:
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and parts viill be
available close to home from your local
Beckman Industrial Corporation distributor.
Now it’s easier than ever to buy the name
with a reputation for the best quality—and
value —in electronic and electrical instruments:
Instrumentaticn Products Diviston, Beckman
Industrial Corporation, A Subsidiary of
Emerson Electric Co., 630 Puente Street,
Brea, CA 92621, (714) 773-8l11.
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Beckman Industriz)
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These days, the home TV has become much more than a device for
viewing broadcast TV. Cable-TV, pay-TV, videocassette recorders,
videodisc players, videogames, and personal computers all make use
of the TV for display. That means a tangle of wires, and a constant
hooking up and unhooking of connectors—unless you have a device
like our RF switcher. To learn more about the switcher, including how

to build it, turn to page 41.

NEXT MONTH

ON SALE JANUARY 17

STEREO-TV

Stereo TV is here at last! Next month, we’ll look at the
technical standards that have been adopted to make
it all possible.

OSCILLOSCOPE UPGRADE
Add a video-sync separator to your oscilloscope.

UNIVERSAL CASSETTE INTERFACE
Record your programs on cassette tape via your com-
puter’s RS-232 port.

RESISTOR AND CAPACITOR SELECTION

All about the many different types of resistors and
capacitors, and when and where each type should be
used.

AND LOTS MORE!

As a service to readers, Radio-Electrorics publishes avarlable plans or information relating to newsworthy products. techniques
and scientic and technological developments Because of posstble variances in the quaity and condition of materials and
workmanship used by readers. Radio-Electronics disclaims any responsibility for the safe and proper functioning of reader-built

projects based upon or from plans or information published in this magazine
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77 °* 0.3% Accuracy
e Manual or
Autorange

* 10A + mA Range
e Beeper

e “Touch-Hold”
Function

Sale 99 5)
WE CARRY A FULL
LINE OF FLUKE
MULTI-METERS.

IN STOCK NOW
Sale ends Jan. 85

BECKMAN’S

CIRCUITMATE *
ALL UNDER $100

AVAILABLE NOW. . ..

564 95

/B’T;
S o B
s ;E‘ Circuitmate DM 20—

hFE test, conductance,
10 amps AC and DC
ranges, auto-polarity
auto-zero, auto-
decimal

579 95

Circuitmate DM-25—
3% digit, pocket-size
multimeter, 0.5% Vac
accuracy, diode test,
capacitance, contmulty
beeper, conductance,
10 amps AC and DC
ranges, auto-polarity,
auto-zero, auto-
decimal

€E HoT LINE

I atossa0aTs

26 WEST 46th STREET, NEW YORK, N.Y. 10036

—

369 95
pemae g\ 8 $3995

0.8% Vdc accuracy,

589 95

Circuitmate DM 45 —
3v,-digit muitimeter,
0.5% Vdc accuracy,
diode test,continuit
beeper, 10 amps A
and DC ranges, auto-
2ero, auto-polarity,
auto-decimal

ELECTRONIC

FLUKE

SERIES
MULTIMETERS-

¢ Analog Display ¢ Rotary Knob e Volts AC &

DC ¢ Resistance to e 32 M{le 10 Amps ¢ Diode
Test « 3200 Counts ¢ Fast Autoranging e Function
Annunciators in Display ¢ Power-Up Self Test

e 2000 + Hour Battery Life w/ Power Down “Sleep
Mode” » New Test Leads ¢ VDE & UL Approval

9 79e

and free C70

75 holster 73
¢ 0.5% Accuracy ¢ 0.7% Accuracy
. kﬁjt%l:::lg; e Autorange Only
«10A + 300 ma  ° 10 AmP Only
Range
« Beeper NEW!

@33 BECKMAN

CIRCUITMATE DM10

3‘/:-'d|g|t, p%cé(gbfllée ?Ioc{e testt auto- "\’
timeter; 0. o-zer § :
r:%cﬂ:c:rdlod;testﬁ po anaﬁtgt:deczlsngl _:,-_-,f't{" |N STOCK NOW

The DM73 Is the smallest digital
multimeter on the market. Its
probe-style design makes it ideal
for taking measurements in hard-
to-reach test areas.

eSmall Size ¢"“Touch Hold”
eComplete eAudible continuity
Autoranging checking

THE TEST EQUIPMENT SPECIALISTS

ADVANC
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VIDEO NEWS

DAVID LACHENBRUCH
CONTRIBUTING EDITOR

® Super VCR. Although some firms are now
introducing VCR's in the new 8mm video format,
many Japanese video companies have lost their
enthusiasm for the new small tape and instead
are working to develop Ye-inch recorders of vastly
improved quality, while retaining compatibility
with existing formats. While the original thought
behind 8mm was to develop miniaturized units
that will provide quality equal to Ye-inch, those
companies instead are seeking to apply the new
8mm specifications to %-inch tapes and come up
with vastly better quality in the older compatible
formats.

Those projects are still closely guarded secrets,
but they are aiming at a home machine capable of
400 lines of horizontal resolution, as compared
with about 250 on today’s VCR's, and a 50-55 dB
signal-to-noise ratio, up from 40—45 today. Being
explored is the use of high-band color, similar to
that used in broadcast VIR’s, along with metal
tape, new heads, and highly integrated
electronics. Both the VHS and Beta groups are
working toward these super VCR's, which could
be ready in about two years. One of the goals is to
make the new system far superior to anything
that could be accomplished within the 8mm video
format, thereby calming any fears that 8mm will
take over as the standard for home decks and
keeping it relegated to the status of a system for
portable use only.

The key to any improved Y-inch system must
be compatibility, according to Shizuo Takano,
Managing Director of Video Products for JVC,
who is known as the “father of VHS.” Takano
envisions the current Y%-inch formats existing for
many years, and being flexible enough to
encompass many signal improvements. Takano
recently told us: “If a completely new format is
ever necessary, it should be when the
broadcasting system is changed”—for example, to
a widescreen high-definition system.

e Cassettes that communicate. Borrowing a
page from 8mm, the Video 2000 VCR system

developed by Philips and Grundig in Europe uses
a notched cassette to let the recorder know how
much tape it contains, so that the display panel
on the VCR can show the time remaining in the
cassette. The 8mm videocassette specifications,
developed by a 122-company committee in Japan,
provides for similar “recognition holes which
make an automatic detection of such parameters
as kind of tape and tape thickness possible.”

The use of notched videocassettes may soon
become universal. The VHS group is now
exploring whether to add such notches to
standard Yz-inch cassettes, and undoubtedly the
Beta proponents are working on a similar
project. Such a notched cassette could tell the
VCR of the future whether the tape is of an oxide
or metal type and direct it to make automatic
adjustments in bias and signal processing,
retaining compatibility of any future “super VCR”
with current tape types.

A new VHS recorder developed by Grundig for
the European market uses a somewhat similar
cassette identification system to cue a tape-
remaining indicator on the VCR. Instead of
notches, that system involves stick-on bar-code
symbols, which are read by the machine as the
tape is loaded. The Grundig VCR also contains a
special security system—the user punches in any
four-digit code on the keypad. After the cassette is
loaded, the machine won't play unless the code is
re-entered—as a matter of fact, unless the code is
re-entered the cassette can’t even be removed
from the recorder. A user who forgets his
security code can have the machine unlocked
only by taking it to an authorized Grundig service
station with proof of purchase. A sticker on the
recorder notifies prospective burglars that the
VCR is totally useless without the four-digit
security code.

The Grundig recorder, which is compatible with
other VHS machines but uses a “U"-type wrap—
around the head drum instead of the standard
VHS “M”-wrap—is expected to be available
eventually in the U.S. R-E



450 kits and products: solar hot
water systems, all-in-cne 1€-bit com-
puters, test instruments, amateur radio
gear, self-study courses in compvter lit-
eracy and state-of-the-art electronics,
energy conservation and home se-
curity devices, fine stereo components,
color televisions, automotive or marine
aids, home conveniences, robots and
more — things you've always wanted
and needed, right now at low kit orices
from Heath.

For people with imagination, there's
nothing to compare with the exclusive
thrill of hand-built satis action.

Discover the fun of kitbrilding — it's
a great way to relax i1 your spare time
and share a reward:ng pastime with
your whole family. The great kits you
build will reflect the pride of your crafts-
manshig, too. The tamous Heathkit
illustrated manuals make it easy for
anyone to build relizble, grofessional-
quality kits.

SEND FOR FREE CATALOG
Our color‘ul catalog is Free! If coupon is
missing write: Heatr Company, Dept.
020-254, Benton Hartor, Ml 49022.

ll want tc "build in” the quality difference.

~r 1 1 . T I T I [ [T}
= & Heeth Comr pany, Dept. 020-254

l Heamk.( Berton Ha-bor, Ml 49022

Send me the latest free Heatkit Catalog now.

l Name o

IAddress I _—

___ State_

=City ——a-

Heathkit products are also displayed, sold and serviced at 64 Heathkit Electronic
Centers* nationwide. Consult telephone directory white pages for location
*Operated by Veritechnology Electronics Corporation, a wholly swned subsidiary

B creime 2p
—~ r r r v ... . r 1t 1t I J ‘[ [ [ [ .||

of Zenith Electronics Corporation
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WHAT'S NEWS

Library of Congress receives Compact Discs

The Compact Disc Group—in a
special presentation last July 25—
presented more than a thousand
compact digital-audio discs to the
Library of Congress. The presenta-
tion included every compact disc
released in the United States to
that date.

The Compact Disc Group is
composed of leading equipment
and record manufacturers, united
to educate the public and create
further awareness of the distor-

tion-free sound of the laser-read
Compact Disc.

The discs were officially pre-
sented to Deputy Librarian
William ). Welsh by Leslie Rosen,
Director of the Compact Disc
Group. An 1897 Berliner recording
of John Philip Sousa’s “Stars and
Strips Forever,” recorded just 13
days after Sousa composed the
work, was compared with later
renditions, the finale being a
Compact Disc recording.

WILLIAM ). WELSH, DEPUTY LIBRARIAN of the Library of Congress, receives a Compact Disc
from Leslie Rosen, Director of the Compact Disc Group. Toward the rear, from left to right, are:
John L. Broderick, Deputy Librarian for Research Services, Roger Nichols, recording engineer ard
producer, Robert Saudek, Chief of the Motion Picture, Broadcasting and Recorded Sound Divi-
sion of the Library, and RCA recording artist Larry Elgart.

RADIO-ELECTRONICS
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ARRL wants volunteers
as Amateur examiners

With the decision by the FCC to
discontinue administering licens-
ing exams to radio amateurs it be-
comes necessary to develop an

organization of Voluntary
Examination Coordinators (VEC's)
and examiners to administer ama-
teur license exams.

The American Radio Relay
League will serve as aVEC in all the

13 FCC call areas of the United
States. (More than one VEC may
serve in a given call area.) The
League is, accordingly, calling for
volunteer examiners. Those must
hold advanced or extra class li-
censes. Advanced class license
holders may administer only the
exam elements required for the
technical license; Extra class licen-
sees may administer all written el-
ement and international code
tests. (Novice licenses will con-
tinue to be given by novice exam-
iners under the new novice rules.)

Applicants need not be mem-
bers of the ARRL. They must be at
least 18 years old, hold advanced
orextraclasslicenses, and have no
record of license suspension or re-
vocation.

If you qualify and would like to
be a volunteer examiner in ARRL’s
VEC program, you may request an
application by writing to Volunteer
Examiner Accreditation, American
Radio Relay League, 225 Main St.,
Newington, CT 06111.

Semiconductor shortage
eases up in 1984

The year-long semiconductor
shortage, which peaked in January
1984—when orders overran ship-
ments by more than 50 percent—
was reported to be dropping off by
early Fall 1984. Some parts, such as
microprocessors, were still re-
ported in short supply but the
shortage of older products had de-
clined sharply.

Part of the greater availability of
many types of semiconductors
may have been due to the seasonal
summer slowdown in sales, es-
pecially of personal and home
computers. In June, 1984, orders
outstripped shipments by 15 per-
cent—in July the difference was
down to 6 percent. R-E



LITTLE
THINGS
MEAN
A LOT

Being the first company to
make solderless breadboards
isn't necessarily what makes
us the best. It's all the little
things you don't see, like our

Leads

AP’ PRODUCTS
ACEBOARDS so
big on reliability.
From our larg-
est ACEBOARD
with over 5000 tie
points, to a single tie
point block, our spring clip
terminals give you nothing
but good, solid contact on
every connection. They accom-
modate a wide variety of leads
and have the best electrical
properties, because our spring
clips are solid alloy, not plated
nickel. We've even developed
enough normal force to break

| S

/77

occur on solder plated leads.
You've come to trust our test
clips for the same reason.

won'’t buckle, clips

spring clip terminals, that make won’t oxidize, it all adds

up to fonger life.
Even from the out-

.: ~ side there's more
to an ACEBOARD sure sensitive mount.
than meets the

g eye. Our durable
Acetal Copolymer
plastic body is a
good insulator with excellent
dielectric properties.
And special manu-
facturingtechniques
intheinsertion of the
contacts into the
plastic body insure
that your Breadboard
will always remain
through any oxides which could flat. Noskimpingor
planned obsolescence
here. Again, just good
solid contact on

see there
is more than a pres-

It also insulates to prevent

shorts and seals the bot-

tom of the individual

spring clip cells.

If solder shavings from

o il resistors or com-

l H[ 1! ’J . ¢ ponent leads

H P drop into the
cell, they can't

! spread into

other cells to

work perfectly, bring it

back to your AP PRODUCTS
distributor. He'll replace it,
no hassles.

To help you see for yourself
what a big difference the little
things make, we're offering
you a 10% discount on the entire
AP PRODUCTS ACEBOARD/
Breadboard line.

Just fill out the coupon
and present it to your
AP PRODUCTS distributor.

short them out.
Take a close
look at our
ACEBOARDS.
AP PRODUCTS
has the biggest

Since one bad connection every connection. L2 and most com- e
can ruin a whole circuit, we pay  Turnour breadboard w plete line of p .
close attention to how well our body over...and you'll dis- ACEBOARD sizes. It's ' '
spring clip terminals sit within  cover another key to it's also our commit- , . .
the insulator cell areas. reliability. The ment to you
Spring clip edges are doutle-sided that if your
never exposed at the adhesive ACEBOARD
insertion window. foam you'll doesn't

For the name of the \
distributor nearest you. h

call TOLL FREE (800) 321-9668.
(In Ohio. call collect (216) 354-2101)

®

A P PRODUCTS
INCORPORATED

9325 Progress Parkway, Box 540
Mentor, Ohio 44060, [216) 354-2101
TWX: 810-425-2250

in Canada, call Lenbrook Electronics © (416)477 7722

CIRCLE 76 ON FREE INFORMATION CARD

This coupon is worth 10% off the purchase
price of any size ACEBOARD or Breadboard product.
Offer expires 2/28/85.

Your Name

Address

City State Zip

Dealer Name

ACEBOARD #

Limit 5§ ACEBOARDS or Breadboards per coupon Olfer valic only at participating A P PRODUCTS aistnbutors

RE185
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HITACHI

Hitachi Denshi. Ltd.

MODEL V-212 $46|.00

DC to 20MHz, 1 mV/div, Dual
Trace

Feature 6" Rectangular CRT
Full 2 year parts and labor
warranty.

wooeL vesoF  $9956.00

DC to 60MHz, Dual Trace
Delayed Sweep

=Polaroid CR-10 Camera

Now you can get an instant
picture in black & white or color
from any oscilloscope screen.
Includes CRT hood.

*Large hoods also available to fit
computer terminals and CAD/
CAM screens.

$369.00

mooeL v-10s0F  $1276.00

DC to 100MHz, Quad Trace,
Delayed Sweep.

- All prices include full set of
factory probes - up to $120.00
value.

GLOBAL SPECIALTIES
TRIPLE OUTPUT  POWER SUPPLY

MODEL 1301 $219.00

Fully regulated triple output
Fixed SVDC, 1A

V1 +5VDC to 18 VDC 5A

V2 - 5VDC to 18 VDC 5A
Fully automatic current limiting

)

ELECTRO INDUSTRIES. INC

DC POWER
SUPPLY

$125.00

MODEL 3002A/0-30 VDC/0-2A

PRI TripLE ouTPUT

POWER SUPPLY

L

MODEL 1650 $319.00

® Functions as three separate

supplies

Exclusive tracking circuit

Fixed output 5 VDC, 5A

Two 0 to 25 VDC outputs at 0.5A

Fully automatic, current-limited

overload protection

® + and — terminals of each output
are fully isolated, in all modes

® All three outputs may be con-
nected in series or parallel for
higher voltage or current

GLOBAL SPECIALTIES

-] .
D1 >

DIGITAL PULSER $83 00

® Senses state of node, presets pulse polarity
® Shont circuit protected, circuit powered
e Handheld digital signal injector

PROTO-BOARD

® Length=74"

Width = 4.5"

14 pinIC capicity=12
Terminals = 248

Tie points = 1240

MODEL PB-102 $3 4.95
e - - B

DiGITAL LoGic PRoBE  $19.95

® Useto 50 ns 10 MHz
e Compatible with most logic tamilies

e (Circuit powered, portable

DIGITAL CAPACITANCE METER

® Battery operated

® 3% digit LCD display

e Range 1 PF to 2,000 UF
® 0.2% basic accuracy

MODEL 3000

$139.00

CALL US TOLL FREE & Master Chaige ADD FOR SHIPPING AND INSURANCE
B VISA B COD $010$25000.......veernnn... $4.50

1 -800-7 32-3457 @ Money Order $251.00 to $600.00 ............. $6.50
IN CALIFORNIA TOLL FREE B Check E $501.00 10 $750.00............. $8.50
$751.00 10 $1000.............. $12.50

1-800-272-4225 COD's extra (required 25% deposit) over $1000.00 ................. $15.00

RAG ELECTRONICS, INC. /21418 Parthenia Street/ Canoga Park, CA91304 / 1-818-998-6500

H 'Smith ®HITACH! (gD L &,

CIRCLE 269 ON FREE INFORMATION CARD
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GIANT 14th ANNIVERSARY SALE!

70 SERIES MULTIMETERS

IFLLII(EI
—_—

® Analog Display ® Rotary
Knob @ Volts AC & DC @ Resis-
tanceto ® 32 M ® 10 Amps @
Diode Test ® 3200 Counts e
Fast Autoranging ® Function
Annunciatorsin Display ® Power-
Up Self Test ® 2000+ Hour
Battery Life w/Power Down
“Sleep Mode” ® New Test Leads
e VDE & UL Approval

$99.00 1 $129.00

® (0.5% Accuracy 0.3% Accuracy

73 $85.00 75

® 0.7% Accuracy

® Autorange Only ® Manual or 0 Manual or
e 10 Amp Only Autorange Autorange
e 10 A+ 300 mA e 10A + mA Range
Range ® Beeper
e Beeper ® “Touch-Hold
Function

WE CARRY A FULL LINE OF FLUKE MULTI-METERS,
COUNTERS, AND DIGITAL TEMPERATURE METERS

42 DIGIT MULTIMETER

Frequency measurements to 200KHz
dB measurements

Basic dc accuracy 0.4%;

10uV, 10 nA and 10 mx sensitivity

True RMS $349 00 \

MODEL 8060A

High-speed Beeper
[ Ple=J. PORTABLE OSCILLOSCOPES

MODEL $8-5705

$899.00
DC to 40MHz

Vertical and horizontal deflection
accurate within £2%. CRT accelera-
tion voltage 12KV. 3 channels,

6 traces. High precision calibrator
(£1%). Fastest sweep rate: 10 ns.

® High sensitivity 1 mv/div

MODEL $$-5702 $535.00

DC - 20MHz, 5 mV/div
Dual trace
6 inch rectangular internal graticule

instruments Corporation

Audio Sine/Square

Wave Generator
® Distortion from <0.03%
® 10Hzto i MHz

ol
LAG-120A

$259.95

FUNCTION
GENERATOR

MODEL 3010 $189.00

Sine, squere and triangle output

Variable and fixed TTL outputs

e 0.1 Hz to Y MHz in six ranges

e Typical distortion under 0.5% from 1 Hz to 100
kHz

e Variable DC offset

e VCO input for sweep tests

\IZ

MULTI-FUNCTION
COUNTER

MODEL WD-755

$259.00

5 Hz to 125 MHz

& Digit L=D Display
Period Measurement 5 Hz to 2 MHz
Totalizes to 99,999,999 Plus Overflow
Frequency Ratio Mode

Time Interval Mode

Switchable Attenuator & Low Pass Filter

RELAY VOM . . 5-way protection

$49.00

MODEL W¥-532A

e Fast relay opens input circuit on overload
Lamp indicates when relay is open

Easy-access battery compartment and test-
lead storage

High-accuracy. £2% DCV, £3% ACV

3-to-1 ranges (like VIVM)}

Large, 5%2" mirror meter

Front panel and meter scales coded in 3
colors for quick function identification
Battery-condition indicator for overioad
protection circuit

$H=14acn

VARIABLE
TRANSFORMER

® CH1 signal output CRT.
® Beam finder Includes 2 each x1/x10 probes and $1 45.00 MODEL 3PN1010V
® Delayed sweep full factory warranty, 2 years on parts, RAG CARRIES THE COMPLETE STACO
® Alternate time base labor and CRT. VARIABLE TRANSFORMER LINE
CALL US WITH YOUR REQUIREMENTS.
P=, 5208 EPolaroid Shimpo _\j PRIMELINE 35TACD \IIZ

CIRCLE 269 ON FREE INEORMATION CARD
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Changes in the TVRO industry

DISH

FIXED
MOUNT

IN THE LAST INSTALLMENT OF THIS COL-
umn, we looked at the business
opportunities presented by the
home-TVRO industry today. We
also took a backward look at the
basic hardware contained in the
system with a sort of “then-and-
now"” comparison of how hard-
ware developments have paced
rapidly expanding equipment
sales. This time we'll look at the
individual components that make
up those systems.

TVRO components

The first home-TVRO systems,
bought by genuine consumers
(not “technology buffs” who'd
purchase anything new and excit-
ing) were extremely cumbersome
to operate. Not only that, one seg-
ment of the system was missing
from the equipment line-up: the
“dish mover” or motor-drive unit.
* Publisher, CSD magazine

™\

MOTORIZED
MOUNT

ANTENNA
CONTROL

‘\45@w

b

FIG.1

(It had not yet been invented, nor
would it be until late in 1980.)

Early enthusiasts who built or as-
sembled their own systems were
seldom satisfied to watch pro-
gramming from a single satellite
for long. After all, part of the fun
and excitement was being able to
“cruise the skies” looking for ac-
tion. With cable programming
concentrated on a single satellite
(F1in 1980), the 20 or so channels
emanating from its transponders
were entertaining, but were hardly
all that was in the sky.

Those early TVRO owners talked
glibly about picking up 30 or 40
channels as if they were all easily
accessible from an easy chair. Of
course, they were not. In fact, to
receive programming beyond the
first 20 or so channels, somebody
had to go out in the yard and
“wrestle” with the antenna be-
cause the original mount was of

BOB COOPER, JR.*
SATELLITE EDITOR

the fixed variety, as shown in Fig. 1-
a {not exactly a “consumer friend-
ly” product!). '

Motor drives have been trou-
blesome parts of TVRO systems
since they first appeared commer-
cially in the fall of 1980. The earliest
drives (available as retrofit devices
for virtually any polar-mount style
dish) were simple devices that had
a three-positions switch (OFr, EAsT,
and wesT).

The switch connected to a
motorized jack-screw actuator
(see Fig. 1-b) that mounted be-
tween the dish and the post
portion of the polar mount. The
post was stationary (they hoped!),
while the dish would pivot when
pushed or pulled by the motor-
driven jack screw. If the dish and
mount were capable of tracking
the Clarke orbital belt, the motor
would provide the remote-con-
trolled push/pull action to drive
the dish through the belt. Simple
enough, but there were many
problems.

The earliest motorized mounts
were not designed for frequent
use—moving the dish on the
mount quickly proved they
weren’t. Poor calculation of
weights and loads resulted in ex-
tremely heavy strains on the small
motors chosen to rotate the jack-
screw actuators. The jack screws,
in turn, proved too lightweight
and they soon bound-up under
the strain.

Needless to say, the first year of
motorized dish-mounts was a dis-
aster and those who purchased
those units probably junked them
within a few months. Ittook amul-

continued on page 20
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RESISTOR

Introducing the complete line of
Flameproof Resistors from New-Tone Electronics.

NTE Flameproof Resistors are the
latest addition to NTE's line of quality
components. They're designed to
provide you with a premium quality
replacement device ... that won't flame
out or short even under the most severe
overloads.

Our resistors range in capability from

/4 Watts to 25 Watts with resistance
values from .10 to 1.5 Megohms

They’re totally noncombustible with a
metallic resistance material between a
nonresistant core and a special ceramic
outer cover.

NTE Flameproof Resistors are the ideal
replacement components for electronic

games, telecommunications, medical,
data processing, military, broadcast and
home entertainment equipment.

Don’t take chances with your expensive
equipment. Use NTE Flameproof
Resistors ... they handle the current.
Look for NTE's full line of quality
replacement parts in the bright green

polybags and -

cartonsat  Zpr g @mip i,

your nearest I B

distributor. » ,H H e
L Bk

NEW -TONE ELECTRONICS, INC.
44 FARRAND STREET - BLOOMFIELD, NEW JERSEY 07003
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Only NRI Gives You This Kind of Training
and Equipment.
Only NRI Gives You So Much Professional
Preparation For a TV/Audio/Video
servicing Career.

Get complete, thorough instruction
in the theory, servicing, and repair of
TV, VCR, video disc players, audio
equipment, AM/FM receivers, an-
tenna systems, home video cameras,
projection TV,
‘ and more with
{ z 65 easy-to-
| L —— . digest, bite-
’ — oo f size lessons.
‘l
|
|
i
|
|

Build this 25” Heath/Zenith Color TV with 112
channel tuning system, infrared remote control,
advanced sound system, and in-set space phone.

|y
.!g:

'la

See servicing techniques demon-
strated in close-up detail. Graphic
presentations make theory and sys-
tems come alive on NRI Action Vid-
eotapes covering VCRs, disc players,

Learn how to diagnose prob-

lems using a professional
andiHR 3'%-digit digital multimeter. Learn servicing and
Exclusive NRI Action Audio in- adjustment tech-
Perform challenging state-of- structions talk you through its niques with this
complete operation and use. 6-hour, remote con-

the-art electronic experiments Ivid
and demonstrations using your trol videocassette

NRI Discovery Lab®. recorder you get as
part of your training.



Only NRI gives you so much prac-
tical training with equipment you
learn on and keep. You learn by do-
ing. That's the way to make it inter-
esting, that's the way to make it
enjoyable, that’s the way to get the
hands-on experience and know-how
you need.

Hands-On Training For
Real Bench Experience
and Priceless
Confidence

You start with experiments and
demonstrations on the unique NRI
Discovery Lab. You learn basic cir-
cuit wiring and soldering tech-
niques, and then quickly move on to
more advanced concepts as you come
to understand electronic theory,
solid-state devices, digital systems,
and microprocessors. You learn by
actually building and observing the
action of circuitry you’ll be working
with in real-life situations.

Exclusive NRI Training
On Videotape

In addition to profusely illustrated
lessons, you get NRI's Action Audio
cassette to “talk” you through the
use and operation of the professional
digital multimeter you receive as
part of your equipment. Even more
exciting are your NRI Action Video-
cassettes. . .videotaped lessons that
show you graphic presentations of
electronic systems, vivid closeups of
servicing techniques and profes-

sional “shortcuts” to study and
replay as often as you want.

You Get TV, VCR,
DMM and More
Equipment
To Keep

You also build your own
25" Heath/Zenith color
TV, a state-of-the-art unit
that includes infrared
remote control, a Time Control Pro-
grammer, and the incredible Ad-
vanced Space Phone that lets you
telephone from your chair. Using the
videocassette recorder that’s in-
cluded as part of your training, you
learn how to adjust, service and re-

pair these fast-selling units. Your
front-loading VCR features up to
6-hour recording capacity, remote
control, and programmable touch-
button tuning.

The digital multimeter you re-
ceive is a truly professional instru-
ment. You use it in the experiments
throughout your course and as a key
servicing tool on the job. Using the
meter along with the NRI Discovery
Lab, you’ll learn how to measure
voltage, current and resistance and
how to diagnose all types of servic-
ing problems.

Advanced
Systems

Technicians
for Service
and Maintenance

The art of TV/Audio/Video servic-
ing has taken quantum leaps into
the future. Now, successful techni-
cians must understand advanced
concepts like digital control, elec-
tronic tuning, laser video discs,
microprocessors, and more. NRI
gives you the training you need for
success. . .state-of-the-art concepts
and practical, hands-on experience
working with the kind of
equipment you’ll en-
counter on the job.

7 Decades of
Teaching
Electronics
Skills
At Home
NRI is the oldest,
largest, and most
successful school |
of its kind in
the world. It has pioneered and re-
fined the teaching techniques that
make learning at home the NRI way

I/" Ve

one of th2 most economical and effec-
tive methods ever conceived. You
learn at your convenience as a class
of one, backed by skilled NRI in-
structors and carefully designed les-
sons that take you a step at a time
toward your goal. No time away
from your job, no night school grind,
no classroom pressures. Yet your
training is thorough and complete,
with a foundation of hands-on ex-
perience unequalled by any other
training organization.

Send For Free
Catalog
covering 12
Electronics

Courses

Our 104-page catalog gives you all
the details. In it, you’ll find a sum-
mary description of every lesson,
and photos and specifications for
every item of equipment included in
your course. You'll also learn about
other fascinating career opportuni-
ties in the world of electronics. ..
Microcomputers, Industrial Elec-
tronics including robotics, Commu-
nications, and more.

Mail the postage-paid card today
for your free copy. See how com-
pletely and how thoroughly NRI gets

you started on your
tomorrow
today.

—
——

NRISCHOOL OF
ELECTRONICS

McGraw-Hill Continuing
Education Center

3939 Wisconsin Avenue
Washington, DC 20016
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SATELLITE TV

continued from page 14

titude of field failures to get sup-
pliers thinking about the strains
being placed on the system.

To complicate things, just as the
mechanics of the system were
being ironed out, a firm in Tulsa,
Oklahoma introduced a drive sys-
tem with a built-in programmable
memory. The user simply pro-

grammed several satellite loca-
tions into the unit using a two- or
three-digit code and the control
box “remembered” where the sat-
ellites were.

As you might expect, that de-
velopment brought with it an en-
tire new wave of problems.
Memories would fail (forget)
when there was a power failure or
glitch. Dish positioning would be
knocked off by a degree or two by
a glitch. Power surges would wipe
out memory entirely, and the user

RADIO-ELECTRONICS

SATELLITE TV/

The First

SATELLITE
oromsy

| -

Five Years!

cooe's
saTeLLITE
clGEsY

THE MOST COMPLETE report on the mushrooming
home ‘TVRO' industry ever compiled. written as only the
‘father of TVRO' could have prepared. More than 1000
pages (!) tracing the complete story of home TVRO,
lavishly illustrated with equipment photos, schematic
diagrams, equipment analysis reports. Bob Coopar,
the first private individual to own and operate a TVRO
(1976) has collected and polished hundreds of indi-
vidual reports into a unique ‘collector’s edition’ which
clearly explains the TVRO phenominon in North Amer-
ica. From Coop's first 20 foot ‘monster’ dish to the
present day 5 foot ‘C-band’ TVROs, the fascinating
growth of TVRO equipment and its legal status unfolds
for you

THIS TWO VOLUME SET totaling more than 1,000 pages is available for the firsttime
to readers of Radio-Electronics at special discount pricing. Originally sold at $100

per two-volume set, a limited supply is now available ONLY through this advertise-
ment. PLUS, you will also receive a special extraordinary bonus; the 200 page (+)
October 1984 edition of CSD/Coop’s Satellite Digest. This very special edition of
CSD is a best-seller in the TVRO industry. with the most comprehensive collection of
TVRO facts and figures ever compiled. Combined with the 1,000 page ‘CSD
ANTHOLOGY' report, you have instant reference to everything you will ever need to
know about the state of the home TVRO industry. Itis MUST reading for every person
in, or thinking about ‘getting into,” any segment of the home TVRO world.

_§) T
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cooe's SEND CSD ANTHOLOGY/2 Vols. + CSD Bonus.

" s 9 SEND CSD October '84 Special Issue ONLY.
NAME __ _ COMPANY ___
) ADDRESS B
CITY _ STATE 2P _

Payment: $60 US funds (Anthology + Bonus), $15 US funds
; . CSD Oct. ONLY; payable “CSD ANTHOLOGY.

Shipping charges pre-

paid. Enter order to: CSD Anthology, Radio-Electronics
Magazine, 200 Park Av. S., New York, NY 10003 or call
305-771-0505 for credit card orders ONLY.
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TVRO deaier “Starter Kit”
available

Bob Cooper's CSD Magazine has ar-
ranged with a number of TVRO equip-
ment suppliers to provide a single-
package of material that will help intro-
duce you to the world of TVRO dealership.
A short booklet written by Bob Cooper
describes the start-up pitfalls to be avoid-
ed by any would-be TVRO dealer, in addi-
tion, product data and pricing sheets from
prominent suppliers in the field are in-
cluded. That package of material is free of
charge and is supplied to firms or individu-
als in the electronics service business as
an introduction to the 1984/85 world of
selling TVRO systems retail.

You may obtain your TVRO Dealer
Starter Kit free of charge by writing on
company letterhead, or by enclosing a
business card with your request. Address
your inquiries to: TVRO STARTER KIT,
P.O. Box 100858, Fort Lauderdale, FL
33310. That kit not available to individuals
not involved in some form of electronics
sales and service.

would be forced to re-program the
memory. The problems seemed
endless.

Fortunately, virtually all those
early problems are now behind us.
Modern drives have memories
that remember, infrared or UHF
wireless remote-controls, and
“floating” gimbel-type brackets
that transfer the load of the dish
away from the motor-driven jack
screw. They also have the ability to
interface to fully remote-con-
trolled receivers, as well.

As recently as 1983, dealers were
reporting in annual TVRO-dealer
surveys that “dish movers” were
their most frequent problem
causers. That’s not true anymore.
However, pricing still continues to
be surprisingly high for that
portion of the system.

At dealer pricing levels, simple
“east-west” systems with a single
switch control run in the $300 and
up range. More elaborate systems
with memories can cost twice that
amount, while those with full re-
mote-control capabilities may cost
a dealer.

Perhaps the most significant
signs of maturity in the TVRO in-
dustry are the warranties now at-
tached to motor-drive and control
systems. Oneyear is standard, and
some offer even longer full-
coverage protection.

Next month, we’ll look at more
component changes. R-E



OK's Hot Tip for Desoldering Problems

SA-6 DESOLDER IRON

Revolutionary new electric desoldering iron combines the ease and
portability of a hand-held, manual, desolder pump, with performance of
an industrial desolder station. This unigue AC powered compact tool
features portable, one-hand desoldering eliminating the need for
separate soldering iron and desolder pump. No shop air requirad
Essential for all tool kits, field service technicians, and repairmen, as well
as production applications. Vacuum chamber is easily removed for
cleaning or replacement. Replacement tips available. Tool is supplied
with SAT-6-059 tip, diameter .059 inch (1,5mm)

FEATURES:

® Self contained suction power and heating element.
® Fconomical

® Lightweight 40z. (113gms)

® Compact size 10VYa inches (26¢cm).

® Replacement nozzles available.

MODEL NO. INPUT VOLTAGE
SA-6-115 115V AC 50/60Hz
SA-6-230 230V AC 50/60Hz
NOZZLE NOZZLE HOLE DIAMETER
INCH MM
SAT-6-059 059 i) 5
SAT-6-070 .070 . (.77 |
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OK

3455 Conner Stree, Bronx, New York. 10475, USA. lnduSi ries
Telex 125091 OK NYK Telex 232395 OK NY UR.
Phone (212) 994-6600.

Designed by C.P.A. Graphics ot Desig L 50 IS
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LETTERS

CORRECTION

In “All About Power Supply Cir-
cuits”, Radio-Electronics, July 1984,
| believe an error exists in the
schematic shown in Fig.4. The cap-
tion for that figure states that Figs.
3and 4 are equivalent. Please note
that diodes D1 and D2 are con
nected “across” the whole second
ary of T1, whereas diodes D3 and
D4 are “across” only one-half the
winding. Therefore, —V out will
be one-half that of +V out, sup-:
posedly. However the circuil
shown in Fig. 4 would not work
well because the cathode of D3 is
grounded.

I enjoy your magazine very
much, as long as you do not go
“computer happy.” | was a fan of
Popular Electronics, but they went
crazy over computers and thal
turned me right off (I'd rather
switch than fight)! Please, mini
mize your articles on computers.
Let’s continue to have good mate-
rial on phone accessories, control
circuits, timer circuits, and such,
along with explanations of how
various circuits function. For ex-
ample, the “All About Power Sup-
ply Circuits” article was great
EDWARD BALASKI
Torrington, CT

WRITE TO:

LETTERS
Radio-Electronics
200 Park Ave. South
New York, NY 10003

An error certainly does exist in
Fig. 4. The caption describes what
was supposed to be there. But, as
you indicate, diode D3 is shown
incorrectly. Its cathode should be
connected to the bottom of the
transtormer.—Editor

SERVICE MANUAL NEEDED

| enjoy your magazine very
much and | eagerly await the first
of the month for the latest issue so
that | can see what new projects |
can build and find what new infor-
mation | can use.

Perhaps some of your readers
can help me. | have a Sansui AU

RADIO-ELECTRONICS

n
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Versatile Lab Power Supply

Only ¥ 1 2 500

MODEL 3002A

* 0-30 VDC at 0-2A ¢ Excellent Regulation ¢ Ripple
& Noise — 500 uV RMS e Built-in Short-Circuit and
Overload Protection

Model 3002A features continuously adjustable current
limiting and precision constant voltage/constant current
operation with “automatic crossover” This lab-grade unit
can also be used as a current regulated power source.
Options: 10-Turn Voltage and Current Controls, $25.00 ea.
(can be ordered individually)

Also available... TRIPLE MIGHTY-MITE LAB POWER
SUPPLY: Three Fully Regulated DC Outputs; two
0-25V/0.5A and one fixed 5V/3A, Variable Tracking &

Independent Modes, Dual Panel Meters. Other models
to 60 VDC, to 12A.

TERMS: Check, Money Order or COD. COD's $2.00 extra.
Add $3.50 for shipping & insurance in 48 states. Please
contact our Sales Department for other shipping rates.
Hllinois residents add 7% sales tax.

—. Free Literature On Request

ELECTRO INDUSTRIES
4201 W. IRVING PK., CHICAGO, IL 60641
312/736-0999

CABLE CONVERTER

PRICE SLASHERS

¢ 60 Channel Capacity e TV On-Off Feature
e P.L.L. Tuning ¢ Infra-Red Wireless

* 6 Channel Memory Remote Control

ONLY ssg?s

FACTORY REFURBISHED

* MasterCard & Visa Add 5%

* Checks - Allow 14 Working Days

* Freight Charges: Sent Collect

* Order 20 or More - Freight Prepaid
* Special Price on New Factory Fresh Units - $69.95
* Warranty Not Valid After 15 Days From Receipt

OTHER MODELS ALSO AVAILABLE
Jerrold JRX-3 $49.95°
Jerrold RSC-3  $39.95°
Jerrold DRX-3 $69.95°
*Reconditioned Units With 30 Day Warranty

Phoenix Electronics
1 Midwood
Allendale, NJ 07401
(201)848-8229




THE MOST WANTED|

OaCILLOGCOPE...
HITAGHI

o9 Mz Dual Trace

With
Probes

OFF-THE-SHELF DELIVERY
[ ] [ ]
Descrl tlon Its thin, light, compact design features a large 6 inch rectangular, internal graticule
CRT with percent calibrations, autofocus, scale illumination and photographic bezel.

Reward Eliminates distortion and parallax. High performance. Most cost effective scope around.

B MASTERCARD ®VISA ECOD. MEMONEYORDER MECHECK

C.0.D.sextra({required25%deposit) ® Add $8 50 forshuppmgandmsurance e N.Y.Stateresidents add appropriatesalestax

Fordham (800) 645-9518

260 Motor Parkway, Hauppauge, New York 11788 In New York State Call 800-832-1446

HITACHI
Cat. No. V-355

N cactl A WJIVWANYE



3900 amplifier that is not operat-
ing. | need a schematic or, better
yet, a service manual for the unit,
but the Sansui distributors are un-
able to get it for me. In addition,
neither Sam’s Photofact nor the
Radio College of Canada list the
appropriate schematic. | am hop-
ing someone can help me.
BRIAN COLLINS

3179-138th Ave.

Edmonton, Alberta, Canada T5Y
1R1

EXPANDING THE ZX81

I was working on a project in
which an output line is turned al-
ternately high and low under com-
puter control using a Timex/
Sinclair 1000. When Neil Bungard’s
article on interfacing the ZX81
appeared in the July 1984 issue of
Radio-Electronics, | felt a modifica-
tion of his circuit was just what |
needed.

| sat down at my computer to
test the program | wrote to accom-

RADIO-ELECTRONICS

ENPLORE THE
~ ROBOTICS AGE...

by reading Robotics Age magazine. Discover industrial, commercial
and experimental robotics. Fnhance your technical skills. Robotics
Age explores technological applications,
rescarch and current events in:
* Microprocessor engineering
® Real-time control software

® Mechanics and kinematics

® Vision...and other senses

* Robot communications

* \obility

e Artificial intelligence

® Practical techniques

Robotics Age is your monthly
journal of intelligent machines.

subscribe today!

YES / Sign me up TODAY for my personal subscription to
e Robotics Age, The Journal of Intelligent Machines.

RE 851
[ Title
US Subscriptions Compary
Z 12 besues fu
— W s §45 Address
Z 36 hsues §63
Town
Canada & Mexico
12 hsues §28
Whsoes gy e I
36 lssues §75 — JE—
Country
Foreign _ Bt Me
= :% m :‘z"'f‘;:} :g Check or credit card payment enclosed Payment bomus' Orders accomparved by payment will recene one extra ssue
24 isues (surface) $61
W ssues (Ar Mal) s Crede Card Informanion
” 36 hsves fsurface) 87 Mager oy Crd Numer
™ 36 hsves (Ar M} 19§ -
- s Erpraton Date
Non-US. Subscription Rates:
Payable n US funds, drawn on 2 US bank Subscrpuion leng
wl be adjusted downward on 3 pro-rata basss for any curren Sgnature
¢y tonvervon charges Forergn subscnipbon orders may be pad
0 US dolars v MasterCard or VISA Total Amount Enclosed or Charged §

RETURN WITH PAYMENT TO: Robotics Age, |74 Concord Street, Peterborough, NH 03458 (USA)

Also available at many local book and magazine dealers.
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plish the task. Immediately | ran
into trouble. In spite of using only
even-numbered addresses as Neil
has advised, my program crashed.
Experimentation finally revealed
that the program ran fine using
odd-numbered addresses. Had
Neil mislead his readers? No! The
problem arose because he only
told half the story.

There exists somewhere in the
innards of the ZX87 an NMI (non-
maskable interrupt) generator.
That generator must be on in the
slow mode, but off in the fast
mode. Evidently Sinclair uses the
address line A@ to turn that gener-
ator on and off. | was operating in
the fast mode, so every time the
computer executed an OUT in-
struction to an even address, it
turned on the NMI generator,
causing a crash. Neil must have
been operating in a slow mode, so
every time his computer executed
an QUT instruction to an odd ad-
dress, it turned off the NMI gener-
ator, causing a crash.

The rule then is: In the fast
mode, ourt instructions should
use only odd addresses, butin the
slow mode, out instructions
should only use even addresses.

Another caution: The monitor
uses hexadecimal output ad-
dresses FF, FE, and FD, and hex-
adecimal input address FE. That
means that it will activate output 8
on IC3 and IC4. That could result
in undesired outputs and inputs
by the normal running of the
monitor. Neil has guarded against
that by the decoder circuit using
IC9 and ICl-c. He also has left
open output 8 on [C3 and IC4.
WALTER E. STYLES
Richmond Area Timex/Sinclair
Users Group
Chester, VA

MANUAL NEEDED

| received some old equipment
from friends, but they did not have
the operating manual. Perhaps
there are some Radio-Electronics
readers who know where | can get
a manual and hopefully a sche-
matic for an Electronic Measure-
ment Corp. tube and transistor
Tester, model 275.
TOM BRACLETT
22258 Gregory
Dearborn, Ml 48124



SATELLITE STEREO
DEMODULATOR
The correct telephone number
of Video Control, who is offering
kits of parts for the satellite stereo
demodulator described in the Oc-
tober issue of Radio-Electronics, is
(206) 693-3834

ANTIQUE RADIO CLASSIFIED

There is now a publication that
may interest the growing number
of antique-radio collectors. Begin-
ning in September, 1984 Antique
Radio Classified will feature free
classified ads for buyers, sellers,
and traders of old radios and re-
lated items.

Antique Radio Classified will be
published nationally each month
and will also contain coverage of
upcoming radio conventions,
meetings, and flea markets for the
antique-radio collector.

GARY B. SCHNEIDER
Publisher

Antique Radio Classified
9951 Sunrise Bivd.
Cleveland, OH 44133

INFORMATION EXCHANGE !

The Data Processing Amateurs
Society of Quebec is the oldest |
such association in Eastern Cana- |
da.

The goal of the association is to
have an interesting hobby, and to- |
gether to increase our knowledge I
and experience. We do our best to
help beginners with meetings,
courses, demonstrations, etc. |

Our members asked us to try
contacting other clubs or associa-
tions in Quebec and surrounding
areas to exchange experiences, in-
formation, and friendship. As over
30% of our members are using
modems, we succeeded in
organizing our own telecom-
munication system: TELESAIQ I
We are learning a lot with this pro-
ject, and it is not over, because we
do not have full services.

We are negotiating with other
systems and networks to ex:
change services.

Since yours is one of the most
popular publications in the field,
we thought of turning to you for
assistance. We would appreciate if
you could help us by publishing
our address so that other similar

organizations could contact us.
GERALD BOULET

SIAQ

Societe D’Informatique Amateur
du Quebec

C.P 9242

Sainte Foy, Quebec, Canada G1V
481

SCHEMATIC NEEDED
I recently acquired a B&K model
1075 TV Analyst in need of repair. |
know it needs a horizontal width
frequency coil, but I have no other

PRINT.

Products Internatiopal Inc.

8931 Brookville Rd.
Silver Spr ng. MD 20910
(301) 587 - 2824

Equipment, Tool, & Supplies
for Maintenance &
Service

information on the unit itself. |
would hope that one of your read-
ers has a schematic and parts list
for that older device. | am a stu-
dent in electronics and would
greatly appreciate any and all help
other readers could provide.
TERRY B. SCHWARTZ

1864 Eieanor Ave.

St. Paul, MIN 55116

POWER-SUPPLY CORRECTIONS

The article, “All About Power-
Supply Circuits,” (Radio-Elec-
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c s\em\

= &
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CIRCLE 251 ON FREE INFORMATION CARD

®
With every desoldering
system or repair system
ordered, receive free a 70-page

how to repair circuit boards textbook.
A $19.95 VALUE.




tronics, July, 1984) contained sever-
al significant errors and omis-
sions:

1. The VA rating calculation for a
power-supply transformer is not
correct for the circuits shown. [t
should be: Secondary RMS volt-
age X DCcurrent x 1.2(CT) or 1.8
(bridge). Also, the transformer
regulation factor for the typical
small hobbyist transformer is
15-20%, not the 10% stated.

2. The PIV rating for the rec-
tifiers is at least twice the second-

ary voltage, allowing for a safety
factor.

3. 3-terminal regulators can
rarely be used for their rated cur-
rent unless “bolted to an anvil sit-
ting on a block of ice.” Without
any heat sink, those popular1-amp
“tab” regulators are only good for
about 100-200 mA. The heat sink is
what really determines the rating
of most regulators.

4. A good-quality filter capacitor
is important. Audio-grade capaci-
tors, identified by their flimsy

VIEW 8 TRACES ON YOUR SINGLE
OR DUAL TRACE SCOPE WITH THIS
LOW COST DEVICE!!

Now you no longer have to spend
thousands on an expensive multi-
trace oscilloscope - our single trace
Hitachi scope combined with this
module will allow you to view up to 8
simultaneously occuring analog or
digital (or both) signals in their real
time and amplitude relationship. The
MPX 101 may be used on any oscil-
loscope, whether single, dual or mul-
tiple traces. Its low cost makes it a
particular favorite for designers, test-
ers, hobbyists and repairmen who
want to compare and analyze dis-
played signals in a timing dna?ram
format. The controls on the front
panel of the metal case allow you to
vary amplitude and spacing of the
displayed signals.

MODEL MPX101
FULLY ASSEMBLED & TESTED!

NOT
A WARRANTY
KIT - Made In The United States -

150 mV/step @ SV input
Multiplex Rate: Switch selectable, 40
KHz or 4 KHz
impedance: 50 Ohms
Power: 105-135 VAC @ 1 Va
Dimensions: 6.25" x 3.25" x
4.75" (WxHxD)
Operating Temperature: 0-40°C
Weight: 1 Ib. 10.5 oz.
Warranty: one year full replacement
warranty from date of purchase

SPECIFICATIONS

Inputs:; 8 signails plus ground via 9
input leads terminated with alliga-
tor clips

Bandwidth: £+ 1dB to 5§ MHz

impedance: 10.9 K

Input Voltage: £ SV peak (diode
clamped to £ 5 Volt supplies)

Output: Staircase waveform summed
with input signals, 0-800 mV

full scale
Step Amplitude: Variable 0 to 150
mV/ step Lighted on/off power switch
Signal Voltage: Variable O to Wood grain finished metal case

DISTRIBUTOR AND REPRESENTATIVE INQUIRIES INVITED

[ .

a [
I [
E.W.ENGINEERING, INC.

VISA, MASTERCARD, AMEX TELEPHONE ORDERS ACCEPTED!
6 Herman Drive, E. Granby, CT 06026 [0 203/651-0285
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leads, are not suited for output
currents above Y2 amp.

5. Allow adequate ventilation,
especially around the power trans-
former. Keep the filter capacitor
and regulator away from it.

6. To prevent current surges
from blowing the rectifiers, put a
very small resistor in series with
one side of the transformer sec-
ondary (or center-tap, if you are
using it). The value to use is ap-
proximately: (secondary RMS volt-
age)/(20 X rectifier current rating).

7. Safety first! Use a fuse, and
locate it before any switch. |deally,
use a grounded power cord, and
put the fuse and switch on the
“hot” side of the line.

Finally, a construction tip: for
low-current supplies, a wall-plug
transformer is the safest and usu-
ally the cheapest approach.
ALVIN H. NICHTER
New York, NY

ZX81 DESIGN—OKAY!

I've just built the ZX81 Interface,
{(Radio-Electronics, july,1984).

It's an excellent design, but
there is an error in the schematic.
For address inputs through 1C8
(74LS373), A2 comes in on pin 7,
and should leave via pin 6, not pin
5, as shown.

Thank you for the article on the
ZX81. Let’s have many more,
please!

MERLIN TINKER
Casper, CA

MORE MEDICAL ELECTRONICS

Since you have started printing
articles about medical electronics,
I'd appreciate some more about
the repair of the instruments used
in that field. There seems to be a
dearth of information about their
repair as | have, to this point, only
been able to locate one book on
the subject. Any articles that could
enlighten me further about the
care and repair of electronic medi-
cal instruments, or even justasug-
gested reading list, would be most
helpful.

ALBERT SHUGZDIS
Arkadelphia, AR

BACKWARD X-RAY
I have read the article by Dr.
Fish, “Electronic Measurement in
Medicine,” (Radio-Electronics,



September 1984) with interest. On
the whole someone outside medi-
cine might not find the article in-
teresting. It is, however very
informative. There is one error of
note in Fig. 5, page 57. The radi-
ograph (X-ray), is printed back-
ward, making some of the labeling
incorrect.

I mention that because | am a
Radiographer by profession and
things like backward X-rays really
stick out.

Keep up the good work. | really
enjoy your magazine.

RONALD J. BOHLAND, R.T.(R)
Toledo, OH

EDITORIAL “AMEN"

| saw your editorial in Radio-
Electronics, September 1984,
“When is a Change not a
Change?”, and | say AMEN! There
are plenty of magazines that tell
about computers—seems like
they all do—and that is the sole
reason | changed to Radio-Elec-
tronics a few months ago from an-
other similar magazine. | am a
circuit guy, not a button pusher. |
realize that computers are great
for the non-technical, but there
are a lot of us who are technical.
Anyhow you get the point.

That particular issue really rang
the bell on articles. | liked “Sonic
Motion Detector,” (I have been
looking for years for this), “Elec-
tronic Measurements in Medi-
cine,” “What’s New in Batteries,”
“Squarewave Generator Circuits,”
and the departments were also of
interest.

Congratulations! | think your
courage will pay off!

CHARLES DEMING
Mariposa, CA

AMPLIFIER SCHEMATIC NEEDED

A few years ago, | brought a
Lafayette LA-324A stereo amplifier
from a friend. Last week it burned
up due to a power overload. | am
interested in rebuilding that am-
plifier, but the schematic diagram
is missing from my records. Is
there any reader that can help? |
need a copy of the service manual
or the schematic diagram. I'd ap-
preciate any help from any source.
ARTURO OTERO BRACERO
P.O. Box 2821-S,

San Juan, Puerto Rico, 00903
R-E

When workers aren't there,

business.dcesn't work.

Each year cancer
strikes 120,000
people in our work
force, and causes our
economy to lose
more than $10 billion
In earnings. Earmings
that Amencan
workers might still be
generating if they had
known the simple
facts on how to
protect themselves
from cancer

Protect your
employees. your
company. and
yourself. . .call your
local unit of the
American Cancer
Society and ask for
their free pamphlet,
‘Helpmg Your
Employees to Protect
Themselves Against
Carcer” Start
your company on
a policy of good
health today!

American Cancer Society

HARANMELS

Oscilloscopes

For Fiefd Service
and Laboratory

M:
teatuve: .
BC?)'I‘:;onem tester in alm

HM605 60MHz Dual Trace - US$ 965,
Sensitivity 5mV-20V/div at 60MHz, 1mV at 5MHz » Automatic
peak-value or normal triggering to 80 MHz « Delay line o Variable
sweep delay trom 100ns-1s e Timebase range from 2.5s/div to
max. 5ns/div e Unique fast-rise-time 1kHz/1MHz calibrator o
Bright high-resolution 14kV CRT.

HM204 20MHz Dual Trace - US$ 758,-
Sensitivity 5mV-20V/div « 1mV at 5MHz e Timebase range
1.25s/div-10ns/div e Automatic peak-value triggering to 50MHz
Delay line o Variable sweep delay e Single sweep mode o
Y-Qutput ¢ Z-modulation e Overscan indicator e
Unique 1kHz/1MHz calibrator.

HM203 20MHz Dual Trace - US$ 605,-

Western Europe’s best selling 20MHz-Scope! o Sensitivity 2mV-
20V/div « Triggerbandwidth 40MHz e Timebase range 0.2s -
max. 20ns/div

HM 103 10MHz Single Trace - US$ 410,-

Small, compact service scope e Sensitivity 2mV-20V/div e Time-
base range 0.2us-0.2s/div « TV-V and TV-H triggering.

Modular
System
HM 8000

An expandirg
range of

signal generators

Far more deta®s
write or call cobest:

HAMMEILS INC.
€8-90 Harbor Road - Part Washington N.Y. 11050
Paone (516) 383.3837 - TWX (51C) 225 0889
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EQUIPMENT REPORTS

Radio Shack Model 4
Computer

An 8-bit, Z80-based
personal computer

CIRCLE 5 ON FREE INFORMATION CARD

o1 PRECISION
Jerrold Cordless Cable
T.V. Converter

MODEL LCC-58 (Special)

ANY QUANTITY

QTN RTN

ELECTRONICS
770 Amsterdam Ave., New York, NY 10025

@ Write for FREE 136 page Catalog®

CIRCLE 252 ON FREE INFORMATION CARD

THE RADIO SHACK (ONE TANDY CENTER
Ft. Worth, TX 76102) Model 4 is a
personal computer that will run
both TRSDOS and CP/M programs
without the need to get into the
guts of the computer and attempt
some rather hairy and complex cir-
cuit retrofits. As such, essentially
the Model 4 is a merger of the best
features of Radio Shack’s Model /11
and Model! |l computers.

The computer is available in
three configurations: tape-based
at $799; one disk drive for $1099;
and two disk drives plus the op-
tional RS-232 1/0 for $1299. We will
concern ourselves only with the

JERROLD

“THE SOLDER STATION”

WELLER XCELITE
CONTROLLED-OUTPUT
SOLDERING STATION

I

|
-

MODEL WTCP-R s
PTA.7—TIPS
86995 $349

o PReciIsIOn Spsc'};fw,
Ly

MODEL DM - 2802 - -
49 W oy

The DM2802 is the smrallest digital multimeter on the
market. [ts probe-style design makes it ideal for taking
measurements in hard-to-reach test area

Features Include:
* small size * “touch hold"
* complete autoranging * audible continuity checking {

SHIPPING CHARGES
For Orders ADD
$25-100. $6.50
$100 - $500 3 $8.50
$500-$750 $10.50
$750- and up $15.00
Parcel Post $20.00

MASTER CARD ° VISA

Send Purchase Order, Check,
Money Order or C.0.D.

or Call Toll Free
800-223-0826

in N.Y. State (212) 865-5580



The Book-Sized
Microcomputer
That’s A Hands On
Library Of
Hardware And
Software
Instruction.

MEET THE MICROPROFESSOR

A portable learning center. puts hundreds of hands on lessons in  The most cost-effective instructional
Learning shouldn't be limited to the programming, system architecture microcomputer on the market.
classroom. That's why we made the eircuit design right at your Today, tight budgets are a fact of life
MicroProfessor ‘ighter and less bulky  fingertips. Your computer skills and doubly so for educators and
than the average textbook. Supported ~ Will increase dramatically as students. At under $200.00 including
by y-to-L | d the MicroProfessor translates Instruction Manual and AC Power
tation, the MicroProfessor leads you important concepts into practica Supply less than half the price
through dozens of experiments. And experience of any competitive product—the

with a wealth of accessories to
choose from, including a printer
EPROM programming board and
sound and speech synthesis
there's virtually no limit to the kinds

MicroProfessor is a very attractive
educational resource

For more information about putting
the MicroProfessor advantage to work
Y your ¢ >ducation, please

r-mar:gré;t. . write or cal
Custom tailored to a variety v
. ,} - &
()_f efijcatlo.r??’l_ needs:p‘ . . e 5 OO 5
er yo : com r _— S
or digy, intere ided z
struc nd ing =
the MicroProfessor will meet your 195 West El Camino Real, Sunnyvale 2%
educational objectives. A teaching M g ~ California 94097 -
tool witl Mic r Multitech . Outside California call {(800) 538-1542 ®
In California call (408) 773-8400 o
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two-disk model because that of-
fers the user the best value; the
others are but way-stations on the
way to two disk drives.
Highlights of the two-disk
Model 4 include 64K of RAN that
can be user-upgraded to 128K, au-
tomatic operation in the Alodel 111
mode by simply using Aodel 111
disks, and a Atodel 4 mode that
features an 80-column x 24-line
screen with normal and reverse
video, a 4-MHz Z80 CPU, and the

ability to run CP/M. Also, the com-
puter will read and write tapes for
the Aodel 100 "briefcase” comput-
er.

The Atodel 4 is verv similar in
appearance to the Alodel 11l ex-
cept for color and minor, though
important, keyboard improve-
ments. Replacing the “Mercedes
gray” color of the previous mod-
els—which looks great on a car but
awful on a plastic cabinet—is the
light beige color common to most

|_Radio Shack

Model 4 |

OVERALL
PRICE

— e
OF USE ‘ !
INSTRUCTION
MANUAL

ICE/VALUE
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A breakthrough...
Global Data
Breakout Breadboards.

ow,

reroute data
transmission
lines in any
pattern...

faster than
ever before!

Data Router Breakout Breadboards
from Global Data represent a significant
breakout box design innovation. With
our solderless breadboard interface
area, rewiring, testing and monitoring
data transmission lines is as quick and
easy as slipping a wire lead into a con-
tact point. To change the routing, simply
pull outthe wire and insert it into another
contact point. That's all there is to it.

You can reroute signals in any config-
uration, even split signals and multiple
loopback connections. There is a wide
variety of possible interface connections
for up to 24 lines.

Choose from three Data Router
models: Our basic 125 with the unique
Global breadboard interface area, the
225 with 8 LED’s for monitoring signals
on any 8 lines, and the 325 with all

of these features plus a gigantic
patchboard area for building test
fixtures,modems,timers and
switches.

All Data Routers have two
sturdily mounted 25
pin RS-232 standard
connectors for simple,
fast installation. The
solderless bread-
boarding area has
nickel-silver contact
points, which assures sound
electrical connections and trouble-free
performance indefinitely. EIA signal
mnemonics are screened on the face of
each Data Router for ready reference.

And, our breakout breadboards are
priced so low that you can always have
several on hand.

Save time, save energy and save
money. Call our Product Availability
Line: 1-800-243-6077 for the name
of your local distributor.

GLOBAL-DATA=E

A DIVISION OF GLOBAL S{I:’ECIALTIES
An Interph

70 Fuiton Terrace. New Haven, CT 06512
(203) 624-3103 TWX: 710-465-1227

L FORAE ATy g
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modern “high-tech” equipment.
The keyboard, though similar to
the earlier computers, now fea-
tures a real cONTROL key—there is
no longer aneed to hold down the
sHitT key simultaneously with an
UP-ARROMW OF DOWN-ARROW key in
order to simulate the function of
the coNTROL key. Also, there are
three software-definable function
keys, labeled f1, 2, and rs.

The two-disk configuration con-
sists of the basic computer with
TRSDOS Version 6.0 and TRSDOS
6.0 BASIC, two double-density 5%
inch disk drives, 64K of RAM (an
additional 64K of RAM can be add-
ed), and the ROM set from the
Model 11].

If you are wondering about the
AModel 111 ROM set, it's there to let
the Alodel 4 act like a AModel 11
computer. It works this way: The
Model 4 is meant to handle both
the new TRSDOS Version 6.0 and
the CP/M disk-operating systems,
both of which require that the full
RAM be available from memory
address 0000H. Earlier Radio Shack
computers, on the other hand, lo-
cated their operating (driver) rou-
tines and BASIC, in ROM, in the
first 16K of memory; thus the user-
available RAM was located only in
the upper 48K of memory. When
the user inserts a AModel 111 disk,
the Aodel 4 senses the fact and
automatically switches out the first
16K of RAM and switches in the
Atodel 111 ROM’s, causing the
Model 4 computer to function as a
Model I11. In that way, Radio Shack
has retained complete com-
patability with the software for
their earlier computer. When the
computer is run in the Aodel 4
mode, the full 64K of RAM is avail-
able.

Since the Z80 microprocessor
can only address 64K of memory at
a time the 64K RAM upgrade (for a
total of 128K) is bank-switched in



and out by the software. It can be
used as straight additional memo-
ry, or all or part can be used to
function as a simulated disk (RAM
disk), or as a printer spooler. If you
don’tinstall the optional 64K RANM
expansion, the computer’s
TRSDOS operating system can use
part of the basic 64K of memory for
both RAM disk and spooling.
(Spooling is a way to print and use
the computer at the same time; it
avoids tying up the computer
when printing.)

By itself the Alodel 4 is a for-
midable machine, but a complete
package consisting of the AModel 4,
CP/M (from Montezuma Micro,
Box 32027, Dallas, TX 75232), and
Newdos 80 (for those who use
Model 11l and Model | software) is
hard to beat. Newdos 80 is avail-
able from Apparat Inc. (4401 South
Tamarac Pkwy, Denver, CO 80237).
The complete package is ideal for
schools, small businesses, or any-
one who needs a lot of computing
power at a reasonable price. R-E

Computer Accessories
P12 Power Director

End powerline woes, add
powerline conditioning,
and centralize control of
your computer system with
this device.

:a%@ijm ﬂi
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Il YOUR COMPUTER SYSTEM I LIKE
most, one of its most apparent
“features” is a maze of powerlines.
Likewise, powering up your sys-
tem might be a task worthy of a
contortionist, what with all of the
reaching and stretching required
to hit all of the power switches. If
s0, you may be a candidate for a
product like the P12 power direc-
tor from Computer Accessories
(7696 Formula Place, San Diego,
CA 92121). In addition to alleviating
the above conditions, the unit

provides line conditioning to
guard against powerline glitches.

The power director

The power director provides
three functions. First of all, itis a
six-outlet power strip. Most com-
puterinstallations have a common
problem—the number of power
cords exceeds the number of avail-
able power outlets. The power di-
rector allows your computer and
all of its peripherals to be plugged
into one central location, eliminat-

ing powerline tangles in the pro-
cess. A single line leads from the
unit and is to be plugged into a
grounded outlet.

Each of the outlets is individually
controlled by front-panel
mounted rocker switches. If you
leave the computer’s and/or pe-
ripherals’ power switches perma-
nently on, you can use those
rocker switches to turn any device
connected to the power director
on or off. Each of the rocker
switches has a pilot light to help

LOW PRICE!!

This DC triple regulated variable power supply
has all the features you could ask for plus a full 1
year guarantee. Fully adjustable from 1% VOC to
35 vDC! Three completely independent supplies
that offer many advantages! They can be either a
pcs. supply or a neg. supply...trey can also be
stacked in series so that a 5V and two 15V sup-
plies can total a 35 VDC supply or any combina-
tion of the three...(after one of the terminals is
groundedto giveitareference)...forthetirsttime
you can now purchase this American made fully
adjustable power supply at a price that is one-
halt ot what you'd expect to pay!

e e————— |§”°'5'
PRIRED AL i
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A QUALITY TRIPLE-REGULATED
POWER SUPPLY AT A LOW,

NOT A
KIT!

MODEL PS101
FULLY ASSEMBLED & TESTED!
REPLACE

‘119

- Made In The United States -

FULL 1

SPECIFICATIONS
3 outputs:
Fixad 5 VOC % 0.2V
2 variable 1% Vto 215 VCC
Polarity - floating; can be used as pos. or neg.

Ripple less than 10mV at full 1oad,
Regulation < 1% no load to full load,
Line Regulation <0.2% 108 VAC to 135 VAC.
Current:

Fixed supply 1.0 amp max.

Variable supplies 0.5 amp max.

Protection built in, current limiting, with
thermal shutdown.

Power: 108-135 VAC.

Dimensions: BY%” x 3%" x 7%" (WxHxD)

Wood grain tinished metal case.

Weight: 4 Ibs., 9 ozs.

~ighted on/otf power switch, easy-to-read
Voltmeter and large binding posts.

Warranty: one year full replacement
warranty from date of purchase.

DISTRIBUTOR AND REPRESENTATIVE INQUIRIES INVITED

I .

a [
. .
E.W.ENGINEERING, INC.

VISA, MASTERCARD, AMEX TELEPHONE ORDERS ACCEPTED!
6 Herman Drive, E. Granby, CT 06026 O 203/651-0285
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you quickly identify which switch-
es are on or off. Finally, there is a
master switch that can be used to
turn on or off the entire system.
Last, and perhaps most impor-
tant, the power director contains
line-conditioning circuitry. The
level of protection afforded by the
unit exceeds that specified by the
1983 IEEE industry guide for surge
voltages in low-voltage AC circuits
(IEEE-587). The surge-suppression
device used in the power director
is General Semiconductor’s

The
Professionals’
Choice

“I started using PTS
tuner and module
repair fifteen
years ago when I
began this business.
And when Junior
Joined the business,
I told bim

about

PTS.”

PTS CORPORATION

P.O. Box 272
Bloomington, IN 47402 & ¢y
(812) 824-9331 fizzsites

The world's largest independent electronics rebuilder.

"'i
L)

™ Send for your free PTS Products Guide today! H

TranZorb. That device responds in
less than a nanosecond to sup-
press transients. An RF filter is
used to handle RF noise. Each out-
let has line-to-line and line-to-
ground protection against voltage
spikes, surges, RF noise, etc.
Other features of the unit in-
clude a digital clock and a media
(5%-inch floppy disk) storage slot.
An option available is a Data Direc-
torswitch box. That switch box can
direct the data from your comput-
er's serial or parallel port to any of

PTS

“And I told Dad about
PTS VCR boards and
CATV/MATV con-
verters and amps.
Now we both choose
PTS for speed, quality
and new products.”
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up to 3 peripherals.

The unit is rated for a maximum
current of 15 amps and a maximum
power capacity of 1800 watts. A cir-
cuit breaker is used to protect
against problems caused by equip-
ment overloads. The line-con-
ditioning circuitry is rated for a
maximum transient peak-current
of 4500 amps. The RF filter has a
frequency response (stop band) of
0.15 to 30 MHz. The peak-to-peak
power dissipation of the the unit is
rated at 10,000 watts. Maximum
transient voltage is 6000. Clamp
voltage is 276 volts, maximum, at
102 amps. Clamping time, as indi-
cated earlier is less than one
nanosecond.

Computer Accessories

OVERALL
PRICE |

" EASE
OF USE

INSTRUCTION
MANUAL |

PRICE
/VALUE ]

The P12 power director mea-
sures 192 X 2% X 13%. It is sized
to fit atop an IBM PC system.
Other models of the power direc-
tor, sized to be stacked with disk
drives, or to serve as a monitor
stand, are available. Those units
have fewer outlets and differing
specifications however. No weight
was specified for the unit, but it is
heavy, as the beige cabinet is made
primarily of steel.

The one major complaint we
had about the unit was the stiff-
ness of the switches. Because of
that stiffness, they were excep-
tionally difficult to operate. Per-
haps that stiffness will ease with
time and use, but we would have
liked to have seen better quality
switches used.

The “manual” that accompanied
the unit was also quite skimpy, of-
fering little besides some basic op-
erating instructions, specifica-

| tions, and warranty information.

The P12 power director certainly
does make your computer setup
more attractive and easier to use,
and it has a suggested retail price
of $199. R-E



NEW IDEAS

Multiple-outlet control circuit

ALMOST [VERY ELECTRONIC DEVICE 1S
used with one or more different
accessories. For example, an AM/
FM receiver might have a tape
deck, equalizer, and turntable
connected to it. Or you may have a
video system consisting of a TV
set, VCR, video enhancer/sta-
bilizer, and so on.

Each of those units has its own
power-on switch, which means
that if you want use one or more of
those components in conjunction
with the main unit (receiver or TV
set), you'll have to turn on each
component individually. That
means that there is always the pos-
sibility that one or more compo-
nents will be accidentally left on
when you're finished.

There are many ways to get
around that problem—for in-
stance, you could use one of sev-
eral commercially available
switched outlet-strips, which can
cost $15 and up. Those products
{often containing a surge sup-
pressor) are fine for things like
computers; but for other elec-
tronic devices, like stereos or TVs,
they’re simply not needed. There
is, however, another way to go
about it and save some bucks in
the process.

Outlet control circuit

Figure 1 shows a circuit that can
be use to turn on several compo-
nents of an audio or video system
at the same time. The beauty of
that scheme is that it can be built
using a handful of easy-to-get
parts. But that’s notall: With a little
imagination and some experi-
menting, it can be made to do the
same things that the commercial
products do, making it more than
worth the parts cost and time
spent building it.

First you should note that the
circuit draws no standby current;
in other words, when a device
plugged into socket SOT is turned
off, no power is supplied to SO2.
You may be wondering why no
switch is included in the T0-volt
AC line. Well, the answer to that
question will become clear as we
discuss the circuit’s operation.

One more point: T1 is a 6-volt
transtormer with its primary and
secondary connected in reverse
(i.e. the secondary in parallel with
R1and the primary feeding the Tri-
ac gate). Resistor R1 is chosen ac-
cording to the load connected to
SOT: If the SO1 load is 125-150
watts, R7 should be a 1-ohm, 10-
watt unit. For loads of 250-300

TRy
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NEW IDEAS

This column 1s devoted to new ideas, cir-
cuits, device applications. construction tech-
niques. helpful hints, etc.

All published entnies, upon publication, will
earn $25 In addition, for U.S. residents only,
Panavise will donate thewr model 333—The
Rapu Assembly Circuit Board Holder, having
a retail price of $39.95. It features an eight-
posmon rotating adjustment, indexing at 45-
degree increments. and six positive lock posi-
tions in the vertical plane, giving you a full ten-
inch height adjustment for comfortable work-
Ing.

| agree to the above terms, and grant
Radio-Electronics Magazine the nght to
publish my 1dea and to subsequently re-
publish my 1dea in collections or compilations
ot repnnts of similar articles. | declare that the
attached idea 1s my own onginal matenal and
that its publication does not violate any other
copyrght. | also declare that this matenal has
not been previously published.

Title of Idea

Signature

Print Name Date

Street

City State Zip
Mail your 1dea along with this coupon
to: New Ideas Radio-Electronics,

200 Park Ave. South,

New York, NY 10003
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watts, use a .5-ohm, 10-watt re-
sistor or you can parallel two 1
ohm, 10-watt units if desired.
When the device connected to
SO1 is turned off, no current will
flow because that leg of the circuit
is open and therefore, there is no
voltage developed across R1. (Re-
member the power switch on any
device is used to complete a cir-
cuit.) Because there is no voltage
drop across resistor R1, no voltage
is fed to transformer T1. When the
device plugged into SO1is turned

on, current flows to SO1 through
resistor R1 causing a small voltage
to be developed across the re-
sistor.

The voltage across R1is then ap-
plied to the secondary of T1 (which
is used as a step-up transformer),
resulting in a higher output volt-
age at its primary. The output from
T1 is fed to the gate of Triac TR1.
When TR1 is turned on, power is
supplied to the load at SO2. That
means that the on-off function of
any device connected to SO2 is

COMPUTER PAPERBACK BOOKS

Great Books For The Computer Hobbyist
CHECK OFF THE BOOKS YOU WANT
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PRICES GOOD UNTIL APRIL-30, 1985

ELECTRONIC TECHNOLOGY TODAY INC. 1-85
P.O. Box 240. Massapequa Park. NY 11762-0240
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controlled by the power switch of
the SO1 load. Therefore, it is not
necessary to include one in the AC
power line.

Additional sockets may be
placed in parallel with SO2 so that
any other device that you may
want to use in conjunction with
the main unit at SO1 may be
powered up in the same manner.
Just keep the 6-amp limitation of
the Triac and the total current re-
quirements of the load in mind
when adding extra sockets. Also,
the current rating of the Triac as-
sumes proper heat sinking. If the
6-amp limit is a problem, you may
want to check into some of the
higher rated Triacs, like those
listed in the ECG Replacement
Guide.

Although it is not necessary, you
may want to add switches in series
with the extra sockets, so that any
device connected to those sockets
may be turned off from a central
location as needed. A final note:
The circuit should be mountedina
case for safety’s sake. —Theodore
Stern

ualifone

MONTHLY SPECIALS
MINIMUM ORDER $35.00

TELEPHOTO AND WIDE ANGLE

AN 7 ) LENS SET
= & 4950
No. Q49

(SUGG. LIST $99.95}
w—»  WABER LINEGUARD
iy SPIKE SUPPRESSORS

® WALL PLUG UNIT
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il maot cameras. Feo-
tures 3 way, 3 stop

(SUGG. LIST $69.95)

WE SELL TO THE DEALER ONLYI
C.O0.D. ORDERS - 800-431-2490

FOR FULL LINE 164 PAGE CATALOG
PLEASE USE BUSINESS CARD

OR LETTERHEAD

QUALITONE INDUSTRIES INC.

DEPT. C - 696 LOCUST SI. - BOX 2414
MT. VERNON. NEW YORK 10552




MASTER THE NEW ELECTRONICS WITH McGRAW-HILL’S

NEempo
Electmmgs éacnly&s

The fast, easy and low cost way to
meet the challenges of today’s
electronic innovations. A unique
learning series that’s as innovative as
the circuitry it explains, as
fascinating as the experiments you
build and explore.

From digital logic to the latest
32-bit microprocessor, the McGraw-
Hill Contemporary Electronics Series & ;
puts you into the electronic picture % L=
one easy step at a time. Fifteen ﬂ
unique Concept Modules, sent to you *
one every 4-6 weeks, give you a
handle on subjects like optoelec- =
tronics, robotics, integrated circuits,
lasers, fiber optics and more.

Each Concept Module goes
right to the heart of the matter.

You waste no time on extraneous

wants
an update in con-
temporary circuits...a
manager or supervisor in an electronics

material or outdated history. It’s a Perform  Plan-...adoctor, an enginf:er, a chemist
fast, efficient, and lively learning Experiments who finds electronics playing an
experience. ..a non-traditional in Contemporary Electronics mcreasuzgly important role in your
approach to the most modern of Throughout your series, lab- work. It’s even for electronics engineers
subject matter. oratory experiments reinforce every o techfmcnr?ns. who fe;el [h‘:‘" "af“l'(ng
] . ] ioni g i needs freshening up. 1t’s the quickest,
Unique Interactive Instruction sngmﬁ'c ant point. This most convenient
. . essential experience . g
With each module, you receive probably least
- . ...dynamic, hands-on ) g
a McGraw-Hill Action Audio ; , expensive way to
. . demonstrations of . - -
Cassette. Each tape is a dynamic theory in practice - : ~wm dJdoit. Andthe
discussion that drives home the key will t?e I ri)u mast.e.r. > & \ ! A only one that gives
facts about the subject. Your learning ;| nelp y Mg N 1 you hands-on
principles that apply all _,,I’«. 3
mg'uf:"y'oﬂm ~ the way up to tomorrow’s Q i . experience.
get this latest VLSI (Very Large  gue™™ 15-Day No-Risk Trial
solderiess . .
breadboarding Scale Integrated) circuntry. To order your first module with-
f,ysc“f::(hm?;‘;h- In your very first module, you’ll  out risk, send the postage-paid card
g:h:; :I;?es g use integrated circuits to bUllq adigital  today. Examine it for 15 days under
L':‘;“grf:{;“"‘ M oscillator, verifying its operation with the terms of the order form and see
concepts ‘ N — a light emitting diode (LED). You’ll how the Contemporary Electronics
' - learn to identify passive and active Series gets you into today’s electronics.
/’_\-d/ components, understand concepts If card has been used, write us for
. . X 1 nic circuits. ing i i
experience is reinforced through common to all electronic circuits ordering information.
interaction with vividly illustrated For Anyene Interested in Electronics
text, audio cassettes, and actual The Con[emporary Electronics . "‘ |4 McGraw-Hill
electronic experiments. Indexed Series is designed for anyone from C" o Continuing Fducation Center
binders preserve backup material, hobbyist to professional. It’s for you .‘.ln | . 3939 Wisconsin Ave.
notes, and tapes for convenient if you’re looking for new fields of . Washington, D.C. 20016
referral. interest. . .if you’re a teacher who
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Measures
frequency
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With period,
period average
and totalize
functions too,
for only $750

Model 1855
$750

The B&K-PRECISION Model 1855
is a high accuracy multifunction
counter with + 1ppm temperature
stability (TCXO), with all these
features:

e 5Hzto 1.2GHz range

e 0.5 1S 0 200.000 .S period
range

¢ Totalizes to 99.999.999

¢ Selectable resolution e 8 digit
LED display

¢ Low pass filter e Display hold
e Switchable X1'X10 attenuator
¢ Remote start-up

¢ kHz, MHz, uSEC, Gate and
overflow indicators

For measurements to 520MHz, the
Model 1851, with the same features
as the Model 1855, sells for $575.

Both Models are available for

immediate delivery from
[ B&K-PRECISION distributors.

o PRECISION

|

DYNASCAN
l CORPORATION
Chi

6460 West Cortland Street
cago, llhinois 60635 - 312 889-9087
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AUDIO/VIDEO CONTROL CEN-
TER, NEC model AV-200E, per-
forms its audio functions via a 12-
watt-per-channel, built-in stereo
amplifier with tone control, head-
phone jack, and inputs for a tape
deck, tuner, and auxiliary sources
such as a CD player. A sophisti-
cated synthetic-stereo circuit uses
a bucket-brigade device to syn-
thesize a stereo signal from any
mono source.

Video signals are processed
through a full complement of in-
puts and outputs, including in-

puts/outputs for two VCR's (one
front-panel set; one rear-panel
set), and two AUX inputs—all with
stereo audio capabilities. Monitor
outputand a set of inputs and out-
puts for an audio tape deck are
also provided. A switchable image
enhancer improves contrast and
sharpness for either playback or
dubbing purposes.

The NEC model AV-200F is
priced at $199.00.—NEC Home
Electronics (USA) Inc., 1401 Estes
Avenue, Eik Grove Village, IL
60007.

SCANNER, model HX750, is a six-
channel hand-held scanner that
can monitor activity in six popular
bands—including such services as
police, fire, public safety, aircratt,
business, and amateur 2-meter
bands. Channels can be scanned
automatically at about 15-per-sec-
ond, or stepped manually.

Individual channel lock-out
switches temporarily skip over un-
wanted channels. LED’s indicate
which channel is being
monitored.

The model HX750 comes with an
AC adapter/charger, a flexible
(“rubber ducky”) antenna, and a
wire antenna. It offers both a built-
in speaker and an earphone jack
for private listening. It can be op-
erated from a 6-voit external DC
power-supply, or four standard or
rechargeable AA batteries (not in-
cluded). Current drain is 16 mA
(stand-by, squelch on) to 70 mA at
full audio output. The unit is FCC-
certified (part 15, subpart C); it
measures 3% X 52 x Tinches and
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weighs approximately nine
ounces (without batteries). It is
priced at $159.95.—Regency Elec-
tronics, Inc., 7707 Records St., Indi-
anapolis, IN 46226-9989.

HICROCONTROLLER, the model
R8E is an enclosed, stand-alone
programmable-control system
that features real-world inputs and
outputs. It 1s configured as a pro-
grammable controller, data logger,
or interface device; both trans-
ducers and AC devices mav be
connected directly. Included are
high and low level A/D inputs (8
channels), numerous digital-con-
trol lines, parallel and serial ports,
and solid-state power relays. The

CIRCLE 13 ON FREE INFORMATION CARD

controller is programmed in its
resident BASIC interpreter
through any terminal or CRT; no
“programmer” or host system is
needed. Sockets tor up to 16k of
ROM/EPROM or RAM are
provided.

The model R8E runs on 2-volts
DC or 24-volts DC and is priced at
$599.00.—HHS Microcontrollers,
5876 Old State Road, Edinboro, PA
16412

OSCILLO model
1580 teatures dual time-base cir-
cuitry and 5 mV/div vertical sen-
sitivity over the 100-MHz band-
width with 1-mV/div vertical sen-
sitivity to 50 MHz in the x5 mode.
The V mode can be used to display
two signals unrelated in trequen-
cv. Other features include Z-axis
input; Channel-1 output; cali-
brated delayed sweep; X-Y opera-
tion; Channel-2 invert; 20-MHz
bandwidth limiter, and a variable
trigger hold-ott that permits stable
observation of compiex pulse
trains.

The user can select from 23 cali-
brated sweep-time ranges irom 0.5
s/div to 20 ns/div in a 1-2-5 se-
quence. Sweep time is tullv ad-
justable between calibrated
ranges. To allow closer examina-
tion of waveforms, a x 10 sweep-
magnification teature is provided.

CIRCLE 134 ON FREE INFORMATION CARD

The triggering circuitry ofters
tive trigger sources: CH1, CH2, EXT
ernal, LINE, and v nODE. In the v
moDE, each waveform displayed
becomes its own trigger, thereby
allowing steady display of two sig-
nals unrelated in frequency. Sig-
nals are displayed on an 8 x10 div
(1 div 10mm) rectangular CRT
with internal graticule and 16-kilo-
volt accelerating potential.

The model 7580 is priced at
$1,595.00.—B&K Precision/Dyna-
scan Corporation, 6460 West Cor-
tland Street, Chicago, IL 60635. R-E |
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Where's Your ELECTRONICS Career Headed?

Yes it’s your move. Whether on a chess board
or in your career, you should plan each move
carefully. In electronics, you can move ahead
faster and further with a

B. S. DEGREE

Put professional knowledge and a COLLEGE
DEGREE in your electronics career. Earn your
degree through independent study at home,
with Grantham College of Engineering. No
commuting to class. Study at your own pace,
while continuing your present job.

The accredited Grantham non-traditional
degree program is intended for mature. fully
employed workers who want to upgrade their
careers . . . and who can successfully study
electronics and supporting subjects through

INDEPENDENT STUDY, AT HOME

Free Details Available from:

Grantham College of Engineering
10570 Humbolt Street
Los Alamitos, California 90720

m—————————

The Move You Make Today Can Shape Your Future

Independent Home Study Can Prepare You

Study materials, carefully written by the Gran-
tham staff for independent study at home, are
supplied by the College. and your technical
questions reiated to those materials and the
lesson tests are promptly answered by the Gran-
tham teaching staff.

Recognition and Quality Assurance

Grantham College of Engineering is accredited
by the Accrediting Commission of the National
Home Study Council.

All lessons and other study materials, as well as com-
munications between the college and students, are in the
English language. However, we have students in many
foreign countries; about 80% of our students live in the
United States of America.

Grantham College of Engineering R-1.85
10570 Humbolt Street, Los Alamitos, CA 90720

Please mail me your free catalog which explains your
B.S. Degree independent-study program.

Name Age
Address
City. State Zip
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Get rid of switching woes, and that
“pile of spaghetti” in back of your TV set,
with the “Select-A-Matic” RF switcher.

RF

IN THE DIM PRE-HISTORY OF THE ELEC-
tronic age, just after the disappearance of
the dinosaurs, the family television set
had but one simple job—displaying
broadcast TV signals (although many of
you probably thought that it was to keep
your children from doing their home-
work).

Not any more.

Today's family television set has a
whole new set of functions. And it some-
times seemis that not a day goes by without
the development of yet another device that
uses the tube for a display. Computers.
videodiscs. VCR’s, and videogames all
compete with the simple antenna for ac-
cess 1o the back of the set. But since the
input on most televisions is limited to the
two little screw terminals for the antenna,
you can find yourself doing a lot of wire
swapping anytime you decide to watch a
tape or blast a few aliens.

That is, unless you build the Select-A-
Matic. That device can take any one of
eight inputs and assign it to any one of
four outputs. Not only will that make it
much easier to organize things. it will also
help eliminate the usual pile of “spaghet.
ti”" found at the back of the set. Keyboard
entry and a visual display make operation
of the Select-A-Matic a snap. And even if
you don’t have a lot of interest in RF
switching. the theory and design can easi-
ly be incorporated into audio. appliance
control, or just about any area where you
need 1o choose among several devices.

The theory behind the Select-A-Matic
is evident when you take a look at Fig. I,

L £V TW TS5 S VP T T

(& msas

SWITCHER

the block diagram of the circuit. One in-
put and one output are selected from a
keyboard. and the control signal that re-
sults 1s stored in a latch at the selected part
of the circuit. It’s really that simple.
There’s nothing exotic in the parts list and
the basic design of the Select-A-Matic is
easy to adapt to a whole host of other uses

The simplicity of the circuit can be seen
further in Fig. 2, the schematic. Since
we’re dealing with eight inputs and four
outputs, there are 32 possible combina-

QuUTPUT

ROBERT GROSBLATT

tions we have to be able to select. Al-
though there are several ways to handle it.
the most straightforward approach is to
arrange the 1/0 in a matrix with the inputs
on the columns and the outputs on the
rows as shown in Fig. 3. Selecting an
input turns on the whole column and se-
lecting an output turns on a whole row.
That scheme routes the selected input ex-
clusively to the selected output

The easiest way to see how that theory
is translated from ink to electrons is to go

KEYBOARD - — = INPUT SELECT
T
' |
|
e S e > QUTPUT SELECT
Y
ISOLATION AND
DISPLAY
—} - — p—
[ 1 ¥
1/0 1/0 10 1/0 RF
BOARD 1 [ BOARD?2 [*—| BOARD3 [*— B8DARD4 [ INPUTS
| [ ‘
o o 0o 0 9,
RF OUTPUTS

FIG. 1—BLOCK DIAGRAM of the Select-A-Matic. The unit can switch things other than RF signals by
modifying the I/O boards to suit the particular application.
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LOGIC INPUT SELECT
A

f ™\

111“4

Y
2 o) SELECT-
LOGIC ol A
OUTPUTS o MATIC
SELECT o| OUTPUT
(ROWS)
\6 000000 r.L,
W
SELECT-AMATIC INPUT
(COLUMNS)

FIG. 3—IN THE SELECT-A-MATIC, switching is
handled using a matrix arrangement.

back to the schematic and follow the oper-
ation of the circuit. ICl-a and 1C1-b are
halt a 4011 quad NaND gate set up as a
vated oscillator running at about 8 kHz.
That simply means that a high on pin 2
turns the oseillator on. and a low wms it
off. The output is connected to the clock
input of 1C2. 4 4017 decade counter. That
IC sequentially turns cach of its Gutputs
high as long as pin 13. the ENABLE input.
is held low. When one of the INPUT SELECT
switches, S1 to 89, is closed. nothing
happens until that particular output ot the
4017 goes high. As soon as itdoes. one of
the corresponding kevboard diodes. DI to
DY, is forward biased: that disables both
the cloek through ICI-d) and [C2 (by
presenting a high to its ENABLE input).

That same high also stores the selected
column information in 1C3. a 4508 dual
quad latch. Although that 1C has two sep-
arate quad latches. weve set it up—and
shown it in the schematic—as an octal
fatch by connecting the control pins of
cach side in purallel. Pins 2 and H control
the 1Cs inputs. When thev're high. data
presented to the inputs will be stered. and
when they're low. the inputs are ignored.
Closing one of the input switches, there-
tore. selects one of the inputs and stores it
in the “column™ latch. You should also
notice that we 're able to get an input-clear
function for free by selecting one of the
4017 outputs that’s not connected to 1C3.
That's taken care of by connecting the
CLEAR IN switch to pin 9. an unused out-
put of the 4017, When it's pressed. eight
lows are stored in [C3. overwriting any
other data that was stored there.

Pins 3 and [5 of the 4508 are the output
control pins. Bringing them low will en-
able the outputs. and making them high
will put the IC in its high-impedance
made. Since there’s no need for that in the
circuit all these pins are connected to-
gether and tied low, permanently enabling
the outputs of all the 45087 in the circuit.
The importance of that can be scen by
looking at the row selectors, 1C4 10 1C7.
The inputs of those 1Cs are all in parallel
and are connected to the outputs of 1C3 11
1C3 was allowed to go to its high-impe-
dance state, the inputs of 1C4 to 1C7
would be able to float and. since we're
dealing with CMOS. that is a definite no-
no.

The operation of the row selector is
much the same as the column selector.
Closing one of the oUTPUT SELECT
switches. S11 to S, causes the selected
IC to store whatever information is pre-
sented at its inputs. Since the outputs are
always enabled. they follow the inputs,
and the selected control signals are avail-
able on the appropriate line of the 32-bit-
wide output bus. Selecting one input and
one output, therefore. will turn on one of
the output. control lines. Since the out-
puts are grouped in four rows of cight
lines. selecting an output for IC4. for ex-
ample. won’t change the information
stored in 1CS to IC7, the other output
latches.

Turning oft the outputs can be done one
of two ways. You can press the CLEAR IN
key und then select the output you want to
turn off. That will store a low in each cell
of the output latch and turn off everything
controlled by it. Closing switch S10 will
turn oft all the outputs as well as clearing
the input latch. 1C3. That happens be-
cause all the cLear pins of the 4508°s are
tied together and pressing SHO brings
them all high. Ordinarily they're con-
trolled by IC1-c. That gate is set up as a
power-on reset to make sure that all the
latches are cleared when the Select-A-
Matic is first tumed on. Resistor RS and
capacitor C2 generate a negative pulse at
power up. The pulse is cleaned up and
inverted by IC-c. causing a short positive
pulse to be sent through R3 to all the clear
pins of all the latches. After that. the clear
pin is held low unless S10 is closed.

Each of the output control lines go
through a IN914 diode and an LED. Both
of those devices help isolate the digital
control ¢ircuitry from the things they're
controlling. The LED’s also serve to show
which outputs are turned on. but it’s inter-
esting to note that they ‘re also used as old
fushionad diodes. The great majority of
the circuits that have LED's in them use
them only as status indicators of one kind
or another and it's easy to forget that
they're really diodes. not some kind of
long lasting light bulb. One side benetit of

ISOLATION
CAPACITORS
TYPICAL
RF
INPUT
o scuﬁmv i
DIODE i
OuUTPUT
FROM LOGIC
SELECT OUTPUT
S
FROM OTHER LED CURRENT
CAPACITOR-DIODE SERIES  LIMITER
COMBINATIONS % OC RETURN

FIG. 4—DIODE SWITCHING is used to handle
the RF switching in the Select-A-Matic. Because
they can handle the frequencies involved,
Schottky diodes are used.

using them like this is they don’t have to
have their own current limiting resistors.
You can’t forget about that altogether be-
cause some other part of the circuit can
take care of it

The RF switching of the Select-A-
Matic is a straightforward application of
diode switching. Figure 4 makes it a lot
easier to see what's going on. The input
signal passes through a capacitor to iso-
late the source of the signal from the DC
conrrol voltages generated by the Select-
A-Matic. The next thing the signal sees is
a Schottky diode that does the actual
switching in the circuit. As long as the
Select-A-Matic has the output turned oft,
the diode is turned oft. When the output is
turned on, the diode is forward biased and
starts conducting. The input RF passes
through the diode. the output capacitor.
an¢ shows up at the output connector of
the Select-A-Matic. The resistor not only
provides the DC return for the Schottky
diode. it also serves as the current limiter
for the LED.

The layout

As you can see. the basic operation of
the Select-A-Matic is easy to understand
and, although we're using it to switch RE,
the same approach can be used to switch
just about anything. The PC layout (the
toit patterns for the boards are shown in
Figs. 5. 6. and 7) was designed with the
aim of making the Select-A-Matic as ver-
satile as possible. All the digital control
circuitry is located on the main logic
beard (see Figs. 5 and 6). The output bus
shows up at the far end of that board and is
grouped conveniently in four groups of
nine solder pads—the ninth connection is
svstem ground. It you want to switch au-
dio signals. for example. you only have to
design your analog 1/0 (to replace the RF
1O used by this project) and connect it to
the logic /O on the logic board of the
Select-A-Matic.

The 1/0 boards of the Select-A-Matic
(sce Fig. 7) have temale connectors (see
Fig. 8) to mate with right-angle male con-
nectors on the logic board making the
assembly of the whole unit a plug-in oper-
ation. The connectors used are header
strips with O.l-inch spacing. Of course
you can replace the board connectors with
wire. but since we're switching RF, you'll
have to be really careful about length,
layout. and shielding. The frequeacies
being switched by the Select-A-Matic can
20 up as high as 800 MHz.. (the top of
UHF). and signal behavior can get really
strange when you get up in that kind of
raretied atmosphere. Stray capacitance,
leakage. and some unplanned-for reso-
nance are only a few of the pitfalls that can
completely foul up the operation of the
circuit. If you take a look at the foil pattern
tor the 1/0 boards. you'll see that compo-
nent leads are kept as short as possible and
several options are provided for handling
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FIG. 5S—COMPONENT SIDE of the double-sided logic board. The board is shown full sized.

ground

A ground plane is provided for both the
RF ground. (at the top of the board). and
logic ground. (at the bottom of the board).
"The answer to how vou should handle this
is a resoundingly unsatistving it de
pends.” There are as many theories about
grounding as there are about why the di-
nosaurs disappeared. The best approach is
o try various things and decide what
works best. It pains us to say this, but as
far as this problem is concerned. a logical
approach is no help whatsoever. Anvone
who uses a simple dipole antenna for FM
knows that there is a prescribed wav to
orient it. Thev also know that the best
orientation is usually found by bunching it
up and throwing it on the floor!

Pads are provided on the /O board 10
connect RF and logic ground as well as
mounting holes if vou want to surround all
the components on the RF circuit with a
metal shield. You should use shielded ca-
ble to go trom the chassis-mounted F-
connectors at the back of the unit to the
1O boards. There are places on the 10
hoard to connect the cable shield (see Fig.
9). But whether connecting the shield
there. elsewhere. or nowhere works best
18 something vou'll have to tind out by
experiment.

For what 1t’s worth. here’s what hap-

pened inour case. We had a lot of rouble
with crosstalk when we first assembled
the Select-A-Matic. We got rid of it com-
pletely by lining the inside of the case
with aluminum foil (see Fig. 10). That tied
together all the RF grounds at the chassis-
mounted F-connectors. We connected the
shield of the cable on the case side but lett
itunconnected at the 0 boards. Jumpers
on the 'O boards were used to connect the
RE and logic ground. That eliminated all
of our crosstalk problems. If it had not.
the next step would have been 1o build
shields for the /O boards—probably with
aluminum foil at first and then with cop-
per foil so we could solder 4 connection
from the shield to the board. TFortunately
thut nightmare was unnecessarv in our
case

Since signal strength in our location is
verv good. the slight loss of signal
through the Schottky diodes didn’t pres.
ent us with any problem. You mayv tind
that to be different—it all depends where
vou hive. In general. signals that come in
well won't be degraded much by putting
the Sclect-A-Matic in the signal path. If.
however. you're looking at reception
that’s marginal even on a good day. vou've
got a problem. You can use the Select-A-
Matie to handle home-grown RE from
such things such as VCR's. videogumes.

>l
-

and the like. but broadcast signals are
probubly out of the question unless vou
add an REF amplitier to the Select-A-Matic
output lines. That can be a one-transistor
circuit or anything vou need to get the job
done

Construction

There’s nothing especially ditficult
about constructing the Select-A-Matic 1
vou use PC boards. As previously men
tioned. the foil patterns tor that board. one
of which 1s double-sided. are shown in
Figs. 5. 6. and 7: the parts placement
diagrams are shown in Figs. 9 und 11
Wirewrapping or breadboarding are un-
suituble because of the frequencies run.
ning around the circuit. The breadboarded
version we built worked. but the pertor-
mance of the circuit was terrible. When it
was put on PC boards. noise. crosstalk.
rejection. and all the other things that had
been a problem completely disappeared
Remember. CMOS digital signals are just
about noise immune—even i you grind
the wires into the ground with vour heel
Look cockeyed at RF and the whole cir-
cuit can go bananas

The power supply for the Select-A-
Matic is designed to be located elsewhere
All vou've got s a jack for a small wall
unit that puts out more than 3- but less
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FIG. 6—FOIL SIDE of the logic board. The board is shown here full sized.

SELECT-A-MATIC /O
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FIG. 7—FOIL SIDE of the 'O board. Four of these
single-sided boards are required.

than 7-volts DC with a reasonably small
amount of ripple. It vou use one that’s
really noisv, you can put a mee chunky
capacitor across the pins ot the jack on the

chassis. IFit's really & problem isolate the
circuit by putting u resistor 1n series be-
tween the power supply und the Select-A-
Matic—yvou can use the power jack tor
that as well. Since the whole circuit draws
less than 20 maA. & value around 200 ohms
should be in the ballpark. You can also
leave out the protection diode on the
line. but it's alwavs better 1o be sate thun
SO

The switches used in the Select-A
Mane are soldered directly te the logic
circuit bourd. Thev're muade by Ouk
Switches and the pin spacing on the board
was designed 10 accommodate them

-

FIG. B-—HEADER STRIPS are usec to make the
connections between the |'O boards and the
logic board.

)
>

Those switches are brand new (and a spe
cial thank you to Henry Richter. Inc. tor
providing them to us tor use in this proj
ect). but should be available from most
O:k distributors by the time vou read this
It vou have a hard time finding them. vou
can muke up a wiring harness and locate
the switches off the board. The same 1s
true of 1.LED33. the power pilot-light. Just
make sure vou keep the feads stratght and
remember that the current himiter for that
LED. RI4.1s located on the board
When vou're assembling the board

watch the polarity ol all the diodes. es
pecially the Schotthy diodes. These are a
lot more expensive than vour garden-vari
ety diodes und 1t's distressing. 1o sav the
least. 1o breah one when vou solder it. We
used those diodes because they re fast
cnongh and have a low ¢nough wirn on
voltage (0 be pertect tor UHF nuxing
Although we haven't tried it IN9I4 or
IN34A germanium diodes could be used
as well, but we don’t know how tur up the
specirum vou'll be uble to go betore signal
loss gets eacessive. All we can tell vou is
they work tor channel three but we don't
know it they can even make the trequency
junip found around Channel 6. 11 vou want
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to try them, go ahead.

Since the logic board is double-sided.
you'll have to solder feedthroughs from
one side of the board to the other. Thread
hookup wire back and forth through the
indicated holes (marked with an asterisk
in Fig. 11, solder on both sides and then
cut itoft. We tried to do all the side jump-
ing on component legs. but there aren’ta
lot of components on the board so there
are quite a few stand alone feedthroughs.

Use IC sockets. caution, and common
sense o keep potential problems from the
board. And make sure you use a low-
watlage iron when you're soldering the
diodes—glass-cased diodes are really
fragile.

One note on the 1O board. While there
are four such boards required. only one is
shown in the interest of space. All four

uT1 |
RF INPUTS I RFINPUTS
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| Lo ben ! 1
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FIG.9—PARTS PLACEMENT DIAGRAM for the |
Oboards. Note that only board 1is shown: four I/
O boards in all are used by the project (see text).

FIG. 10—TO ELIMINATE CROSSTALK, the inside
of the case was lined with aluminum foil.
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FIG. 11—PARTS PLACEMENT diagram for the main lo
asterisk—feed throughs are required at the 1’0 conn

gic board. Note that—although not marked by an
ections.

PARTS LIST

Al resistors ' watt, 5%, unless other-
wise noted

R1, R3, R4, R6-R9—10,000 ohms

R2, R5—100,000 ohms

R14—1000 ohms

R10—R13—270 ohms

Capacitors

C1, C2—.01uF, ceramic disc

C3-C38—12pF, ceramic disc

Semiconductors

1C1—4011 quad nanp gate

IC2—4017 decade counter

1C3-1C7—4508 dual quad Latch

D1-D41—1N914 diodes

D42-D73—5082-2835 Schottky diodes

D74—1N4001 diode

LED1-LED34—miniature LED's

S$1-814—SPST switch, momentary

boards are identical. In other words.,
where board | (shown) uses eight 12-pF
capacitors (C3-C10), board 2 (not shown)
uses cight 12-pF capacitors (CIH1-CI8)
and o on. A quick look at the schematic
(Fig. 2) should help remove any con-
fusion: which components go on which
board is clearly shown there.

Troubleshooting

I the unitdoesnt work when you get it
all assembled. and it probably won't the
first time. use all the standard trou-
bleshooting techniques. The most suspect
things are muhamu.xl—suldcr bridges.

bad joints. components in backwards. and
all of the rest of the usual stuff. If every-
thing seems OK as far as that goes. then
start suspecting the components. Is the
clock clocking? Are signals showing up

pushbutton (Oak 225)
$15—SPST switch, toggle
J1-J12—F-type connectors, chassis
mount
J13—miniature jack
Miscellaneous: PC boards, aluminum
foil for shield, case, wire, solder, male
header strips, right angle (AP products
929835 or equivalent), femate header
strips (AP products 929974 or equivalent),
etc.

A set of the five PC boards, etched and
drilled, but not plated through, is avail-
able from Hal-Tronix, PO Box 1101,
Southgate, MI 48195. The price is
$39.95. Please add $2.00 for shipping
and handling. Mi residents add 4% tax.

where they should?—but you've heard all
of that before, Exercise simple caution
and you shouldn’t have any major prob-
lems (famous last words). Actually,
though. the circuit is simple enough to
severely limit the number of problems you
can have. Save att your energy for liguring
out how to take care of the ground.,

I you find that nothing you do will
solve the Kinds of RF problems we talked
about before., you always have the option
of substituting small relays for the Schot-
1Ky diodes and capacitors (RF). That kind
of last resort solution should work no mat-
ter what the problem is. And you'll be
able to switch anything—including audio
and video. Another benefit you'll get is
that the coil resistance of the relay will
probably be great enough o work as a
current limiter for the LED's. R-E
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WE ALL KNOW WHAT THERMISTORS ARL
The name “thermistor™ atself” gives us a
cood dea: THERMal resiSTOR—a de-
vice whose resistance changes with tem-
perature. While vou nught be familiar
with those devices from building one of
the projects you've seen in Radio-Elec-
tronics that used them. do you reall:
know how to design with them
Thermistors are highly nonlincar—and
often only loosely detined—devices
That's the reason why even many experi-
enced engineers and circuit designers do
not leel at ease with them. But once you
get tamiliar with them. vou'tt find that
thermustors are actually quite straighttor-
ward. That's what this article s for: 10

HARRY L. TRIETLEY

help vou become famibar with ther-
mistors. This month. we’ll studv the
busics of thermistors—how they re made.
what types are available. the equations
and specitications that describe them, and
how they typically behave. Atfter we go
through the basics. we'll present design
technigues. circuit examples. and ap-
plications ideas.

Thermistor basics

We should start oft by saving that not
all devices that change resistance with
temperature are called thermistors. For
example. resistance thermeometers are
made tfrom small. wirewound coils or
from deposited metal tilms. While theyv

ALL ABOUT
THERMISTORS

Here's an article designed to make you feel at ease with thermistors.
This month, we'll look at thermistor basics.

are iemperature dependent. they don't be-
have like thermistors. The term thermistor
1s generally reserved tor thermally sen
sitive semiconducting devices

There are two general classes of ther-
mistors: NTC (Negative Temperature Co-
etticient) and PTC (Positive Temperature
Coefticient). There are two distinctly dif-
terent types of PTC thermistors manufac-
tured. One is produced by means similar
1o NTC thermistors. the other is made of
silicon. We will cover PTC's only brietly.
reserving most of the space for the much
more common NTCs. In fact. from this
pointon. unless we specify otherwise. we
will be talking about NTC-tvpe ther-
mistors




NTC thermistors are nurrow-range.
aighly sensitive, nonlinear devices whose
resistances decrease with increasing tem-
perature. Figure 1—a curve relating resis-

TABLE 1— RESISTANCE-TEMPERATURE CHARACTERISTICS OF
TYPICAL NTC THERMISTORS

tance change to temperature—shows Temperature 1000 @ 25°C 1K @ 25°C 10K @ 25°C 1MEG @ 25°C

Wpical resistance-temperature charac- -80°C (- 1112°F) 14.47K 278.80K 3558K
teristics. The sensitivity is about 4-5%/°C - 70:C (—94°F) 7475 132.60K 1694K
(1°C = 2.5°F). A wide range of resistance -60°C (- 76°F) 4066 66.78K 845.9K
is available. and resistance chunges may —50°C (- 58°F) 2315 35.39K 441.3K
be Ny uI.uns or even kilohms per de- —40°C (- 40°C) 1374 19.64K 239.8K
s ’ > P —-30°C (-22°F) 846.0 11.35K 135.2K
gree. - 20°C (- 4°F) 538.9 6815 78.91K
-10°C (14°F) 354.1 4232 47.54K

40 ' | A 0°C (32°F) 239.2 2710 29.49K 3966K

\\ i 10°C (50°F) 165.9 1785 18.79K 2238K

e 38 OOV 20°C (68°C) 17.7 1206 12.26K 1299K

30 | | 30°C (86°F) 85.4 834.0 8194 774.5K

o \ ' 40°C (104°F) 63.1 589.5 5592 473.2K

£ 28 \\ : 50°F (122°F) 47.5 4248 3893 295.9K

= T 60°C (140°F) 36.4 311.9 2760 189.1K

§ 20 A i 70°C (158°F) 28.3 233.0 1990 123.3K

= s A\ ' 80°C (176°F) 22.3 176.9 1458 81.98K

2 T \; 90°C (194°F) 17.8 136.2 1084 55.48K

a 1.0 — \ 100°C (212°F) 14.3 106.4 816.8 38.20K

05 | 110°C (230°F) 623.5 26.76K

O i - 120°C (248°F) 481.8 19.03K

o L1 1 - 130°C (266°F) 376.4 13.74K

-20 0 20 40 60 80 100 120 140°C (284°F) 297.2 10.05K

TEMPERATURE—DEGREES CELSIUS 150°C (302°F) 237.0 7447

FIG. 1—NEGATIVE TEMPERATURE COEFFI-
CIENT thermistors are very sensitive and highly
nonlinear. Ro may be ohms, kilohms, or
megohms.
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Basically. thermistors are semicon-
ducting ceramics. They are formed from
powdered metal oxides (usually nickel
and manganese oxides), sometimes with
small amounts of other oxides added. The
powdered oxides are mixed with water

RODS

U

MOUNTED BEAD

!

GLASS PROBE

PROBE ASSEMBLIES

p—
DIsSCs

HI-TEMP.

EVACUATED OR
GAS FILLED BULB

and various binders to form a slurry,
which is formed into the desired shape
and sintered (fired) at temperatures above
1000°C (1832°F). A conductive metal
coating (generally silver) is fired on. and
leads are added. The finished thermistor is
usually coated with epoxy or glass. or
otherwise packaged.

e

— e

=

BEADS

FIG. 2—A BROAD VARIETY OF thermistor styles and assemblies are available. Shown here are some

of the more common.

As you can see from Fig. 2, there is a
wide variety of thermistor styles avail-
able. Those styles include dises and wash-
ers from under (0.1 inch to an inch or so in
diameter. and rods of various dimensions.
Some thermistors are formed first as
large. flat sheets. then diced to form
squares. Very small bead thermistors are
made by tiring a drop of the slurry directly
on a pair of high-temperature platinum
alloy lead wires, then dipping the ther-
mistor in glass to coat it.

Typical specifications

To say “typical specitications™ is mis-
leading—there are very few typical speci-
tications for thermistors. The wide variety
of thermistor styles, sizes. shapes, resis-
tances. and tolerances that are available
creates an equally wide variety of speciti-
cations. What's more. thermistors oftered
by different manufacturers often are not
interchangeable with one another.

Table | lists resistance versus tem-
perature for a few commercially available
devices. You can buy thermistors with
resistances (at 25°C—which is how a ther-
mistor’s resistance is normally specified)
as low as one ohm and as high as ten
megohms or more. A thermistor’s size
and shape influence its resistance, but for
any given style the manufacturer can
provide a five- or six-decade range of re-
sistance values simply by changing the
oxide mixture. Changing the mixture also
changes the shape of the resistance-tem-
perature (R-T) curve and influences the
stability at high temperatures. For-
tunately, thermistors that have resistances
high enough to be useful at high tem-
peratures also tend to be more stable.




Inexpensive thermistors usually have
fairly loose specifications. For example.
resistance tolerances (again at 25°C)
range from *20% down to *=5%. At
higher or lower temperatures. those speci-
fications loosen further. Fora typical ther-
mistor with a sensitivity of 4% per degree
C. the corresponding temperature mea-
surement tolerances are around =5 to
+1.25°C (=910 =2.2°F) at 25°C. Much
higher precision is available at costs gen-
erally ranging from $2.00 on up. depend-
ing on specifications. We will explore
high-precision thermistors later in this ar-
ticle.

We stated earlier that thermistors are
narrow-range devices. That should be
clarified: Most thermistors operate from
—80° to +150°C (112 to +302°F). and
units are available (generally glass coated)
which work 10 400°C (752°F) and beyond.
For practical purposes. however. the high
sensitivity of thermistors hmits their
useful temperature range. A typical ther-
mistor’s resistance may change by 10,000
or 20.000 to one between — 80 and
+150°C. You can imagine the difficulty
of trying to design a circuit that will accu-
rately measure both ends of such a range
(unless you use range switching). A ther-
mistor having a useful resistance at zero
degrees will be no more than a few ohms
at 400°C.

Most thermistors use solder to attach
their leads internally. Obviously. you
can’t use such a thermistor to measure
temperatures higher than the melting
point of solder. Even without solder. their
epoxy coatings are good only to around
200°C (392°F). For higher temperatures it
is necessary to use glass-coated ther-
mistors with welded or fired-in lead
wires.

Stability considerations also limit high-
temperature use. Thermistor structures
tend to change when left at high tem-
peratures, and the rate and type of change
is greatly affected by the oxide mix and
the way that the thermistor is manufac-
tured. Epoxy-coated thermistors begin to
drift a bit at temperatures above 100°C
(212°F) or so. If such a thermistor is oper-
ated continuously near 150°C. it may drift
by several degrees in a year. Low-resis-
tance thermistors (below, say. 1000 ohms
at 25°C) often are worse—they can drift
noticeably when used at about 70°C
(158°C) and become unreliable by 100°C.

Inexpensive. loosely specitied devices
are produced with less attention to detail
and can give even worse results. On the
other hand. some properly constructed
glass-coated thermistors have excellent
stability at even higher temperatures.
Glass-coated bead thermistors show ex-
cellent stability as do the glass-coated disc
thermistors that have recently become
available. Remember that drift depends
on time as well as temperature. So. for
example. you can generally use an epoxy-

coated thermistor for brief times at 150°C
without significant shifts.

When using thermistors you must be
aware of the specitication for dissipation
constant. A small epoxy-coated ther-
mistor., for example. will have a dissipa-
tion constant around one milliwatt per
degree C in still air. In other words. one
milliwatt of power in the thermistor will
raise its internal temperature by one de-
gree C: two milliwatts will raise it by two
degrees, ete. If you apply one voltto a 1K
thermistor with a dissipation constant of |
mW/°C, yeu will produce a measurement
error of 1°C. Thermistors will dissipate
more power if they are immersed in lig-
uids. The same small epoxy-coated ther-
mistor we used in our example will
dissipate 8 mW/°C in well-stirred oil.
Larger thermistors have better dissipation
constants than smaller devices. For exam-
ple. a one-inch disc or washer may dissi-
pate 20 or 30 milliwatts per °C in air. Keep
in mind that as the thermistor’s resistance
changes with temperature. so does its
power dissipation.

Thermistor equations

There is no such thing as an exact equa-
tion to describe a thermistor’s behavior:
there are only approximations. We will
look at two commonly used approxima-
tions.

The first approximation, an exponen-
tial. 1s reasonably good over limited tem-
perature ranges, especially when using
non-precision thermistors. The second.
known as the Steinhart and Hart equation.
provides excellent precision over ranges
as wide as 100°C.

The resistance of an NTC thermistor
decreases approximately exponentially
with increasing temperature. Over limited
temperature ranges its R-T curve is de-
scribed reasonably well by:

Ry, = Rpe’ (TLz ;')

where Tl and T2 are absolute tem-
peratures in degrees Kelvin (°C +273):
Ry, and Ry, are the thermistor’s resis-
tances at Tl and T2, and B is a constant,
determined by measuring the thermistor
at two known temperatures.

If beta and Ry, are known, this equa-
tion can be rearranged and used to calcu-
late temperature by measuring the
resistance:

1 1 1 Ryz

— = — 4+ —In
T2 T1 B Ry

Beta is a large. positive number whose
units are degrees Kelvin. Typical values
run from 3000 to S000°K. Manufacturers
often include a value for beta in their spec-
ifications but, since the exponential equa-
tion is only an approximation. the value of
beta depends on the two temperatures

used to calculate it. Some manufacturers
use 0 and 50°C: others. 25 and 75°C.

Other temperatures may be used: you
can compute your own values for beta
from the manufacturer's resistance-tem-
perature tables. The equation will typ-
ically agree with measured values to
within = 1°C over a span of 100°C. The
equation should not be trusted very far
beyond the temperatures used to tind beta.

Before going on to the Steinhart and
Hart equation let us look at two other
terms often used to specify thermistors:
alpha (o) and ratio. Alpha is simply the
slope of the R-T curve—the sensitivity, at
some particular temperature. Alpha is
usuadly specitied as a “percent per de-
gree.” Typical values run between 3%
and 3%/°C. Like beta, alpha depends on
the temperatures at which it is measured.
Its value decreases somewhat at higher
temperatures.

The ratio term is simply the ratio of the
resistance at one temperature (usually 0 to
25°C) to the resistance at a second, higher
temerature. For example. the 0%/50°C
ratio of the 10-kilohm thermistor shown in
Table | is 7.58. Beta may be computed
from this ratio and vice versa. Typical
values of the 0%/50°C ratio are between 5
and 10.

When using precision thermistors. you
generally will have a degree-by-degree
chart of resistance versus temperature fur-
nished in the manufacturer’s data. Some-
times. however. it is handy to have a
precise equation when doing design cal-
culations or (especially) when using a
computer to convert the thermistor’s resis-
tance to temperature. Except for very nar-
row temperature spans. the single-term
exponential is not good enough: more
terms are needed.

The best approximation in common use
today is known as the Steinhart and Hart
equation:

lT = a+bInR+C (InR)3

where T is the absolute temperature (in
degrees Kelvin), R is the thermistor’s re-
sistance. and a. b. and ¢ are experimen-
tally determined constants.

Rewriting the equation to show resis-
tance as a function of temperature results
in a rather messy-looking equation.
However. it is easily handled using a com-
puter or programmable calculator:

R = exp [I:_ % +(%2 . g_;)vz]‘a
55 5)T]

1
a-— 5
where « =

(el N

and 3 =
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We should point out that these values of
alpha and beta are not related to the alpha
and beta used with the single-term expo-
nential equation.

Although the Steinhart and Hart equa-
tion is more complex. it generally agrees
with the actual thermistor to within a few
thousandths of a degree over spans as
wide as 1000°C. Of course. it can be that
good only if the experimental thermistor
data is equally accurate. Temperatures
accurate to thousandths of a degree can be
provided only in top-grade laboratories.
You will probably want to rely on the
manufacturer’s tables rather than try 10
provide your own measurements.

To find a. b, and ¢ it is necessarv to
Know the thermistor’s resistance precisely
at three temperatures and substitute each
setof data (R and T) into the Steinhart and
Hart equation. in three unknowns. (The
unknowns are a. b and c.) Algebra must
then be used to simultaneously solve the
three equations to tind the three constants.
Using the manufacturer’s tables, choose R
versus T data at each end and at the middle
of the temperature range you plan to use.
Manufacturer’s generally do not provide
specified values of a. b and c. since they
vary depending on your temperature
range.

Precision thermistors

Ordinary thermistors are specified only
to between *=5% and *=20% at 25°C.
with looser tolerances at other tem-
peratures. With proper manufacturing
control and measurement. however, much

better precision is possible. Three types of

precision thermistors are available: preci-
sion interchangeable discs. precision
beads. and matched-curve bead pairs.
Precision thermistors allow readout in-
struments to be electronically calibrated
without the need for precise temperature
sources. Interchangeable thermistors also
allow replacement of the thermistor with-
out recalibrating the electronics.

Precision interchangeable disc ther-
mistors are manufactured with careful
control and measurement of the R-T
characteristics and stability of the oxide
mixture. Mixes that don’t conform to pre-
cise specifications are discarded. The
thermistors are mixed. shaped and tired
using normal techniques. Then. in a fluid
bath at a carefully controlled temperature.
each thermistor is ground to bring its re-
sistance to a specified value. Before ship-
ment, each thermistor is measured at two
or three temperatures and discarded if it
does not meet specifications.

You can buy stocked. cataloged toler-
ances between (0 and 70°C of = 0.2°C or
=0.1°C, with accuracies loosening to
about +1°Cat —80and + 150°C. Special
high-stability glass-coated disc ther-
mistors are offered with tolerances as tight
as 0.05°C. Figure 3 shows the resistance-
and temperature-tolerance characteristics
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FIG. 3—TEMPERATURE AND RESISTANCE
TOLERANCE for precision interchangeable
thermistors. The dotted lines show temperature
tolerance (= °C) and the solid lines show resis-
tance tolerance ( = %). In a, we see the curves for
a =0.2°C thermistor, while in b we see the
curves for a = 0.1°C thermistor.

need to make precision measurements
with beads (which offer the ultimate in
small size and high-temperature opera-
tion). you can ask the manufacturer to
provide a measurement and printout of
each thermistor’s R-T curve. Or, you can
specify thermistors selected to a specific
resistance and tolerance at one tem-
perature.

Another way in which bead manufac-
turers provide precision and inter-
changeability is to routinely measure each
thermistor. then connect selected matched
pairs in series or parallel to match a spe-
cific curve.

Thermal behavior

Thermistors are resistors. They obey
Ohm’s law (E = | X R)—until you change
their temperature. Remember that it takes
only a few milliwatts to raise a ther-
mistor’s temperature by one degree or
more and that the resistance will drop by
about 4% per degree C. If you connect a
current source to a thermistor. and slowly
increase the current. you will see the volt-
age rise more and more slowly as the
thermistor’s resistance decreases. Even-
tually the voltage will stop rising al-
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FIG. 4—THE RESISTANCE OF AN NTC thermistor drops as it is heated by high currents until it

eventually enters a negative-resistance mode.

tor typical interchangeable thermistors.

Those high-precision. interchangeable
thermistors are available only as small
size discs or squares coated with epoxy or
(for higher stability) glass. Several man-
ufacturers offer some or all of the follow-
ing resistances at 25°C: 100, 300 and 500
ohms. 1.0, 2.252, 3.0, 5.0. 10.0. 30.0.
50.0. 100.0. and 300.0 kilohms and 1.0
megohm. The 2.252. 3.0 and 5.0K ther-
mistors are interchangeable among man-
ufacturers, the other generally are not. A
variety of temperature probes that use
2.252K thermistors are avaiiable.

Bead thermistors can be very precise
and very stable. but their small size and
methods of construction make it impossi-
ble to grind them to an exact value. If you

together. then actually drop as the current
is increased further. The graph of Fig. 4
shows typical voltage-versus-current
curves. Also on the graph are lines indica-
ting constant resistance and constant
power dissipation. At low current and low
power. the curve follows a line of constant
resistance. showing that the thermistor is
not being heated very much. As the power
increases. you can see that its resistance
begins to drop. At the high-power end of
the curve. the thermistor. in a sense, acts
as a negative resistance in that its voltage
goes down as the current goes up.

That's all we have room for now. Next
time, we'll continue with our look at ther-
mistor basics and then turn our attention
to some practical applications. R-E



P t 2 LAST MONTH, W
a r looked at the basic
approach we Il follow to store the contents
of Atari 2600 game cartridges on audio
cassette tape. We also looked at the hard:
ware that’s required. and brietly studied
how cassette /O s handled. This time,

= D) 9[-

discussing cassette /O, Figure S showed a
flowchart that described the cassette-read
algorithm. Let’s look at the software in
more detail to see how it's used to detect
the data and svne pulses. (Remember that
svie pulses are sent out every 2 mullise-
conds. Data pulses are sent between the

might wonder why we write 2000 zero
bits and look tor only 50. There’s o very
practical reason: It allows the automatic
gain control (AGC) of most recorders
enough time to settle down

After the recorder finds 30 consecutive
zero bits, it keeps on looking until it tinds

ATARI Game Recorder

GUY VACHON and DAVID A. CHAN
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You can record the contents of your Atari 208 videogame cartridges on audio cassette tape!
This month, we'll take a look at the scftware that's needed.

we'll look at the software in more depth,
Ihen we It see how we can build the game
recorder and put it to use.

Game-recorder software

The complete software listing tor the
game recorder’s operating systeniappears
in Table . Note that it is written in Z80
mnemonics. Although we won’t be dis-
cussing the software line by line. vou
might want to study Table 1 to get the
details.

When we lett oft last time. we were

svne pulses—a pulse represents a | bit,
while the luck of a pulse represents a zero
bit

When the contents of & game cartridge
Is written o a cassette tape. a header of
2000 zero bits preceeds the actual begin-
ning of the program bits. Atter the header.
the game recorder also writes a (user-se-
lected) Tabel betore cach game. When the
game recorder reads the contents ot acas-
setie tape. its software looks for fifty con
secutive zeros to decide that it has tfound
the beginning of a game program. You

a L bit. It then checks the name tag. which
1S output to the LAST Gasti FousD display.
It the name tag matches the name of the
game you selected, 1t keeps on reading
byvtes and storing them in the RAM. It the
tag doesn’t match, the game recorder
keeps looking tor another start-of-game
header. (We'll give more details on that—
and other operation aspects ot the com-
puter—a little later on in this article )
You may recall that a parity bit s added
0 cach instruction so that the game re-
corder will recognize when something
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At CIE,you get electronics
career training from specialists.

»

If you're interested in learning how to fix air conditioning,
service cars or install heating systems— talk to some other
school. But if you're serious about electronics... even earning an
Associate Degree... come to CIE —The Electronics Specialists.



Why trust your education
and career future to any-
thing less than a specialist?

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

If you talked to some of our
graduates, chances are you'd find
a lot of them shopped around
for their training. They pretty
much knew what was available.
And they picked CIE as
number one.

Be sure to shop around.
Because, frankly, CIE isn’t for
everyone.

There are other options for the
hobbyist. If you're the ambitious
type—with serious career goals in
electronics—take a close look at

what we've planned for you at CIE.

What you should look
for first.

Part of what makes electronics
so interesting is it's based on
scientific discoveries—on ideas!
So the first thing to look for is a
program that starts with ideas
and builds on them!

That's what happens with CIE’s
Auto-Programmed "Lessons.
Each lesson takes one or two prin-
ciples and helps you master them
—before you start using them!
How practical is the
training?

This is the next big important
question. After all, your career
will be built on what you can do—
and on how well you do it.

Here are ways some of CIE’s
career courses help you get your
“hands-on” training...

With CIE’s Personal
Training Laboratory...
you learn and review the basics—
perform dozens of experiments.
Plus, you use a 3-in-1 precision
Multimeter to learn testing,
checking, analyzing!
When you get your own
5MH., solid-state
oscilloscope, you take some
real professional steps. You use
it as a doctor uses an X-ray
nachine—to “read” waveform
atterns...lock them in...study,
nderstand and interpret them!
Vhen you get your Digital
2arning Laboratory, you'l

be into digital theory—essential
training today for anyone who
wants to keep pace with the state
of the art of electronics. With
CIE’s Digital Lab, you'll be
applying in dozens of fascinating
ways the theory you've learned.
For example, you'll compare
analog and digital devices. You'll
learn to make binary to decimal
conversions and to work with
semiconductor devices and
circuits. You'll see how digital
equipment is vital to today’s
exciting, growing fields such as
security... where digital theory
provides the brains for space-age
alarm and protective devices.
You’ll build your Microproc-
essor Training Laboratory,
a working microcomputer—from
“scratch.” You'll also learn how
to program and interface it with
displays, memories, switches,
and more.

Earn An Associate Degree
from CIE.

One of the best credentials
you can have in electronics
—or any other career field
—is a college degree. That's
why CIE gives you the op-
portunity to earn an
Assocnate in Applied

Cl

in Electronics Engineering Tech-
nology. Any CIE career course
can offer you credit toward the
degree...more than half of the
number needed in some cases.
You can also prepare for the
overnment-administered FCC
Federal Communications
Commission) Radiotelephone
License, General Class. It can be
a real mark in your favor...
government-certified proof of
your specific knowledge and
skills.
Shop around...but send for
CIE'’s free school catalog
first!
Mail the card. If it's gone, cut out
and mail the coupon. If you prefer
to write, mention the name and
date of this magazine. We’'ll send
you a copy of CIE’s FREE school
catalog—plus a complete pack-
age of independent home
study information! For your
convenience, we'll try to have a
representative contact you to
answer your questions.
Mail the card or coupon—
or write: CIE, 1776
East 17th St,,
Cleveland,
OH 44114.

Cleveland Institute of Electronics, Inc.

MAIL TODAY!

l-----1

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

VES... I'm shopping around for the right kind of career training in electronics —
and CIE sounds well worth looking into. Please send me my
catalog—including details about the Associate Degree program—plus my FREE
package of home study information!

EE CIE school

Print Name

Address Apt.
City State Zip
Age Area Code/Phone No.

Check box for G.I. Bill information: [! Veteran Active Duty

RE-01
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IABLE 1—-GAME-RECORDER SOFTWAFE

A

NZ,LOOPD

A(INPUT)

04H

NZ,LAB3

;START OF DOWNLOAD
; PROGRAM

;TURN ON DECIMAL

; POINT

AC

80H
(GAME__SEL_ OUT)A
DE,01FaH
HL,XX2
BITIN
C,BLOCIN
DE

AE

AD
NZ,LOOPE
C.LOOPE
LH,XX3

;FIND 500 ZEROS

;FIND 1ST BIT OF 1ST
; BYTE

BITIN
NC,LOOPF
AQH
B,07H
IX,XX4
BYTEIN
OFH

\GET 1ST BYTE

;CONVERT TO 7 SEG
; AND DISPLAY

1Y, XX5

CONVERT

(CURRENT__GAME__OUT),A

DA "'SEE IF CORRECT
; GAME

AC

D

NZ,BLOCIN

DE,RAM__FIRST__BYTE_ ADD

:GET REST OF BLOCK
A00H
B,08H
1X,XX6
BYTEIN
(JE)A
DE
AD
LAST_PLUS_1_BYTE_ RAM_ HIGH
NZ,LOOPG
CE.OFFFFH
CE
AE
AD
NZ,LOOPH
C,LOOPH

JWAIT ONE SECOND

;TURN OFF DECIMAL
; POINT
AC

(GAME__SEL__OUT),A

;CONTINUATION OF MAIN PROGRAM

CURRENT__GAME__ OUT EQU 8000H LOOPD:  DEC
GAME_SEL_ OUT EQU QAOQOH JP
INPUT EQU 0CO00H LD
RAM_FIRST__BYTE_ ADD EQU 4000H AND
ROM_FIRST_BYTE_ADD EQU 2000H JP
LAST_PLUS_1_BYTE_RAM_HIGH EQU 50H EXX
LAST_BYTE_ADD_ RAM EQU 4FFFH
:START OF INITIALIZATION LD
280
LD  AOOH :CLEAR LEDS EXX
EXX OR
(D BA LD
LD (CURRENT__GAME_OUT)A BLOCIN: LD
LD A3FH LOOPE: LD
LD CA JP
LD (GAME_SEL_OUT)A XX2: JP
EXX DEC
;START OF MAIN PROGRAM LD
LOOP1: LD  A(INPUT) :SEE IF INC GAME ADD
: PUSHED JP
AND Q1H JP
JP  NZ LAB1 LOOPF: LD
LD AQFFH JWAIT AND CHECK
: INPUT AGAIN JP
LOOPA:  DEC A XX3; HP
JP NZLOOPA LD
LD  A(INPUT) LD
JP  NZLAB1 LD
EXX :START OF INC GAME JP
: PROGRAM XX4; AND
LD AB
INC A LD
AND OFH JP
(D BA XX5: LD
EXX LD
LD IY,XX1
JP  CONVERT EXX
XX1: EXX LD
LD CA EXX
EXX CcP
LD (GAME_SEL_OUT)A, JP
LD  DE,7FFFH WAIT HALF A SECOND JD
LOOPB:  DEC A
LD AE LOOPG: LD
ADD AD LD
JP NZLOOPB LD
JP C,LOOPB JP
XX6: LD
;CONTINUATION OF MAIN PROGRAM . INC
LAB1: LD  A(INPUT) :SEE IF COPY PUSHED LD
AND 02H cP
JP NZLAB2 JP
LD  AQFFH :WAIT AND CHECK LD
: INPUT AGAIN LOOPH:  DEC
LOOPC:  DEC A LD
JP NZLOOPC ADD
LD  A(INPUT) JP
AND Q2H JP
JP  NZLAB2 EXX
LD DE,RAM_FIRST BYTE_ADD
:START OF COPY LD
: PROGRAM EXX
LD  HLROM_FIRST_BYTE_ADD LD
LD  BC.1000H
LDIR
;CONTINUATION OF MAIN PROGRAM LABS: LD
LAB2: LD  A(INPUT) ;SEE IF DOWNLOAD
; PUSHED AND
AND 04H JP
JP NZLAB3 LD
LD  AQFFH ‘WAIT AND CHECK
: INPUT AGAIN LOOPI;  DEC

A{INPUT) ;SEE IF RECORD
; PUSHED

08H

NZ,LAB4

ABFFH JWAIT AND CHECK
; AGAIN

A



TABLE 1 (continued)

JP NZLOOPI
LD  A(INPUT)
AND 08H
JP NZLAB4
EXX :START OF RECORD
; PROGRAM
LD AC “TURN ON DECIMAL
: POINT
EXX
OR 80H
LD (GAME_SEL_OUT)A
LD  DE.07DOH
LOOPJ:  AND OFFH :OUTPUT 2000 ZEROS
LD HLXX7
JP  BITOUT
XX7: DEC DE
LD AE
ADD AD
JP NZLOOPJ
JP CLOOPJ
EXX ;OUTPUT BLOCK
: ADDRESS
LD AB
EXX
OR OQFOH
LD  IX,XX8
JP  BYTEOUT
XX8: LD DE,RAM_FIRST_BYTE_ADD
:OUTPUT BLOCK
LOOPK: LD A(DE)
LD IX,XX9
JP  BYTEOUT
XX9: INC DE

CP LAST_PLUS_1_BYTE_RAM_HIGH

JP NZ,LOOPK

LD DE.QFFFFH
LOOPL:  DEC DE

;WAIT ONE SECOND

LD AE
ADD AD
JP NZ,LOOPL
JP  C,LOOPL
EXX :TURN OFF DECIMAL
; POINT
LD AC
EXX
LD (GAME_SEL_OUT)A
LAB4: JP LOOP1

;START OF SUBROUTINES

:BYTEIN SUBROUTINE - GETS ONE BYTE FROM TAPE
iIX = RETURN ADDRESS

;GIVEN: A IS (EMPTY) BYTE

; B IS # BITS LEFT

;RESULT: A IS BYTE

{USES: B
:CALLS: BITIN
:CANNOT AFFECT: DE
BYTEIN: LD  HLXX10 :START OF BYTEIN
: PROGRAM
JP  BITIN ‘GET ENTIRE BYTE
XX10: RLA
DEC B -
JP NZBYTEIN
AND OFFH :COMPUTE PARITY
EX AFAF
LD  HLXX11 :GET PARITY BIT
JP  BITIN
XX11: JP  C.LAB5 :SEE IF ERROR BY
: CHECKING ‘CARRY’
: THEN
EX AFAF
JP  PE,PERROR
P (X)

LABS: EX AFAF :RECALL BYTE &
: FLAGS AND CHECK
: PARITY
JP  POPERROR
P (X)
PERROR: LD A,94H :ERROR, DISPLAY

: MESSAGE
LD (CURRENT_GAME_OUT)A
LD DELAST_BYTE_ADD_RAM
P (IX)

;BITIN SUBROUTINE - GETS ONE BIT FROM TAPE
\HL = RETURN ADDRESS

;RESULT: BIT IS CARRY

;USES: D',E'H’

;CANNOT AFFECT: DE,B,A

BITIN: EXX ;START OF BITIN
; PROGRAM
LD DA ;EXCHANGE
; REGISTERS AND
; STORE A
LOOPM: LD  A(INPUT) ;FIND HIGH
AND 10H
JP  ZLOOPM
LD ESBFH TWAIT 1MSEC

LOOPN: DEC E
JP  NZ,LOOPN

LD E.QCH :SEE IF 1 OR 0 FOR
: 0.25MSEC
LOOPO: LD  A(INPUT)
AND 10H
CCF
JP NZ.LAB6
DEC E
JP NZLOOPO
CCF
LABS: LD E.5DH ‘WAIT 0.65MSEC
LOOPP: DEC E
JP NZLOOPP
LD AD :RECALL A,
; EXCHANGE REGS &
: RETURN
EXX
P (HL)

:BYTEOUT SUBROUTINE - WRITES A BYTE ONTO TAPE
;IX = RETURN ADDRESS

;GIVEN: A IS BYTE

JUSES: B

;CALLS: BITOUT

;CANNOT AFFECT:DE

BYTEOUT: LD B,08H :START OF BYTEOUT
; PROGRAM
LOOPQ: RLCA ;OUTPUT BYTE
LD  HLXX12
JP  BITOUT
XX12: DEC B
JP  NZLOOPQ
AND OFFH ;COMPUTE AND
; OUTPUT PARITY
JP  PO,LAB?
CCF
LAB7: LD  HLXX13
JP  BITOUT
XX13: JP (1X)

:BITOUT SUBROUTINE - WRITES A BIT ONTO TAPE
;HL = RETURN ADDRESS

;GIVEN: CARRY IS BIT

;JUSES: C

;CALLS: PULSE

;CANNOT AFFECT:DE,B.A
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BITOUT: EX AFAF
SCF
LD 1Y, XX14
JP  PULSE
XX14: LD C6BH

LOOPR: DEC C
JP  NZLOOPR

EX AFAF

LD CA

EX AFAF

LD AC

EX AFAF

LD IV, XX15

JP  PULSE
XX15: LD C,6BH

LOOPS: DEC C
JP NZLOOPS
EX AFAF

JP (HL)

TABLE 1 (continued)

\START OF BITOUT

; PROGRAM

;STORE ORIGINAL LABB:
BYTE AND FLAGS

:OUTPUT 1ST PULSE

WAIT LABC:

\GET ORIGINAL FLAGS

; AND BYTE LABD:
\STORE ORIGINAL
; BYTE ONLY

LABE:

;OUTPUT 2ND PULSE

WAIT LABF:
;RECALL ORIGINAL
. BYTE AND RETURN LABG:

;SUBROUTINE PULSE - WRITE A PULSE ONTO TAPE

JY = RETURN ADDRESS LABH:
:GIVEN: PULSE IF CARRY
:USES: C
;CANNOT AFFECT.DE,B
LABI:
PULSE: LD AOCH ‘START OF PULSE
: PROGRAM
JP NC.LABS :SET OUT IF
: REQUIRED LABJ:
OR  80H
LABS: LD  (CURRENT__GAME_ OUT)A
‘OUT AND WAIT
LD C,24H LABK:
LOOPT:  DEC C
JP NZLOOPT
LD AO0H :TURN OFF
LD (CURRENT_GAME_OUT)A LABL:
P (Y)
;SUBROUTINE CONVERT - CONVERTS DATA TO 7 SEGMENT
1Y = RETURN ADDRESS LABM:
:GIVEN: A IS TO BE CONVERTED
;RESULT: A IS CONVERTED DATA
CONVERT: CP  OOH ;START OF CONVERT LABN:
PROGRAM
JP NZLABA
LD AJ3FH
JP (1Y) LABO:
LABA: CP O1H
JP NZLABB

has been misrecorded. I incorrect parin
15 detected when the computer is reading
from the tape. it will stop reading. and the
LAST Gante FoUND display will show @
message of three horizontal bars to indi-
cate an error.

Betore we go any turther. we should
talk @ dittle about the memory mapping
used in the game recorder. The svstem
ROM resides from 0000H 1o 1FFFH
(Note that a capital “H™ indicates that a
number s written in heaxadecimal.) The
game cartridge occupies the second 8K
block—2000H to 3FFFH. The game re-

corder's RAM iy located from 4000 1o
SEFFH. Cassette 10 and the displays are
also memory mapped: The block Trom 800
OH t0 9FFFH is used for the tasT Gam
rouNn display and the cassette data out-
put. while the block from AOOOH o
BFEFH 1s used for the Gasi seveeren
display and for the remote cassette con-
trol. The cassette data input and the
switches are memorv mapped trom COO
OH 10 DFFEFH. Note that two 8K blocks (6
OO0OH-7FFFH and EOOOH-FFFFH) are
not used.

The casiest job that our computer has to

LD A06H
M)

CP  (O2H

JP  NZLABC
LD A5BH
JP (1Y)

CP 03H

JP NZLABD
LD AJ4FH
P (lY)

CP  0aH

JP  NZLABE
LD  A66H
JP (1Y)

CP  0sH

JP NZLABF
LD A6DH
NI (%)

CP  06H

JP  NZLABG
LD A7DH
NI (%)

CP O7H

JP NZLABH
LD AQ7H
Py

CP  08H

JP  NZLABI
LD A7FH
P oY)

CP  09H

JP NZ.LABJ
LD  AG6FH
JP ()

CP  0AH

JP NZ,LABK
LD A77H
(%)

CP 0BH

JP NZ.LABL
LD A.7CH
JP (1Y)

CP OCH

JP  NZLABM
LD A39H

P (IY)

CP ODH

JP NZLABN
LD AS5EH
JPqy)

CP OEH

JP NZLABO
LD A79H
(%)

LD A71H
P aY)

END

do 18 1o read the program ROM. As it
operates now, the computer ¢can copy all
2K X 8 ROM s and 4K X 8 ROM's. As
vou might eapect. itis possible to modity
the recorder to copy 8K X 8 ROM's
Note. for example. that although an 8K
block was left available tor program-stor-
age RAM. the hardware as presented has
provision for only 4K

We'll talk more about how o eapand
the umt to record larger programs. and
show vou how to build and use it. when
we continue our look at the Atart came
recorder neat time R-E
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ar how our FET power
amplitier works. let’s now turn our atten

tion to building the unit

Building the amplifier

It is essential that a printed-circutt
board be used for the amplifier. Figures 6
and 7 show foil patierns for the component
and solder side respectively. Note that one
board is required for each channel. If you
don’t want to eich your own boards
ctched. pre-drilled. and plated-through
hoards are available: see the Parts List tor
information. 11 you do want to etch your
own boards from the patterns shown. keep
in mind that the bourd uses plated-through
holes. You can. of course. get around that
by soldering some of the components
inctuding the output transistors. on both
sides of the board. Note that the wiring to
the output transistors is incorporated 1n
the PC-board layout. That keeps the wire
lengths to the output devices to a mim
mum. (It also simplities construction by
eliminating 48 wires. reducing the chance
of error in that particularly critical arca')

High-Power FET

Audio Amplifier

Get high performance and high fidelity from this
FET stereo amplifier. It feels equally
at home in your living room or in a disco!

Belore we begin with the construction
details. we should point out that the values
shown in the schematic are for 1%-toler-
ance resistors. For most applications. it is
not essential that you use such parts
Thus. the pans list also shows acceptable
values for 5%-tolerance resistors. (One
source for 1% resistors is Digi-Key Corpo-
ration. Highway 32 South. P.O. Box 667.
Theit River Falls. MN 56701.)

Once you have your boards and compo-
nents. you can begin construction by re
ferring to the parts-placement diagram in
Fig. 8 and by installing the fixed resistors
Check the values with an ohmmeter as
you go and be sure that the leads are
sufticiently far from the ground plane!

Next. install capacitors. carefully
checking values and ensuring that the po-
larized electrolytic types are properly ori
ented. Follow by instaliing the diodes.

except for D3-DS. (Those three diodes
mount on the output-transistor heat sink.
and should not be installed yet.) Again. be
careful of the polarity—the diode band
indicates the cathode. Next, install the
transistors (except tor the output tran
sistors Q21-Q28). Transistors Q19 and
Q20 should be mounted with insulators
and heatsink compound. (It you look
closely at Fig. 9, you'll see some heatsink
compound around those transistors.)
Transistors Q12. Q13, Q!5. and QI8 use
TO-5-type heat sinks

Adjust potentiometers R8 and R19 to
their middle positions and install. (For
R19. which is a multiturn potentiometer,
you will need to use an ohmmeter.) You
will have to make L1: Wind 15 wrns of 16-
gauge magnet wire on R42. Solder to the
leads of R42, and install the assembly.
The PC boards are now complete
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FIG. 6—THE COMPONENT SIDE of the amplifier board is mainly used as a ground plane.

P AINLSES

FIG. 7—THE SOLDER SIDE of the amplifier board. Remember that you need one board for each

channel.

Preparing the heat sink

The Wakefield heat sinks that are used
for the output transistors (see Fig. 10)
were not chosen arbitrarily. Their design
is almost 100% more etficient for natural
convection applications than con-
ventional designs of equivalent volume,

You can use other heat sinks but a mini-
mum surface area of 800 square inches per
channel is required. A flat-backed heat
sink is desirable for the TO-220 package.
but is not essential.

The Wakefield type 512 is available in a
I4-inch long extrusion. which needs o be
cut in half to yield the two 7-inch picces
called for. After you cut it. drill holes for
the output transistors according to the
layout shown in Fig. 11. To keep the tran-
sistor-mounting hardware to a minimum.
you might want to drill and tap the heat
sink. However. screws with nuts may also
be used. The optional over-temperature
sensor and thermal-compensating diodes

D3-DS should also be glued to the heat
sink as shown in Fig. 11,

If you have a confined-space applica-
tion. you can mount the two heat sinks
back to back: they will then readily aceept
a muffin fan for forced convection. For
home applications. however. we recom-
mend natural convection—to eliminate
the noise. filter, and/or temperature-sens-
ing aspects typically associated with fans.
We should make a final note that wiring
length should be kept to a minimum, with
less than 2 inches from transistor to PC
board. Even with that length. a ferrite
bead is necessary on cach gate lead. and
using coaxial cable is recommended.

Preparing the chassis

The design and construction of a chas-
sis for the amplifier is not critical. The
author’s prototype was built with rack
mounting in mind. [t consists of an 8 X 17
inch bottom plate with 1 inch wrned up at

the front and back. The front plate is
19X 17 inches. As shown in Fig. 10, the
two heat sinks mount on the buck of the
unit. leaving a 2% x 7-inch strip for a
small plate where the input and output
Jacks and fuses are mounted. Finally. an
8Y4 X 3l-inch U-shaped picce of perfo-
rated metal makes up the cover.

Begin mounting the components with
the transformer. bridge rectifier. filter ca-
pacitors. and fuse-holders. Then. mount
the power switch. pilot lights. and level
controls on the front panel.

Next you'll have to make up a suitable
mounting plate and install output jacks
that are insulated from their mountings.
Install the input-fuse holder and the power
cord with a strain relict. Then wire the
transformer primary and secondary as
shown in the schematic. If vou plan to use
the optional thermal cutouts, leave a pair
of wires 10 go to the heat-sink arca. Use
18-gauge (minimum!) wire in the power
supply. We recommend that vou use some
simple color code for the DC wiring—it
will help reduce the possibility of errors
during subsequent tests.

Locate a suitable single-point ground.
such as a screw through the bottom of the
chassis near the power supply. and attach
the fifter capacitors’ common power-sup-
ply ground to it. If vou use a 3-wire power
cord. do not ground or terminate the
cord’s ground lead.

Checkout procedures

The amplifier checkout is by far the
most important part of building this am-
plitier. so. shift into low gear and proceed
with great care through the following
steps!

First we strongly advise you to make a
tinal visual cheek of all parts placements
on the circuit boards and the power-supply
wiring. Then. before applying any power.
measure each supply terminal with an
ohmmeter to ground. An initial low read-
ing should stowly move up to high resis-
tance as the capacitors charge. Install the
main power fuse and. with the DC fuses
F2-FS not installed. apply power. Check
the two supplies for = 75 volts. Remove
power. and discharge the filter capacitors
through a K resistor.

Next. install a pair of Ys-amp fuses for
F2 and F3. Measure the resistance from
cach power-supply input to ground on
both driver boards. The reading should be
greater than 100K, It it is. temporarily
connect one board to F2, F3 and ground.
Connect a clip-lead from the collector of
QI to the collector of Q3. Connect an-
other clip-lead trom the collector of Q7 o
the collector of Q8. Temporarily clip-lead
D3. D4, and DS into the circuit. Apply
power. and measure the voltage between
the bases of Q16 and Q17. 1t should be
near 7 volts. Adjust R19. and observe this
voltage changing. Leave it at 6.8 volts.
Measure the voltage from the emitter of
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FIG. B—PARTS-PLACEMENT DIAGRAM for the amplifier board. Refer to the text for information on
mounting the output transistors (Q21-Q28) on a heat sink.

FIG. 9—AMPLIFIER BOARD is shown here
mounted on heat sink. Note that Q12, Q13, Q15,
and Q18 use TO-5 type heat sinks.

FIG. 10—~COMPLETE STEREO AMPLIFIER with
cover removed. The chassis configurationis not
at all critical.

Q19 to the + 75-volt supply. and the volt-
age from the emitter of Q20 to the —75-
volt supply. One should be around 7 volts
and the other about .6 volt. Remove

each particular type) so that they will
share the output current equally. A simple
circuit for checking the matching is shown
in Fig. 12, They should be matched to be
within 100 millivolts of gate voltage at 50
mA of drain current and 200 millivolts of
gate voltage at 2 amps of drain current.
Make the 2-ump measurement quickly. or
with the transistor heat-sinked.

To mount the transistors. first bend the
leads up at a 90-degree angle right at the
point where their width changes. Spread
the lcads a bit and insert in board. Solder
carctully while aligning the transistors as
much as possible in a common plane.
(They may temporarily be screwed to the
heat sink as a holding fixture for this oper-
ation.) Solder short leads from D3-D5 to
the bottom of the driver board, carefully
observing polarity. Apply heat-sink com-
pound and insulators to the transistors,
and screw the driver and output-transistor
assembly to the heat sink. using insulat-
ing shoulder washers. Tighten caretully.

Measure each transistor’s tab (or case.
if you are using TO-3's) to the heatsink.
The readings should all be intinite. indica-
ting no insulator shorts. (If you are using
TO-3 output parts. it will be necessary to
run individual leads to each transistor.
When doing that. be extremely cautious:
Double-check all your connections and

& 3:4” LEADS +
4 HOLES : / 4 HOLES |
> z43DRILL - #43 DRILL L
4-40 TAP | — 4-40 TAP
EPOXY D3-05 |
EPOXY + | APPROXIMATELY Y=
THERMAL | HERE
CUTOUT HERE |
i 14
.I
+ L* +
14"
t‘——lg" | 2.9% _-_._i
CENTER LINE

FIG. 11—HEAT-SINK DRILLING GUIDE. Note thal some parts are fastened with epoxy to the heat sink.

power. discharge the filter capacitors. re-
move clip leads. and repeat with the other
driver board.

Next. solder the output transistors to
the driver board. Note that it is important
that the transistors be matched (within

keep your leads as short as possible.
Don’t forget to install a ferrite bead on
ech gate lead if you are using TO-3%s. In
no case should the wiring to the tran-
sistors be more than 2 inches in length.)
Install the heatsink and driver assemblies.
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VDLTMETER

FIG. 12—TO CHECK THE MATCHING OF TRAN-
SISTORS, you might want to use this simple
circuit. Start by setting the potentiometer’s
wiper voltage to zero. Then turn it up to the
desired drain current and measure the voltage
as shown. For N-channel devices (IRF630), V
should be -5 volts. For P-channel devices
(IRF9630) , V should be -5 volts.

Wire one channel to F2 and F3 with 18-
gauge (minimum) wire. Connect @ wire
from the circuit board ground. near the
output. to the chuassis single-point
ground. Install a V2-ump fuse for F3. and a
I-mA tuse for F2. Apply power. and
check for a current through F3 of less than
S00 mA. Also check that the output volt-

age at L is between = | volt It either of
those tests fail. immediately turn off

power, and look for the source of the prob-
lem betore proceeding. Adjust R19 to set
the current through F3 to about 250 mA.

corresponding to an output idle current of

about 150mA. Next. adjust RE carefully
to bring the output voltage at LTas close as
possible to zero. Turn ofT the power. and
repeat for the second channel. using fuse
positions F4 and F5.

+75V  CHIINPUT

PARTS LIST—BARGRAPH DISPLAY
and CLIPPING INDICATORS
Allresistors are ¥: watt, 5%, unless oth-
erwise specified.

R43—24,000 ohms

R44, R46, R53—12,000 ohms

R45, R52, R70—22,000 ohms

R47. R54—1000 ohms

R48, R55—470.000 ohms

R49, R51, R58, R59, R61, R62—10,000
ohms

R50, R56—150 ohms

R57, R60—53,000 ohms

R63, R65—1200 ohms

R64, R66—7500 ohms

R67—350 ohms, 20 watts

R68—15,000 ohms

R69—2200 ohms, 5 watts

Capacitors

C18, C19—1 uF. 10 volts, electrolytic

C20—2.2 uF, 10 volts, electrolytic

Semiconductors

IC1—LM139 Quad op-amp

Q30—ECG291

D17, D18—1N4001

D19, D20—1N4741A 11 volts, 1-watt,
Zener

D21—1N4735A 6.2 voits, 1 watt, Zener

D22—1N4744A 15 volts. 1 watt Zener

D23—1N4750A 27 volts, 1 watt, Zener

LED1, LED2—Standard red LED

DISP1, DISP2—NSM39158 logarithmic
bargraph display with driver (National}

Other components

S2. S3—SPDT

The following items are available from

A&T Labs, Box 552, Warrenville, llli-

nois, 60555: Etched, drilled, plated-

through PC boards, $22 each; Power

transformer, $69 each; Set of 8

matched power FET's, $66; Drilled

heatsink (type 512), $27. Add 5% ship-

ping and handling, 12% for trans-

former. lllinois residents include

5-1/4% sales tax.

0-25W CH2 IN
IN 0-25W _M_?‘S;o_o
R D20
D19 R58 R61 741
1N4741 10K 10K "“141V
1MV P
L8 §
R59 R62
10K 10K
A'A'A A‘A'A‘
-I—>+5V +5V<—I-
3 3
| +15V -__]: -.J; +15V<4~
oisP1 2 3 pisp2
NSM NSM
39158 39158

6 6
7 7
s T 3R63 Res £ g

$12K 12K S

]90 A'A'Av . A'A'Av ]:
> +15v R64 | R66 ~—]
15K| 76K +15V

FIG.14—BAR-GRAPH POWER METERS will cer-
tainly make a nice addition to any stereo ampli-
fier.

+75V =—q

A " o185V
> R70 D22
1N4744
—— 027V 15V
D23 1w

FIG. 15—THIS POWER SUPPLY is needed if the
clipping indicators and bar-graph power meters

AAA
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~
~
x

il

T
-~
=~

RADIO-ELECTRONICS

(=]
N

? D17 5V < are added. Note that Q30 requires a 10-watt heat
¥ 1naoo1 S sink.
SRz gpes AV S Ra8 & R4 ¥ )cue
$ 3 $ 470k $ 10K LED v ion of initi
¢ 28K 2K < < LED! Upon completion of those initial tests.,
R47 L tinish wiring the remainder of the chassis.
NG < R50 E der !
e A 7 21500 Runat least 18-gauge wire from cach driv-
>pds 8] 18 6 er-board output. along with a ground from
$ 4 LM o AT . indi
$uk Lo 12{1/4L 139_: 174 LM138 l!k' bourd 1o the output binding posts.
< LR S Z R8I Shielded cable should be used from the
$ 12k c8 $ | ' om
b 3 16K level controls to the input jacks. The in-
put-coupling capacitors mount at the level
= = controls.
CH2 ~bor continuous full-power upplicu-
o 5V tions. it will be necessary to use S-ump
/;' fuses for F2-FS, and 8-amp output fuses
D18 L . . .
Y inao01 A 4 tor F1. However. for normal. or even loud
< RS5 cue general listening sitwations, itis advisable
2 RS2 $ 470K LED2 & & S :
32k L to use much smaller fuses to protect the
" R54 5; ?5539 speakers. Itis usually sutficient to use 2-
\13 1K 5 amp supply and {- or 2-ump output fuses.
10 y W and work up from there if necessary.
n . S T R
Les 1/4 LM138 + c19 . You may want to add clipping indica
212¢ T wF tors and or bar-graph power meters to
vour amplitier. The clipping indicator is
4 = shownn Fig. 13, the power meter. in Fg.

14, und the power supply needed for the

FIG 13—CLIPPING INDICATORS can be added to your amplifier, if desired. two additions is shown in Fig. 15, R-E
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Servicing

Videodisc Players

P t 2 LAST [IME, WE BEGAN
ar our Jook at servicing
videodise plavers with a discussion of
how LV players worked. Let's finish that
discussion now and then move on to an
overview of the CED system.

Referring to Fig. 6 (see P 68, De-
cember 1984 Radio-Electronies). the
prism is designed to deviate the path of the
reflected beam so that the beam passes
through the cvlindrical lens to the pho-
todiodes. which generate (or controby
three voltages in response to the three
light beams returning trom the dise. The
center beam generates the FM signal and

JOHN LENK

If you want to learn more

- atout videodisc players and how
to service them, this article is for you. In it
we cover both LV and CED players.

the focus error-voltage. As shown in Fig.
7. if the dise is too close or too tar trom the
objective lens, the retlected beam be-
comes clliptical in shape. If the disc
moves too close to the objective lens. di-
odes A and B recetve more light, and con-
duct more than ¢ and p. The opposite is
true if'the dise moves too far from the fens.
It the light bundle is not perfecty tocused
on vs.Coand Do focus error-voltage is
generated (o move the objective lens up or
down as required to maintain correct
focus (The objective lens is aitached to a
coil of wire and is surrounded by i perma-
nent magnet. similar to a loudspeaker.

Current through the coil. as determined
by the photodiodes. moves the lens up or
down as necessary. )

The light beams striking diodes - and -
serve to maintain correct radial tracking.
It the beams shift to the feft or right, k-
receives adifferentamount of light than +-.
and a radial error-voltage is generated to
move the radial-tracking mirror as neces-
sary to detlect the beam buck onto the
center of the truck. The movable tangen-
tial-mirror operates in an identical man-
ner. but receives the error correction-
voltege from the video circuits.

We will not go further into the LV op-
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FIG. 7—PHOTODIODES are used to keep the
videodisc perfectly in focus. The ones in a show
adisc in focus, the ones in b show a disc that is
too far away, and the ones in ¢ show adisc thatis
too close.

tical system here. except 1o say one thing:
The optical system of an LV player (or
more properly the optical/mechanical
system) is the critical part of the plaver
from a servicing standpoint. You must
follow the manufacturer’s instructions re-
garding adjustment and/or replacement.
Even a minor misadjustment can result in
poor player performance (and possibly no
performance).

The basic CED videodisc system

Let’s begin our look at CED with a
review of user controls. Again, remember
that the controls described here are “typ-
1cal™ tor most CED players.

With CED. the disc is stored in a pro-
tective plastic sleeve or caddy. which is
inserted into the playver as shown in Fig. .
The CED disc is mounted on a rigid spine
(Fig. 9) that holds the disc in place. both
in the caddy and in the player.

In some players. a FUNCTioN lever (or
some similar control) must be in the load
position to insert and remove the disc.
Many of the more recent CED players
have some form of automatic load func-
tion. and do not include such a lever.

The caddy ensures that the CED disc is
always correctly loaded. as well as pro-
tected when not being played. Once the
disc is loaded. the FUNCTION lever s set 1o
play (or the automatic mechanism places
the player in plav). At that time. a system
control microprocessor takes control of
the player. At the end of the program. the
user sets the FUNCTION lever to unload (or
the player puts itself into unload) and the
user reinserts the caddy into the player to
remove the disc. The caddy now serves as
a safe. convenient storage container for
the CED videodise mounted on the spine.

In players equipped with a function
lever. throwing the ruscrion lever to load
applies power and opens the caddy door.
allowing the caddy to be inserted into the
plaver. After the caddy has been removed.
leaving the dise and spine inside the play-
er. the FUNcTION lever is placed in the play
position. That causes a stylus to be
lowered onto the disc. allowing the plaver
to begin detecting signals on the disc und
generating a display on the TV screen.
Note that the CED stylus is somewhat
similar to that of an ordinary phonograph
pickup. in that the stylus must be driven
across the grooves by means of an arm und
drive motor (although not a true tracking
servo as in the case of LV).

To operate a plaver equipped with auto-
load. you apply power by pressing the oN/
ort button. which places the plaver in
load (caddy door open). A loaded caddy is
then inserted into the player (gently) until
the plaver's automitic loading mechanism
takes hold and pulls the caddy into the
player. (In any type of CED player. do not

Jorce the caddy into the plaver.y When the

caddy spine is latched. the loading mech-
anism reverses and returns the empty cad-
dv out bevond the door. You then remove
the empty caddy and the plaver places
itself in play. In about 10 seconds. a pic-
ture appears on the TV screen. In most
players. a digital readout displays the
clapsed plaving time in minutes.

About 10 seconds after play is com-
pleted. the plaver places itself in UNLOAD.
The caddy door thenopens. and you insert
the empty caddy to retrieve the disc and
spine.

In a typical CED player. the user con-
trols also include RAPID-ACCESS (10
rapidly move in both forward and reverse
directions for quick location of a par-
ticular program segment) and visuat-
stARCH controls (which do the same
thing). The difference is that with former,
the stylus is lifted and you get no display
on the TV (you use the elapsed time in-
dicator to find a program segment), and
with the latter, you get a video display in
fast motion (but no audio). Most CED
players also have a paust: feature that rais-
¢s the stylus (no video display) and cuts
the audio at any point during the program.

A special code is recorded at the end of
the program on cach side of the disc. That
code causes the plaver o go into and
“end” mode. When the code is detected.
the stylus is lifted and the elapsed-time
readout will display a flashing ;. The play-
er remains in the end mode until the disc is
removed. or until RAPHY ACCESS OF VISUAL
SEARCH are sclected.

Capacitance pickup theory

The CED disc is somewhat like a typ-
ical phonograph record in that the signal
information is placed in grooves.
However. there ure many differences. One
such difference is the density of the

PLAYER

CADDY (CONTAINS CED VIDEODISC
MOUNTED ON SPINE)

FIG. 8—THE CED DISC is protected by a plastic
caddy. The disc is inserted into the player by
inserting the caddy as shown.

SPINE

CED
VIDEDDISC

CADDY

FIG. 9—THE CED DISC rests on a rigid spine.
Both the disc and the spine are enclosed by the
caddy.

grooves. There are about 10.000 grooves
in a l-inch radius of the CED disc (that
density is about 40 times that of a pho-
nograph record).

In CED. the audio and video signals are
placed on the disc via FM carriers by
varying the groove depth. As the stylus
travels over the grooves. the vertical posi-
tion of the stylus remains constant (unlike
that of a phonograph record). A thin met-
alized electrode is placed on the trailing
surface of the stylus. That electrode acts
as one plate of a “capucitor.”™ The CED
disc. which is made of a conductive plas-
tic with a thin lubricating coating. acts as
the other plate. As the disc rotates. the
distance between the bottom edge of the
stylus electrode and the modulation in the
groove varies as a function of the modula-
tion. even though the stylus does not move
vertically. That action varies the distance
between the plates of the “capacitor™ at
the modulation frequency. and thus mod-
ulates the capacitance of the stylus capaci-
tor.

The changing of stylus-to-disc capaci-
ty. in turn. modulates a UHF signal in the
pickup-arm resonator assembly. The re-
sultant AM UHF signal is peak-detected.
generating an output signal that is a volt-
age replica of the FM audio and video
carrier signals recorded on the disc. Those
FM carriers are then demodulated to re-



cover the video and audio signals.

Note that the stylus is part of a car-
tridge. Many CED player cartridges are
provided with handles, and are easily re-
movable. That makes it possible to re-
place the stylus/cartridge simply. often
from the outside of the player through an
access door. (But do not count on such
easy access 1o the stylus/cartridge on all
CED players. Also. do not assume that all
CED cartridges are interchangeable with
all other CED cartridges.)

CED signals

The CED system uses a vertical ficld
rate of 60 Hz. and is phase-locked to the
AC power line. The CED system also uses
the conventional black-and-white TV
horizontal rate of 15.750 Hz. The color
signals from a CED player are at the
NTSC standard of 3.579545 MH/. The
video signal recorded on the CED disc is
an FM 5-MHz video carrier. As shown in
Fig. 10, the black level of the video signal
causes zero deviation of the carrier. or a
frequency of 5 MHz. Sync tips cause the
video-carrier frequency to deviate to 4.3
MHz. Peak white in the video signal
causes the video-carrier signal to deviate
t0 6.3 MHz. The sidebands from that fre-
quency modulation extend from 2 t0 9.3
MHz.

On monaural CED videodiscs. one
channel of audio is placed on a FM carrier
at 716 kHz. On sterco or two-channel in-

dependent CED dises. the two channels of

audio are at 716 and 905 kHz. Audio sig-

nals generate a frequency deviation of

+ 50 kHz.

Prior to modulating the 5-MH7 video
carricr. the 3.58-MHz chroma subcarricr.
and resultant sidebands are down convent-
ed 10 1.535626 MHz (usually called 1.53
MHz). as shown in Fig. 11. Down-con-
verted chroma is developed by heterodyn-
ing the 3.58-MHz chroma with a
S.115170-MHz oscillator signal. The re-
sultant 1.53-MHz chroma subcarrier is
then sideband-limited 1o = 500 kHz. Lu-
minance information is then added to the
down-converted chroma to gencrate a
composite video signal.

CED player operation

As shown in Fig. 12, The operation of a
CED player is controlled entirely by a
microprocessor. User functions such as
PLAY. RAPID ACCESS. VISUAL SEARCH.
cle.. are input to the microprocessor
through the corresponding user function
switches. In turn, the microprocessor de-
codes the commands and controls the
player’s electronics to carry out the tfunc-
tions. Note that when the squelch line
from the microprocessor is low. all elec-
tronic circuits are disabled (1o provide an
automatic shutoft feature).

The microprocessor also controls the
pickup arm electronics. including the
stylus lifter operation (which raises and

SYNCTIP—>

:‘/ WHITE

BLACK
A/JI""—/
I
|
- . I |
=
= | 1
o | |
| {
N | ] 9.3 MHz
716 kHz : | 6.3 MHz
AUDIO
CHANNELI: : 5 banz
{+50 kH2) : N
905 kHz
AUDIO
CHANNEL Il
{+50 kHz)

FIG. 10—CED SIGNALS. As shown here, the black level is at 5 MHz, which is the carrier frequency, the
peak white is at 6.3 MHz, and the sync tips are at 4.3 MHz.

'F:?LN;%R L »|  PRE-EMPHASIS
3.58 MHz
CHROMA
1.53:MHz JOED
BANDPASS EM
BANDP, MODULATOR
5.11 MHz

4370 6.3 MHz

TO RECORDING
CUTTER

716 kHz + 50 kHz
905 kHz + 50 kHz

AUDIO IN ———>

AUDIO FM
MOOULATQR

FIG. 11—THIS SIMPLIFIED BLOCK DIAGRAM shows the method used to record CED discs

lowers the stylus as various functions are
initiated) and the kicker operation (which
cnables the system to provide visual
SEARCH. and to prevent the stylus from
being stuck in a groove). The micro-
processor also decodes the digital auxili-
ary information (DAXI) code recorded on
the disc. The DAXI code contains a field
identification number that is decoded to
display the elapsed play time of the pro-
gram (in minutes). Since DAXI is not
available during RAPID ACCESS (the stylus
is litted from the disc) a photo interrupter
circuit provides the approximate elapsed
time by tracking the relative position of
the pickup arm with respect to the disc.
The pickup arm assembly contains
components that are responsible for de-
tecting video information on the disc. The
arm also contains stylus-kicker coils that
cause the stylus to skip grooves in the disc
(to prevent a locked groove condition and

10 provide for visUAL SEARCH). Also lo-
cated in the pickup arm is the
armstretcher transducer. which corrects
for umebase variation in the recovered
chroma and luminance signals (the varia-
tion may be due to warpage. eccentricity,
and/or changes in wrntable speed).

The main function of the pickup clec-
tronics is to detect the video signals on the
disc. That is done by modulating a 910-
MHz resonator circuir (a UHF tuned line)
with capacitance changes on the disc sur-
face. The variations in capacitance cause
the 910-MHz resonator center frequency
to be modulated. The video and audio
carrier signals from the arm are applied o
two FM demodulator stages. The sound
demodulator decodes one of the audio car-
riers and generates an audio signal that
then FM-modulates a 4.5-MHz carrier in
the RF modulator. The sound demod-
ulator also contains a defect corrector or
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FIG. 12—SIGNAL PROCESSING CIRCUITS. This simplified block diagram shows the circuitry used to

playback a CED videodisc.

dropout corrector (DOC) similar to that in
a VCR.

Betore demodulation. the FM video-
carrier is passed through a nonlinear aper-
ture correction (NLAC) cireuit that elimi-
nates the 716- andsor 905-kHz sound
beats in the video due to sound-carrier
phase modulation of the recovered video-
carrier information. The video demod-
ulator also contains a DOC circuit that
allows a portion of the previous horizontal
line to be inserted when a dropout oceurs.

The output of the video demodulator is
applied to a comb-tilter circuit that sepa-
rates chroma. luminance. and DAX] in-
formation from the composite video. The
DAXI signal is supplied through a DAXI
bufter/decoder to the microprocessor. The
chroma luminance information is applied
to the video converter. which up converts
the 1.53-MHz data 10 3.58 MH/. and
combines the chromw luminance signals.
The compaosite-video signal is then sup-
plied to the RF modulator (along with the
audio).

The video converter also develops a
drive signal for the armstretcher time-base
correction circuits. Any phase or frequen-
¢y difference produces an error signal.
which is applied to the armstretcher sole-
noid and moves the stylus as necessary to
maintain a constant disc-to-stylus ve-
locity. The armstretcher output is also
coupled to the video-converter oscillator
in order to maintain phase lock between
the up-converted 3.58-MH/ color signal
and the 3.58-MH/ reference.

Test equipment
The test equipment used in videodise
player service is basically the same as that

used in TV service. Inaddition. a test, or
reference disc. and a video monitor can
prove to be most valuable.

Monst plaver manufacturers provide test
dises as part of their recommended test
equipment and/or tools. A test disc is es-
sentially a standard videodise with several
very useful signals recorded at the factory
using very precise test equipment and sig-
nal sources. You play the test disc on a
plaver being serviced. and note the re-
sponse. and/or use the signals to perform
alignmentand adjustment. With the prop-
er test dise. vou can generally eliminate
the need tor your own signal sources (sig-
nal generators. audio generator. color
generator. ete.) There is no standardiza-
tion in test discs. Also. the alignment pro-
cedures found in most service literature
calls for signals and displavs not available
on all testdises. The only way around that
problem is to use the recommended test
disc.

A video monitor has no tuner: it is de-
signed to accept video and audio inputs
from some source such as a separate tuner.
VCR. or videodise player. There are also
some TV receivers on the market that can
aceept video and audio inputs. A monitor
orreceiver with videosaudio inputs is very
usetul in videodisc-plaver service as they
muke it possible to examine the audio and
video signals from the player before they
are applied to the RF modulator so you
can check the baseband signals indepen-
dently trom RE. Without such connec-
tions. it is difficult o tell it faults are
present in the audio/video circuits or in
the RF unit. If you use a TV receiver as a
monitor. it is helpful to adjust the vertical-
height control o underscan the picture (so

vou can see the video switching point in
relation to the start of vertical blanking).

Maintenance

Videodise player manufacturers dis-
agree considerably about routine mainte-
nance. For example. one manufacturer
recommends that the laser be replaced at
5000 hours. the motors at 3000 hours. and
the turntable components atter 9000
plays. Another manufacturer recom-
mends X it it it breaks down.” Nev-
ertheless. remember the following points.

The picture quality of an LV plaver can
be degraded if too much dust or dint ac-
cumulates on the objective lens. Dustcan
be removed with an air blower (as used on
a camera lens). Never touch the lens sur-
face. Keep the lid closed, except when
inserting or removing adisc. [fan LV dise
becomes very dinty. hold the disc by the
edges. and wipe both sides with a clean,
soft. dry cloth. Check for warped LV discs
since a warped disc can cause skipping.
loss of picture. and even hit the lens or lid.
Some manufacturers recommend remov-
ing scratches on an LV dis¢ with polishing
compound (but never use rubbing com-
pound). It LV discs are very cold (frozen).
allow about 45 minutes for the disc to
return to room temperature before play-
ing. Store LV discs in their jackets on the
edge in a standard phonograph record
rack. Do not stack LV videodises. and
avoid storage in hot areas.

Keep CED dises in their caddy. Never
remove a CED disc from the caddy (ex-
cept in the player). Never try to clean a
CED disc. .

Next time, we'll show vou how 1o ser-
vice LV and CED players. R-E
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A look at op-amp based sinewave, squarewave, and

triangular wave generators.

JOSEPH J. CARR

P t 8 THIS MONTH. WELL
a r turn our attention to
squarewave, triangular wave. and sine-
wave generator circuits based on opera-
tional amplitiers. The heart of each circuit
is a comparator. While there are several
difterent tvpes of IC comparators avail-
able. tor the purposes of our discussion
we will consider only op-amp-based com-
parators.

Op-amp comparators

One author once called the comparator
“an amplitier with too much gain.™ The
purpose of the comparator is to provide
unigue outputs to indicate the relative val-
ues of two voltages. V1and V2. The three
pussible conditions are: VI = V2.V less
than V2 and VI greater than V2.

Figure 1 shows a simple comparator
circuit. Note that the operational ampli-
fier has no negative teedback circuit. That
fuct means the gain is essentially the
open-loop gain (A, ) of the op-amp.
Depending upon type. Ay, might be
anything from 20.000 to over 1.000.000.
An implication of that is that very small
input voltages will saturate the output of
the op-amp. Let’s assume, for example,
an op-amp with 12-volt power supplies
that permits = [0-volt output signals.
With a gain of 100.000 (moderate for an
op-amp). the input voltage that will satu-
rate the output is (10-volts)/100.000. or
0.0001 volt (i.c. 100 V)

It V1 equals V2, then output V,,, will
be zero. If VI is greater than V2, we get
the same result as applying a positive volt-
age to an inverting amplitier: the output
saturates at a negative voltage. The last
sitwation, VI less than V2, is the same as

applying a negative voltage toan inverting
amplifier: tne output saturates at a positive
voltage.

Diodes DI and D2 are sometimes used
to limit the output voltage Vi, to some
value. That limitation might be to protect
a following circuit. or to sharpen the out-
put waveform (saturated amphtiers don’t
always recover quickly). Diode DI limits
the output on positive excursions to 'V,
+ 0.7 volts. while diode D2 limits nega-
tive excursions to — (Vy,, + 0.7 volts). In
both cases. one diode is in the reverse-bias
Zener region. while the other is forward
biased (which accounts for the 0.7-volt
term).

If we ground the noninverting input ot a
comparator, then V2 = (0. By applyving a

y. 02
p—— i

A Yo
h

FIG. 1—A SIMPLE COMPARATOR built around
an op-amp. Note that the op-amp has no feed-
back circuit.

Vi ©

FIG. 2—THIS COMPARATOR CIRCUIT can be
used to convert sinewaves to squarewaves and
to detect positive to negative (zero crossing)
transistions.
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FIG. 3—WAVEFORMS for the circuit shown in
Fig. 2.

sinewave to the inverting input we will
generate a squarewave (Vo in Fg. 3) at
the comparator output. Because of their
ability to convert a sinewave into a square-
wave, comparators are used sometimes as
the input stage of frequency counters.
Maodem's and other devices.

A comparator can also be used as a
sero-crossing detector by differentiating
the comparator output: that is the function
of Rl and Ci in Fig. 2. The waveform at
V 4 is the differentiator output. The time-
constant formed by R1 and CI should be
very, very short (e.g. 0.01y compared with
the duration of waveform Vi, . We can
sekect either positive-going (as shown) or
negative-going transitions by placing di-
ode DI inseries with the signal line. That
diode will ¢lip the spikes of one polarity
or the other. (As shown in Fig. 2. it clips
the negative spikes (see Fig. 3): reverse it
to clip positive spikes).
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FIG. 5—TIMING WAVEFORMS for the circuit
shown in Fig. 4. Note that the one-shot can not
be retriggered until both the period t and the
refractory period have expired.

Monostable multivibrators

A monostable multivibrator. or one-
shot. is a circuit that has but one stable
state. When triggered by an input pulse.
the one-shot switches to the unstable state
for a predetermined period of time before
reverting to the stable state.

Figure 4 shows a one-shot circuit based
on the op-amp. while Fig. 5 shows the
timing waveforms for that circuit. There
are two feedback paths in the circuit of
Fig. 4. The negative feedback path con-
sistsof R1and C1. in which CI charged by
the current in RI generated by potential
V¢, The positive feedback loop consists
of R3 and R4: V', is the positive feedback
voltage.

When a negative-going trigger pulse is
applied to ditferentiator C2-R35. the op-
amp output will snap to — V. and remain
there. The voltage will be negative. so
capacitor C1 will begin to charge t0 a
negative voltage, When =V, = -V,
the op-amp output snaps high again. end-
ing the output pulse period. Capacitor C1
is then discharged because V', is positive,
Diode DI clamps V(, to +0.7 volts,

The period T of the output pulse is:

04 R1
% A'A'A'
Ve
C1
—I—
= R2
€2 03 A * o
()—*l + L vo
TRIGGER 33 ol
RS 9 2 l 5
= = § = =
3R
FIG. 4—AN OP-AMP BASED one-shot circuit.
+Vy
TRIGGER 1| T = R1C1|n[M ]
o—" 1 - R4(R3+R4) 4 (1)
-vY : !
o | If we put some constraints on values.
' then Equation 1 can be simplitied. If V' is
o much larger than 0.7 volts (it almost al-
: | t ways is!). and R3 = R4. then Equation |
2D I reduces to:
—V' 1 1 !
| |
ot . , T = .69R1C1 (2)
0 : Normally. we know the required period
] '2 X t T. and will select C1 from tables of stan-
! dard values. We will thus want to rear-
Vo | range Equation 2 to tind R1:
e oA T
T
REFRACTORY Rl = ———
PERIDD ,69C1 @)

When designing the circuit. try several
values of Cl in order to tind a value for R1

The circuit of Fig. 4 cannot be retrig-
gered until both period t,,, and the refrac-
tory period (i.e. time to discharge CI)
expire. Figure 6-a shows the operation of
such a circuit. When the tirst trigger pulse
is received at time t,. the output V, drops
to =V, for period t,,. The second trigger
pulse (at t5) has no effect. The third trig-
ger pulse (at t) effects the output because
the period has expired. as has the refracto-
nv period. That type of one-shot is some-
times called a nonretriggerable monosta-
ble multivibrator.

Figure 6-b shows the timing diagram
for a retriggerable monostable multi-
vibrator. The output drops low (i.c. to
= V) at time t; when the first trigger
pulse is received. It no other pulses are
received. the output will snap high ti.e. to
+ V) after time period 1, expires. But
before t | expires. a second trigger pulse
is received. That pulse resets the timing
for another period t,,,. The total period
the output remains low is t, plus the pre-
viously expired portion of the other pulse.
In other words. t,(total) = t,, + (1, —
0L
I Figure 7 shows a method for making the
one-shot circuit of Fig. 4into a retriggera-
ble one-shot. Transistor QI is connected
across timing capacitor C1. In the dor-
mant state. the positive voltage on the
trigger input keeps QI reverse biased.
thereby turned off. But when a negative
triggering pulse is received, however. QI
is momentarily forward biased. discharg-
ing C1: that restarts the timing period. A
subsequent trigger pulse will discharge
CI again. provided the pulse is received
prior to the end of t_, (or after the refracto-
ry period).

m

1

that is close to a standard value.
2

TRIGGER J
0
1
i

*Vo —_—

!
Vo ‘m t fe—————— T ———— ]
e I
REFRACTORY
PERIOD
a
+
TRIGGER
- \ )
: : !
! ; tm2
| i 1
#Vo ' \
fe————— tq—»
I i
-V
0 4 12 t3 13

FIG. 6—A NONRETRIGGERABLE ONE-SHOT can not be retriggered until both tn and the refractory
period have expired; the timing diagram for such a circuit is shown in a. In a retriggerable one-shot,
each trigger pulse restarts the timing period, t,,,; the timing diagram for that circuit is shown in b.
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FIG. 7—THE NONRETRIGGERABLE ONE-SHOT
of Fig. 4 can be turned into a retriggerable one-
shot with the modification shown here.

Squarewave generator

A squarewave generator produces a
train of equal duration pulses that alter-
nately snap between positive and negative
extremes. A perfect squarewave is sym-
metrical in two ways: amplitude and
period. In other words. the positive and
negative excursions have equal durations
and equal amplitudes. A perfect squar-
ewave will also have extremely fast rise
and fall imes (which requires high-fre-
quency op-amps). An implication of that
latter characteristic is that the squarewave
is rich in upper harmonics (which is why
squarewave oscillators are used in fre-
quency multipliers and crystal frequency-
markers).

A

D1

D2

FIG. 8—A SIMPLE op-amp based squarewave
generator.

Figure 8 shows a typical squarewave
generator based on an 1C operational am-
plifier: Fig. 9 shows the timing diagram
tor the circuit.

The squarewave-generator circuit bears
a certain resemblance to the one-shot cir-
cuit shown previously. There are two feed-
back paths. The negative feedback path
consists of timing components Rt and C1.
That circuit causes capacitor Cl to be
charged by a current in R, which is gen-
erated by output voltage V.

The positive feedback path consists of

resistor voltage-divider network R2/R3.

Voltage V, (sec Fig. 8) is the feedback
voltage. and is a equal to V, X
R2/(R2+R3).

Looking at Fig. 9, output wavetorm V,
is superimposed on capacitor charging
voltage V.. Let's assume the output V,
snaps high (i.e. to + V) at turn-on. Ca-
pacitor C1 will start charging in a positive
direction at a rate determined by the val-
ues of R1, Cl. and V. When capacitor
voltage V. rises to + V. the op-amp cs-
sentially sees a zero-voltage differential
input. so the output snaps low again. At
this point. V, is negative so capacitor Cl
begins to charge in the negative direction.
When -V, = — V. the output will snap
high again.

VOLTS

Vi b-—-f---¥Y---

_VO

FIG. 9—TIMING DIAGRAM for the circuit shown
in Fig. 8.

A generator whose output alternates
back and forth, as is the case for the circuit
in Fig . is called an astable multivibrator:
in other words. it has no stable states.

The pertod of the wavetorm in Fig. 9 is
the sum of high and low times. and can be
expressed by:

2R3
T = 1C1 (1 —>
2R1C1in + - (4)

where T is in seconds. If R2 = R3. we
can simplity Equation 4 to the torm:

T = 3.2RIC1 (5)

As with many textbook equations,
Equations 4 and 5 are not in the most
practical format. In most cases, we will
know T and will select C1 from a table of
standard values. Thus, we need to rear-
range Equation 6 to solve for R1. The
value of R can be calculated from:

.
R = 3501 (6)

For example. let’s find the value of R1if T
is 0.2ms (2x10 4scconds) and CI s

0.01pF.
Rl = T/3.2C
RI = 0.0002 sec/3.2(1x10-* farads)

Rl = 2 x 10 4sec/3.2 X 10%
R1 6250 ohms

R, D3
— A
1 Ry D4
Pl M ‘l<
- R s
—o VU

FIG. 10—A SYMMETRICAL WAVEFORM is not
always desired. This modification to Fig. 8 pro-
duces an asymmetrical waveform.

——— 4V

fore vy 3w
vy < 10K
L -y
C1 R1

R3

FIG. 11—ANOTHER WAY to generate a square-
wave with an asymmetrical waveformis to use a
potentiometer. The circuit shown here is another
modification of the one shown in Fig. 8.

—
C1

SQUAREWAVE  R1
INPUT

Vo

r

FIG. 12—ONE COMMON METHOD of generating
a triangular wave is to input a squarewave into a
Miller integrator.

The circuit of Fig. 8 produces the sym-
metrical waveform of Fig. 9. Both
positive and negative excursions occupy
equal time durations. That situation oc-
cursbecause |+ Vol = 1=Vl and Clis
charged through R1 on both sides of the
waveforms. Unfortunately, however. sym-
meiry is not always desired. The modi-
fications to Fig. 8 shown in Figs. 10 and 11
provide asymmetry in a controlled man-
ner.

The method shown in Fig. 10 uses two
feedback resistors and a pair of switching
diodes to accomplish the job. The polar-
ities of the diodes are such that D3 is
forward biased by negative V. while D4
is forward biased by positive V. As a
result, the capacitor is charged by —V,
via R,. and by +V, through R, . [T R
and R, are not equal, then the durations of
positive and negative excursions of wave-
fosm V, are not equal.

An alternate to varying the symmetry is
shown in Fig. 11. An offset voltage (either
pusitive or negative) is provided by setting
potentiometer R2. Since varying R2 will
vary the voltage across Cl. it can be used
to modify the charging time required for
V,-toreach either — Vior +V, (depend-
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In Computer Electronics...

NTS W1TROMC” HOME
TRAINING GIVES YOU
THE EDGE

The competition for
High-Technology
careers is strong,
and the rewards
are great. Give
yourself the edge

with NTS.

NTS INTRONIC home training provides employment opportunities, especially in
you with a special kind of “Hands-On" servicing and maintenance. Computer servicing

. skills can best be learned by working directly on
experience that prepares you better, field-type equipment. NTS electronic hardware is
develops your skills faster. You advance selected and developed especially for the
as quickly as you wish, working with training program with which it is associated. You
actual circuits, diagrams, schematics, learn by doing, by assembling, by performing
and state-of-the-art hardware. There are tests and experiments, covering principles of
a dozen different NTS programs in computer electronics, microprocessor trouble-

. shooting, and circuitry.
electronics to help you develop and e J

reach your potential. They range from

basics to advanced areas in several MICROCOMPUTERS

fields. And the ALL-NEW NTS course .

catalog spells it all out. It’s free, and NTS offers three programs in computer

. . electronics. You will receive training covering

doqs not obligate you in any way. Send solid-state devices, digital logic circuitry, and the

for it today. fundamentals of the computer itself. Instruction
includes micro-control technology and detailed

A GROWTH INDUSTRY operation of microcomputers. These courses will
prepare you for entry-level in many facets of the

High-Technology is a growth industry. The computer industry such as field service and

evidence is clear, and most observers predict a customer engineering as well as programming.

steady expansion due to a relatively strong flow In addition to written texts your course includes

of investment capital into computers, electronics the NTS/HEATH disc-drive computer which you

and precision instruments. Sales of computers assemble as part of the training process. The

alone will reach an estimated ten million units assembly and use of the computer will serve to

this year. This means challenges and new reinforce practical application of principles.




MICROPROCESSOR TECHNOLOGY

The field of industrial and microprocessor
technology encompasses the application of
electronic microprocessor control principles.
Your course takes you from fundamentals of
digital electronics and associated circuitry
through the application of the microprocessor as
a control device. You will learn how to move and
manipulate instructions and information. The
microprocessor trainer included in your course is
a microcomputer system designed as a practical
tool for learning the use of software and
hardware techniques utilized in the linking of
microprocessors to various systems.

DIGITAL ELECTRONICS

The NTS Compu-Trainer is a fascinating solid-
state device which you will build in order to
perform over ninety logic circuit experiments.
These experiments serve to emphasize an area of
electronics which is essential to the under-
standing of state-of-the-art control equipment;
they are also extremely important to those
wanting to pursue a career in computer
servicing. Separate courses involving the
Compu-Trainer are also available in
Micrccomputer Servicing and Digital/Analog
Electronics.

ROBOTICS & VIDEO TECHNOLOGY

Other NTS courses cover a wide range of
specialization. In Robotics, the NTS/Heath Hero |
is included to train you in robotic applications in

NO OBLIGATION

NATIONAL
TECHNICAL
SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1905
Resident and Home-Study Schools

4000 So. Figueroa St., Los Angeles, CA 90037

manufacturing processes. In Video technology, a
new course features the advanced NTS/Heath Z
Chassis “Smart Set” color TV with computer
space command remote control and space
phone. This is an excellent program for those
interested in a career in video servicing with
microcomputer basics.

EARN CEU CREDITS

America’s industrial giants are turning more and
more frequently to home study as an effective way
to upgrade employee skills. You benefit from the
experience NTS has gained in its 79 years as a
leader in technical training. The skills and
experience gained in the building of kits and test
equipment provide you with training that cannot
be duplicated. And,
depending on the
program you select,
you can earn up to
30 CEU credits for
successful
completion.
Complete details
included in the
catalog.

Use the mall-in card or flii out and mail the coupon. Indicate the fieid of your choice.

(One, only please.) FREE (ull color catalog will be sent to you by return mall,
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NATIONAL TECHNICAL SCHOOLS 0= 206-015

4000 South Figueroa Street, Los Angeles, CA 90037
Please send FREE color catalog on course checked below.
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0O Auto Mechanics 0O Home Appliances
3 Air Conditioning/ Solar Heating
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0 Check if interested ONLY in classroom training in Los Angeles
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ing upon the polarity of V. . An advantage
of the circuit shown in Eig. 11 is that it
inctudes a potentiometer that allows you
to continuously vary the relative duration

of the positive and negative excursions of

the waveform.

+V I

-V

+V0

AN
TN

FIG. 13—TIMING DIAGRAM for Fig. 12. The
squarewave, shown in a, is input to the Miller
integrator; the resulting triangular waveform is
shown in b.

Trianguiar waveform generator

There are several ways to generate a
triangular wavetorm. Figure 12 shows one
very common method—drive a Miller in-
tegrator with a squarewave generator. The
timing waveform is shown in Fig. 13,

The triangle. wave circuit is moditied in
Fig. 14 to include a self-generating
squarewave source. The frequency of the
output of that circuit is given by:

R2
= JR3R1 CI 7

Sinewave oscillators

Sinewaves can be generated either by
filtering a square or triangular waveform,
or by using a feedback oscillator circuit.

The tiltering method uses a very sharp
cut-oft low-pass filter. or a notch tilter, to
remove the harmonics from a complex
waveform such as a triangular wave or
squarewave. Of course, the amplitude 1s
greatly reduced. but that problem is easily
overcome through the use of fixed-gain
amplifiers.

A C1
v = R4 v \
00
1C1 WA \ & ‘v‘v;v =
o R 1c2 ———0
! v,
0
D2 =
2R2 l °
R3
AAA
AA A

FIG. 14—THIS TRIANGULAR-waveform generator includes an integral squarewave generator.

M
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FIG. 15—AN RC phase-shift oscillator, such as the one shown here, can be used to generate a

sinewave.

FIG. 16—THIS WIEN-BRIDGE OSCILLATOR can
also be used to generate a sinewave output.

An advantage of the filtering method is
that it is easy to maintain amplitude sta-
bility over a wide range of frequencies.
Where tixed frequency operation is used,
however. one might want to use a teedback
oscillator.

There are two criteria that must be met
by a feedback oscillator: The loop gain
must be one or greater, and the feedback
must be in-phase with the input signal
only at the desired frequency of oscilla-
tion. Two different sinewave oscillator cir-
cuits are presented here—the RC phase-
shift oscillator and the Wien-bridge os-
cillator.

The RC phase-shift oscillator is shown
in Fig. I5. The inverting amplifier ICI
provides 180 degrees of the required 360
degrees of phase shift. The remaining 180
degrees of phase shift is provided by a
three-stage RC network (each stage
provides 60 degrees). The frequency of
oscillation is given by:

1
= 23eRC ®)

The circuit will oscillate provided that
the gain. which is set by —RyR. is suffi-
cient too overcome the losses of the RC
phase-shift network. Analysis shows that
the attenuation factor of the network (V/
V) is 1729, so the gain must be 29 or
more.

The Wien-bridge oscillator is shown in
Fig. 16. The “bridge™ is a frequency-se-
lective. AC version of the old-fashioned
Wheatstone bridge. If R1 = 2R2, the
circuit will oscillate at a frequency of f
=1/2aRC. R-E
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“Radio is just like TV—only the piciure

tube blew.”
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Satellite-TV Accessories

Once you have your basic TVRO system set up, it's time to look for add-on devices to make
your viewing more enjoyable, or simply more convenient. Here we'll take a look at some of

those accessories.

MARC STERN

WHILE A BASIC TVRO SYSTEM—MADE UP
of a receiving amenna. LNA. downcon

verter, and receiver—will certainly bring
you much enjoyment. there are many ac

cessories that can make your setup even
more pleasant. For example. you can add
a stereo synthesizer or slereo processor. a
remote antenna actuator. and a host of
other devices.

In this article. we'll tell you about some
of the many of the satellite add-ons that
are available and how to choose them
We'll also describe what they can do for
your system. Let’s begin our look at these
items with the stereo synthesizer and the
stereo processor. both of which will add to
your listening pleasure

Stereo synthesizers and processors

A stereo synthesizer, as ils name im
plies. creates synthetic stereo sound from
the mono signal that may be transmitted
by a satellite’s transponder. It is pseudo
stereo, not true stereo sound. However,
when you use such a synthesizer with a
good sterco amplifier, you can achieve
rataer good results

A stereo processor, on the other hand
is used to decode stereo signals from sat
ellites. The result is true stereo. not
pseudo stereo. We recommend stereo pro-
cessors over stereo synthesizers. es-
pecially since the price of decoders has
dropped rather dramatically. In fact. ster-
ec synthesizers are becoming in

creasingly difficult to find. because their
price advantage has slipped away.

A stereo processor should have a tuning
range from 5.5 to 8 MHz—that will per-
mit you to tune in the whole range of
possible audio subcarrier frequencies. 1f
vou re a regular Radio-Electronics read-
er. then there’s a good chance that you'li
want to build a stereo processor yourself.
i1 s0. check our October 1984 issue for
construction details for a stereo decoder.

Many stereo processors teature selecta-
ble bandwidths (150 and 500 kHz. for
example). Selectable audio bandwidth
can be u useful teature to help increasc the
signal-to-noise ratio of many signals. But
remember that as you decrease the band-
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width, you lose some of the high-frequen-
¢y music information. However. in noisy
conditions, that is often a worthwhile
tradeoft.

IF filter

Another usetul add-on component for
your TVRO setup is an IF filter. There are
several kinds. One type is a passband fil-
ter—it filters out those frequencies above
and below the satellite-TV IF. It also nar-
rows the IF bandwidth. Thus, it can be
useful to pull some weak signals out of the
snow (but you don’t want to use it with
stronger signals).

Another type of filter is the notch filter.
Its main purpose is to eliminate annoying
black and white spots (sparklies), which
are usually caused by terrestrial inter-
ference. (Transcontinental telephone mi-
crowave transmissions have carriers at
%10 MHz from the transponder’s center
frequency.) When connected between the
downconverter and receiver, the filters can
eliminate the interference at 60 and/or 80
MHz.

Do you really need a filter? We think
that you should put off buying one until
you set up your TVRO system. You may
tind that your reception is adequate with-
out a filter. Anyway. they are easy enough
to install (they just connect in-tine be-
tween the downconverter and receiver) so
that you can add them at any time.

Antenna positioners

Because of their popularity, it is be-
coming hard to think of antenna posi-
tioners as TVRO add-ons. Since few
people are willing to run outside to crank
their dishes to a new position, antenna
positioners are becoming more like stan-
dard equipment! In general, an antenna
positioner consists of two parts: a control
unit and an antenna actuator. The control
unit is mounted indoors at the satellite
receiver. It controls the actuator, which is
mounted at the dish.

The two units are connected by a cable,
and the control voltage is low, usually
around 24 volts DC. Many control units
feature digital displays that let you return
the antenna to a particular satellite. Those
displays. typically from 2 to 4 digits, are
not true indicators of position. They are
guide numbers so that you can return to a
particular satellite. In other words, when
you locate a satellite (such as SATCOM
F3), you make note of the display (say,
*247""). Then, whenever you want to re-
turn to SATCOM F3. you simply press the
direction controls until the display shows
“247.” Some positioners allow you to
store satellite positions in memory so that
you can return to them, with a single com-
mand. And some units let you store the
satellite name in memory as well.

When shopping for an antenna posi-
tioner, make sure that the actuator is pro-
tected against damage from overtravel. If

it isn’t, someone who is not familiar with
the system could easily damage the actu-
ator. Most systems do have limit indica-
tors and automatic braking so that the
possibility of damage from misoperation
is small.

Some positioners offer “extra’ fea-
tures that you might find to be very conve-
nient. Read through our look at the
marketplace for more details. The other
considerations in buying an antenna posi-
tioner are mostly mechanical. Of course,
you should look for sturdy construction,
and systems with little backlash.
Weatherproofing is also desirable. Most
important of all, perhaps, is to make sure
that your actuator has at least a one-year
warranty.

Video switching

It is quickly becoming true that the
average television set isn’t just receiving
an input from a VHF or UHF antenna
anymore. Instead, it may have inputs from
a video cassette recorder, a cable-televi-
sion system, a home computer, as well as
a home satellite-signal receiving system.
A video switcher is almost a necessity to
eliminate the familiar “'rat’s nest™ of wire
and cable, and the confusion that grows as
the TV is called upon to handle so many
items.

There are two things you want to look
for when buying a switcher: High isola-
tion between inputs, and a lot of inputs.
(You should get more inputs than you
think you have need for—you’re sure to
need them eventually.) As an added con-
venience, you might want to buy one with
two or more outputs as well.

There are other accessories that you can
get for your TVRO. Signal splitters, dis-
tribution amplifiers, remote controllers,
outboard signal-strength meters and tuna-
ble audio (if your receiver is not so
equipped). etc. can all be found along
with a host of other goods. Let's now take
a look at just some of those add-ons you
will find in the marketplace:

Arunta

Arunta has three IF filters available for
$165. The 47022 threshold extension filter
passes 59 to 81 MHz with fairly sharp
skirts. It helps to reduce interference on
weak transponders. The 47019 notch filter
features dual notches at 60 and 80 MHz. It
is most useful for eliminating terrestrial
(telecommunications) interference. The
narrow-bandwidth 47015 enhances recep-
tion of INTELSAT feeds. (While most
TVRO systems have bandwidths of about
27-30 MHz, INTELSAT signals have
bandwidths of about 18 MHz.) Each filter
can be simply turned on or off with the
touch of a button (especially important
with the 47015).

Arunta also offers their SSP-318 satel-
lite-stereo processor, which can be used to
listen to mono signals as well as those

broadcast in multiplex. adaptive deviation
multiplex. matrix, and discrete formats. It
features dual tuners. a 5-8 MHz range,
automatic deviation, dual tuning meters,
noise reduction, dynamic-range expan-
sion, and AFC. Dual IF bandwidths (300
kHz and 130 kHz) are also offered.

Burr Equipment

Burr's Sar-Trol [ satellite actuator and
positioner control box, is available for
$479.95. The Mini-Trol is available for
$399.95.

The Sat-Trol 1 uses membrane-type
EAST-WEST control keys; it has dual scan
rates and a position indicator. The actu-
ator uses zinc-plated tubes, a die-cast alu-
minum powerhead. and a special
weatherproof boot.

¥
BURR EQUIPMENT Sat-Tro/ 1 actuator.

The Mini-Trol is designed to eliminate
electronic problems. Built without poten-
tiometers or Hall-eftect sensors, only the
motor and screw are left at the dish. Al-
though that system is very reliable, there
is no display of position at the control
unit. So returning to a specific satellite is
more difficult than it would be with the
Sat-Trol 1, which does feature a digital
display of position. The Mini-Trol fea-
tures pushbutton operation and an auto-
matic brake circuit. It is rated at 1,000
pounds thrust and 5,000 pounds static
loads.

R.L. Drake

Drake offers several add-on TVRO ac-
cessories; among them are APS24 anten-
na positioner ($499), their V535 video
selector ($165), and their NF60/80 notch
filters.

The APS24 makes it easy to relocate a
polar-mount antenna. The console fea-
tures a two-digit LED display and EAsT-
WEST actuator buttons. The control motor
operates on 36-volts DC, and can be used
with most antennas that require a max-
imum linear travel between 18 and 36
inches.

R.L. DRAKE VS-35 video switch.

The V835 video selector takes inputs
from 5 program sources. It offers push-
button source-selection and isolation is
better than 60 dB. Its frequency response
(0 dB to0 3.5 dB) is 50400 MHz. Three
outputs are offered: Tv, REMOTE, and




vCR. All active inputs and outputs are
indicated by front-panel LED’s.

The NF60/80 noteh filters. available for
$£79.95. cut out terrestrial microwave in-
terference. The NF60 is for removing in-
terference at 60 MHz. while the NF80 is
tor 80 MHz. For cach filter. the notch
depth is 45 dB. and the 3-dB bandwidth is
*+ 1.5 MHz of the center frequency.

Dynasat

The DT-200 Power Tracker, available
for $289. combines a weather-sealed.
maintenance-free actuator and an elec-
tronic control unit that features two-speed
east and west controls. An LED readout
and Polarotor I control are also included.
The 24-volt DC system uses Hall-eftect
sensors. [t features an [8-inch stroke.
hardened steel gears, stainless steel exten-
sion tube, and a rated thrust of 2.000
pounds.

Earth Station Accessories

A weatherproofing boot for satellite ac-
tuators/positioners is available for $21.50).
It can be used to protect many positioning
jacks. A two-piece boot protects motor
and gear works.

Houston Tracker Systems

The Tracker 1Vplus is a top-of-the-line
antenna positioner with remote control
(3610 with remote. $439 without). The
computer-programmable drive system
teatures UHF wireless remote control (up
to 200-feet away). Other teatures include a
t6-character. blue fluorescent display that
gives instructions while programming.
and parental lockout capability.

The Tracker [Vplus offers control of the
Chaparral Polarotor 1. and can interface

directly to many receivers for automatic
polarity selection. (Some receivers re-
quire an interface board.) The east-west
over-travel limits are user programmable.
The unit is supplied with an 18-inch. ball-
screw actuator and 100 feet of wire.

The Tracker 11 ($305) is a manual-drive
antenna and positioner that features an
LCD readout of satellite *“*location™ and
user-adjustable over-travel limits. It fea-
tures a self-contained 6-amp power sup-
ply. The suggested system load is 800
pounds or a 10-foot lightweight dish. The
Tracker Il is supplied with an 18-inch ac-
tuator and 100 teet of wire.

ICM/Video

The VP-300C ($349) is a completely
automatic video processor. It regenerates
synchronizing signals. and a clamp cir-
cuit removes hum and flicker. It features a
copyguard stabilizer. four video and audio
outputs, NTSC and PAL compatibility.
AGC. and 2 6-MHz bandwidth. Its S/N is
specitied at 50 dB.

ICM VIDEO Signal Purifier

The VE-200C ($495) is also automatic.
It regenerates all sync signals and features
acopyguard stabilizer. four audio and vid-
co outputs, image enhancement and noise
reduction. fade to black. a 5-MHz band-
width. and its S/N is specified as 60 dB. It
has controls for video level. color level.

HOUSTON TRACKER SYSTEMS Tracker !l antenna positioner and actuator.

burst phase. and noise level.

The SA-50 Signal Purifier ($150) is a
filter/amplifier containing a five-pole
bandpass filter to reduce out-of-band in-
terference. The SD40 ($325) stereo ma-
trix decoder is used to decode matrix-
steree transmissions. The TA-30 (S115) is
a tunable-audio device—it allows you to
tune all subcarrier frequencies from 5.5 to
8.5 MHz (but not in stereo).

Kent Research

The SurvevorSeven. available for about
$320. is a programmable (12-memory)
antenna positioner that offers an optional
remore control. It features an LCD anten-
na “‘position” indicator: east-west travel
and limit indicators. Up to 12 positions
can be set in its non-volatile memory and
recalled by turning a 12-position rotary
control.

The Survexor-167. which sells for
about $700, is perhaps the most sophisti-

KENT RESEARCH Surveyor-7 antenna posi-
tioner and actuator.

cated controller on the market. It is inter-
taced directly with your receiver. (That is
done by your dealer—or by yourself, if
Kent is convinced that you are capable of
doing it yourself. One disadvantage is that
interfacing the Survevor-167 will void
your receiver warranty.) Once the /67 is
installed, your complete station can be
controlled by a handheld unit. That in-
cludes channel, scanning, polarity, audio-
frequency (and stereo) selection: video
invarsion, power and volume control . an-
tenna position, fine tuning. bass and tre-
ble, AFC, etc. The /67 also teatures a
parental lock-out system.

There are no knobs, dials, or readouts
on the unit—all controls are on the hand-
held remote. Another impressive feature
is that you can display in color, on your
TV screen, the satellite that you are
watching, the channel you are watching,
the date and time. the channel lock-out
status and total system status.

The Survevor-167 features a 36-satellite
memory. two-speed drive, up and down
scanning, a timer, parental lock-out. a key
lock to prevent unauthorized program-
ming. polarity control, non-volatile mem-
ory. LED indicators. skew compensation,
and a scan function. The actuator has an
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18-inch stroke and its thrust is rated at
1,500 pounds. Skew, tilt, and format cor-
rection are chosen automatically, and au-
dio frequencies are automatically se-
lected. It also features stereo decoding,
volume mute, bass-treble adjustment,
AFC. and dynamic noise reduction.

KLM

KLM station-accessory offerings in-
clude their Memory Trak ($550) and a
stereo processor (3360). Memory Trak is
an antenna positioner featuring a 50-satel-
lite-position memory. digital readout of
relative position and satellite name. polar-
ity control, full east-west manual dish
control, and 80-hour memory retention.

KLM stereo processor

KLM’s stereo processor works with
standard receiver video outputs or un-
filtered. unclamped video outputs. It fea-
tures discrete and matrix modes, A and
A + B subcarriers, narrow and wide de-
viation, individual A and B tuning con-
trols, a5.3-8.3 MHz range. center tuning
edgemeters. noise reduction. an inter-
ference filter. expansion switch, LED
multiplex indicator, video output jack,
and mono-audio output jack. The decoder
includes an amplifier section (5 watts per
channel) with volume control, left and
right speaker terminals. headphone jack.
and bass boost.

Luxor

The model 9534 remote-controlled an-
tenna actuator is available for $699. It
features wireless remote operation. mi-
croprocessor control, 30-satellite memo-
ry: battery backed-up memory, 175-feet of
cable, and automatic polarity switching.
The unit can be manually controlled for
programming setup and override. An
LED satellite readout and position read-
out is included. The 9536 intrared remote
control sensor is available for $99.

Newton Electronics
Newton offers satellite-TV test equip-
ment, including the $995 GBS 2600,

which features a 3.7—4.2 GHz output. Itis
calibrated in transponder numbers and the
output can be modulated with audio and
video to test LNA's, LNC's or downcon-
verters. It features an RF-transmitting
horn antenna. and selectable signal level
at 70 MHz and 3.7-4.2 GHz. Audio
(mono. discrete or matrix stereo) and
composite video outputs, as well as a
color-bar output are available. The unit
contains a built-in battery charger.

The GBS 2000 ($2.995) features a mi-
crowave output that is tunable from
3.7-4.2 GHz. Its power level is equivalent
to 11 dB CNR. Its LNA feed has a nominal
level of — 30 dBm. The 70-MHz output,
which can be used to align IF and detector

NEWTON ELECTRONICS GBS 2000 satellite-TV
test set.

systems, has a power level of —10dBm. It
contains an internal audio generator, and
the four most commonly used subcarrier
frequencies (5.8. 6.2, 6.8, and 7.4 MHz)
are tront-panel selectable.

Quantum Associates

The 3395 Quanta Q-7 programmable
satellite scanner can be programmed for
12 satellites and has a 2-digit LED posi-
tion readout as well as a liquid-crystal
clock display. It features manual and auto-
matic scanning capability. Two drive units
are available: The short unit extends 18
inches, the long drive one 52 inches.

Regency
The VDS-5000 ¢lectronic video switch-
er, available for $119.95. features auto-

REGENCY electronic video switcher

matic pushbutton switching of four inputs
(labeled ANT. saT, VCR, and GAME) to two
outputs (tv and vcr). The inputs are indi-
cated by LED’s.

Sat-Tec

The $159 S-5000 stereo demodulator
decodes matrix or discrete stereo. It fea-
tures 5—-8 MHz subcarrier tunability. The
bandwidth is selectable (150 or 500 kHz)

SAT-TEC S5000 stereo demodulator.

and its frequency response is 15 Hz to 15
kHz. Its harmonic distortion is specified
as less than | percent. Standard line out-
puts, for connection to stereo amplifiers,
are included.

Satellite Reception Systems
A variety of devices are available. in-
cluding the Speedster trailer ($1885),

SATELLITE RECEPTION SYSTEMS Speedster
trailer and dish.

which includes an 8-foot dish and feed.
The trailer, which weighs 875 pounds,
can be taken with you when traveling! It
uses a 3-inch pole polar mount.

Superwinch

Superwinch offers their $470 Sky-
walker Il programmable antenna control-
ler and actuator. It features an LED
readout, a 16-position satellite memory,
illuminated satellite-position display, a
limit indicator (which shows antenna is at
end of travel), one-week memory protec-
tion. overvoltage protection, and full au-
tomatic and manual operation. R-E
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A versatile module

ONE OF THE MORE INTERESTING THINGS
in the fast-paced world of elec-
tronics is to discover a small com-
pany starting up on the basis of a
new idea or product. The fascinat-
ing part is to watch what happens
to the company after it has started
up. Many such fledglings last only
a short time and then fade away.
You can’t always predict whether
they’ll be able to make a go of it,
because there are so many factors
involved.

Many emerging companies with
good products or ideas have gone
down the tubes because their ser-
vice, dependability, and respon-
siveness to customers has been
somewhat less than desirable.
Don’t get us wrong: We're not say-
ing that an occasional new product
or idea doesn’t make a difference
in the success or failure of the
company. What we are saying is
that there’s more to the creation of
a successful business than the
product itself.

Ben johnson’s Kaltek is one of
those enterprises that seems to be
doing the right things and turning
out useful new products. You may
recall a discussion back in March
1982 in which | told you about their
small module—the RC-111—
which, along with a calculator and
a handful of common compo-
nents, can be used to build a ca-
pacitance meter, ohmmeter, and
so on. That original module is still
available ($14.62, postage paid).
But now, there is an advanced ver-
sion of the original device.

The RC-103 (which sells for
$18.00 postage paid) is an RC-111
with Schmitt-trigger inputs for in-
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FIG. 1

creased precision. Using the
RC-103 along with a half-dozen
common components and a sim-
ple calculator, you can build an in-
strument to measure resistance,
capacitance, temperature, RPM,
length, or angles. A stopwatch or a
light meter may be constructed
just as easily. So that you will know
just how simple the whole thing
can be, the basic circuit is shown
in Fig. 1.

That circuit may be used, too, in
a variety of applications depend-
ing on the component used at R2.
For instance, by replacing R2 with
a photodiode, you can build a
light-intensity meter. The circuit
may also be used to construct a
capacitance meter, ohmmeter, and
so on. (For more information and/
or applications contact Kaltek at
the address below).

Another item that should be of
special interest to many of you are
several circuits, developed by Ka-

EARL “DOC” SAVAGE, K4SDS,
HOBBY EDITOR

Itek, which use the RC-103 along
with an inexpensive Timex Sinclair
computer. One circuit forms a sig-
nal conditioner for reading “diffi-
cult” tapes. Others provide on-
screen readouts of resistance, ca-
pacitance, and frequency.
(Though 1 haven't tried it yet, | see
no reason why the same circuits
shouldn’t work equally well with
other computers—Commodore,
Radio Shack, etc.—provided ap-
propriate changes are made in the
short machine-language and
BASIC programs.)

As you would expect, using a
computer for the calculations and
display opens up all sorts of pos-
sibilities. For example, the mea-
surements can be displayed justin
numbers, but why not graphs or
words, or both for convenience
(which would be especially useful
to the young student)? And how
about a “lie detector” measuring
skin resistance and showing a ther-
mometer-like readout rising from
“True” through “Are you sure?” to
“Why not tell the truth?”

If you have been looking for
low-cost test instruments, give
some thought to the RC-111 and
RC-103 with a calculator or com-
puter. James Pennington (FL)
could make a device for tuning his
musical instrument. Kaltek will
send you the application notes for
$1.00 and an SASE, then give you a
buck credit on your subsequent
order.

The saga of Kaltek is notyet up to
date. They've developed another
module, the SL-6. With a couple of
components (included with the
SL-6 for $17.46, postage paid), it

RADIO-ELECTRONICS
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makes a touch-sensitive switch
that holds “on” for about one sec-
ond. Of course, the hold time can
be changed by substituting an-
other capacitor for the one that is
supplied.

So what good is a short delay
circuit? The SL-6 was developed as
an addition to the keyboard of the
Timex Sinclair 1000 computer (also
known as the Sinclair ZX8/). In
small inexpensive computers, like
the Timex 7000, many keys serve

several functions, depending on
which mode the computer is in.

For example, a single key might
be use to enter a letter, a graphics
character, and the cosine function.
To enter the function you first
press the sHIFT key and then the
alphanumeric/function-control
key. In the function mode, the al-
phnumeric keys become function
keys

The short delay allows you to
press the stiFt key and then use

RADIO-ELECTRONICS
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the same hand or finger to hit the
control key. That greatly increases
the convenience and speed of key-
board operation. It can be es-
pecially valuable for certain hand-
icapped individuals.

While the SL-6 application notes
refer to the Timex 71000 and its shift
key, it should function equally well
on other keys and other machines.
[ am just beginning to experiment
with the SL-6 on other computers,
and 'll let you know the results of
my efforts.

Certainly, use of the SL-6 is not
limited to computer keys. Instead
of completing a circuit around a
computer key, it could complete a
circuit to energize a small relay.
That could make a dandy compact
and portable alarm to sound off
when someone touches a door-
knob or a car, for example.

Perhaps now you can under-
stand why | find Kaltek an interest-
ing company. | suspect that more
and more applications will be
found for the RC-111, RC-103, and
SL-6 modules. (If you discover
one, be sure to let me know about
it.) There is also a rumor that Kal-
tek is on the development trail that
will soon lead to another useful
module.

Oh yes, please note that | own
no stock in Kaltek (wish | did!).
And if you wish to contact them,
be aware that they are planning to
move. The current address is Box
7462, Rochester, NY 14615. After
January 1, it will be Box 971, Adjun-
tas, PR 00601.

Help!

A request has come in from jack
Agueros (NY) for intormation that |
have been completely unable to
find. He is looking for a means of
getting in touch with others inter-
ested in old radio receivers. There
must be clubs and newsletter pub-
lishers for collectors and hob-
byists. If you know of one (or
more), let me know and ['ll pass
the word to Jack and others who
are interested that subject. (Edi-
tor’s note: You might try these:
The Horn Speaker, PO Box 53012,
Dallas, TX 75253, Bruce Kelley, Sec-
retary, Antique Wireless Associa-
tion, Holcomb, NY 14469, and
Niagara Frontier Wireless Associa-
tion, Box 68, Central Park Station,
Buifalo, NY 14215.) R-E



Select 5 Books for Only $2%

Save up to $108.72> when you join

W ececTromices Boos Clue

A wealth of Troubleshooting & Repair tips!
Hundreds of Projects!

«State of the Art Technology!

*Exceptional Savings!
The Choice of Hobbyists =
and Professionals
for over 19 years!

1682

List $14.95

“_ —— List $21.95

I mRee 1474 S '
i &Pwﬂ“l.’s List $16.95 S . ; 4
N 7S P & EXPRNDT . 1211 List $18.95 o

v THE COMPLETE BOOK 0F List $16.95 7/
E e OSCILLOSCOPES ° a"":}?@,‘;fomcﬂ .
5 w - - = ._e L
¥ FREE BONUS! —= <&
I The Mail Order Guide to

Electronic Parts and Components -

r------------------------ﬁ wl 1 1 1 1 |

#//}i EiecTronics Baoak Cus

P.O. Box 10, Blue Ridge Summit, PA 17214

1765
List $21.95

1532
UNDERSTANDING List $11.50
ELECTRONICS (paper)
Please accept my membership in Electronics Book Club and send the 5 volumes

circled below, plus my free copy cf the Electronics Buyer's Guide billingme only $2.95
plus shipping and handling charges. If not satisfied, | may retum the books within ten

The | days without obligation and have my membership cancelled. | agree to purchase 4 or
CET | more books at reduced Club prices (plus shipping/handiing) during the next 12
| months, and may resign any time thereafter. Order subject to acceptance by Elec-
Exam tronics Book Club. Valid for new members only
Book | |
I 800 1183 1199 1211 1218 1409 1431 1449 1474
1553 | 1487 1498 1532 1536 1537 1542 1553 1561 1575 1577
List $21.95 wp = l 1605 1616 1670 1673 1679 1682 1719 1765 1820
A\
= Name . Phone
1670 A
List $14.95 | C‘:dress
l ity .
See other side for i State Zip
more eXCiting SelectionS! l Foreign appiicants will receive special orderning nstructions. Canada must remit in U.S. Currency RE-185



Build Your Electronics Skills . . . Join Now!
No other book source offers so much for such low cost!

Take 5 Books =y
for Only $2_95 FLE;rqu_ s

The Electronics Book Club
puts you in the mainstream of
today's electronics practice .
7 » Access to the latest state
1218 1487 1449 of the art developments in 1431 1199 1409
List $18.95 List $15.95 List $19.95 lasers, microcomputers, List $17.95 List $19.95  List $15.95
holography, robotics, test
instrumentation, and more!

+ Step-by-step how-to's
for building your own
electronic games, gadgets,
home control devices,
solar energy units, more!

* Expert guidance in every
phase of electronics practice!

' » Time- and money-saving - o

1577 1561 1575 tips on choosing, installing, 1183 1719 1673

List $19.95 List $19.50 List $24.95 maintaining all kinds List $15.95 List $18.95 List $13.95
(paper) of electronic equipment!

* Practical advice on how
to turn your electronics
knowledge into a profitable
full- or part-time career!

* No other electronics in-
formation source offers
you so much at such low

By cost . . . Save now, save e
1605 1616 800 every time you order the 1679 1820 1536
List $19.95 List $19.95 List $19.50 latest electronics and mi- List $17.95 List $16.95 List $14.95
(paper) crocomputer titles from

the Electronics Book Club!

If card is missing, use this address to join:
Electronics Bopk Club, P.O. Box 10,Blue Ridge Summit, PA 17214

NO POSTAGE 7 i joi
NECESSARY Electronics Book Club
””’:J”Qggn _ P.0. Box 10
UNITED STATES Blue Ridge Summit, PA 17214
* Big Savings. Save 20% to 70% on books sure to

INcrease your know-how

* No Risk Guarantes. All books returnabie within 10
days without obligation

« Club News Bulletins. All about current selections—
mains, alternates, extras—plus bonus offers
Comes 13 imes a year with hundreds of up-to-the-
minute titles you can pick from

« “Automatic Order." Do nothing, and the Main selec-
tion will be shipped automatically! But . . if you want
an Alternate selection—or no books at all—we'll fol-
low the instruction you give on the reply form with
every News Bulletn

« Bonus Books. Immediately get Dindend Certificates
with every book purchased and quality for tig dis-
counts of 60% to 80%.

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

» Exceptional Quality. All books are first-rate pub-

BUSINESS REPLY CARD

FIRST CLASS PERMIT NO. 9 BLUE RIDGE SUMMIT. PA 17214

POSTAGE WILL BE PAID BY ADDRESSEE

The Electronics Book Club
P.O. Box 10
Blue Ridge Summit, PA 17214

lisher’s editions selected by our Editonal Board, filled
with useful, up-to-the-minute information



VOL 2 No.1 January 1985

ComMPUTERDIGEST

NEW KIND OF MAGAZINE FOR ELECTRONICS PROFESSIONALS

MACHINE CODE
DEVELOPMENT SYSTEM
Build this and put your Sinclair ZX-81 to
work as a machine code development
system, PROM programmer, and PROM

emulator *%
COMPLETING THE BIOBOX

Build our Biofeedback Monitor and use
our computer to keep calm.

XPANDING THE = ¥

OMMODORE \IC.20 =
-njoy the convenience of addition

xpansion ports for more memory or
ames




r------------------------------------------------1

Electronics Paperback Books
Quality Paperbacks at Affordable Prices

30 SOLDERLESS
BREADBOARD PRO-
JECTS BOOK-1.
$5.75. Whenever possi
ble the same parts are

sed in several pre
ects Even a first-time
Duiider can compiete
hese circuits

HOW TO GET
YOUR ELECTRONIC
PROJECTS WORK-
ING. $5.00. Helps you
troubleshoot anda repair
nome-buill projects of
every 0escrnption

MINMATRIX
BOARD PROJECTS.
$5.00. A vanety 01 pro
e al

bu matnx
board that has 10 strips
and 1s 24 holes iong

MODERN OP-AMP
PROJECTS. §5.00
Wide range of special
1269 0p-amp CIrcuds in

uging lo-noise o
n input

dis u
impedance. e1c

MULTI-CIRCUIT
BOARD PROJECTS.

$5.00. 21 fairly simpie
projects that can all be
ard. All

are powered by a 9V
Dattery

IC PROJECTS
FDR BEGINNERS.
$5.00. Inexpensive digy

ano linear IC's are
used 1o assemble this
selec s
tended for the be:
ginner

ART OF PRO-
GRAMMING THE 16K
IX81. $6.25. Topics

i creen, s
ing. PEEK & POKE
plus actual working

programs

THE 6809 COM-
PANION. 55.00. Wr
ten for the average
assembly language
programmer. A discus.
sion of 6809 teatures &
relerence work for the
6809 programmer

PRACTICAL COM-
PUTER EX-
PERIMENTS. $4.50.

ckgr
uCroprocessor by con
ruching typical compu

onents,

ART OF PRO-
GRAMMING THE 1K
ZXB1. 85.00. How !
use the lealures of the
ZX81 in programs that
ht the 1K machine and
are still fun to use

INTRODUCTION
TO BASIC PRO-
GRAMMING TECH-
NIQUES. $5.00. Based
ON author s own expen
ence in learning BASIC
and helping others to
learn lo program,

A MICROPROCES-
SOR PRIMER. $4.50.
Painiess approach to
compuling for the be
ynner Step-by-step
>xplains computer op
erations and assembly

THE PRE-
COMPUTER BOOK.
$5.00. Aimed at the
absolute beginner with
no knowledge of com-
puters A non-techmical
hscussion that helps
You enter the computer
waorld panlessly

An Introduction
10 Vidoo

o
a

BASIC & PASCAL.
$4.00. Takes BASIC &
Pascal and develops
programs in bot jan-
Quages simulaneousty.

FIRST BOOK OF
TRANSISTOR EQUIV-
ALENTS. & SUB-
STITUTES. $3.75

PRACTICAL COM-
PUTER EX-
PERIMENTS. $4.50

AN INTROQUC-
TION TO VIDEO.
$5.00. Pertect tor the
person just about to
buy & VCR. Discusses
pros & cons of the var-
ious fumals; wideo
discs: sdeotext. 1ape
copyirg and more.

ELECTRONICS
SIMPLIFIED CRYSTAL
SET CONSTRUCTION.

ELECTRONIC
HOUSEHOLD PRO-
JECTS. 54.50.

POWER SUPPLY
PROJECTS. $4.50.
Co 4 )

almost any power sup
Ply the expenmenier 1s
kely o need

REMOTE CON-
TROL PROJECTS.
$5.00. Ra ol
nfra-red, visible hight, &
ultrasonic systems ar
a with
methods of applying
them

~ ELECTRONIC
TEST EQUIPMENT
CONSTRUCTION,
$4.50. Construction de
tails of a wide range of
test equipmenl the ex

can build at

home

ELECTRONIC
PROJECTS USING
SOLAR CELLS. $5.00.
Simple crrcuils tha
nave numerous ap
pications around the
home

ELECTRONIC TIM-
€R PROJECTS. $5.00
s for
almost any application
the experimenter mght
need A mosl valuable
reference

COUNTER DRIVER
& NUMERICAL-
DISPLAY PROJECTS.
$4.50. Fealures ap
plications & projects
usiNg vanous lypes of
numerical-cisplay Oe-

ces

e

PRACTICAL ELEC-
TRONICS CALCULA-
TIONS AND FORMU-
LAE. $7.50. AL
reterence work that
briages the gap be
tween complicateq

techn. heory & cul
and ned methods

INTERNATIONAL
DIODE EQUIVALENTS
GUIDE. $5.75. Help:
you hng substitutes for
the many artferent
types ol semiconaucto:
dioces in use toca

INTERNATIONAL
TRANSISTOR EQUIV-
ALENTS GUIDE.
$7.50. Products of
more than {00 man.
utacturers are listed &
ctoss-referenced with

possible replacements

HOW TO MAKE

WALKIE TALKIES.

5.00. D equ!
ment for wer
handheld operation
112 pages of must
reading tor the oear
ated expenmenter

ELECTRONIC
CALCULATOR US-
ERS HANDBOOK.
$3.95. Presents formy
ae dala methods of

ver
ctors & more trom

view Of the

LINEAR IC EQUIV-
ALENTS AND PIN
CONNECTIONS. $8.25.
Shows equivalents & pin
connections ol a popular
user-onented selection of

PRACTICAL ELEC-
TRONIC BUILDING
BLOCKS—Book 1.
$5.00. All electroncs
areuits consist of sim-
ple buikding blocks.
When you know how (0
make the blocks you
can eastly create your
own projects

‘ot
v

we

PRACTICAL ELEC-
TRONIC BUILDING
BLOCKS—Book 2.
$5.00. Circuits that pro
cess smgnals Combines
with those in Book 1

SPECIAL OFFER Book 1 & Book 2
PRACTICAL ELECTRONIC BUILDING BLOCKS.
$9.00. Shipping Included. Save $1.75.

RADIO CONTROL
FOR BEGINNERS.
$4.50.

ELECTRONIC
GAMES 54.50

SINGLE IC PRO-
JECTS. 54.25

RADIO CIRCUITS
USING IC’S. $4.50.

ELECTRONIC
HOUSEHOLD PRO-
JECTS. $4.50.

ELECTRONIC
MUSIC PROJECTS.
50.

POPULAR ELEC-
TRONIC PROJECTS.
$3.75,

PROJECTS IN
OPTO-ELECTRONICS.
$5.00.

Radio Stations
Camdie

ANTENNA PRO-
JECTS. $5.00. Cover
practcal antenna de-
SKgNS iNCluding activ
loop & ferrite types that
are easy & nexpensive
to buikd

RADIO STATIONS
GUIDE. $4.75. Com
prehenswe listing of
transmutters aroung the
world. Presents loca
tion. frequency. power.

LONG DISTANCE
TV RECEPTION
(TVDX) FOR THE EN-
THUSIAST. $5.00.
Practical & au
thoratative inroducton
to this unusual aspect
of electronic:

€8 PROJECTS.
$5.00. A number of
useful ang interesting
designs fto. CB
accessones, Speech
processor. interterence
hiter & more.

CRYSTAL SET
CONSTRUCTION.
$4.50. Pacxed hu ot

asy 10 duplicate de-
signs for Ceystal radio
recewvers

AN INTRODUC-
TION TO RADIO DX-

THE SIMPLE
ELECTRONIC CIR-
CUIT & COM-
PONENTS. $5.75. Ail
Ihe fundamental theory
needed 1o iead 10 a tull
undersianding of the
simple elecironic crcuit
and s components

ALTERNATING
CURRENT THEORY.
$5.75. Aliemanng cur
rent theory without
which there can be no
comprehension ol
speech, music, radio,
or Television.

MICROPROCESS-
ING SYSTEM & CIR-
CUITS. $7.50. A truly

casts ongimating
thousands -f miles
away Tells how you
c do 1t

& gude
lo all of the elements of
a mroprocessing
system

. SEMICONDUCTOR
TECHNOLOGY. $5.75.
Everything you always
needeq 10 know aboul
sohg-state devices in
one volume.

COMMUNICATIONS.
$7.50. Covers most
modern communication
systems Line. micro-
wave, submarnne. sal
elie. oigital multipiex
racho & telegraphy.

FIRST BOOK OF
HI-FI SPEAKER EN-
CLOSURES. $4.50.

SOLID STATE
NOVELTY CIRCUITS.
$3.50

28 TESTED TRAN-
SISTOR PROJECTS.
.25,

ELECTRONIC TECHNOLOGY TODAY INC. RE 1/85

P.O. Box 240, Massapequa Park, NY 11762

Number of books ordered D

Name. — . —
Total Price of Books S

Address. — — — e ———
Sales Tax (NY State Residents) B
Shipping (75¢ 1st two books, 30¢ ea additional) — City. - State____ZP__

TOTAL ENCLOSED $

L------------------------------------------------J
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7 Machine Code Development System
Turn your Timex Sinclair 1000 into & machine-code development
system, EPROM programmer, and EPROM emulator.
Mark W, Latham

12 Build The Bio-box
Part 9. This month, we show you the software needed to drive our
biofeedback monitor. Jim Barbarello

=

15 VIC-20 Expander
Add three or more expansion ports to your Commodore VIC-20
computer. Jim Steele
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S Letters

5 Computer Products Our VIC-20 Expander is
shown here ready to go.

To find out more
about it, see page 15.

ON THE COVER

If you own a Sinclair ZX81 or a Timex Sinclair 1000, you already
know that programs written in BASIC execute very slowly on those Build this and put your
machines. What's more, programming those computers in machine- e
code can be somewhat less than convenient. This month, we'll

show you a project that can make writing and storing machine-
code programs a lot easier. What's more, it can double as an
EPROM programmer for the ZX81/1000, or an EPROM emulator for
another computer system. See page 7.

P p—
EXPANDING THE
COMMODORE\, |

Enjoy the convenience ol addi 2
expansion ports for more memory or
games
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EDITORIAL

Here we go again!

Bit’s 1985. You know what that means... For the next few weeks, you're still
30ing to be writing “1984” on your checks and lezters. A new year takes a
little getting used to. But the number of the year isn't the only thing that
changes.

We're going to be seeing some changes—drastic changes—in our
business, too. It seems that there will be drastic new developments
announced this year. That computer that you bought because it was the
latest, the best, the most up-to-the-minute model, is suddenly going to pale
by comparison, and you're going to wonder if you shouldn't trade it in on
one of those newer units. Suddenly, the features announced on the new
machines will seem essential to you, and you'll wonder how you manage to
get along without them.

Don’t misunderstand—This is called “built-in obsolesence,” and we're in
favor of it. It helps keep the economy moving, keeps the money circulating
(your money) and the challenge to produce the new and unique In order to
compete, keeps the manufacturers on their toes. This results in technological
advancement that benefits us all.

Timing is usually a critical factor, too. Remember when the Christrnas
Season began on December 25th? Now it seems to start on Thanksgiving
Day. And the people in Detroit introduce their next year's models during the
previous Summer. Happily, computers haven't fallen prey to that gambit as
yet. The 1985 models will be coming out now—in 1985. That has both its
good and bad aspects: On the positive side of the ledger, those who plan
to buy new computers will now be ready to spend their bucks, now that
they can shop for the new lines. And others who have been looking for a
traded-in "bargain” will therefore find the shelves loaded with choices. And
many of us, our Christmas-present money buring a hole in our pockets, will
be ready to spend.

People who had been planning to change their jobs waited until after the
holidays so they could collect their time off and those Christmas bonuses,
but since that’s behind us, they will be changing jobs now: That’s probably
30ing to mean more money for them, a chance to advance for others, and
still more openings for those looking for jobs.

Yes, 1985 bodes well for the economy.

And for all of us too.

We, the staff of ComputerDigest wish all of our friends a healthy, happy
and prosperous 1985

By & Wil

Byron G. Wels
Editor

ComputerDigest is published monthly as an insert in Radio-Electronics magazine by Gernsback Publications.
Inc.. 200 Park Avenue South, New York, NY 10003. Second-Class Postage Paid at New York. N Y and additional
matling offices. All rights reserved. Printed in U S.A.

A stamped self-addressed envelope must accompany all submitted manuscripts and or artwork or photographs 1f
their return s desired should they be rejected. We disclaim any responsibility for the loss or damage of
manuscnpts and or artwork or photographs while in our possession or otherwise.
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LETTERS

DESIGN THOSE AUDIO
NETWORKS CORRECTLY!

It was @ p easure 10 see my
arucle “Computer-Designec Audio
Networks” In the November 1ssue
of ComputerDigest. |t was not as
pleasant 10 see that some errors
crept Into the program listing. The
correc:ed lines follow:

5 CLS: PRINT

115 ON N GOTO 120.150: PRINT
"ERROR - DO OVER™: GOTO 110

125 RA=INT(Z ((K-1) (K=-1))):
RC=INT(Z ((2-K)
(K2-1))A=2B=2

145 GOSUB 2000: GOSUB 2025:
GOSUB 2055: GOTO 3000

160 RA = INT((((A - B) KA) -
(A-B)) 2)

220 GOSUB 1000: GOSUB 1030:
GOSUB 1050

310 RA=INT({A SQU(A B))
(({(K<SQR(A B)) - 1) K))

530 DB =CINT(ABS(20-(LOG(SQR
(1(AB))(1-SQR(1-(1 (AB))
LOG(10)) - 1)

2055 X=60: FOR Y =16 TO 19:

SET(X.Y): NEXT Y

2060 X =60: FOR Y =24 TO 28.
SET(X.Y): NEXT Y

In ine 135, the quotation marxs
were omitiec after tre last word,
bu: :re program will -ur without
them —Frank Ga'des, Murrysvilie,
PA

Sorry, Frank. Prograr lisiings are
irherencly subjec: 1o lypese:ing
STErSCriotion errors—even more SO
than schemaucs! If anvone has
0131s [0 submit @ histing with an
arucle, sencing 12 on an 8-incr
SSED (IBM 3740 forma:) cisk is the
bes: way [0 avoic ény orob ems

FLYING ENTHUSIAST

I've become enchanzec with the
fhigk: simulator on my computer
anc want 0 know how valuab e
this can be toward getiing a p1'ot’s
hcense?—Frank Stembo, Dallas, TX.

Frank, as a pilo: myse ¢ | can el
you 175 very va uab el Swuden:
pilos soenc @ 'or of ume in tre arr
(anc cua! insiruction cos:s o en:y!)
learnirg the rucimen:s of
inscruren: fught arc navigaon
Your “light Siruiaior 1 $aving vou é@
‘orure in tha: way alone Bur as
one cfire olc grea: avia:ors once
saic, 1 you wan: [0 ‘earn abou:
fying, waicr re birds If you wan:
{0 learn 10 fiy; ger into an airpiane!”

COMPUTER VERSATILITY

MOST PeoR € buy computers 0
SO Ve One paricu'ar probem in
their lives anc only rare y Go they
look for other aoplicarons oussice
treir immeciate sphere of inzeres:
Your magazine ~as mace me aware
of some of tre other *hIngs
computers €an Co, anc you've
broacenecd my own computer
usage Tharksi—Mort Sabin,
Yonkers, NY. <Dp

COMPUTER PRODUCTS

For more details use the free
information card inside the back cover

EDUCATIONAL SOFTWARE, T~e No-
tabie Prar:om, seaches cmildren ages
5-10 basic keyboard (musical) and
note-reading skills as they compete
against a slew of specters, spiders,
and the famous phantom rimse f
Haunted-house ghouls lead players
through exercises to 1dentify note
names and posItIoNs on @ Music sa“
and keyboard, and to train *he ear 10

CIRCLE 21 ON FREE INFORMATION CARD

icertfy diferent tones, cependc ng or
wicn lesson olar the user selects
Crudren learn 1o read MusiC usirg a
sorgboox O ‘avorie tures at s
InC uded in every gare Budcing
COMDOSErs Can save "er Own song
Credltors anc play trem back ater
Tre software comes with a rea 's'ic
keyboard overlay of biack and white
noes, more trar ar oz:ave and a ralf
Tre sugges:ec orice of Tre Nowb e
Prartomr 15 $49 95 —Designware, 185
Berry Street, San Francisco, CA 941C7

PRINTER, the ThinPrirt 80, 1s cesigred

for use witm por:ab e computers 01
battery-powered, weighs oniy four
pouUNds, and SUPPOrts eirer seral or
oarallel interfacing to Most comput2rs
(including Tandy 700 & PC-9, Eosor
FX-20, IXO Telecomputer, IBM PC XT
Jr and many others)

Tre TrinPrint 80 ~as 80 or 136

CIRCLE 22 ON FREE INFORMATION CARD

columns per ling, 40 craracter-oer-
second bidirectional orinting, 2K buf
er memory, and 120 dot-per-inch
graohics It ho ds 80 pages of 8 -~
wide Daoer, proguces silent thermal
or nung, and fits INt0 ess ~an haf a
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briefcase. Its suggested retall price 1s
$279 00, complete with rechargeable
batteries, AC adapter, and one roll of
paper—Axonix Corporation, 417
Wakara Way, Salt Lake City, UT 84108.

FILING SYSTEM, Dial ‘N File, 1s de-
signed for 5% diskettes. It 1s made of
high-density, molded plastic and
holds up to ten S%-inch diskettes and
one PerfectData drnive-head cleaning

CIRCLE 23 ON FREE INFORMATION CARD

disk. When opened, the plastic cover
swings Into an easel position and
becomes a display stand. A clockwise
turn of the dial operating the fanning
action, places individual diskettes at
the user’s fingertips, with all diskette
labels clearly visible. The Dial ‘N File
case closes with a counterclockwise
turn of the dial, and tocks securely to
protect diskettes from damage and
contaminants. Its suggested retall price
1s $6.95— PerfectData Corporation,
9174 Deering Ave., Chatsworth, CA.

SPREADSHEETS, the VisiCalc Package,
1S 8 two-In-one product containing
both a single and a double disk-drive
spreadsheet program—VisiCalc and
VisiCalc Advanced Version— for users
of the Apple /f family of personal
computers.

The VisiCalc disk includes models in
home management and finance that
can be expanded by the user. They
are: checkbook balancing, household
budget, individual retirement account
analysis, future value of an investment,

T Rk 1 3 T L X
NEWYEAR SPECIAL$-3 Hot Items!

l TEKTRONIX

GRAPHIC TERMINAL 4012

e Fully Operational
Fast RS-232 Serial /0

Full ASCII Char. Set
1024 x 780 Pi. Display
Industry Standard

Bistable Storage Display

U.S. built, found in sophisticated

CAD:/CAM Systems & other ap- l

plications. 96 Char. ASCIll

Keyboard, Selectable Baud aa

Rate & other control features. I
Unused! Like New! Originally Sold s6725

SHUGART
34900

Untested, Removed From Equipt for Upgrade

complete

DEX 4100 FACSIMILE (FAX) MACHINES

ldeal for Experimental Page Scanner or Low Cost Copier
l = ‘ Found in offices everywhere, these units can transmil & receve

to and from Standard Telecopier Machines over standard phone

lines. Transmits documents and photos. Features
= a0 feed of onginals, built-in roll feed, page cunef uu .
B for automatic sizing & "photo” mode for the grey

I OPERATIONAL!  Sc@%e & halfiones. Full duplex (Separate Xmit plus

Recv. Sections). May be used as a copier.
Write of Call for Our lalest Fiyer NOW!!!
WAREHOUSE 18 Granite S1.. Haverhill. Mass. 01830

nmpUler MAIL ORDERS: Box 204. Newton. New Hampshire

Pruducts & _g 617/372- 8637 -

Sorry No Collect Calls
MasterCard & VISA Accepted

Prices do not inciude Pkg Shipping

eripherals —
nlimited

CIRCLE 56 ON FREE INFORMATION CARD
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CIRCLE 24 ON FREE INFORMATION CARD

Income averaging, and car-loan pay-
ment analysis.

The VisiCalc Advanced Version
features full word prompts and varia-
ble column-width capabilities, as well
as date functions, print commands that
produce presentation-quality reports,
and both 40- and 80-column displays.

The VisiCalc Package is priced at
$179.00.—Software Arts Inc, 27 Mica
Lane, Wellesley, MA 02181

COMMUNICATIONS INTERFACE is
|EEE-696 (5-100) compatible. It
provides a means to connect up to 8
RS232-C devices, regardless of their
baud rate, stop bit, and parity
configuration. Up to eight of these
cards can be used in one system, for a
total of 64 channels, with data rates up
to 38.4 baud. Also featured are a

CIRCLE 25 ON FREE INFORMATION CARD

calendar/clock, switch register, and an
encryption device. The calendar/clock
is battery backed-up and the device
may be disabled in systems requiring
several cards. The encryption device is
an MMI PAL, and 1ts use I1s generally for
software protection. The interface is
priced at $695.00.—Inner Access
Corporation, PO Box 888, Belmont,
CA 94002. DPp



MACHINE CODE
DEVELOPMENT SYSTEM

FOR YOUR TIMEX SINCLAIR 1000

Turn your Timex Sinclair 1000 or Sinclair ZX81 into a
high-speed, machine-code development system.

MARK W. LATHAM

#By now you may have seen dozens of Timex Sinclair
1000/Sinclair ZX81 add-on projects in various zlectronic
magazines. It's not surprising considering that at one
time, Timex was shipping 100,000 units a morth. While
some people are content to fool around with whatever
they can hook up to the back of the unit, others have
bought real keyboards and extra RAM, hoping to turn
their computers into real business or entertairment
machines.

If you've ever used a Timex Sinclair 7000 (which
we'll simply call a TS 1000 from here on), you know that
speed keeps that computer from serving any useful
purpose. You could take a short nap while thz
computer is loading even a 16K program from cassette.
Once it's loaded, you run into the other speed
problem—execution time. That's because the Z80A
CPU spends most of its time updating the video, and,
let’s face it, the BASIC is too slow, even in the FAST
mode. The simplicity of the TS 7000, which is one of its
virtues, 1s also its downfall.

If you own a TS 1000 and want to turn 1t inz0 a useful
device, why not consider the following: 1) run high-
speed machine-language level programs and, 2) store
those programs in EPROM.

This project, a machine-code-developmerit-system/
EPROM-programmer, will let you do just that. With it,
you can use your TS 7000 to load programs from
EPROM’s, and program EPROM's with data anywhere in
the RAM. You will be able to store and recall 4K bytes
of battery-backed-up external CMOS RAM. Also, the
unit can be disconnected from the TS 71000 and used
to emulate an EPROM for a different microprocessor.

You will be able to use the EPROM programmer as a
general I/O port, each line of which is monitorec by
LEDs. The LED's are great if you are just learning
machine language commands. Of those lines, 20 are
available for input/output, while four others are
configured as output-only lines capable of sinking 500
mA each. All those lines are available through a socket
in the back of the unit and, if you hook them up with a
test clip, you will have a five-volt, multi-charnel iogic
monitor with both LED and on-screen viewing. Best of
all, the whole EPROM /O system operates under
machine-language level software control, which 1s, of
course, stored in EPROM.

System architecture

The unit is interfaced to the TS 7000 with an 8255 PPI
(parallel peripheral interface) I/O port. We could have
treated the program socket as @ memory space
accessed directly by the Z80A, but then we would
have had to insert many wait states during the program
puise. Unfortunately, there is no way the CPU can
refresh dynamic RAM during waits so that option 1s out.
What we must do then s create a second bus system
as shown In fig. 1, the schematic diagram.

Gates IC1-¢c and I1C2-c allow the Z80A to access the
89255 when A7 and iorG are low. (A7 is included to
ensure that there will be no erroneous writes to the
8955.) If we leave the 8255's A@ and Al lines set for all
1/O operations, the computer’s monitor system won't
crash during /O operations regardless of whether the
computer is in the fast or slow mode. The A4 and A5
lines of the Z80A are used to control the 82555 AQ and
Al inputs, so, in hexcidzcimal, the /O addresses will
be @3H, 23H, and 33H.

The 8255 has three eight-bit ports, one of which is
bit-addressable. Port C {(PB4—PB7) will function as the
secondary bus control outputs. Port B (PBO-PB7) will
function as the data I/C port, and ports C (PC3-

PC@) and A (PAQ-7) will function as address outputs
@-1, respectively. (The reason PC3-PCQ are used in
reverse as AD-A3 is twofold; that both simplifies circuit
board layout and arranges the bus and LED's for use as
a logic monitor, as you will see later)

When the 8955 Is reset (either by the computer or on
power up) all the ports are configured as inputs. Any
time those ports are changed from inputs to outputs,
or vice-versa, all the port registers are reset. That
presents a problem for the control lines in our
secondary bus system because those lines must remain
high (set) until a memcry access is desired. Transistors
Q1-Q4 are used to alleviate that problem. If @ port’s
INput or output 15 low, the corresponding transistor
outeut 1s high, holding the control line secure. If the
data in the CMOS RAM is of no importance, then those
transistors may be used as high current outputs,
capable of sinking up to 500 mA each.

The CMOS RAM, ICS and IC10, and the CMOS one-
of-eight decoder IC7, provide 4K of data storage for
program saving and ROM emulation. The decoder

JANUARY 1985 — ComputerDigest 7



AT

5v
IC2¢ 1C1¢
LI PN 1.3 741827 1” 13 741510
88 At 2
% [, i0RG
108 |,
W 28 |,,
TIMEX 1000 218 : sV
CONNECTOR AS -
N 208 |, MPSAI3 cs L S AT
AN 198 |, —|21a AuF % C 18
RES 54w\~ Vee PBO 00 02
\\ 188 | o R3s i par|12 - 1, JINaom
178 {5y = = B pes pez (20 02 _]_— oy
=51,
e L pa3f2l 03 I
18 1o orfR 3: 0 pas | 22 04 =
v LR 3] 02 R 05
138 a3 oxfRR 3 53 P[22 06 vec(Rie—o—e vy
1C2a,b 128 . oA ] 2% - 18] — = =18
23 a7 Al s D4 7 SO B LY 1 i 4 PP
| atn ol 7] g,
e [ 06 c3 PC3 £ aa — 2 nf— Al
hsh 2 [3fs o 28 | 1A 27 P T Al ? WR WR 7
ROMDS D7 07 PEZSSA pey At __[20 P g Al
. 15 a2 8] n7 oF aE ol 8
=0 18 sy e 175 il A3 5 9 9 5
= 12 6 101uF LLH P _|17a 36| — e L 0 3 A3
Jos| = 58 |9V A WR eld A g S pfe 10]p; S agld
msui T o il 3 A5 3| ps é ool o, é sl 3
41513 12 e 8 paz|-2 a8 Hag T paftd Blos = aspd
IC1a, b 7 14 Al 1 A7 1 14 1L} 1
2/3 741510 PA3 AT 4 e A
L\ . pag 40 A8 Bl 2 psfts L] PO S P
= 3 1 o PAS ;: A9 2|, o6& 16 06 ag}22
. L2 P PAG A1 9419 orf 157 angls
105? W 18] s paz |37 AN
- _
= 18 - oF |2
s Voo [ sV
E vl
2w & ano |12
U 2 RI-RBS $$$ SR SR SRI SR
o 9 _l w $$3 33k Pk $ax i:llK
A EZ = = EPROM | RAM — o
S|y £ opl2 WR-Vor| DE & = Will
=]
Hae 8 010 /|7>uz o B
e 2 o) Qh, /wesans
2 v ) | s
2 a 13 3
A6 & 03 .
1 oy el e ] )
23 s |8 \l> MPSA13 74HC138
A8 o
29 S ggl8 ﬁ?)m 2358 4 ll
19] g o7k & Jwpsars l I
03@
MPSAI3
1 *MPSA13
r=————n"
| } 3 l
03 - R 1 12 o
" I P11 > a0 ¥ [ ;%025 _ff“’s”"’”
| N B
e i o 8 9 08! S200F A Bles B
M 470uF7R 154 0 uF
12 VAC 1A 18V USL) 50V 25y

FiG. 1—COMPLETE SCHEMATIC DIAGRAM. Reference the
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FIG. 2—FULL-SIZE CIRCUIT BOARDS are provided here for
those readers who desire to duplicate the boards from
scratch. Note that the main board is shown in a and the
display board in b. The boards are double-sided; the side
shown here is the component side.
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DB1—RB151 1.5-amp, 50 volt, diode bridge

}: 4.1/4 INCHES
a
PARTS LIST
Resistors D5, D6—1N914
All resistors are 1/4 watt, 5%
R1—220 ohms Q1-Q18—MPSA13

R2-R4, R32-R35, R37, R39-R43—12,000 ohms
R5-R7—18 ohms

R8—47 ohms

R9-R31—270 ohms

R36, R47—39,000

R38—1 megohm

R44—56,000 ohms

R45—10,000 ohms, potentiometer, PC mount
R46—2.2 ohms

Capacitors

C1-C4, C7, C13—0.1uF, ceramic disc
£5—100uF, 16 volts, miniature radial electrolytic
C6, C11—10uF, 16 volts, miniature radial electrolytic
CB—470uF, 16 volts, miniature radial electrolytic
C9—220uF, 35 volts, miniature radial electrolytic
C10—2200p.F, 25 volts, miniature axial electrolytic
C12—10pF, ceramic disc

Semiconductors

D1-D4—1N4001

reads ramcs (PC7) and ATl to select the appropriate
memory IC. Those three IC's are powered by either the
five-volt supply through D1 or the lithium three-volt
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LED1, LED6-LED9, LED14-LED17, LED22-LED25—
red LED, XC556R or equivalent

LED 2—yellow LED, XC556Y or equivalent

LED3-LED5—tricolor LED, XC5491 or equivalent

LED10-13, 18-21—XC556G

1C1—74LS10 triple 3-input NAND gate

IC2—74LS27 triple 3-input NOR gate

IC3—P8255 programmable peripherial interface

IC4—1C6—74LS240 octal buffer

IC7—74HC138 3 to 8 decoder'multiplexer

IC8—2716 EPROM

1IC9—723N positive adjustable regulator

IC10, IC11—HM6116LP-4 CMOS static RAM

1C12—7805 5-volt regulator

Miscellaneous

T1—12VAC, 1-amp, wall-plug transformer

P1—coaxial power plug

J1—coaxial power jack

S1—3PDT switch

battery through D2. Pin 6 of the decoder monitors the
five-volt supply and disables the RAM when the power
iIs off



FIG. 3—THE SOLDER SIDE OF BOTH BOARDS (the main
board is shown in a; the display board in b) is given here, also
full size. Both boards can be etched at once and then cut

apart.
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WeC 1500

SOLDER SIDE

a

S2—SPST switch

S3—DPDT switch, center-oft

H1—50-contact, right-angle header

H2—26-contact header

PROGRAM SOCKET—24-pin ZIF socket with extender
pins (or wire wrap socket)

PC boards, IC sockets, enclosure, hardware, ribbon
cable, card-edge connector, DB-25 connector, etc.

The following are available from Wildonics Comput-
er Technologies, P.O. Box 1763, Boise, ID, 83701:
Complete kit of all parts including power supply, all
connectors, lithium battery, PC boards, and case
(does NOT include 2716 EPROM with Operating Sys-
tem), $149.95; 2716 EPROM with Operating System,
$19.95; set of drilled and etched PC boards only
$19.95; Assembled and tested unit with Operating
System Software, $219.95. Shipping, handling and
insurance, $3.00"for EPROM with software or PC
boards only. $6.00 for complete kit or assembled
unit.

With S3 set for mimic and the 8255's ports all
configured as inputs, a secondary CPU can directly
access the CMOS RAM through the ProGrRam SOCket.

:{ |<——2 INCHES—>|

b

Setting S3 for mmic sSimply or-ties the ramcs and the
EPROMCS lines and bypasses Vpe-blocking diode D5.
Resistors R38 and R39, and transistor Q8, which
normally act as an inverter for the rReseT signal, hold the
8955 reset If the EPROM-I/O unit is used apart from the
ZX81 during a mimic operation.

When S3 1s set to PrROGRAM, the output Of the Vo,
switching regulator, IC9, is connected to the
appropriate EPROM I/O pin. wr (PC7) controls the
regulator’s output by sourcing the base of the
regulator’s current imiting transistor. For that application,
that transistor's emmitter is connected to ground.
Cepacitor C12 1s connected to the frequency-response
pin to slow the Vy, rise and fall tmes. Diodes D3 and
D4 and capacitors (8 and C9 act as a voltage doubler
to provide 30 volts at 60 mA to the regulator’s input.

All the bus lines can be monitored with the display
board. Three 74L5240', 1C4-IC6, power the LED's. Red
LED's (LED6-LED9, LED14—-LED17, and LED22-LED25) are
used for the the adciress lines and the LED's for the data
lines (LED10-LED13 and LED18-LED17) are green. Those
LED's will light wher the corresponding bus lines are
high or high-impedance. The yellow LED (LED?) will
hght If the wr-v,, line I1s low.

While we are out of space, we're not our of things to
say. We'll finish up nzxt month. @p>
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BUILD THE BIO-BOX

You can build this biofeedback monitor
for your TRS Model | or Model IlI.

JIM BARBARELLO

P t Last month, we described the BioBox
a r and told you how to build it.
However, while we gave you a brief idea of what
software was involved, we still have a ot to say about
it. We'll start there. Then we'll tell you how to put the
BioBox in action.

The BASIC program

The BioBox BASIC program is shown in Program
Listing 2. This version is for the Model I, cassette or disk
based, 16K to 48K memory.

On the Model [, addresses 16561 (least significant
byte or LSB) and 16562 (Most Significant Byte or MSB)
point to the top of BASIC memory. Addresses 16527
(LSB) and 16528 (MSB) point to the single USR entry
point in a cassette-based system. Also, address 16561
is always 255, but 16562's contents vary according to
the available memory (127 for 16K, 191 for 32K and 255
for 48K). With this understood, we must protect
memory for the machine-language subroutine that will
be placed there by POKE-ing the individual data
values. So our first command is to POKE the number
215 into location 16561. This reserves an ample 40
bytes for our subroutine. Next, we clear 1000 to reserve
string storage space and reset BASIC pointers. Line 10
also defines an error handling routine starting at line
550.

Line 20 is valid for a disk system. J is set to two
bytes past the protected memory start. The second
statement adjusts J if it is greater than 32767, so it can
be used in the POKE statements. Finally, we jump over
line 30 (which is used only for cassette-based systems)
and continue execution at line 40. If we run this
program on a cassette-based system, the DEFUSR
statement in line 20 will cause an error, branching
execution to line 550.

Line 560 checks to see if the error has occurred in
line 20 (indicating that this is not a disk system). If so,
we resume execution at line 30. In this manner, we can
have the program decide which line to use, based on
the system configuration.

The first statement in line 30 is for older Model /5.
Those units had a software error in the ROM which
affected the DATA pointer, making DATA reads
impossible. POKE-ing 255 into location 16553 corrects
this. Line 30 then sets the USR entry point and
calculates the starting location to begin POKE-ing the
machine language code. Line 40 prints a heading, while
line 50 POKES the subroutine code into memory. Line
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50 also performs a checksum and aborts the program if
the sum of all placed bytes Is incorrect.

Line 60 clears the working area of the screen (GOSUB
900) and prints the vertical graph axis. Lines 90 through
140 complete the screen presentation. Line 150 tests a
flag (FLG) to see if this is the initial run of the program
(as opposed to a restart). If FLG is not equal to 0, the
option to view the nstructions is skipped. Otherwise,
the user is given the option to view the instructions
contained in a subroutine starting at line 600. Line 170
sets the flag and asks for your initial mood. Line 180
allows only numbers between 2 and 9 as a valid input.
Line 190 equates the number you enter to CC, which is
then used to create string AB. Line 200 uses AB to
reprint the graph presentation minus all boxes to the
right of the row you specified. It also clears the
message line (above the graph).

Initialization takes place in lines 210 through 240.
Based on the user's individual skin resistance, the
BioBox will produce a count between 1 and 65535.
The initialization procedure obtains an average start
reading, equating this to the initial mood you selected.
It then sets upper (maximum calm) and lower
(maximum tenseness) count limits and a change
increment (INQ). INC is the maximum change in count
that will cause one box to be removed or added. The
USR call in line 210 is not included in the average
count, but simply insures that the BioBox is reset before
sampling begins. Line 240 erases the INITIALIZING
message before proceeding to the actual biofeedback
monitoring of lines 250 through 410.

First we print a box at the present position, and a
period (dot) directly above it. Then line 260 samples
the BioBox and, if O is returned, creates an error to pass
execution to the error-trap routine at line 550. Line 270
increments the time (XT) and line 280 polls the
keyboard to see if a Restart or End was requested
(GOSUB 740). If not, the current square is blanked out
(this creates the blinking effect). Line 300 checks to see
if the count change is less than one increment. If so,
execution branches to line 410 where a delay
proportional to the current count is created before
returning to line 250 for th