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“A Few Years Ago,
the Idea of a
Computer You Could
Put in Your Pocket
Was Just

Science Fiction.

—Isaac Asimov
Renowned Science and
Sclence-Fiction Author
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Today, Just °149.95 Buys a Radio Shack TRS-80°®
Pocket Computer—And That’s a Fact!

Back when computers filled entire
rooms, Isaac Asimov was writing
about computers you could hold in
your hand. “Radio Shack’'s TRS-80
Pocket Computer turned my dreams
into reality. Now | can take the power of
a true computer with me wherever |
go,” says Asimov.

Programs and data stay i1 memory
even when the Pocket Computer is
turned off. And it can also function just
like a calculator—something a
desktop computer can't do.

“With a TRS-80 Pocket Computer, you
can hold the future in the palm of your
hand.” Add our $79.95 Minisette®-9

The TRS-80 Pocket Computer is programmable in
BASIC. Isaac, however, would rather write novels than
programs. “If you're like me, you'll want to get a low
cost interface that lets you use Radio Shack’s ready-to-
run programs.” There are programs for engineering,
finances, statistics—even real estate and aviation.

Radio Sfhaek

The biggest name in little computers®

Retail prices may vary at individual stores and dealers.

cassette reco-der and a Cassette Interface for $29.95,
or a Cassette Interface with built-in printer for
$127.95. They're all as close as your nearby Radio
Shack store, dealer or Computer Center.

I want a glimpse of the Radio Sha;:k,é)egt. 82-A-502

_ 1300 One Tandy Center
future send me a Fort Worth, Texas 76102
TRS-80 computer catalog.

[

I

I

| NAME
| AoDRESS
[




Digital
Wwatch
- Radio

When people see you plug stereo
headphones into your digital watch,
they may wonder. Walkman, move over.

The samarium headphones and the Digital
Watch Radio produce a strong sound you'll

It all makes sense. If you wear your digital
watch most of the time just adding an alarm, a
chronograph, and even an hourly chime might
make it more appealing. But adding a radio,
that tops it all.

The Advance Digital Watch Radio is exactly
that—a full-featured digital watch with a built-in
AM radio that lets you listen to music, news
and sports anytime, anywhere—all with a
sound so powerful that you'll shake your head
in disbelief.

Remember your surprise the first time you
listened to a Sony Walkman or to one of the
new headphone radios? Remember the sound
quality, the deep bass response and the crys-
tal clear highs? That's what you'll discover
from that little sound package on your wrist.
But wait, there's more.

NO EASY TASK

Keeping the radio small and powerful was
no easy task. It involved new technology and
some pretty clever thinking. For example, the
volume control is located on the headphones
and there is no on/off switch. Just plugging in
the headphone jack turns on the radio.

The 2 milliamp circuit gives you over 100
hours of play from your radio—all from justone
commonly available silver oxide battery. A
separate battery runs your watch for over a
year. But the features don't stop there.

The AM radio tuner is attached to a thin flat
disc that you turn with your thumb. Stations
come in clear and crisp and despite the tuner’s
small size, the stations are easy to fine tune
thanks to a highly directional Hitachi radio an-
tenna which has a low signal-to-noise ratio.
But what about the watch?

FULL-FUNCTION WATCH

The Watch Radio is a full-function LCD digi-
tal alarm, chronograph timepiece with hourly
componentry. The watch is an impressive pro-
duct that could alone be worth $49.95.

Now, when you add the powerful AM radio
and a set of samarium cobolt high fidelity
headphones, only then can you appreciate the
real value of the Watch Radio. Samarium
cobalt, a space-age material, reduces the
weight of the headphones, provides outstand-
ing frequency response and replaces the need
for the bulkieriron magnet traditionally used in
today’s smaller headphones. The combination

of both the samarium cobalt headphones and
the unique circuitry is one of the break-
throughs that has made this product possible.

With the lightweight headphones, you also
get a small ear plug headphone which lets you
monitor your radio without drawing too much
attention to it. It's really a cheap listening
device that makes a perfect accessory be-
cause you can easily carry it with you in your
pocket or purse.

Now you can jog or play most sports without
having to lug a cassette recorder or AM radio
around. Just plug the long headphone wire
into your watch and select your entertainment.
At sporting events, while walking your dog,

You can easi?' change the battery after 100
hours of use. The small opening to the right of
the dial (shown in the photo at the bottomn) is a
sound port for the watch chime and alarm.
riding your bicycle or even waiting in line at the
checkout counter, you've always got your
entertainment with you. Think of it. Now to
check the weather you can use your watch.

We suggest you order an Advance Digital
Watch Radio on our 30-day, no obligation trial.
We realize that it is impossible for you to ima-
gine the incredible sound and the watch qual-
ity until you personally wear and use it. So,
when you receive it, give it a real work out. Use
it while you shop, work or play. Take it with you
on a trip. See how handy it is when you want to
check the weather or sports results.
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find hard to believe.

But the most fun is watching the reactions of
people who see you listening to your digital
watch or seeing their expressions after they
hear its powerful sound on your headphones.
It's a product that people will find hard to be-
lieve—even in today’s electronic revolution.

If after your testing you're not convinced that
the Advance Digital Watch Radio is even more
than we've described, no problem. Return
your watch and headphones for a full refund
including your $3.00 for postage and handling.

GREAT VALUE PACKAGE

But with all its advanced technology and
sophisticated electronics, the Advance Digital
Watch Radio is probably one of the greatest
values we've ever offered in one complete
package. A digital watch, a built-in radio, a
handsome set of samarium cobalt head-
phones, a cheap ear plug headphone plus the
batteries—all for $49.95. Each watch comes
complete with a one-year limited warranty and
all batteries. Just open up your package, plug
in the headphones and you're ready to go.,

The Watch Radio offers us the opportunity
to add some fun and everyday practicality to
cur life—all at a very reasonable price.

Technology keeps marching on. So, we
wouldn't be surprised if the Advance engi-
neers are working on the TV version of their
new watch. And you won't be too surprised
either—once you personally hear the phen-
omenal sound from their radio. Order your
Digital Watch Radio at no obligation, today.

To order send a check or money order to the
address below or credit card holders call toll-
free 800 228-5000 (In Nebraska call 800 323-
6400). When ordering, please use order num-
ber (shown in parenthesis) for faster service.
Please add 3.00 for postage and handling and
Illinois residents add 6% sales tax.

Digital Watch Radio $49.95 (2040PEO1)

Send $1 for the new JS&A catalog

0 PRODUCTS
O THAT
®

THINK
OneJS&APlaza, Northbrook, lll. 60062

(312) 564-7000 ©JS&A Group,Inc.,1982




Now! The one scanner you've
always wanted—-a no-crystal, fully -
synthesized hand-held scanner.
The incredible, new Bearcat 100.

Push button controls tune in all
police calls, fire calls, weather
warnings, and emergency informa-
tion broadcasts, the split second
they happen. Automatically.

16 channels for storing frequen-
cies. 8 band coverage—including
high, low UHF and “T” public ser-
vice bands; both the 70 cm and 2
meter amateur bands. Automatic
and manual search, lockout, scan
delay. Direct channel access. Flex-
ible antenna, earphone, AC adapt-
er/battery charger and carry case
are included.

Dial 800-SCANNER (800-722-
5555 in Indiana) for your nearest
Bearcat Scanner dealer, and go see
the world’s one and only hand-
held, no-crystal scanner.

BEARCAT

FE@ Etectra Ci

i Ofttice
Dvision of Masco Corp. of indiana  Suite 102. 1828 Swift
300 Easi County Line Road North Kansas City. Missouri 64116
Cumberiand. tndians 46229 @ 1981 Masco Corp. of indiana
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A video cassette mechanism
needs to be more
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than a package for your tape.

Your video
cassette
g mechanism needs

to do more than store
and transport your
video tape. Because a lot can go
wrong with your picture that has
nothing to do with your tape.
Our specially engineered
cassette mechanism maintains
proper tape tension, preventing
jamming and snapped leaders
so that your tape can have
alonger life.
We also designed our mech-
anism for optimal tape-to-head
contact to prevent skewing and

©1982 TOK Eiectronics Corp.
JUKE 1982
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jitters. And we use stainless steel
pins to support the guide rollers
which provide better alignment
and tape-edge protection than
the plastic pins used by some
manufacturers.

TDK maintains tolerances up

to 2% times tighter than industry

standards. We even build
our video cassette shell halves
to micron tolerances for an
exact top and bottom match.
‘We do everything we can to
make sure that TDK Super
Avilyn video tape and the TDK
super precision mechanism will
combine to give you the best

AmericanRadioHistorv.Com

]

passible picture. That’s why our
video cassette mechanism is
every bit as impressive as our
video tape.

STDK,

The vision of the future.

CIRCLE NO. 46 ON FREE INFORMATION CARD



PLOT

UNPLOT REM POKE PRINT

m En ---ﬂ

SA\/E

GOTO

STRS

GOSUB LOAD

ARCSIN
COPY

ARCCOS
CLEAR

A RCTA N SG N ABS

CROLL

Introducing the
Sinclair ZX81.

If you're ever
going to buy a personal
computer, now is the time
todoit.

The Sinclair ZX81
is the most powerful, yet
easy-to-use computer
ever offered for any-
where near the price:
only $149.95* completely assembled.

Don't let the price fool you. The ZX81 has
Just about everything you could ask for in a per-
sonal computer.

A breakthrough in personal computers.

The ZX81 is a major advance over the origi-
nal Sinclair ZX80 - the first personal computer to
break the price barrier at $200.

In fact, the ZX81's 8K extended BASIC offers
features found only on computers costing two or
three times as much.

Just look at what you get:
® Continuous display, including moving graphics

THE $149.95
PERS

GOMPUTER.

N KEY$ NOT

= Multi-dimensional
string and numerical arrays
= Mathematical and scien-
tific functions accurate to
8 decimal places
® Unique one-touch entry
of key words like PRINT,
RUN and LIST

® Automatic syntax error

detection and easy editing

® Randomize function
useful for both games and serious applications
® Built-in interface for ZX printer
= 1K of memory expandable to 16K
® 164-page programming guide and operating
manual

The ZX81 is also very convenient to use. It

hooks up to any television set to produce a clear
32-column by 24-line display. It comes with a
comprehensive 164-page programming guide
and operating manual designed for both begin-
ners and experienced computer users. And you
can use a regular cassette recorder to stcre
and recall programs by name.

AmericanRadioHictory Com



Order at no risk.”*

We'll give you 10 days to try out the ZX81. I
you're not campletely satisfied, just return it to
Sinclair Research and we'll give you a full refund.

And if you have a problem with your ZX81,
send jt to Sinclair Research within 90 days and
we'll repair or replace it at no charge.

Introducing the ZX81 kit.

If you really want to save
money, and you enjoy building elec-
tronic kits, you can order the ZX81
in kit form for the incredible price
of just $99.95.* It's the same, full-
featured computer, only you put it
together yourself. We'll send com-
plete, easy-to-follow instructions
on how you can assemble your
ZX81 in just a few hours. All you
have to supply is the soldering iron.

A leader in microelectronics.

The ZX81 represents the latest
technology in microelectronics.
More than 10,000 are sold every
week. In fact, the ZX81 is the fastest
selling personal computer in the
world.

We urge you to place your
order for the ZX81 today.

your computer.

NEW SOFTWARE: Sinclair
has published pre-recorded
programs on cassettes for
your ZX81. We're constantly
coming out with new pro-
grams, so we'll send you our
latest software catalog with

24 hours a day, 7 days a week. Have your
MasterCard or VISA ready.

These numbers are for orders only. If you just
want information, please write: Sinclair Research
Ltd., 2 Sinclair Plaza, Nashua, NH 03061.

*Plus shipping and handling. Price includes connectors for TV ard cassette, AC adaptor, and
FREE manual
**Does not apply to ZX81 kits.

ZX PRINTER: The Sinclair ZX
Printer will work with your
ZX81. it will be available in the
near future and will cost less
than $100.

Like any powerful, full
fledged computer, the ZX81
is expandable. Sinclair's 16K
memory module plugs right
onto the back of your ZX81.
Cost is $99.95, plus shipping
and handling.

— g = — ]

To order call toll free: 800-543-3000

To order. [

To order, simply call toll free. : i ;:;oc’e T ;2:95 &
Or use the coupon below. Remem- i T e
ber, you can try it for 10 days at no 1 f»eK M't T s
risk.** The sooner you order, the = e S = T -
sooner you can start enjoying your B 3ppIng she Hianaing : e
own computer. 1 1
Call toll free 800-543-3000. e Cnclai s, Nashars, N 03061
Ask for operator #509. In i
Ohio call: 800-582-1364; in Can- I Name
ada call: 513-729-4300. Ask for | Bl
operator #509. Phones open [ .
i City State Zip
i

*U.S. dollars

AmericanRadinHictaory Com
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Copping Out

copout: to back out (as of an unwanted
responsibility).

The Federal Communications Com-
mission (FCC) recently declined to en-
dorse any of the five AM stereo trans-
mission methods submitted to it. The
Commision decided to allow the “mar-
ketplace” to determine which system(s)
it wishes to use.

What a copout! To give you some
background: the FCC chose one stereo
AM system (Magnavox’s) in 1980, then
succumbed to a cacophony of screeches
and screams from a variety of disap-
pointed contenders and others who fa-
vored one system or another. So it did
not finalize its endorsement, intending
to study the proposals again. Now the
FCC contends, in a 6-1 vote, that choos-
ing a single system would cause further
delays in introducing stereo AM owing
to fears of a lengthy court fight.

What a copout!

The one dissenter, Abbot Washburn,
notes that having competing systems out
there would result in higher receiver
prices for consumers, who would have to
buy a receiver capable of tuning in the

various AM stereo systems that could be
used in their reception area. He also
observed that this decision could delay
AM stereo service (which has been on
the FCC agenda since 1977).

A Commissioner who decided not to
decide said that the action was “terribly
unfortunate.” Another apologized by
calling the refusal *“ . . . a practical
and political solution to a technical
problem.”

I believe that the FCC has sullied
itself by not choosing a single, nation-
wide system. This is carrying a free-
market philosophy too far. Will the AM
stereo broadcast maker who is best
financed overwhelm poorer competi-
tors? Will the confusion of choosing
from among multiple systems cause
broadcasters to delay buying a transmit-
ting system? Will radio receiver makers
move more cautiously in producing units
to receive the mix of transmissions that
is likely to be chosen by various broad-
casters?

According to the National Semicon-
ductor Corporation, it has developed a
low-cost AM stereo decoder chip that is
universal to all AM stereo systems pro-

posed. The pilot-tone section for each
system has to be added, though, as do
switching provisions. Since system com-
patibility extends beyond different pilot
tones, I question whether performance
of each system would be optimized, pe-
nalizing the consumer with less-than-
the-best performance as well as higher
price.

The ultimate loser in this comedy is
the consumer, who will be forced to
blithely switch his car stereo (estimated
to be the largest radio market for AM
stereo) from one stereo AM system to
another as he rides merrily along a high-
way. This would be a dangerous distrac-
tion for any driver.

I hope that copping out won’t become
the order of the day for FCC decisions in
the future.
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Can you improve excellence ?

We can.

The growth of interest in computer use
caused by the introduction of the Sinclair
ZX81 has made new and exciting
demands on the ingenuity of electronic
engineers. At Memotech we have
focused our attention on the design of
inexpensive, reliable memory
extensions.

The Memopak is a 64K RAM pack
which extends the memory of the ZX81
by a further 56K. The new memory
extensions are designed to be within the
price range expected by Sinclair users. it
plugs directly into the back of the ZX81
and does not inhibit the use of the
printer or other add-on boards. There is
no need for an additional power supply
or leads.

Increase your memory.

The Memopak together with the ZX81
gives a full 64K, which is neither
switched nor paged, and is directly
addressable. The unit is user
transparent and accepts such basic
commands as 10 DIM A(9000).

MEMOTECH

Memotech Corp.
7550 W. Yale Ave.
Suite 220

Denver Co. 80227
Ph. (303) 986 -0016

JUNE 1982

0-8K . . . Sinclair ZX81 ROM

8-16K . . . This section of memory
switches in or out in 4K blocks to leave
space for memory mapping, holds its
contents during cassette loads, allows
communication between programs, and
can be used to run assembly language
routines.

16-32K . . . This area can be used for
basic programs and assembly language
routines.

32-64K . . . 32K of RAM memory for
basic variables and large arrays.

With the Memopak extension the
ZX81 is transformed into a powerful
computer, suitable for business, leisure
and educational use, at a fraction of the
cost of comparable systems.

t understand that if I'm not completely satisfied, | can return my Memopak in 10 days for a

By adding our Memotech Memopak to the excellence of the ZX81
we have achieved perfection.

Free service on your Memopak.
Within the first 90 days, should
anything go wrong with your Memopak
return it to us and we will fix or replace it
free of charge.

Try Memopak with no obligation.

You can use our Memopak in your
home without obligation. After 10 days, if
you are not completely satisfied, simply
retuin it for a full refund.

[_I;Iail to: Memotech Corp. 7550 W. Yale Ave. Suite 220 Denver, Colo.

80227

| full refund. Pricet  Qty. Amount |
| . Memopak 64k RAM $179.95 |
| O Check Memopak 16k RAM $ 79.95 |
Ovisa OMC Shipping and Handling $ 4.95 $ 4.95
| Exp. Total |
Act. No. _
| Signature |
| Name |
| Street |
| City State Zip |
t U.S. Dollars
L o e o e e —— — ]
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LETTERS

SW Receiver Power Supply

I own a Sony ICF-2001 Receiver
(April 1982) and I must say that, if
there were a fire in my house, that
receiver would be the first thing I would

grab to carry out! However, you should
have pointed out that, when operated on
battery power, only a few hours of oper-
ation can be expected since the current
drain is relatively high.—Andrew Zum,
San Francisco, CA.

DMC Case, 6.75x7.5x3.25"or
5.5x 6 x3"; eachincludes hardware
and aluminum baseplate

fredreienenennenang

—__

Portable Case, 1.75x 5.63 x 7.75";
includes hardware, rubber feet, red
trans parent front panel

Justincase.

In case you have a short production run. In case
you need good-looking prototypes. In case you need more
flexibility or instant availability.
A more realistic price. Or all the above.
Because you never know when you'll need the right case at the
right price, right away, keep us in mind. Or better yet,
send for our catalog...just in case

Smarter tools for testing and design.

GLOBAL SPECIALTIES

CORPORATION

70 Fuiton Terr.. New Haven, CT 06509 (203) 624-3103, TWX 710-465-1227
OTHER OFFICES: San Francisco (415) 648-0611, TWX 910-372-7992 Europe: Phone Sattron-Waiden 0799-21682. TLX 817477
Canada: Len Finkler Ltd.. Downsview. Ontario

Call toll-free for details 1-800-243-6077

During business hours
Specifications subject to change without notice. © Copyright 1980 Global Speciaities Corporation.

BenchlopperCase, 3 x10x7"or4x 10x
7", each includes hardware and metal
front and rear panels

Probe Case,
5x1x0.7"
includes
hardware,

tip and cable

Handheld Case, 3 x 6 x 1.5"
includes hardware and
red transparent front panel

CIRCLE NO. 19 ON FREE INFORMATION CARD
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Needles for 78-RPM Records

With regard to the article “78-RPM
Records Live Again'” by Raymond
Bintliff (April 1982). I believe the au-
thor missed an important point. Isn’t a
3-mil needle needed to play most 78-
rpm records? A good stereo needle will
be damaged quickly by using it with
78’s. Also, the incorrect needle may
damage valuable records—M. E.
Marks, San Jose, CA.

The article you mention had strictly
to do with altering the player to run at
78 rpm. The subject of needles and
tracking weight was not intended to be
covered and would indeed make anoth-
er entire article.—FEd.

Good Advice on Patents

Congratulations on Forrest Mims’s
two excellent columns on protecting
ideas and obtaining patents (April and
May 1982). He did a fine job of provid-
ing a concise and refreshingly accurate
statement of the patenting process and
post-issuance enforcement of patents.—
A. H. Gordon, Houston, TX.

Toxic Gas Alarm

The *“Alarm for Toxic Gases™ de-
scribed in your September 1981 issue is
an excellent device for detecting prod-
ucts of combustion. This alarm is essen-
tial where fireplaces, wood-burning
stoves and kerosene heaters are used.
The popular smoke alarms sold in most
stores detect particles of smoke only—
not carbon monoxide and methane
gas.—J. Castelli, Romar Alarm Sys-
tems, Brooklyn, NY.

Testing ILP’s Amp

I thought you might be interested in
the results of tests performed by the
Swedish hobbyist publication Radio och
Television, on the ILP Audio Amplifier
Module in which they found, as you did,
a problem with high-frequency oscilla-
tions. (See PE, February 1982.) They
experimented with the hookup and
found that the oscillations would-disap-
pear if the supply was decoupled with 1-
uF at the module and the input ground
connected directly to the ground termi-
nal on the module rather than to the
power-supply ground. They found some
unit-to-unit variability though, so this
remedy may not help in all cases. Some-
times the manufacturer’s instructions
work as well.—Johan Karlsson, Umea,
Sweden.
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MAXELL IS PLEASED TO PRESENT AN
EVEN HIGHER PERFORMANCE TAPE.

“ N

If youre familiar with Maxell UD-XL tapes you probably find it hard to believe that any
tape could give you higher performance.

But hearing 1s believing. And while we can't play our newest tape for you right here on
this page, we can replay the comments of Audio Video Magazine.

“Those who thought it was impossible to improve on Maxells UD-XL Il were mistaken.
The 1981 tape of the year award goesto Maxell XL1II-S”

How does high bias XL II-S and our normal bias equivalent XL I-S give you such high
performance? By engineering smaller and more uniformly shaped epitaxial oxide parti-
cleswe were able to pack more into a given area of tape. Resulting in a higher maximum
output level, improved signal-to-noise ratio and better frequency response.

To keep the particles from rubbing off on your recording heads Maxell XL-S also has
an improved binder system. And to eliminate tape deforma- :
tion, XL-S comes with our unique Quin-Lok Clamp/Hub
Assembly to hold the leader firmly in place.

Of course, Maxell XL II-S and XL I-S carry a little higher
price tag than lesser cassettes.

We think you'll find it a small price to pay for higher
performance.

~

TSWORTHTIT

Maxell Corporation of Amenca. 60 Oxtord Drive . Moonache, N | 07074
CIRCLE NO. 32 ON FREE INFURMATION CARD
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Additional information on new products
covered in this section is available from the
manufuacturers. Either circle the item’s code
number on the Free Information Card

or write 1o the manufacturer at the
address given.

-ris Board

The Grafyx Solution from Micro-Labs,
Inc. is reported to give any configuration
of a TRS-80 Model 111 computer a resolu-
tion of up to 512 x 192 pixels, for a total of
98,304 individually accessible points. The
included graphics software package per-
mits the setting of points, lines, and rec-
tangles, by using simple BASIC com-
mands. Other software includes an 80-
character display for word processing, and
a save-program for producing a hard copy
of a display (if you have a printer with
graphics capability). The Grafyx Solution
is an add-on circuit board that contains
12,288 bytes of additional read/write
memory that does not conflict with the
TRS-80 address space. Installation re-
quires no soldering. $300.

CIRCLE NO. 86 ON FREE INFORMATION CARD

The “Touch Sensor Four” from the Cable
Works is designed to maintain the integri-
ty of the different video signals that can
be used with a TV receiver. When a
receiver is connected to a VCR, video disc,
video game, cable TV, home computer, or

10

standard or earth-station antenna system,
the video switcher can take any four
inputs, isolate their respective signals up
to 90 dB, and send the selected signal to
the receiver. The circuitry is solid-state
rather than mechanical, which, according
to the manufacturer, ensures accurate
handling of the complex signal patterns of
modern VCRs and discs. A sloping front
panel with rear-lit touch controls is said to
facilitate ease of operation.
CIRCLE NO. 87 ON FREE INFORMATION CARD
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Compact Auto Speaker

The SK2 Duplex from Altec Lansing is a
5¥4" two-way speaker claimed to be capa-
ble of 107-dB long-term acoustic output.
The speaker, an addition to Altec’s “Voice
of the Highway” line, requires 2"
mounting depth, allowing rear-shelf or in-
the-door installation. The grille frame and
basket form a single, solid framework
around the low- and high-frequency com-
ponents—stabilizing, according to Altec,
the accoustic elements and improving du-
rability $100.
CIRCLE NO. 88 ON FREE INFORMATION CARD
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Electronic Soldering

System

The new System 9000 temperature-con-
trolled soldering array from the Ungar
Division of Eldon Industries permits a tip
temperature to be varied from 420°F to
800°F with a resolution of +10°. ICs
sample the tip temperature 120 times
per second; LEDs on the temperature con-
troller display each 20 degree increment,
creating an illuminated bar chart. The
System 9000 iron uses a small heating ele-
ment, which is said to make possible a
thin, cool handle. For extremely precise
applications, any temperature within a
given range is reported to be adjustable to
a precision of £5° F. $150.
CIRCLE NO. 85 ON FREE INFORMATION CARD
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Computer Chess

WAL JENGOR L 8T

“Travel Sensor Chess” from SciSys Com-
puter is a portable computer that mea-
sures only 7.25 x 4.5 x 1.5 inches and has
eight levels of play. The game features an
integral sensorboard with red LEDs run-
ning parallel to the outer squares of the
playing surface. The sensorboard auto-
matically enters all moves in the computer
as the chess pieces are advanced. In
response, the LEDs illuminate coordi-
nates of the computer’s next move. Other
features include both recognition and per-
formance of castling, en passant, pawn
promotion, a position setup mode, and
automatic verification of pieces taken.
Also, it can store board position, permit-
ting continuation of a match after the
game is turned off. Travel Sensor comes
complete with molded chess pieces and
dust cover. $50.
CIRCLE NO. 89 ON FREE INFORMATION CARD

Apple-Compatible
Personal Computer

The Franklin ACE 100 is a personal com-
puter that is said to be hardware- and
software-compatible with the Apple II,
though color provisions are not included.
All programs written for the Apple II are
reported to run on the ACE 100 without
modification, including those using high-
and  low-resolution  black-and-white
graphics. The ACE 100 uses the 6502
microprocessor operating at a clock rate
of 1.022 MHz. It has 64K RAM memory
and 12 sockets for 12K of ROM. The key-
board has 72 keys (upper and lower case)
and a 12-key numeric pad that includes
special keys used frequently with VisiCalc
software. Text is formatted at 24 lines/40
characters per line, with full cursor con-
trol. Graphics can be resolved at 40 pixels
per line horizontal x 48 vertical, high reso-
lution graphics at 280 pixels horizontal x

POPULAR ELECTRONICS



introducing incredibletuning accuracy at an incredibly - cormmunications accurately with BFO Pitch Control.
affordable price: The Command Series RF3100 Want o kring in your fauorite orograms without lifting
31-band AM/FM/SWreceiver® No a fingcer? The consder the Panasonic
other shortwave receiver brings in RF-630C 8-band A\1/FM/SW receiver
PLL guartz synthesized tuning and (1.€ to 30 MHZ) has microcomputerized
all-band digitzl readout for as low a _—.  preset pushbutton -uning, for program-
price.* The tuner iracks and “locks’ "t uw W | mirg 12 ciffer=nt breadcasts, or the

onto your sigrial, and the 5-digit dis- - ‘ O \ same brcadcast 12 days in a row. Auto-

g

play shows exactly whet frequency metically. It even has a quartz alarm
you’re on. clack that turns the radio on and off to
There are other wavs the RF-3100 5§ pley your favcrite b-eadcasts.
commands the airways: It can travel The Command Series RF-3100 and
the full length of the shortwave band RF-6300 Two moraways to roam the
(thats 1.6 to 3D MHz). It eliminates interference when cloke &l the speedof soud. Cnly f-om Panasonic.

RF-3300 8-band Alv FN &N

A ok i e o e P b e Sl

g « . i - = 8. L require r
It improves reception n strong signal areas with RE e o Lo A b
Gair Control. And the RF-3100 catches Morse ~Eased cn acarparison of suggestec “etail rices.

This Panasonic Command Senes’
shortwave receiver brings the state of the art
clgigr to the state of your pocketbook.

L
PHONES VOLURE BASSEp-TREALE M SwRE QAN B850 PreEm

With PLL Quartz Synthesized Tuning and Digital Frequency Readout.

- Panasonic.
just sl ghtlyahead of our time.
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192 vertical. The unit includes a joystick/
game paddle connector, a speaker, and
eight peripheral connectors. A built-in fan
and a 50-W power supply permit all

peripherals to be used at once. $1,595.
CIRCLE NO. 91 ON FREE INFORMATION CARD

Integrated Amplifier

o

Iz
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The AM-U41 from Akai is claimed to
drastically reduce transient intermodula-
tion distortion (TIM), and to totally elim-
inate switching and crossover distortion.
This is accomplished through what the
manufacturer calls a “Zero Drive™ cir-
cuit, which employs a servo principal to
correct nonlinearity in the power output
stage. The AM-U41 offers 55 W/ch at 8
ohms from 20 t0 20,000 Hz—with a THD
given at no more than 0.005%. In addi-
tion, the unit employs high-speed and
electronic protection circuits and subsonic
filters. Other features include slide vol-
ume controls, tape-dubbing capability,
audio-muting switches, and a selector
switch for two separate speaker systems.
$300.
CIRCLE NO. 92 ON FREE INFORMATION CARD

e
Radar Detector

cabinet from Bush Industries is designed
to accommodate a combination of audio
and video equipment—to form a home-
entertainment center. The audio portion
has four shelves that can house a turnta-
ble, cassette deck, receiver and/or tuner/
amplifier, etc. Framed safety-tempered
glass doors enclose the audio equipment.
The video section has a retractable roll-
out shelf for both front and top-loading
VCR or Videodisc machines, and an area
that accommodates most 19’ receivers.
Enclosed storage areas provide room for
records, tapes, discs, and accessories. Styl-
ing is "“traditional.” Dimensions: 50"’H x
53""W x 20"'D. $420.
CIRCLE NO. 94 ON FREE INFORMATION CARD
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High-Quality PC Board

Electrolert has added a *‘pilot light™ pow-
er indicator to the Fuzzbuster Elite, while
retaining the self-test mechanism found in
its comparable older model, the Fuzzbus-
ter 1Il. The Elite also has an automatic
sensitivity control with manual override,
and a three-position warning selector. One
switch position, for daytime use, gives
audio cueing and a bright warning light.
The second position, for night use, gives
normal audio cueing but a dimmed light.
The third position deactivates the light,
allowing activation of the audio section
only. The Fuzzbuster Elite is claimed to
detect every radar unit now on the road,
including the 9.4-GHz  European

MESTA. $200.
CIRCLE NO. 93 ON FREE INFORMATION CARD
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Electronics Furniture

The Model CE-1280 *“Classic Elegance™

PC-08 is the latest in OK Machine and
Tool Corp.’s new line of pc boards. Mate-
rial is glass-reinforced epoxy, and all holes
are drilled (rather than stamped) to en-
sure accurate location and diameter. The
PC-08 is a “‘Double-Eurocard’-sized
board, measuring 6.3 x 9.2"’. The board
consists of 52 columns of 85 holes each, all
on a 0.1" grid, thereby accommodating
any size 1C or DIP socket in either hori-
zontal or vertical orientation. The board
also contains a row of 26 discrete holes on
0.2" spacing at each end, as well as two
patterns to accommodate 96-pin “DIN™-
type two-part [/O connectors plus a row
of access holes on either side of each pat-
tern. Hole diameter is 0.040", allowing
either direct soldering of components or
insertion of wire wrapping sockets. The
PC-08 can hold as many as 120 14-pin
sockets or 100 16-pin sockets, with dis-
crete devices utilized as necessary. $18.

CIRCLE NO. 95 ON FREE INFORMATION CARD
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Three-Way Linear Phase
Speaker

The SB-L201 from Technics is a three-
way linear system, featuring a 10"’ woof-
er, 4"’ cone-type midrange, and a radial
horn tweeter. The unit is said to be capa-
ble of handling 105 W music, 65 W DIN.

1%
The output level is 90 dB/W /m; imped-
ance is eight ohms. The SB-L201 is equip-
ped with a thermal relay protector, LED
overload indicator, tweeter level control,
and a detachable net. $200.

CIRCLE NO. 96 ON FREE INFORMATION CARD
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Compact Printer

Printek’s Model 920 printer isa 9 x 9 dot
matrix printer that uses 96 ASCII charac-
ters with seven foreign character sets, and
operates bi-directionally from serial, RS-
232, and full or half-duplex interfaces.
Baud rate is switch-selectable from 300 to
9600; print speed is 340 cps (80 cps for
correspondence-quality print); graphics
can be printed at 4000 dots per second at
a density of 144 x 144 dots per sq. inch;
and paper slew rate is 10"’ /s. The unit fea-
tures an 1800-character buffer to maxi-
mize throughput; the number of charac-
ters per inch is variable from 10 to 16.7.
Other operator controls include a test/set-
up mode for self-diagnosis; horizontal and
vertical tabbing; and fine-adjustment set-
tings for variable paper formats. Dimen-
sions: 6.75"H x 23.25"W x 16.75"'D;
weight is 44 lb. $2,595.
CIRCLE NO. 97 ON FREE INFORMATION CARD
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Programmable Scanner

Radio Shack’s 20-channel scanning re-
ceiver, Realistic PRO-2020, is an FM/
AM direct entry programmable unit for
home or mobile use. It covers six vhf and
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28K

PERSONAL
COMPUTER

Only

$299°°

Special Sale Price

WHAT A SMART INVESTMENT!!!

® For Students and Schools

@ Learn to program a computer
@ Learn to,operate a computer
® For Programmers & Teachers
® For Labs, Engineers, Etc.

® For Small Businesses

® For The Home Owner

PLUG IN EXPANSION

GREATEST BUY IN AMERICA

It has color, sound and music with a
powerful 6502 microprocessor (Like Ap-
ple). 20,000 Bytes ROM with a 16K
microsoft extended Level Il Basic built in,
8,000 Bytes RAM plug in expandable to
32K RAM, Cursor, Real time, Full size easy
to use 66 key professional typewriter
keyboard, 62 keys with graphics symbols,
4 programmable function keys. High
resolution graphics, 512 displayable
characters, Text display is 23 lines 22
characters, 16 colors. Will accept Tape,
Disk-Plug In Cartridges. Has low priced
plug in peripherals, Connects to any TV or
monitor, Includes AC adapter, RF
modulator, Switch box, Cables and self
teaching instruction book all in a
beautiful Creme Colored Console Case.
This is a powerful-full sized-extra featured
computer for only $299.00

WHY SUCH A LOW PRICE
Selling on a direct to customer basis, we
save you the profit margin normally made
by computer stores and distributors. We
are willing to take a small margin to
develop volume to cut our cost of opera-
tion,

COMPETITIVE LIST PRICES
APPLE $1125, T. |. $525, ATARI $399.95,
RADIO SHACK TRS 80 color with only 12K
memory sells for $399.50.

LOW COST PLUG IN EXPANSION
Expansion accessories plug directly into
this computer, extra RAM memory, Con-
trollers, a Cassette, A Telephone Modem
for only $109.00, an 80 Column Printer for
$375.00, even the 170K Disk Drive plugs in
direct. You do not have to buy an expen-
sive expansion interface.

GET JOB OPPORTUNITIES NOW
Every newspaper has several pages of
want ads for computer people. You can
learn to operate and program a computer
for these opportunities available to those
who prepare for the computer revolution.
This computer has extended Level Il Basic
with floating point decimal, Integer and
String Arrays, Trig functions, Direct State-
ment Execution, Multi-statement Lines,
Cursor, Full screen editing, Color Com-
mand Keys, Graphics, Scrolling, File
Management, Upper-Lower Case, Direct
Memory Access, Peek and Poke and much

more! Assembly machine language is
we are
commodore VIC
experts!!

VIC 20

owners register with
us for new product
and program information.

available. We have easy to follow self
teaching books and programs.

INVEST IN YOUR CHILDREN
Educate your children while they play.
Every kid wants to play electronic games.
(We have some of the best). The next
natural step for their curiosity is to try
simple programming. They can do this in
20 minutes with our simple self teaching
instruction book. High schools are
teaching camputer math, science and pro-
gramming - some start in grammar school.
If you provide this computer as a Teacher
and Tutor at home, before you know it
your child will be writing computer pro-
grams. You can use your T.V. to EDUCATE
not frustrate your family and eliminate
T.V. boredom with programs that
challenge, stimulate and entertain the
whole family. We have a wide variety of
games, recreational, home finance and
educationa! programs to choose from.
Why pay $140.00 to $295.00 for an elec-
tronic game when you can buy this power-
ful computer for only $299.00.

COMMUNICATE WITH THE WORLD
Plug in your VIC telephone modem. Now
you can get a world of information through
your telephone, plus electronic mail. Just
dial up the information you want. UP} wire
service, stock market, historical informa-
tion by topic from over 60 magazines, in-
cluding New York times. Airline informa-
tion, order tickets, get weather informa-
tion anywhere in the world, restaurant and
hotel information, thousands of
categories are on line for you, business,
finance, education, entertainment, games
etc. YOU'LL BE THE TALK OF YOUR
NEIGHBORHOOD. Our telephone modem
price is by far the lowest available.

IMMEDIATE REPLACEMENT WARRANTY
If your computer fails because of warranty
defect within 90 days from date of pur-
chase, you simply send your computer to
us via United Parcel Service prepaid. We
will “immediately’’ send you a replace-
ment computer at no charge via United
Parcel Service prepaid. No one we know
gives you this kind of warranty service.
Most computer warranty service takes 30
to 90 days to handle - this fantastic “im-
mediate replacement warranty’ is backed
by COMMODORE COMPUTER, a MAJOR
national brand electronics manufacturer.

SPECIAL SALE PRICE $299.00

For only $299.00 you get the powerful 28K
COMMODORE VIC with 20K ROM, 8K
RAM and Extended Level Il Basic, The pro-
fessional 66 keyboard, color, sound,
music, self teaching instruction book, AC
adapter, RF modulator, TV switch box,
owners manual, plus all of the other extra
features listed, in a beautiful Creme Col-
ored Console Case.

SPECIAL SALE PRICE $379.00
For only $379.00 you get the more power-
ful 41K COMMODORE VIC with 20K ROM,
21K RAM and Extended Level || BASIC,
plus all of the extra features shown for the
28K COMMODORE VIC!

“15 DAY FREE TRIAL”

DON'T MISS THIS SALE -ORDER NOW

D Please send me the 28K
Commodore VIC Computer for
$379.00

$299.00
[] Special Data Cassette $69.00

Please send me the 41K

Commodore VIC Computer for
We ship C.0.D. and honor Visa and
Master Card.

Name

Address

City

State __Zip Code
O visA O MASTERCARD (O C.O.D.

Credit Card No.

Expiration Date
Add $10.00 for shipping, handling and In-
surance. lllinois residents please add
6% tax. Add $20.00 for CANADA, PUER-
TO RICO, HAWAII orders. WE DO NO EX-
PORT TO OTHER COUNTRIES.

Enclose Cashiers Check, Money Order or
Personal Check. Allow 14 days for
delivery (21 days for Personal Check
orders,) 2 to 7 days for phone orders.
Canada orders must be in U.S. dollars.

SN S NSNS ENS S NGNS O SEE S ANENOSSNNONEEO SN RN ST ENN N EEUNNSRRNEESE B,

S ssstesssvesmReaNEsTETTSEEETANSEGNEEES

PROTECTO

ENTERPRIZES acrorv-irecn)

BOX 550, BARRINGTON, ILLINOIS 60010
Phone 312/382-5244 to order

CIRCLE NO. 8 ON FREE INFORMATION CARD
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dbx,Inc. 71 hapl St. Box 100C, Newton, Mass. 02195 USA Tel. 617-964-3210.In Canada;BSR (Canada)Ltd.

CIRCLE NO. 9 ON FREE INFORMATION CARD

SOMEDAY ... in the comfort of your own home
or office, you’ll be able to shop and bank
electronically, read instantly updated major
newswires, analyze the performance of a
sfock that interests you, send electronic mail
to business associates across the country,
then play Bridge with your best friend in San
FDralrllci’sco and two strangers in Chicago and
allas.

WELCOME TO SOMEDAY

Someday is today with.the CompuServe Information Service. All this
ard more can be accessed with a local phone cal' in most major
J.S. cities. For hardware you need a terminal or persanal comouter
and a modem. The CompuServe Information Service costs only $5.00
per hour, billed in minute increments to your charge card.

Ask for a demonstration at a Radio Shack® Ccmputer Center
Videotex software is available for various brands of cersonal
computers. CompuServe Information Service, 5000 Arlington Centre
Bivd., Columbus, Ohio 43220. (614] 457-8650.

CompuServe

CIRCLE NO. 10 ON FREE INFORMATION CARD
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uhf bands, including the AM aircraft
band. It features direct keyboard entry of
up to 20 channels in six bands; two scan
speeds; scan delay to avoid missing call-
backs; automatic and manual scanning;
an all-band search mode that scans all
channels between the upper and lower fre-
quency limits entered into the keyboard;
and electronic individual lockouts. It also
has a priority-tuning circuit that permits
constant monitoring of one frequency
while scanning the others. Both the as-
signed channel number and the actual fre-
quency being monitored are displayed on
a fluorescent digital readout. Channel in-
formation is maintained in the scanner’s
memory by a 9-V battery when the unit is
turned off. The unit may be operated from
a 12-V dc source, as well as the usual ac
outlet. $300.
CIRCLE NO. 98 ON FREE INFORMATION CARD
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Lightv_véight Headphones

BP clectronics, Inc. has introduced the
Model SH-92A lightweight stereo head-
phones as part of its “Light & Lively”
series. The phones use high-compliance
Mylar diaphragm speakers and anoxic
copper wire that is claimed to reduce sig-
nal attenuation. The cable end has a 3.5-
mm plug (for portable stereo players),
with an adapter for standard 4" plugs.
Specs: impedance, 4-32 ohms; frequency
response, 20-25,000 Hz; weight (without
7' cord), 2 oz. $21.50.
CIRCLE NO. 99 ON FREE INFORMATION CARD

Design Evaluation Kit

Advanced Analog Systems has announced
a new design evaluation kit to investigate
the functions and capabilities of the Sig-
netics NE572 Dual Programmable Com-
pander. The kit, designated AAS572, con-
tains a printed circuit card, |Cs, and other
necessary components for constructing a
complete audio signal compander. Inputs
to both the compressor and expander sec-
tions consist of a high-performance (110
dB dynamic range), low-noise (6 uV) volt-
age follower. The input has a 9V /us slew
rate, input noise figure of 5nV/ \/Hz, and
a gain bandwidth of 10 MHz. Each com-
pressor utilizes !/2 of a NES572 configured
for 2:1 compression—switch-selectable
for a compression ratio of 4:1. The attack
time constant can be set for either 10 ms
or 20 ms; recovery time is either 200 or
400 ms. THD is given as 0.05%; power
requirement is +15V. $65.
CIRCLE NO. 100 ON FREE INFORMATION CARD
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Finally—A Test Record for Everyone

N THE course of testing and evaluat-

ing phonograph cartridges you will
encounter numerous test records, each
designed to provide one form of data or
another regarding a cartridge’s per-
formance. These test records fall into
two large categories: those containing
specific test signals (tones, combinations
of tones, frequency-response sweeps,
etc.), and those offering musical selec-
tions designed to point up a specific flaw
in system performance.

Test-signal recordings usually require
elaborate measurement equipment (me-
ters, filters, distortion analyzers, spec-
trum analyzers, etc.) and are therefore
best suited for use in a well-equipped
laboratory. Musical samples, in con-
trast, can be evaluated by nontechnical
listeners who do not own laboratory test

r 10 msec 5 msec =

| \ I

| Complete Cycle ——=

20 cm/sec
Peak Velocity

equipment. However, such tests seldom
yield anything more than vague, subjec-
tive opinions. Music samples would
probably provide a better gauge of car-
tridge performance if “instant compari-
sons” were made between ‘‘Cartridge
A” and “Cartridge B""—the way most
of us judge loudspeakers. Unfortunate-
ly, the time required to make such “A-
B” tests—dismounting and mounting
pickups—is so great, and ‘“hearing
memory” is so short, that such attempts
at comparison lose their validity.

To address this problem, Shure Broth-
ers, Inc., the well-known manufacturer
of phono cartridges, microphones, and
professional audio products, has devel-
oped a new test record designed to per-
mit non-technical music lovers to evalu-
ate the performance of a phono car-

Fig. 1. This signal, enscribed on
Shure’s TTR-117 test record, is used
to adjust the tonearm antiskating force.

SKATING FORCE DUE
~TO STYLUS - GROOVE

SKATING COMPENSATION
FORCE \

/ FRICTION FORCE

Fig. 2. The usual stylus/tonearm/turn-
table setup creates an inward force that
pulls the tonearm toward the center of
the turning platter. Antiskating
compensation counteracts this effect.

_STYLUS-GROOVE
FRICTION FORCE

All illustrations courtesy Shure Brothers,
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By Len Feldman

tridge (or several cartridges) in a quan-
titative manner. This new record, known
as TTR-117, contains many “standard”
tests. However, the last test on side “A,”
and all of the tests on side “B,” are
unique and worth describing here in
detail.

The last band of side “A” contains a
complex signal (Fig. 1), a 500-Hz, 20-
cm/s peak-velocity burst, repeated at a
61-Hz rate. With this signal the listener
can properly set the anti-skating adjust-
ment provided on most better-quality
turntables currently available.

All pivoted tonearms are pulled to-
ward the center of a spinning record. To
keep stylus pressure equal on both walls
of a record groove, it is necessary to
compensate for this ‘*‘skating” force.
Figure 2 illustrates skating and anti-
skating forces as they pertain to pivoted
tonearms. (Owners of linear-tracking
tonearms need not worry—skating
forces do not exist in such systems.)

The on/off duty cycle of the 500-Hz
burst signal used for the anti-skating
adjustment test sounds like a buzz. If
the skating compensation is too great, an
easily distinguishable form of distortion
will be heard in the left channel. If
insufficient anti-skating force has been
applied, this same distortion will be
heard in the right channel. Only when
the correct amount of anti-skating force
has been applied will the sounds coming
from both speakers be identical.

Total Trackability Index. Shure has
long promoted the concept of “track-
ability”—the ability of a phono pickup
stylus to follow high-velocity groove un-
dulations over the entire audio-frequen-
cy band. Their feeling is that trackabili-
ty (expressed in cm/s for a given audio
frequency) is more meaningful than a
simple statement of stylus compliance.
Shure’s most recent statistical data is
reflected in the “scatter diagram™ of
Fig. 3. Here we see that the peak
recorded velocity to be expected from
modern phonograph records usually oc-
curs at frequencies around 4 kHz. In
order to easily judge trackability, Shure
has recorded a complex signal consisting
of three frequency components: 200 Hz,
2.1 kHz, and 17 kHz. These are pre-
sented at six different levels in the new
test record, and correspond to six paral-
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NRI will train you at home
to be an electronics professional
in the growing world
of communications.

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

TV Tape Recorders

.
{ y
{ v

Marine Communications

Direction Finders, Loran
16 POPULAR ELECTRONICS
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Aircraft Guidance &
Landing Systems

No other home study course gives
you such complete, professional training
in so many fields of communication. No
other gives you such advanced equipment,
selected for state-of-the-art design and fea-
tures. Only NRI gives you the thorough
preparation and training you need to
achieve professional competence in the
wide world of communications.

Learn at Home
in Your Spare Time

Learn at your own pace, right in
your own home. There’s no need to quit
your job or tie up your evenings with
night classes. No time or gas wasted
traveling to school, no excessive demands
on your personal and family life. NRI

3o

tellite Communications

brings it all to you. You learn with NRI-
developed fast-track training methods, a
clearly and logically organized program
using advanced techniques for learning
at home.
Includes 2-Meter
Transceiver or
Bearcat Automatic
Scanner

Your training is built around your
choice of this high technology equipment.
The synthesized two-meter transceiver
represents the latest advance in port-
able communications. Microprocessor-
based circuitry and LED digital readout
mean precision operation and high
efficiency. The scanner a'so features
microprocessar hasing with both pro-
grammable and scanning functions
covering the HE VHE, and UHF mobile
hands. Using audio cassette training
units, you learn not only how to operate
these units, but study their advanced
circuitry in detail.

CB Radio

AmericanRadioHictory Com

Train with professional
instruments and equipment
that’s yours to keep.

Also included for both training and
professional use is 2 Beckman L.CD digital
multimeter with six functions across 26
scales, a Heathkit portable frequency
counter with ranges from 50 Hz to 512
Mhz, the NRI Antenna Applications Lab,
and the NRI Discovery .ab® where you
build and test the “leading-edge” circuitry
found in your transceiver or scanner.

FCC License
or Full Refund

In addition to all lessons, equip-
ment, and instruments, you get special
training for the FCC radiotelephone
license you need to work in this exciting
field. You pass your FCC examination or

your tuition will be refunded in fuil
No ifs, ands, or buts. .. this money-back
warranty is valid for six months after
completion of your course.

Free Catalog,

No Salesman Will Call

NRI's free 100-page catalog shows
all the equipment you get, describes each
lesson in full, and tells about other elec-
tronic training in fields like TV/Audio/
Video, Microcomputers, and Digital
Electronics. Mail the postage-paid card
and see how we can make you a pro. If
card has been removed, please write to us.

NRI Schools
McGraw-Hill Continuing
Education Center
C" . 3939 Wisconsin Avenue
I‘n}ﬂ fg Veshington, DC 20016

We'll give you tomorrow.
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Fig. 3. Scatter diagram shows peak recorded velocities
on modern stereo records as a function of frequency.
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Fig. 4. How total trackability rating signals on test record
are related to signals on modemn stereo records.
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TABLE I—INDENTATION FACTOR

Tip Geometry Tracking Force

75mN 10mN.- 125mN 15mN 20 mN 25 mN

0.75 1 1.25 1.5 2 2.5

gram gram grams grams grams grams
Spherical 1.21 1.00* 0.85 0.76 0.63 0.54
15u (0.0006")
18u (0.0007"") 1.28 1.06 0.91 0.81 0.67 0.58
Biradial (Elliptical) 1.07 0.88 0.76 0.67 0.55 0.48
S5u X 18u
(0.0002" X 0.0007"")
7.5u X 18u 1.10 091 0.78 0.69 0.57 0.49
(0.0003"” X 0.0007")
10u X 18u 1.17 0.97 0.84 0.74 0.61 0.53
(0.0004"” X 0.0007"")
Hyperelliptical (HE) 1.25 1.03 0.89 0.79 0.65 0.56
S5u X 38u
(0.0002"” X 0.0015")
Hyperelliptical (HEJ) 1.31 1.08 0.93 0.83 0.68 0.59
7.5u X 38u
(0.0003"” X 0.0015")
7.5u X 75u 1.52 1.26 1.08 0.96 0.79 0.68
(0.0003" X 0.003")
3.8u X 75u 1.42 1.17 1.01 0.89 0.74 0.63
(0.00015” X 0.003")
3.8u X 100u 1.62 1.26 1.08 0.96 0.79 0.68 .
(0.00015"” X 0.004")
2.5u X 100u. 1.46 1.21 1.04 0.92 0.76 0.65
(0.0001"” X 0.004"")
5u X 50u 1.33 1.10 0.95 0.84 0.69 0.60
(0.0002” X 0.002')
*Reference
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lel-line plots superimposed on Fig. 3
(Fig. 4). At the highest level, the peak
recorded velocities are 3.3, 21.0, and 2.0
cm/s for the three frequency compo-
nents. Taken in combination these indi-
vidual velocity values are quite difficult
to track successfully.

In conducting the trackability tests,
the signal sequence from low to high fre-
quency is played with the cartridge
tracking force and anti-skating force
properly adjusted. The user listens for
the onset of mistracking (after having
been instructed by a narration band that
simulates mistracking noise so that ac-
tual mistracking can be recognized
when it occurs). Based upon the highest
band number that a given cartridge
tracks successfully, Shure has assigned
a score ‘called the Trackability Factor
(TF). Specifically, successful tracking
of band 1 equals a TF of 45; 2 equals 56;
3 equals 71; 4 equals 79; 5 equals 89;
and 6 (the highest velocity band) equals
100. To arrive at the Total Trackability
Index (TTI)—a comprehensive figure-
of-merit—one additional calculation is
required.

Indentation Factor. Even when a car-
tridge does not mistrack a signal, some
distortion may be produced by the stylus
because it permanently modifies the
record groove in the course of tracing
groove-wall modulations. These distor-
tions and groove modifications are
caused by many factors, including stylus
geometry and tracking force. Table I
shows the relationship between tip
geometry and tracking force as they
affect the indentation factor.

The spherical-tip stylus, tracking with
a force of 1 gram, was arbitrarily select-
ed as a reference and assigned an Inden-
tation Factor of 1.0. All other tip/track-
ing force combinations can be easily
compared with this reference. For ex-
ample, a hyperelliptical tip measuring
0.0003"" by 0.003" played at 1 gram has
an Indentation Factor of 1.26. The
greater the Indentation Factor, accord-
ing to Shure, the less deeply a given sty-

POPULAR ELECTRONICS
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| _ Enter the new age of TV entertainment with the state-of-the-art |

e Heathkit :

SR HOME EARTH STATION SYSTEM

The stars are row within your reach — and within
: . : the reach of your budget. Priced as low as $6,995, tte $
Heathkit SRS-8100 Home Earth Station System puts a

" » wide variety of TV 2ntertainment at your fingertips-Geo-
synchronous satellites offer many channels programming
movies, nightclub acts, concerts, musical specials, Broadway
plays, news and mare* — most free of cuts, censorshig and
commercial interruptions.

This home earth station system comes with the
Heathkit trademark of quality and reliability.

The specially-prepared, do-it-yourself SRA-8-00-10
Site Survey Kit helps find the correct location for the
satellite receiving antenna. Step-by-step assambly
manuals and technical assistance from Heathkil Elec-
tronic Centers make our Earth Station System easy to
assemble and install. The SRA-8100-2 integrated Low-
Noise Amplifier/Down-Coverter, SRA-8100-1 Three-
Meter Satellite Receiving Antenna and satellite receiver
ebectronics are made by Scientific-Atlanta, one of the
world’s fore nost manufacturers of satetlite telecom-
munpications equipment.

SEE THE LATEST IN HIGH-TECHNOLOGY,
EASY-TO-BUILD KIT-FORM ELECTRONICS

—It’s all in our new, 104-page Heathkit Catalog.
For your FREE Catalog, write:
Heath Cempany, Dept. 010-906, Benton Harbor, Ml 49022

-or pick up your copy at any of the conveniently-located
Heathkit Electronic Centers throughout the U.S.

Simulated TV picture

The Heathkit SRA-810D-3 Satellite Receiver Kit fea-
tures a special Zenith Space Command Remote
Control. It features 24-channel electeonic tuning, drift-
free reception, built-in -emory, a built-in security circuit
(alarm not included) and an attractively-styled walnut-
finisk cabinet.

View exciting satellite programs on the new, state-
of-the-art Heathkit GR-2500 Color “elevision. it fea-
tures maximum picture sharpness with 330 lines of res-
olution, exceptional 11Z-channel tuning capability (for
cable signals), rich four-speaker soundd, remote control,
optianal Space Phone easy 15-hour kitbuilding and a
great low kit/cabinet system price.

*Federal Communications Commission equipment authorization relating
to the sale of the Heathkit Earth Station requires the following disclosure

‘Use of this device may violate Section 605 of the Communications Act
of 1934, as amended, through the unauthorized interception and divulg-
ence of radio communications for one's own benefit where there is no
entitlement to its receipt”

Viewing of some satelil’e TV channels may require the customer to obtain
permission from, or make payments 1o, the programming company. Some

rrogrammers may not grant permission. Some local, state and forelgn

aws may now or in the future limit the use of this device. The customer is

responsible for compliance with all applicatle laws and regulations.

Heath and Heathkit are registered trademarks of Heath Company. Zenlth is a registered trademark of Zenith Radio Corporation. Heath
Company and Veritechnology Electronics Corporation are wholly-owned subsidiaries of Zenith Radio Corporation. Heathkit Electronic
Centers are oparated by Veritechnology Electronics Corporation.
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WE'LL LURE YOU WITH OUR PRICES...
AND WIN YOU WITH OUR SERVICE

*BLANK CASSETTES
MAXEL 7120 112,95
MAXELL HGT-120 t4igh Crade)

MAXEL 750

X T-120
’rm( HGT-120 iHigh Grader
TOK L-500

SONY, SCOTCH, FUN, MEMOREX, BASF.
AMPEX, JVC, PANASONIC, zmml

[ Anmnonn 5% DISCOUNT ON
00 OR MORE ASSORTED TAPES

AVAILABLE IN

. VIDEO MOVIES 'viis or seTa

Fort Apache: The Bronxivestron) 174, ]

Cannonball Run (Vestron

Giash OF The Titars Wew 58

American Werewok in

cznlpou lPavamounu
tiantic City Paramounty
str!etcar szed Desire

Richard s vrvov Uve tvestron
Breaker Morant Columbia
Xramer vs. Krames Columial
Only when | Laugh (COlumDIa)
Astarts Boem (1054} Warers:
High PLal T IMCA) 1
Cood Guvs Wear iack vestroni
The Punk Rock Movie (Sun: a9,
Texas Chzln-sa

Massacre Wiz, 139,
mmolmenlngs "Emimorr *69.95
Seventh voyar

Sinbad 1C01umbl.‘.ll 164.95
Apacalypse Now (Paramount 478,95
Mommy Dearest iParamountt  '69.9%

| VIDEO ACCESSORIES |

betailer N
RAFT Stabillzer
roc

R
(Detall & Enhancer)
ADES TELEDAPTER T"l:m

ACMEUI’! TRIPOD

Beta
TDK Head clemev VHS Of Beta
SCOTCH Head Cleaner VHSH
ALLSOP Head Cleaner

VHS Or Bew

-TO-CO

SONY Walkman | (55 5tereol

SONY Walkman i (Css /Stereo!

SONY Walkman it
(Deluxe Css /5tereq)

AIWA CS-1 (Ca55 /RC/ FM Stereo)

KOSS Music BOX (AM/FM Stereo)

TOSHIBA

TOSHIBA
1Css /Rec / PlavlFMlS(eveo)

AKAI PM-01 (Cass/FM Stereol

IVC QUINTET (Port Stere)

KIS (Cass /#M Stereo!

FREE (800) 221-8180

IN NEW YORK (212) 732-8600

ATARI Viceo came 40( 26001
MATTEL Wtellivision Game
cousco PANMN {Hana-Heldl
Video Came

135.95

@ v

RATI
COMMODORE VIC-20 FOR sggke?cg &
HOME COMPUTER

* HOME VIDEO
RECORDERS

Jvc HR-7650 (VHS)
ANASONIC PV-1275 (New V5!
ONIC PV-1870 (VHS)
ONIC PY-1770 (VHS}
VH-5011 (VHS)

IASAS V)‘-SHOIVNSI
VH-5610 VHS)
¥FT-190 (HS)
VHS)
VHS
S0 VHS)
00 New Beta)

3900 (Betal
-9775 INew Beta

* PORTABLE VIDEO

RDERS
PANASONIC PV-5200 INew Port VHS) 839
PANASONIC PV 5500 New POTT V51 1959
ZENITH VR 9800 (Geta T

Y SL-2000
m’m Ee(ortler
AKA) YPS- 75!

'1075
TOSHIBA V-9035 Meta w/Tuner: 699

«VIDEQ DISC PLAYERS

MAGNAVOX VH-B000 L35e1DIsC 1575
PIONEER VP-1000 L1serD 549

v
DISK MOVIES AVAILABLE

JVg JR-7300
2o

xv 9 Screen
SONY KV-1207 (12 Screent
SONY KV-1217 (12_Screen!
SONY KV-1221R 112 Remote!

SONY KV-2648 (26 Remote}

1945

HARDWARE

NOTE: AL COLOR TELEVISIONS ATAR! 600 (Personal Computert
SHIPPED FREICHT COLLECT. AYAR! 800 (Comouten

ATAR! 410 (Pr ecorden

» VIDEQ CAMERAS
849

ATARI 810 (Dvsk Drive)
TI PHC.004 (Home Computen
SHARP $C-1500 (COmputer!
ASONIK PX.271 1121 2001 SHARP C£~"5° {Prnten
PANASONK PK-B01 (Low Litel EPSON MX-80 (Printer)
JASONK. PK-755 (A4 1t0 FOCUS) EPSON MX 100 Printen

*SOFTWAR
ATARICXLG011 (Star Raiders)  *39.90
ATARI CXL-4022 iPac-Mar 136
ATARI CXL-0008 S0aCe INvaders +36.90

TOSHIBA 1850-AF lAulo o0 506 lSupev Bresono 13680

(Expander Mod
T PHM- 30!
TIPHM- wu uerozanl

126.90

426.90
coMuoooRE VIC- 1711A

TIPHM. 307! munt rneWumDusv ‘21 90
‘11 so

23 PARK ROW DEPT. PE6, NYC NY 10038
OW TO ORDER BY MAIL
FOR PROMPT AND COURTEQUS SHIPHENT, SEND MONEY ORDER, CERTIFIED CHECK
MASTERCARD/VISA include card_numper Interdank 40

CASMIER'S CHECK,
expiration date and s

MINIMUM ORDER:
* AUDIO 3570516 Tapes
MAX:LL uux(l.;gv upxL 1 C-90

AL AND BUSINESS

CHECKS MUST CLEAS R ‘j‘uw BANK BEFOOS PROCESSING SNDDInq Handing &
M WE SHIP TO

insurance Charge

C
€anadian_ Oraers Ad_10%
stipments
ADO SAl

FRESH AND 100% GUAR;

SEND FOR FREE 240 PAGE AUDIO/VIDEO CATALOG

PUERTO RICO, AND “Can ONLY.
Shmnmq with 2 *7.95 minimum charge.) FO!
Dy air, piease double these cnarges NEW YORK STATE RESIDENTS

LES TAX Au uEPc ANDISE SHIPPED BRAND NEW, FACTORY

oml omev with a $3.85 minim

IADA

SONYUCXS €66

SONY UCXS C-90
ADDITIONAL % DISCOUNT DN
100 OR MORE ASSORTED TAPES
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Four-Drive Double-Density Disk Controller

for H/Z-89 Includes Parallel Printer Port

40: and 80-Track Add-On Drives
for the H/Z-89 and H-8

from $399

Now! Percom Disk Storage for Your Heath Computer.
At Percom we've been making mini-disk systems since 1977
Our proven disk controller design, featuring digital phase-lock loop data separation,
gives rock-solid performance.
Every Percom drive sold is double tested —to Percom specifications.
And every drive receives a 48-hour operating burn-in, a qc check that virtually
eliminates the possibility of shipping drives with latent defects.

Get all the details about Percom’s new

audia

lus will track, and the less wear and tear
on the record.

Interestingly, tracking force has a
much greater effect upon Indentation
Factor than does tip geometry—a con-
clusion contrary to many expert as-
sumptions. While the Indentation Fac-
tor is directly related to record life (and
is used to calculaté Shure’s new figure of
merit, the Total Trackability Index), it
may also help in estimating the useful
life- of diamond tips.

To calculate TTI, first determine the
Trackability Factor by listening to the
test record. Then multiply this factor by
the Indentation Factor (determined
from the known stylus tip configura-
tion). The product obtained is the TTI.

For example, Shure’s new V15 Type
V cartridge has a hyperelliptical stylus
tip. If Level 5 of the Trackability Test is
successfully played with 1 gram of
tracking force, you get a trackability
factor of 89. The Indentation Factor for
the tip (0.0002"" by 0.0015") is 1.03
(from Table I), and the resulting TTI
product (89 times 1.03) is 91.7. Ob-
viously, a higher TTI indicates better
trackability.
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Fig. 6. Tonearm resonance should be between

.max. warp velocity and min. modulation limits.

Tonearm Resonance Tests. The
last band of the TTR-117 test record
examines tonearm resonance. It con-
tains a pair of pilot tones at 2400 and
3000 Hz, plus a sub-audible tone used to
excite the tonearm. The low-frequency
excitation signal rises in 1-Hz incre-
ments from 5 Hz to 14 Hz. Tonearm
resonance can be determined by listen-
ing for maximum wow and flutter in the
audible test tones. As shown in Fig. 5,
the most desirable point for arm reso-
nance is between 9 and 11 Hz—above
the subsonic record-warp frequencies,
yet below the recorded program’s lowest

7 dk ‘ H h........................ frequency

line of quality mini-disk systems for Heath e i o -
compuEE Y o i Purtom Zcomolor o Peeem famesend o T Ithough the TTR-117 is offered as
Fill out and mail us the coupon now. ¢ g:sz g It o anaccessory to the new Shure V15 Type
o PERCOM DATA COMPANY, Inc.. Dept 26P01 o V cartridge, it can be purchased sepa-
OEHGDM] @ 11220 Pagemill Road. Dallas TX 75243 o rately to test the arm/cartridge portion
[ | : - : of any stereo record player. It should
PERCOM GATA COMPANY, ING are - _ | Pprove valuable to anyone without a labo-
FIZED PogelBosd - D, Texss 75243 o street - - | ratory full of test equipment who still
Toll-Free Order Number: 1-800-527-1222 s ay - st oI wants more than just subjective musical

p phone riumber playback experiences when evaluatin
70 CHANGE THOUT NoTICE - T . [ 1k Z:89 1H38 3 arm/cartridge performance. <§
© 1981 PERCOM DATA COMPANY. Inc. 0000000000000 0000000OCIEGES
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2200 SERIES

DUAL TRACE OSCILLOSCOPES

THE PERFORMANCE/
PRICE STANDARD

Tektronix 2213 |

‘Introducing a direct line
to a 60 MHz Tektronix scope
built for your bench!

From the world’s most
respected name in oscil-
loscopes: a new scope,
plus a new direct order
number, that finally
makes it practical to put
Tektronix quality on your

bench...at work or home.

Among professional en-
gineers and technicians
there is no substitute for the
performance and reliability
of Tektronix oscilloscopes.

Now, for the first time,
Tektronix is offering an ad-
vanced scope at an un-
precedented low price—
and has a direct order line
that lets you get your order
processed today!

The scope: the 2213.
Its radical new design
brings you Tektronix
quality for well below
what you would pay for

lesser-name scopes.

The 2213's practica! de-
sign includes 65% fewer
mechanical parts, fewer
circuit boards, electrical
connectors and cabling.
Result: a lower price for you
plus far greater reliability.

Yet performance is pure
Tektronix: there's 60 MHz
bandwidth for digital and
high-speed analog circuits.
The sensitivity for low signal
measurements. The sweep

speeds for fast logic families.

A complete trigger system
for digital, analog or video
waveforms. And new high-
performance Tektronix
probes are included!

2213 PERFORMANCE
DATA

Bandwidth: Two channels,
dc—60 MHz from 10 V/div
to 20 mV/div. (50 MHz from

2 mV/div to 10 mV/div).

Sweep speeds: Sweeps
from 0.5sto50ns (to 5
ns/div with X10 mag).
Sensitivity: Scale factors
from 100 V/div (10X probe)
to 2 mV/div (1X probe). Ac-
curateto = 3%. Ac ardc
coupling.

Delayed sweep meas-
urements: Standard
sweep, intensified atter
delay, and delayed.
(Need dual time-base
performance and timing
accuracy to + 1.5%? Ask
about cur 2215 priced at
$1400.)

Complete trigger system:

Modes include TV field,
normal, vertical mode, and
automatic; internal, exter-
nal, and line sources; vari-
able holdoff.

Probes: High perform-

ance, positive attachment,
10-14 pF and 60 MHz at the
probe tip.

The price: Just $1100
complete*. Order direct
from Tektronix National
Marketing Center. Phones
are staffed by technical
people to answer your
questions about the 2213.
Your direct order includes a
15-day return policy and full
Tektronix warranty.

Now it's easier than
ever to get your hands on
a Tek scope!

ORDER TOLL-FREE

800-547-1845
Ask for Dept. A0220

(In Oregon, Alaska and
Hawaii: 1-503-627-5402
collect.) Lines are open
from 8 am EST to 5 pm PST.

*Pnce FO.B.. Beaverton. OR

Copyright@© 1982 Tektronix, Inc. All nghts reserved. 121

—_ AmericanRadioHistorv.Com

Tektronix

COMMIT TED TO EXCELLENCE
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Popular Electronics Tests

Kenwood KVA-502 AudioVideo Control Amplifier
and KV-90I Video Cassette Recorder

KENWOOD, known primarily for
LA its audio products, has recently in-
troduced equipment to integrate video
and audio. The new systems consist of a
feature-laden VHS video cassette re-
corder (Model KV-901) and an audio-
video control amplifier (Model KVA-
502). The units are similarly styled and
are sized so that the VCR can sit on top
of the A/V amp to provide maximum
operating ease and to save space.

Wedding the units provides a host of
audio and video enhancement facilities
in a compact entertainment center for
improved functionality, quality, and au-
dio-video creative capability. Addition-
ally, the audio-video amp can be used as
the heart of a stereo high-fidelity system
for playing phono records and other
audio source material.

In essence, the twin units examined
here form the first commercial integra-
tion of two exciting mediums for con-
sumers—video and audio.

AUDIO/VIDEO AMPLIFIER

Coordinated Entertalnment. The
Kenwood KVA-502 is a truly new prod-
uct—designed for use in entertainment
systems that coordinate audio and video
program sources. Its heart is a high-
quality audio control amplifier (50 W/
channel) that can interface with two

24

VCRs, one video disc player, a TV
receiver or monitor, an audio tape deck,
phono turntable, and AM or FM tuner.
Kenwood calls the unit an Audio-Video
Amplifier, clearly defining its dual role.
Though designed to complement Ken-
wood’s KV-901 VHS VCR, it’s compat-
ible with any VCR, regardless of
format.

The KVA-502 measures about 17 33”
W x 1314” D x 4Y4” H, and weighs 17.8
Ib. Its exterior is finished in satin silver,
with a black recessed control panel con-
taining a number of small black knobs.
The basic switching control functions
are performed by light-touch rectangu-
lar pushbuttons. Suggested retail price
is $400.

General Description. The unit’s vid-
eo switching functions are analogous to
those of a typical audio amplifier. The
playback output from either of two
VCRs—VCR(A) or VCR(B)—can be
selected by pressing the corresponding
button. A recording can be made only on
VCR(A)—the program source being a
TV broadcast, VCR(B), or a video-disc
player. (See operating controls on p.
24

"I2he KVA-502 switches a vhf antenna
between a VCR and the TV receiver.
Normally the front-panel ANT SELECTOR
is left on VIDEO, routing r-f signals
through the VCR on their way to the TV

AmericanRadioHistorv Com

sei. However, when dubbing a tape from
one VCR to the other, this switch can be
used to connect the antenna directly to
the receiver for off-the-air viewing.
When the unit is shut off, however, the
antenna output is routed directly to the
TV, regardless of the ANT SELECTOR set-
ting. Since the KVA-502 uses only the
composite video (and audio) signal from
a VCR, the VCR’s internal r-f modula-
tor is replaced by one in the amplifier
(switchable to channel 3 or 4).

In addition to its video-switching
functions, the KVA-502 can modify a
video signal and improve its visual char-
acteristics. The PICTURE control is anal-
ogous to a high-frequency audio tone
control; boosting or reducing video band
width to control VCR picture sharpness.

A special circuit, whose function
switch is labeled DE-NOISER, is designed
to reduce video-tape noise in the mid to
upper audio-frequency range. Primarily,
this is between 7 and 8 kHz, where the
noise has its largest distribution. Ac-
cording to the manufacturer, the circuit
operates automatically when switched
“on” only if the input signal falls below
a specified level within the selected fre-
quency range. When input signals are
relatively high, the noise is masked by it,
so the de-noiser circuit is not activated.
As a consequence, the relatively poor

(Continued on page 26)
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KVA-502 AMPLIFIER OPERATING CONTROLS

Front Panel:
Switches
poweR: Contrcls ac power to the amplifier and one rear outlet.
ANT. SELECTOR (VIDEO/TV): Selects signals to be monitorad on TV
screen (from antenna or video machine).
VIDEO DUBBING: Connects video machines for dubbing eithar the vid-
eo disc player (VDP) or VCR(B) playback on to
VCR(A).
WPUT SELECTOF: Selects signal source to be seen o1 heard—
VCR(A), VCR(B), VDP, AUDIO.
AUDIO DUBBING: Connects audio input of VCR(A) to selected audic
spurce.
TAPE: For listening to audio tape playback.
rungr: For listeming to tuner signal (AM or FM).
pHoNO: For listening to phono playback
SPEAKER A, SPEAKER B: Connects rear speaker outputs to amplifier.
pe-HOISER: Reduces audio noise from VCR playback.
LOUDNESS: Introduces loudness compensation on audio volume con-
trol.
MUTING: Reduces audio level 20 dB.
Controls
voLume: Adjusts audio volume.
sass: Low-frequency tone control.
TREBLE: High-frequency tone control.
BALANCE: Adjusis left-right level balance (center detented).

MODE (MONO, ENHANCER, STEREO): Enhancer gives pseudo-stereo ef-
fect on mono signals.
mic MIXING: Adds microphone signal smoothly to selected audio
source, reducing program level simultaneously to make
a smooth fade.

Jacks

PHONES: For stereo headphones.
MIC MIXER: For a medium-impedance dynamic microphone.

Rear Panel:

VHE iIN: 75-ohm coaxial connector, from antenna outgut of VCR.
VHE OUT: 75-ohm coaxial connector, to vhf antenna input of TV
receiver.
puT: Standard phono jacks for audio sources (PHOKO, AUDIO)
TAPE (REC PLAY): Standard phono jacks, plus DIN socket, for audio
tape-deck connections.
vibEo: A group of phono jacks for interconnecticn with one or two
VCRs. The VCR(A) position has both recording and playback
video jacks; the VCR(B) and the video disc player position
(VDP) have playback-only jacks. All have stereo audio out-
puts. A separate VIDEO OUT jack carries composite video to
monitor (instead of the r-f carrier used for connecting to a TV
receiver).
speaKERS: Insulated binding posts for two pairs of speakers.
AC ouTLETS: Three, one of which is switched.
cHANNEL: Slide switch on side of cabinet to select TV channel 3 or 4
for r-f modulator output.

TV
VIBEO A
]
|1
VIDEO vonss) 1 1 T
| RF OU
N VCR 8 On'——-—-——-‘n-—] | (TV CHANNEL
vor O Tl 3 0R 4)
i
VIDEO OUT Q== 1 i ANT,
| | SELECTOR
PICTURE {
VCR & (SIS
REC OUT
AUD:O
VCR A ©F
VCR B L |
VDP | KvAa-502
AUDIO-VIDEO MWy
VCR A I~ | AMPLIFIER
REC OUT I l_—o
—
MUTING
PHONO ] § 1
= — f i3
A 4 é !
o
SNEH - = ON-OFF \ DE-NOISER l
TAPE PLAY ENHANCER |
REC I
-8 SPEAKERS
MIC (MOND)
Diagram shows location in circuit of
most of the controls listed above.
MIXING |
AUDIO: LCH ONLY
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Fig. 1. Block diagram of the KV-901 TV-channel and program-selection system.

(Continued from page 24)

audio signal-to-noise ratio (about 40
dB) produced by recording on the nar-
row (1-mm) audio track of a VCR car-
tridge can be significantly improved as
sensed by ear.

Though the audio section of the KVA-
502 is conventional in most respects, two
features distinguish it from most inte-
grated amplifiers—the microphone mix-
er and the signal enhancer. Other ampli-
fiers and receivers with a built-in micro-
phone mixer contain blending circuits;
this one is a fader control. As its clock-
wise limit is approached, the program
source volume is reduced (eventually cut
off completely) and replaced by the
microphone signal. The fading action
makes for a very smooth transition
between program and microphone
sources. The VOLUME control adjusts the
combined level of the mixed signals,
which also appear at the tape-recording
outputs (most other microphone mixing
systems we have seen affect only the
speaker outputs).

The signal enhancer is intended to
create a stereo effect from mono signals
by driving the speakers with phase-shift
and frequency-response differences in
order to form a more diffused sound
stage. According to Kenwood, the sound
field is expanded by alternating direc-
tion of sound from right side to left side
every 1.2 octaves.

Laboratory Measurements. Actual
measurements on the KVA-502 were
limited to its audio functions; observa-
tions of video were subjective.

The 1000-Hz harmonic distortion,
when driving 8-ohm loads, was less than
0.01% at (and slightly above) the rated
50 W/channel output, and 0.038% at
70 W/channel output. Clipping oc-
curred at 75 W /channel. With 4-ohm
loads, the distortion was at least as low
(typically 0.006%) up to 70 W and
0.08% at 100 W, where clipping oc-
curred. The 8-ohm IHF clipping head-
room was 1.76 dB.

The KVA-502 is not recommended
for use with loads lower than 4 ohms;
when we attempted to drive 2-ohm
loads, fuses blew in the 6-A dc power
supply. Delivering the rated 50-W out-
put to 8-ohm loads, the distortion was
less than 0.01% from 20 to 5000 Hz,
increasing smoothly to 0.03% at 20,000
Hz. It was roughly the same at reduced
power outputs.

The tone-burst signal of the IHF
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dynamic headroom test (20 ms of 0-dB,
1000-Hz signal, followed by 480 ms at a
—20-dB level) produced a clipping pow-
er output of 94 W into 8 ohms and 139
W into 4 ohms, for a 8-ohm IHF
dynamic headroom rating of 2.76 dB.
Moreover, the KVA-502 was stable with
complex reactive loads. Driving a stan-
dard IHF reactive load (which simulates
a woofer near its resonance frequency),
the clipping power was just over 75 W at
40 Hz for an IHF reactive load rating of
1.8 dB. The IHF slew factor was greater
than our measurement limit of 25.

For a reference power output of 1 W,
the KVA-502 required a 1000-Hz input
of 20 mV (TUNER) or 0.29 mV (PHONO).
The A-weighted noise level through ei-
ther input was —77 dB referred to 1 W.
The phono preamplifier input over-
loaded at about 180 mV at 1000 Hz and

below, and at 168 mV at 20,000 Hz.

(equivalent 1000-Hz value). This gives
plenty of leeway since average phono
cartridges have outputs of 1 to 5 mV,
depending on make and model. Phono-
input impedance was 46 kilohms in
parallel with 250 pF.

The tone controls had conventional
frequency-response characteristics, with
a sliding bass turnover frequency and
treble responses hinged at about 2500
Hz. Loudness compensation boosted
only the low frequencies as the volume-
control setting was reduced. (Many de-
signers prefer not to boost highs—an
opinion that may be strengthened here
owing to the tendency toward tape hiss
on video tape’s audio track.)

RIAA phono equalization was almost
perfectly accurate, with less than 0.5-dB
overall variation between 20 and 20,000
Hz. And when the input was loaded by
the inductance of a typical phono car-
tridge, the high-frequency response was
changed less than 0.3 dB.

User Comment. As an audio ampli-
fier, the KVA-502 delivers especially
fine performance at a modest but ade-
quate power level. Although its 50-W/
channel rating may not sound like much
compared to some “audiophile” ampli-
fiers, the unusually large dynamic head-
room of the KVA-502 shows that it is
capable of delivering undistorted pro-
gram peaks on a par with many ampli-
fiers having twice the power rating.

In other respects, too, such as its near-
ly ideal phono-preamplifier section, the
KVA-502 meets the highest standards
set by component audio amplifiers.

The KVA-502's video-control facili-
ties add a new dimension in one package
to audio-video entertainment. The
switching facilities for selection of
source and dubbing are excellent,
though an r-f switcher would have made
things even simpler when using two
VCRs. Using the DE-NOISER switch, we
totally eradicated tape hiss from a-six-
hour-play video tape, revealing a re-
markably good sound that was not evi-
dent beforehand. Switching in the “ster-
eo” mode produced a most welcome
improvement in audio dimension. Rotat-
ing the picture control, we observed evi-
dent sharpening of the picture upon
close inspection. Though not dramatic in
normal situations, its effect will be more
noticeable on dubbed tape than on a
first taping. When the signal isn't suffi-
ciently strong, some increase of noise
will occur, however. The addition of the
video equivalent of an audio “de-noiser™
would be needed to circumvent this
problem. At the extreme setting, color
strength is sometimes affected.

Price of the unit is remarkably low for
what it does. In fact, if one considers
only the separate video accessories that
would be necessary to match what the
KVA-502 incorporates, then the fine
stereo control amplifier is practically
free. —Julian Hirsch

VIDEO CASSETTE RECORDER

General Description. The deluxe
KV-901 VCR uses the VHS format and
has two- and six-hour recording facili-
ties with two-, four-, and six-hour play-
back. Speed selection for playback is
automatic. To locate desired portions of
a recording in both forward and reverse,
the unit employs ‘“Vue-Search.” This
feature will run the tape up to seven
times normal speed in the SP (two-hour)
mode and up to 2l times normal speed in
the EP (six-hour) mode. The KV-901
employs two pairs of video tape heads,
one for the 2-hour and 4-hour mode and
the other for the 6-hour mode.

Other features include an air-damped
top-loading cassette assembly; an auto-
matic cancellation circuit that releases
the pause control if left in position after
five minutes; feather-touch controls us-
ing microprocessor logic circuits; auto-
matic rewind when tape end is reached;
and a brushless, direct-drive drum servo
motor crystal-locked to the frame rate.
A wired 10-function, remote-control
head includes TV CHANNEL ADVANCE,
PLAY, RECORD, AUDIO DUB, FAST-FOR-
WARD, REWIND, FORWARD and REVERSE
Vue-Search, PAUSE, and STOP.

The selection of unattended, pre-pro-
grammed recording is accomplished by
a series of pushbutton controls, together
with a detailed alphanumeric calendar/
clock display and LED channel indica-
tor. Two CPU chips are used to program
the recording of up to eight different
programs from any of 14 pre-tuned TV
channels selected from among vhf chan-
nels 2-13 and uhf channels 14-83. This
pre-programming feature can select
events up to two weeks in advance.

POPULAR ELECTRONICS
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Dimensions are essentially the same
as those of the audio-video amplifier.
Suggested retail price is $1200.

Microcomputer-Based Program
Selection. The KV-901’s program dis-
play shows the seven days of the week,
an hour/minute/second read-out, and
an a.m./p.m. indication. A set of push-
buttons and switches permits the user to
enter information, which is displayed
immediately. Channel selection is ac-
complished with 14 pushbuttons, each
with its own LED indicator. A separate
top panel covers the tuning adjustments
for each channel. Of course, the vhf-uhf
tuner is electronic, using precise volt-
ages to control varactor capacitance.
Separate varactors are used for each
channel.

In the KV-901’s TV-channel and pro-
gram-selection system (Fig. 1), both ICs
are 4-bit microprocessors, operating at a
crystal-controlled clock frequency of
400 kHz. The IC201 is a version of
NEC’s uCom-43 family. It contains a
2000 by 8-bit ROM, a 96 by 4-bit
RAM, and has six 4-bit working regis-
ters. There are nine ports on /C201. One
of them is a programmable 6-bit timer
that uses internal as well as external
clock signals for VCR control and pro-
gram timing.

The IC401, a member of NEC’s
uCom-44 family, does not have a pro-
grammable timer, but is instead used to
control the display and translate the
data it receives from /C201 into the cor-
rect alphanumeric indication. The
IC401 can supply 35 V for electrofluor-
escent displays, and, in fact, provides all
of the KV-901’s display voltages (except
for driving the lamp filaments). This
chip also controls the channel-indication
LEDs. The IC201] stores the program
and channel selections, provides appro-
priate data to /C401, and controls the
VCR’s record start-and-stop opera-
tions.

Evaluation. Manufacturer’s specifica-
tions claim a horizontal resolution of
more than 240 lines. Our tests, using a
standard monoscope (Indian head) test
pattern, confirm this figure. The video
signal-to-noise measured 45 dB, also
confirming the figure given by Ken-
wood. Next, we recorded video from 1 to
4 MHz and found the 3-dB cutoff where
Kenwood said it would be—at 3.0 MHz.
Recordings of a staircase, window, and
crosshatch pattern all produced excel-
lent video images.

The color-bar patterns we recorded
quantified the excellent pictures we ob-
tained off-the-air. Examine the oscillo-
scope picture of the color-bar input sig-
nals (Fig. 2) and compare it with the
color bar output signal from SP play-
back (Fig. 3) and the color bar output
signal from EP playback (Fig. 4). Note
that the high-frequency portions of
these signals are almost identical.

The manufacturer’s specifications call
for a signal-to-noise ratio of better than
40 dB in the audio channel and a fre-
quency response of 100 to 10,000 Hz at
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standard speed. Our measurement pro-
duced a signal-to-noise ratio of 42 dB
and a bandwidth of 180 to 10,000 Hz.
Although the low-frequency roll-off is
not usually audible, we are aware that
several other VCRs have this same char-
acteristic.

User Comments. Kenwood's Model-
901 VCR looks and performs like the
deluxe video cassette recorder it is. Cer-
tainly, the quality of its video and audio
compares well with similarly priced
VCRs, as does the two-week, 14-channel
program selector, which can program
eight different channels. Perhaps the
only features we could add to our wish
list are the addition of the midband and
superband cable TV channels in the
VCR’s programmable tuner, enabling
one to get these extra channels if you're
not a cable subscriber and they’re not
scrambled; a wireless remote control;
and slow-motion.

For readers who wonder what you get
in a higher-priced VCR that a lower-
priced unit doesn’t have, it’s a lot more
than a built-in two-week programmable
unit with an electronic digital clock. For

ig.

el

3 O;Jtput signé/ from pla ybak.

e

Fig. 4. Output signal from EP playback.

example, having a second pair of tape
heads makes it possible to design head
gaps specifically for use with slow- or
fast-speed models. As a result, picture
quality is improved, especially for the
long-play mode. Furthermore, its feath-
er-touch controls are vastly superior for
operating ease than are mechanical con-
trols of more modestly priced ma-
chines.

Additionally, start-up is lightning
fast compared to the delay exhibited in
lesser machines. And, mentioning

“fast,” it was a joy to search out a spe-
cific section on the video tape, either
fast-forward or reverse, due to its im-
pressive speed and accuracy. This fea-
ture is carried over to the remote con-
trol, too. You might have to use the
counter, though, because the TV set’s
picture didn’t always hold during this
fast-search process. Other fine attri-
butes attached to this function include a
memory-set facility to automatically
stop at a specific section of the tape and
automatic switching-out of the audio
circuit during search to eliminate rau-
cous sounds. As a final note, one of our
video recordists marveled at the even,
balanced rewinding of the tape itself, a
characteristic he does not enjoy with his
present VCR.  —Walter Buchsbaum

CONCLUSION

Kenwood has taken an imaginative
step in uniting audio and video technolo-
gies with this set of cosmetically
matched machines. Both units examined
here—the VCR and the audio-video
amplifier—operated superbly, as inde-
pendent units and in combination.

Neither unit is quite at the state-of-
the-art point, since each is missing some
added fillips. But neither are their price
points at the highest end. The VCR,
whose innards are identical to the few
near-top-of-line models of other brands
(only a few manufacturers produce
VCRs for the many companies offering
them) has an especially functional de-
sign as a result of the use of the push
pads. Each of these incorporates an indi-
cator light and they are exceptionally
large with the pLAY and STOP pads con-
veniently colored orange. This same
color coding scheme is carried over to
the remote control.

The Kenwood VCR has excellent
slow-speed performance, as well as good
high-speed reproduction of broadcasts.
Thus it should have wide appeal to
people who would, say, opt for a high-
performance automobile but foresake
extras such as a costly sun roof.

The only-one-of-its-kind audio-video
amplifier stands by itself, of course. It
packs a lot of features into one hand-
some unit to make a neat core for an
entertainment center. To achieve similar
functions would require using a jumble
of add-on-boxes—though they would
provide an extra nth of video control.
Just add a pair of good speaker systems
to take advantage of the excellent video
sound potential offered.
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ESCORT

RADAR WARNING RECEIVER

What makes this radar detector
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so desirable that people
used to willingly wait months for it?

Anyone who has used a conventional passive radar
detector knows that they don't work over hills, around
corners, or from behind. The ESCORT * radar warning
receiver does. Its uncanny sensitivity enables it to pick
up radar traps 3 to 5 times farther than common de-
tectors. It detects the thinly scattered residue of a radar
beam like the glow of headlights on a dark, foggy road.
You don't need to be in the direct beam. Conventional
detectors do. Plus, ESCORT's extraordinary range
doesn’t come at the expense of more false alarms. In
fact, ESCORT has fewer types and sources of false
alarms than do the lower technology units. Here's how
we do it.

The unfair advantage

ESCORT's secret weapon is its superheterodyne
receiving circuitry. The technique was discovered by
Signal Corps Capt. Edwin H. Armstrong in the military’s
quest for more sensitive receiving equipment. ESCORT's
Varactor-Tuned Gunn Oscillator singles out X and K
hand (10.525 and 24.150GHz) radar frequencies for close,
careful, and timely examination. Only ESCORT uses this
costly, exacting component. But now the dilemma.

The Lady or The Tiger

At the instant of contact, how can you tell a faint
glimmer from an intense radar heam? Is it a far away
glint or a trigger type radar dead ahead? With ESCORT
it's easy: smooth, accurate signal strength information.
A soothing, variable speed beep reacts to radar like a
Geiger counter, while an illuminated meter registers fing
gradations. You'll know whether the radar is miles away
or right next to you. In addition, the sound you'll hear is
different for each radar band. K band doesn't travel as
far, so its sound is more urgent. ESCORT keeps you
totally informed.

The right stuff

ESCORT looks and feels right. Its inconspicious size
(1.5Hx5.25Wx50), cigarlighterpowerconnectorandhook
and loop or visor clip mounting make installation easy,
flexible, and attractive. The aural alarm is volume ad-
justable and the alert lamp is photoelectrically dimmed
after dark to preserve your night vision. And, a unique
city/highway switch adjusts X band sensitivity for
fewer distractions from radar burglar alarms that share
the police frequency while leaving K band at full strength.

Made in Cincinnati
Another nice thing ahout owning an ESCORT s that
you deal directly with the factory. You get the arlvantage
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of speaking with the most knowledgable experts avail-
able and saving us both money at the same time. Further,
in the unlikely event that your ESCORT ever needs re-
pair, our service professionals are at your personal
disposal. Everything you need is only a phone call or
parcel delivery away.

Carrying case
and

visor clip
included

Corroborating evidence

CAR and DRIVER . . . “Ranked according to perfor-
mance, the ESCORT is first choice . . it looks like
precision equipment, has a convenient visor mount,
and has the most informative warning system of any
unit on the market . . . the ESCORT boasts the most
careful and clever planning, the most pleasing packag-
ing, and the most solid construction of the lot”

BMWCCA ROUNDEL . .. "The volume control has a
‘sitky’ feel to it; in fact, the entire unit does. If you want
the best, this is it. There is nothing else like it*

PLAYROY . .. “ESCORT radar detectors . . . (are)
generally acknowledged to be the finest, most sensitive,
most uncompromising effort at high technology in the
field’

PENTHOUSE . . . "ESCORT's performance stood out
like an F-15 in a covey of Sabrajets.

AUTOWEEK ... “The ESCORT detector by Cincinnati
Microwave . . . is still the most sersitive, versatile
detector of the lot”

The acid test

There's only one way to really find out what ESCORT
is all about. We'll give you 30 days to test it for
yourself. If you're not absolutely satisfied, we'lt refund

AmericanRadioHictory Com

your purchase as well as pay for your postage costs to
return it. In fact, try an ESCORT and any other detector
of your choice. Test them both for 30 days and return
the one you don't like. We're not worried because we
know which one you'll keep. As further insurance for
your investment, ESCORT comes with a full one year
limited warranty on both parts and labor. This doesn't
worry us either because ESCORT has a reputation for
reliability. We know that once you try an ESCORT,
radar will never be the same again. So go ahead and
do it. Order today.

You don't have to wait
Just send the following to the address below:
[ Your name and complete street address.
[J How many ESCORTS you want.
3 Any special shipping instructions.
3 Your daytime teleohone number.
{3 A check or money order.

Visa and MasterCard buyers may substitute
their credit card number and expiration date for
the check. Or call us to!l free and save the trip
to the mail box.

CALL TOLL FREE. . . . 800-543-1608
INOHIOCALL....... 800-582-2696

ESCORT (Includes everything). . . . $245.00
Onio residents add $13.48 sales tax.

Extra speedy delivery
If you order with a bank check, money order,
\Asa, or MasterCard. your order is processed for
s1ipping immediately. Personal or company
checks require an additional 18 days.

ESCORT

RADAR WARNING RECEIVER

O CINCINNATI MICROWAVE
Department 631
255 Northland Boulevard
Cincinnati, Chio 45246
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Sony NR-500 Dolby-C
Noise Reduction Processor

THE Sony NR-500 Noise Reduction
Processor makes Dolby C noise re-
duction available for any tape deck (cas-
sette or open reel). It connects between
the tape deck and the system amplifier,
and has front-panel bypass switches so
that the recorder can be used with or
without the NR-500.

A compact unit finished in satin sil-
ver, the NR-500 measures 17"W by
11V4”’D by 21/4"'H. It weighs about seven
pounds and has a suggested retail price
of $190.

General Description. The recently
developed Dolby C noise-reduction sys-
tem is an extension of the Dolby B sys-
tem now incorporated in virtually every
component-type cassette deck. In the B
system the program is recorded (“‘en-
coded”) with variable pre-emphasis in
the upper middle and high frequencies
that is determined by the program’s
spectral content and level. During play-
back, variable de-emphasis (‘“‘decod-
ing”) takes place.

Encoding and decoding are comple-
mentary, so that the overall frequency
response through a record/playback cy-
cle is flat. However, the playback decod-

ing process also attenuates noise (about
10 dB at 5000 Hz). Successful system
operation requires that the signal levels
be matched closely during recording and
playback.

The Dolby C system can be consid-
ered as the simultaneous operation of a
Dolby B processor and a second similar
circuit that operates at lower signal lev-
els and extends the noise-reduction ac-
tion down to 200 Hz. The end result is a
noise reduction of 20 dB at 5000 Hz,
giving a good cassette deck a total sig-
nal-to-noise ratio of around 75 dB. This
permits a dynamic range comparable to
that of any analog disc, including those
cut from digital tape masters.

The successful use of either Dolby B
or C requires a flat record/playback fre-
quency response from the recorder. Any
departures from flatness are doubled by
the Dolby system—or by any of the oth-
er popular “companding” noise reduc-
ers. Since most of the response variation
of a cassette (excluding low-frequency
“head bumps”) takes place at the high-
est frequencies, the Dolby-C sensing cir-
cuit was modified to make the system
less sensitive to response variations
above 10 kHz.

Also, an anti-saturation network has
been added to the NR-500 to reduce
tape saturation at high audio frequen-
cies. The network introduces a fixed 4
dB recording roll-off at 10 kHz, with a
complementary boost in the playback
system. Although the playback boost
reduces the noise reduction above 10
kHz, most audible hiss is below that fre-
quency. Therefore, the anti-saturation
network has a negligible effect on the
overall signal-to-noise ratio.

Calibration. The Sony NR-500 is sup-
plied with a calibration cassette, re-
corded with a 400-Hz tone at standard
Dolby level (200 nWb/m is the 0-dB
reference). For the initial system adjust-
ment, it is played on the cassette deck
being updated while the NR-500s cAL
and DOLBY C buttons are engaged. The
deck’s playback level control is set to a
convenient point, and must not be
moved again.

When the tape is played, a pair of red
LED arrows on the NR-500's front pan-
el show whether the playback level is too
high or too low. For each channel, set
the PB cAL adjustments so that the red
arrows are out and only the center green
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LED is on. (Use a screwdriver or the
tool supplied with the NR-500.) This
calibrates the NR-500 playback system
to the output of the tape deck.

Next, the recording levels are cali-
brated, using the same kind of tape that
will be regularly employed for recording
on the deck. The cAL tone from the NR-
500 is recorded, and the deck’s record-
ing level controls are set to yield a “0
dB” recording level. Then the tape is
rewound and played into the NR-500 to
check that the playback level is identical
to that from the calibration tape (green
LED lit). If not, the CAL tone is re-

, )

CONTROLS AND INDICATORS

Front Panel
Pushbuttons

POWER: Switches power to NR-500.

cAL: Must be engaged when calibrating
tape deck to NR-500.

Rec: Must be engaged for recording.

pe: Must be engaged for playback.

poLey ¢: Must be engaged to use Dolby
C circuits.
Screwdriver Adjustments

pe caL: Two, for L and R channels. Adjust
for PROPER LEVEL indication while play-
ing Dolby level-calibration tape.

Knobs

REC LEVEL: Concentric knobs for adjust-

ing recording levels after calibration.
Display

poLey C: Yellow indicator when poLey C
button is on.

CAL INDICATOR: Red arrows indicate HGH
or Low signal levels for each channel
when calibrating. Green bar indicates
PROPER LEVEL.

Rear Connectors

LINE IN: Connects to amplifier TAPE ouT.

LINE ouT: Connects to amplifier TAPE IN.

‘7AaPE: Connects to tape deck LINE OuT.

REC ouT: Connects to tape deck LUNE
INPUT.

Other

MPX FILTER: Slide switch activates 19-kHz
filter for recording FM broadcasts.

AC OUTLET: Unswitched.

_ J

recorded at slightly different record-lev-
el control settings. The process is repeat-
ed until playback into the NR-500
shows that the recording level has been
matched to the calibrated level. A
change of tape type may require a re-
calibration of the recording levels.

From this point on, the record level
controls on the tape deck are not
touched again. All recording level ad-
justment is done with the concentric
front-panel knobs on the NR-500, using
the recorder’s meters in the conventional
manner.

To record with Dolby C processing,
the REC button and the DOLBY C button
on the NR-500 are engaged and the
recording is made in the usual manner.

JUNE 1982

FREQUENCY (Hz)

Record/playback responses using Nakamichi 500 recorder and EX tape.

For playback, it is necessary to press the
pB button. The NR-500 has only one set
of processing circuits that are switched
between encode and decode operation. If
no external noise reduction is wanted,
the pOLBY C button on the NR-500 is
left in its ouT position, which extin-
guishes the yellow poLBY C light on the
panel.

When recording with a three-head
tape deck, it is necessary to use a pair of
NR-500s, one set to REC and the other to
PB, to take full advantage of the record-
er’s tape-monitoring facility.

Laboratory Measurements. Al-
though we made some measurements on
the NR-500 alone, we also combined it
with a two-head cassette deck to mea-
sure its effect on the noise and frequency
response of a complete system, and for

subjective listening tests. The recorder
was a Nakamichi 500, using Nakamichi
EX tape.

The signal-to-noise ratio of the tape
deck, referred to standard Dolby level,
was 50 dB with no noise reduction, and
68 dB with Dolby C and CCIR/ARM
weighting. The noise-reduction mea-
surements were made by playing a blank
tape and displaying its noise output on
an H-P 3580A spectrum analyzer—first
with no noise reduction, then with just
the recorder’s own Dolby B system, and
finally with just the Dolby C system of
the NR-500.

The noise reduction of the Dolby B
became significant above 2 kHz, and
measured 5 to 8 dB over most of the
range above that frequency. When we
used Dolby C, the noise reduction began
at 200 Hz, exceeded 15 dB up to 43 kHz
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(analyzer’s upper limit), and was a full
20 dB from 2 to 10 kHz.

The frequency response of the Sony
NR-500 alone was measured at a num-
ber of input levels. Encode and decode
responses were tested separately. In gen-
eral, the two sets of curves were comple-
mentary, although we made no special
effort to match the levels. However, the
fixed “cut” (recording) and ‘“‘boost”
(playback) of the anti-saturation net-
work was clearly evident, with a gradual
response change up to about 12 kHz and
very rapid change from there to 20 kilo-
hertz.

The record/playback response of the
cassette deck, with and without the Dol-
by C, was measured at several indicated
recording levels from 0 to —40 dB. We
noted mistracking between the encode
and decode processes, as evidenced by a
change in frequency response when the
Dolby C system was switched in or out.
At most signal levels, and over the lower
audible frequency range, the difference
between the NR-500’s on and off curves
was less than 3 dB. But differences of 6
dB were noted between 5 and 15 kHz,
and at recording levels of —20 dB or

lower. However, these test-instrument

DIP troubles
in the bud.

When you're testing circuitry, you need the best troubleshooter

around: The A P Test Clip.

It's made with a narrow nose shape that allows for easy attachment
on high density boards. Nailhead pins that keep probe hooks from
sliding off ends. Open nose design that permits probe tip access to DIP
leads. And a contact comb that fits between DIP leads, eliminating any
possibility of shorts. All these little design differences add up to the uitra-
reliable, safe, quick DIP troubleshooting you need.

You can buy A P Test Clips in 56 standard or connector-compatible
models in 14 sizes. And every one is made with highest quality engineer-
ing and industrial grade materials for long life and reliability.

A PPRODUCTS made thefirst IC Test Clips .. . . and they are still the best.

Call TOLL FREE, 800-321-9648, for the name of the
distributor nearest you. (In Ohio, call collect: (216) 354-2101.)

A P PRODUCTS INCORPORATED

8450 Pineneedie Drive

P.0O. Box 603

Mentor, Ohio 44060

[216) 354-2101

TWX: 810-425-2250

In Europe. contact A P PRODUCTS GmbH
Baeumlesweg 21+ D-7031 Weil 1 « W. Germany
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measurements are really moot since we
were unable to make distinctions by ear
alone.

While our two-head recorder and sin-
gle NR-500 processor setup made it
impossible to compare incoming and
outgoing signals with the flip of a
switch, any audible changes that might
have been noted were certainly not
obvious. We heard no modification of
the recorder’s response with various mu-
sical programs. The noise reduction,
however, was very obvious, especially
when dubbing from good-quality, quiet
discs at very low indicated levels on the
recorder’s meters (—10 to —20 dB).
Recordings made at these low levels
without noise reduction were intolerably
noisy during playback.

The Sony NR-500 requires an encode
input level of at least 77 mV (from the
amplifier TAPE output) for proper opera-
tion, and delivers about 0.25 .V of
encoded signal to the recording inputs.
During playback, the NR-500 should
receive at least 77mV from the recorder
line outputs, and it returns approxi-
mately 0.44 V to the amplifier TAPE
inputs. All of these levels are well within
the normal operating range of most ste-
reo system components. The LED sys-
tem calibration indicators have a rated
level accuracy of +0.5 dB.

User Comment. When the original
Dolby B noise-reduction system was in-
troduced, more than 14 years ago, there
were virtually no cassette (or open-reel)
tape recorders equipped with it. During
the several years it took for the tape
recorder industry to build the Dolby sys-
tem into their products, a number of
companies marketed adapters so that
the advantages of Dolby B could be
enjoyed with existing tape machines,

Availability of the Sony NR-500
marks a parallel development. Every
cassette deck today has Dolby B (or an
equivalent), but just a few late models
include Dolby C. The NR-500 makes
Dolby C available at modest cost for
anyone who now has a tape deck.

The Sony NR-500 works very well, as
our tests show. However, switching
manually between the record and play-
back modes is a bit awkward, though
with some familiarization the mode
switching becomes routine.

Obviously, it would not be worthwhile
to spend $200 for this add-on feature if
you own, say, a $240 deck without Dol-
by C since you could buy a new machine
in this price range with it. But if you
own a costly cassette deck and wish to
overcome dull highs when recording fine
source material or do not want *o risk
tape saturation by recording at a high
level in order to squeeze out that better
fidelity, then the Sony NR-500 is a most
welcome component. With some two-
dozen cassette decks selling without
Dolby C for upwards of $600 only a year
ago, not to mention such earlier expen-
sive models, there are likely to be a lot of
candidates for upgrading with this new

product. —Julian Hirsch
CIRCLE NO. 101 ON FREE INFORMATION CARD
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Popular Electronics lests

Otrona
“‘Attache”

Portable
Computer
System
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ORTABILITY and communication

are rapidly becoming the watch-
words of the Eighties, especially as they
apply to microcomputer systems. The
Otrona Attache exemplifies these char-
acteristics.

The $3995 Otrona Attache is built for
both good looks and ruggedness. Housed
in a high-impact plastic case, the system
boasts a flip-down, plug-in Selectric-
style typewriter keyboard, 5’ diagonal
CRT screen, and built-in 5%’ double-
density, double-sided floppy-disk drives
having a capacity of 760K. bytes, 48
tracks/in., and 10 soft-sectored format.

The basic Attache consists of a CRT
monitor, dual floppies, 64K memory,
CP/M, WordStar, Valet, operator utili-
ty, Charton graphics package, and
BASIC-80. In addition, RS-232 serial
jacks for adding a modem and printer
are included, as is a direct video jack for
attaching an outboard videc monitor.

Although the machine is designed es-
sentially for portable use, the manufac-
turer has added a single connector that
conforms to STD-Z80A bus definitions.
This connector is for adding an optional
$295 STD expansion bus.

Besides the expansion bus, you can
add a dc power adapter for 10-to-16-V
and 20-to-32-V operation at $295. For
portable power there is a strap-on bat-
tery option for 1.5-hour operation for
$395; and a 10-hour option is to be
available by midyear, though no price
has yet been set. To carry everything
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"It youre going tolearn
electronics, you might
as well learn 1t right!”

“Don’t settle for less.
Especially when it comes
fo career training. . .because
everythung else in your life
may depend on it. That’s
why you ought to pick CIE!”



You’ve probably secen ad-
vertisements from other
electronics schools. Maybe you
think they’'re all the same.
They're not?

CIE is the largest indepen-
dent home stu(ly school in the
world that specializes exclu-
sively in electronics.

Meet the FElectronics
Specialists.

When you pick an electronics
school, you're getting rcady to invest
some time and money. And your
whole future depends on the educa-
tion you gct in return.

That's why it makes so much
sense to go with number one. . .with
the specialists. . .with CIE!

There’s no such thing as
bargain education.

If you talked with some of our
graduates, chances are you'd find a
Tot of them shopped around for their
training. Not for the lowest priced
but for the best. They pretty much
knew what was available when they
picked CIE as number one.

We don’t promise you the moon.
We do promise you a proven way to
build valuable career skills. The CIE
faculty and staff are dedicated to
that. When you graduate, your di-
ploma shows employers you know
what you're about. Today, it’s pretty
hard to put a price on that.

Because we're special-
ists,we have to stay
ahead.

At CIE, we've got a position of
leadership to maintain. Here are
some of the ways we hang ontoit. ..

Qur step-by-step learning
includes “hands-on”
training.

At CIE, we believe theory is
important. And our famous
Auto-Programmed* Lessons teach
vou the principles in logical steps.

But professionals need more
than theory. That’s why some of our
courses train you to use tools of the
trade like a 5 M1z triggered-sweep,
solid-statce oscilloscope vou build
vourself—and use to practice trouble-
shooting. Or a Digital Learning
Laboratory to apply the digital theory
essential to keep pace with clectronics
in the cightics.

Our specialists offer you
personal attention.

Sometimes, you may even have
a question about a specific lesson.
Fine. Write it down and mail it in.
Our experts will answer you
promptly in writing. You may even
get the specialized knowledge of all
the CIE specialists. And the answer
you get becomes a part of your per-
manent reference file. You may find
this even better than having a class-
room teacher.

Pick the pace that’s right
for you.

CIE understands people need
tolearn at their own pace. There’s no
pressure to keep up. . . no slow
learners hold you back. Ifyou're a
beginner, vou start with the basics.
If vou already know some clec-
tronics, vou move ahead to your
own level.

Enjoy the promptness of
CIE’s “same day” grading
cycle.

When we receive your lesson
before noon Monday through Satur-
day, we grade it and mail it back —
the same day. You find out quickly
how well you're doing!

CIE can prepare you for
your FCC License.

For some ¢lectronics jobs, you
must have your FCC License. For
others, employers often consider it a
mark in your favor. Either way, it's
government-certified proof of your
specific knowledge and skills!

More than half of CIE’s courses
prepare you to pass the government-
administered exam. In continuing
surveys, nearly 4 out of 5 CIE gradu-
ates who take the exam get their
Licenses!

¥ R R B R 0 R L 1R R BRI
Cleveland Institute of Electronics, Inc.

Associate Degree

Now, CIE offers an Associate in
Applied Scicnee Degree in Electronics
Engincering Technology. In fact,
all or most of every CIE Career
Course is directly creditable
towards the Assoclate Degree.

Send for more details
and a FREE school
catalog.

Mail the card today. If it's gone,
cut out and mail the coupon. You'll
get a FREE school catalog plus com-
plete information on independent
home study. For your convenience,
we'll try to have a CIE representa-
tive contact you to answer any ques-
tions you may have.

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

PE-64

1 ClI
0

Print Name

1776 East 17th Street, Cleveland, Onio 44114

O YES... 1 want the best of cverything! Send me my FREE CIE school
catalog — including details about the Associate Degree program — plus my FREE
package of home study information.

Address

Apt.

ity
State

Zip

MAIL TODAY?

. . i 5 1 1|
o
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Age Jhone (area ¢code)
Check box for G.1. Bilt information: £~ Veteran

O Active Duty
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around you’ll need the accessory pouch
for $49.

The complete Attache takes up less
than 12 cu ft and weighs under 19.5 1b.
This appears to be the smallest full-fea-
ture computer system currently on the
market. And although the unit looks
classy on the outside, what’s inside the
case makes it even more impressive.

Based on a 4-MHz Z80A micropro-
cessor, the Attache uses an Am9517A
direct memory processor for handling
disk- and communication-port opera-
tions. In addition, the Otrona engineers
designed in, rather than added on, a
clock calendar, battery backup, graph-
ics, and shielding for RFI and EMI.

The CRT display is unlike any other
available microcomputer system. It has
the ability to handle full raster-style
graphics, underlining, super- and sub-
scripts, and equations with Greek let-
ters. In fact, the screen allows you to do
anything that you can do on paper.

Software Functionality. The At-
tache is designed to operate with a stan-
dard configuration of 64K bytes of
RAM. Handling of the memory, 1/0
ports, and disk system is the responsibil-
ity of the aforementioned Am9517A di-
rect memory processor, which greatly
increases system throughput.

To provide compatibility with other
Z80-based systems, the Attache em-
ploys Digital Research’s CP/M operat-
ing system, optimized to take advantage
of the machine’s features and provide a
simple user interface.

Working in concert with CP/M are a
number of application and utility pack-
ages. These include Micropro’s Word-
Star 3.0; Valet, a specialized communi-
cations package utility; Microsoft’s
BASIC-80; and Charton, a graphic plot-
ting package for the generation of line,
bar, or pie graphs on the screen, or for
output to an external printer such as the
optional Epson MX-80 dot-matrix
printer.

Even though most of the supplied
packages are standard, Valet and Char-
ton are unique to the Attache. The Valet
communication package greatly extends
the use of the machine by permitting it
to interact with another computer, such
as in a time-sharing system.

In operation, Valet allows you to
develop a report using WordStar or
Charton (or both, for that matter), and
either send data to another system or
download necessary information with-
out disrupting the operation of the pri-
mary program,

Valet uses the interrupt structure of
the machine to save the status of the pri-
mary program on a user stack, thus re-
leasing the hardware stack for use by
Valet. Pointers are maintained to pro-
vide entry to the primary program. By
using interrupts and multiple stacks, it’s
possible to flip back and forth between a
program and Valet’s processes, giving
the impression of multitasking and con-
currency of operation.
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Evaluation. The Attache evaluated
was a basic unit without any add-on
options. We did, however, have the use
of a 12-in. monitor, which was connect-
ed via an RCA-type video jack. The flip-
down keyboard connects to the system
via an RJ11 phone plug and can be used
totally detached or, if desired, hinge-
connected to the system case. We found
that both configurations worked well.

The keyboard’s top row has special
function keys that are activated by using
a combination of escape (ESC) and con-
trol sequences. In WordStar for exam-
ple, you can perform block moves, print,
or set WordStar HELP levels all at the
touch of a single key.

In addition, you can set-up key se-
quences to be used in communication
with Valet or other modem control
packages. The keyboard also offers au-
dible feedback and responds exactly like
an IBM Selectric,

In operation, we found that we could
type text at 60 wpm without losing char-
acters or causing typos due to slow key-
board response.

Although the keyboard is important,
the display may be of more importance
since it serves as the window into the
system’s operation. The S5-in. green-
phosphor screen works well, even when
creating full text pages and displaying
WordStar menus. The display quality is
equal to that of CRTs with bandwidths
of 15 MHz.

Since the display is mapped directly
into user memory and a paging tech-
nique is used to “paint” a picture on the
display, video response is very rapid.
The Am9517A handles the display and
memory, which gives a four-fold in-
crease in display speed over any—and
we stress any—other system, including
nonportables.

The display supports true full-dot
graphics with a resolution of 240 by 320
dots (76,800 points). Since the resolu-
tion is so great and the screen response is
at DMA (direct memory access) speeds,
you can quickly draw figures either free-
hand or have displays created using cal-
culations from BASIC or Charton,

The Attache can perform three-
dimension transforms, show two-dimen-
sion representations with absolute per-
spective of image, and page figures in
and out. In addition, we found that you
can set up a graphics image and scroll
characters around or through it.

For a speed test, we used our 10
GosuB 10 BAsiC program, which when
executed, causes everything to be
pushed on to the stack until you run out
of memory. The response is an out-of-
memory error. The time required to
obtain this condition was insignificant
since an error response was incurred
immediately upon running the program
on the computer.

User Comments. For the disk subsys-
tem, we liked the quick response—CP/
M took only seconds to sign on. Al-
though we were unable to verify it, the

AmericanRadinHicetnry Com

Otrona designers have apparently
created a CP/M BIOS (Basic Input/
Output System) that doesn’t need to be
loaded into memory and then executed,
or they have managed to more than qua-
druple the disk data rate.

We found that data could be written
to and read from disk without a lengthy
wait. We were able to enter other com-
mands, during a SAVE or LOAD, and have
them executed almost as quickly as they
were entered.

Because the hardware is designed to
operate in environments that may not be
optimum, the Attache uses a switching
power supply with full brown-out pro-
tection and a 2-second margin for power
loss. This is sufficient for issuing a
QUICK-SAVE command or even plugging
the line cord back in if it is accidentally
kicked out.

We checked with the local power
company (California Edison) and found
that most outages last less than 2 sec-
onds. These interruptions are usually
due to automatic switching equipment
bringing major power sources on- or off-
line and creating momentary interrup-
tions on the power grid. Therefore, the
2-second margin used in the Attache
should be sufficient to handle most pow-
er problems.

The Attache isn’t restricted to using
the software supplied since it can use
any CP/M-compatible product avail-
able. Furthermore, the UCSD p-system,
which is a unique collection of software
systems, ranging from Pascal to For-
tran, is available for the Attache, as are
the necessary p-code interpreters.

As exciting as the machine is from a
hardware and software point of view, be
aware that it’s designed for portable
operation. If you need a development
system, don’t buy the Attache. But if
you're looking for a multi-purpose sys-
tem that travels well, definitely consider
it. Don’t be deterred by the $3995 price
tag. The Attache is a high-quality ma-
chine, with ruggedness and reliability its
main features. The computing power
just happens to be there too.

What we didn’t like about the At-
tache was the lack of an integrated mod-
em. We felt that since the machine is
portable and designed to operate with a
remote system, Otrona should offer an
add-on modem as an option. The Valet
software ideally supports most modem
functions and could be used to set up
interactive remote communications.

Our minor gripes aside, the Attache is
ideally suited for serious portable opera-
tion as well as desktop use. It’s powerful,
versatile, has good storage capability,
and the keyboard is very comfortable for
the user.

According to company officials, you
can expect to see more add-ons for the
Attache, including an A/D, D/A board
(by mid-year), a Winchester disk (spec-
ulated to be Sony’s 312"', 5M-byte mod-
el), and possibly a 16-bit processor.

—Carl Warren
CIRCLE NO. 102 ON FREE INFORMATION CARD
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We've got it all
together.
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Plumb
Weller, Wiss _
Xcelite Cncontet

Take a good look round this ad and
you'll agree that “All together” is no
exaggeration. Whether you're making
or mending, cutting or joining, striking,
measuring or stripping, there's a Cooper
tool that's just right for the job. Don't take '
chances on tools. Specify Cooper P]umb
and get 'em right the first time!

The Cooper Group PO Box 728 Apex NC 27502 USA Tel (919) 362-7510 Telex 579497
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fest equipment

Popular Electronics Tests

AW Sperry EZ-6110
Portable Digital Multimeter

HE Model EZ-6110 Digital Muiti-

meter from A. W. Sperry Instru-
ments, Inc., is a compact, battery-pow-
ered, digital test instrument for general-
purpose measurements on the work-
bench and in the field. It has a 3'/2-digit,
0.4""-tall, high-contrast LCD readout
and 24 measurement ranges.

There are five dc voltage ranges be-
tween 200 mV and 1 kV, four ac voitage
ranges between 2 V and 600 V (frequen-
cies between 40 and 500 Hz), two ac and
dc current ranges of 20 and 200 mA, an
ac/dc current range of 10 A, and five
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resistance ranges between 200 ohms and
2 megohms. Complete specifications are
shown in the Table.

Major operational features include
automatic range selection in the voltage
and resistance modes, range hold at the
user’s option, autopolarity, auto indica-
tion of function in units and signs, auto-
zero of the lowest ranges, and an audible
continuity buzzer. A low-battery indi-
cator is provided on the LCD readout.
The ABS shock-resistant plastic case is
618"'H by 14D by 33%"W, and the
instrument weighs 8.3 oz. Suggested re-
tail price is $168.

General Description. The two most
interesting features of the EZ-6110 are
the auto-ranging (on the volts and ohms
scales) and the audio tone that sounds
when a resistance below 19 ohms is
encountered.

To measure ac or dc voltages, simply
place the single, four-position rotary-
function switch to the vOLT position and
depress the Ac/pDC pushbutton switch
accordingly. (An AC symbol is dis-
played in the ac mode.) Now, with the
color-coded test leads plugged into their
respective COM and V sockets, sample
the unknown voltage. The display indi-
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cates AUTO and starts by measuring
mV, changing ranges upward as re-
quired until a stable digital reading is
obtained.

The RANGE pushbutton switch enables
the user to select and remain in any volt-
age or resistance measurement range. In
this mode, the AUTO symbol is re-
moved from the display. In the event of
an overrange, the most-significant-digit
(left-most) starts blinking. The OHM po-
sition of the function switch works in
essentially the same way, except that the
test leads are plugged into the coM and
mA§l connectors. When the power
switch is placed in the *‘tone” position
(indicated by a musical note), the inter-
nal continuity buzzer sounds if the
measured resistance goes under 19
ohms. (In fact, the buzzer can be made
to sound on any range where the reading
falls below 19 units.) This mode makes
the EZ-6110 ideal for “eyes-off”” con-
tinuity measurements.

In the LO resistance ranges, measure-
ments are typically made with less than
0.33 V of dc, thus enabling the instru-
ment to make accurate in-circuit resis-
tance measurements of components that
may be in parallel with semiconductor
junctions. By using the RANGE pushbut-
ton, any of the five ranges can be quickly
selected.

Both ac and dc currents can be mea-
sured with the 20 ma/10 A or 200 maA
positions of the main function switch.
There is no autoranging in these func-
tions, and the 10-A input has its own
connector.

When using the 200-mv (ac or dc)
voltage range, as selected by the RANGE
pushbutton, the test leads should first be
calibrated. To do this, short the test
leads until the display drops below four
digits. Then depress the ZERO ADJ push-
button until the display goes to 000+ 1
digit. The instrument is now calibrated
to the end of its test leads. The ZERO ADJ
should also be used to account for the
resistance of the test leads and protec-
tive fuse when making accurate resis-
tance measurements. As a reminder,
ADJ appears in the display if the ZERO
ADJ function is used.

The EZ-6110 is said to run about 300
hours on a pair of AA cells that fit with-
in an enclosure on the underside of the
meter. The same enclosure also holds
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test equipment

MANUFACTURER'’S SPECIFICATIONS

Max Input

f input
| Range Accuracy Resolution Resistance Voits
200 mV +0.5%* +0.2%"*"* 100 uV 100 MQ 1000 V
2V +0.5%°* +0.2%"°° 1mVv 10 MQ 1000 V
20V +0.5%°* +0.2%"°° 10 mV 10 MQ 1000 V
| DC Volts 200 V +0.5%°* +£0.2%°** 100 mV 10 MQ 1000 V
(Autoranging) 1000 V +0.5%* +0.2%""* 1V 10 MQ 1000 V
| 2V +1%°* +0.4%°"° 1 mVv 10 MQ 750 V rms
] 20V +1%° +0.25%"*"° 10 mV 10 MQ 750 V rms
AC Volts 200 V +1%°* +0.25%*°* 100 mV 10 MQ 750 V rms
(Autoranging) 600 V +1%°* +0.25%°° 1V 10 MQ 750 V rms
Frequency Response: 40 Hz to 500 Hz
| Input Max Input
[ Range Accuracy Resolution Resistance  Current
DC Milliamperes 20 mA +1%°* *02%°° 10 uA 1092 200 mA
200 mA +1%°* +0.2%°° 100 uA 12 200 mA
AC Milllamperes 20 mA +1.3%° +0.25%"* 10 pA 10Q 200 mA RMS
200 mA +1.3%°* +0.25%°° 100 A 1Q 200 mA RMS
DC Amperes 10 A +1%° +£0.25%"°° 10 mA 0.01Q 10 A
{ AC Amperes 10 A +1.3%°* *+0.25%"°"° 10 mA 0.01Q 10 A RMS
Max Input
Test Voitage
Range Accuracy Resolution Current (ac/dc)
Resistance 200 k +0.5%* +£02%"°° 0.19Q 1.5 mA 250 V
(ohms) 2k +0.5%°* +0.2%"°* 19 300 uA 250 V
20 k +0.5%° +£0.2%"°* 1090 30 uA 250 V
200 k +0.5%°* +0.2%"°* 100 R 3 uA 250 V
2000 k +1.8%°* +0.25%"°"° 1 kD 0.3 uA 250 V
Low Resistance 2k +1%°* +0.5%"** 1Q 150 uA 250 V
(ohms) 20 k +1%* +0.5%"** 10 Q 15 uA 250 V
200 k +1%* +0.5%"*° 100 1.5 pA 250 V
2000 k +2%* *0.5%°° 10009 0.15 pA 250 V

*Percent of reading
**Percent of full scale

the protective fuse and a spare fuse.
Access is via a small sliding door.

User Comments. The Model EZ-
6110 Digital Multimeter was checked
by the Lockheed Electronics Instrumen-
tation Measurements Laboratory
(Plainfield, NJ) against standards
traceable to the National Bureau of
Standards and was found to meet or
exceed its claimed specifications in all
respects.

We used the EZ-6110 on our work-
bench for several weeks. During this
period, the instrument performed ex-
tremely well. The autoranging function
was a pleasure to use, since we no longer
had to operate a range switch and could
keep our eyes on the circuit probes. You
can really appreciate this when trouble-
shooting a pc board packed with compo-
nents since any slip of the probe tip can
cause problems.

The easy-to-read LCD display pro-
vides all the information required for
any measurement with its polarity sym-
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bol, the AC symbol for ac measurements,
and the 2 and kQ symbols for resistance
measurements. And we found the audio-
tone feature ideal for making eyes-off
continuity measurements in cramped
quarters.

Since the instrument is so small, it is
easy to slip into a pocket for field work.
The rectangular plastic case is easy to
grip and is almost skidproof. In the
interest of safety, all controls—except
for the heavily built function switch and
the LCD readout—are recessed below
the case surface. We found the ABS
plastic case really is shatterproof when
the meter was accidentally dropped
from a low roof during an antenna
installation. After picking the EZ-6110
out of the mud, it was wiped off and
worked good as new.

The EZ-6110 hand-held digzital multi-
meter rates high, and we can seriously
recommend this state-of-the-art porta-
ble instrument as an addition to your
trouble-shooting toolkit.—Les Solomon
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'The New ELF I1

WE TAKE
YOU BY
THE HAND!

You’ll learn all about computers: how
to build, program, service, even play TV
games-without knowing the first thing
about it!

“Beginners” Package

Your own expandable micro-computer
kit, 5 diagnostic analyzers plus circuit,
programming, diagnostic manuals, even
games you can play on TV. All only
$139.95.

Even if you don't know bits from bytes. now it's easy and
inexpensive to build your own micro-computer. leam how it
works. program it. service it-even play games with it on your
TV! It's here in the New ELF H ~Beginners™ Package. only
from Netronics. Only $139.95. Here's the package: I. your
own micro-computer. the famous ELF 1f (featuring the RCA
1802 CMOS microprocessor) in kit form with step-by-step
instructions on how to build it. Diagnostic Analysers including
2. your own Logic Probe. 3. Pulse Catcher. 4. 8 bit Test
Registor. 5. Logic Analyzer. 6. Gate Arrays. 7. Non-Technical
Manuals on how to use analyzers. how to get into the guts of the
computer. what makes it tick. how to service it. 8. Sample
Programs that teach you hinc language progr ing plus
how to correct or “debug” any programming mistakes. 9. TV
games you can play. If your TV set has no video input. an
optional converter {RF Modulator). is avatlable. Then. once
you've got this “Beginners”™ Package under your belt. keep on
expanding your ELF [I with additions like the Typewriter Key
Board. added RAM. Full Basic' Interpreter. Electric Mouth
Talking Board. Color/Music. A/D-D/A Boards for Robot
Controls and much. much more. We'll take you by the hand
with the New ELF Il “Beginners™ Package. Only $139.95.
Mail or phone in your order today and begin.

Specifications ELF (1 “Beginners” Package

The computer features an RCA CMOS 1802 8 bit microprocessor addressable 1o

64K byles with DMA. interrups. 18 Registers. ALU. 256 byte RAM expandable to
64K bytes. Professionak-Hex keyboard. fully decoded sothere’s no need 1o waste
memory with keyboard scanmng circuits. buih-in power regulator, $ siot plug-in
expansion BUS {less connecion), stable crystalciock fortiming purposesand &
double-siced. plated through PC Board plus RCA 1861 video IC to display any
segment of memory ona video monttor or TV screen ziong withthe loglc and suppont
clrcuitry younced (ol of the RCA 1802° ines T y
analyzers aud in understanding and troublc shooting your ELF 11, as well as other
computer and microprocessar products. .J

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

CALL TOLL FREE 800-243-7428

To Order From Cc or For Technical Assistance, Etc.,
Call (203) 354-9375
NETRONICS R&D LTD. .. re6
333 Litchfield Road, New Milford, CT 06776

Please send the items checked below:

O ELF I ~Beginners" Kit
O RF Modulator

Plus $3.00 for postage, handling and insurance
($6.00 Canada)

Connecticut Residents add sales tax

Total Enclosed $
O Personal Check O Cashier's Check/Money Order
O Visa O Master Charge (Bank No. )
Acct. No.
Signature

Print
Name

Address
City
State

Exp. Date




THE $595°
SMART TERMINAL

The Heath 19 Smart Video Terminal gives you all the Sold through Heathkit Electronic Centerst nationwide
important professional features you want in a ter- (see your white pages for locations). Stop in today
minal, all for under $600* You get the flexibility you for a demonstration of the Heath 19 Smart Video Termi-
need for high-speed data entry, editing, inquiry and nal. If you can’t getto a store, send for the latest
transaction processing. It's designed to be the back- Heathkit® Catalog. Write Heath Co., Dept. 010-904,
bone of your system with heavy-duty features that Benton Harbor, MI 49022.

withstand the rigors of daily use.

Standard RS-232C interfacing makes the 19 com-
patible with DEC VT-52 and most computer systems.

And with the 19, you get the friendly advice and HEATH/ZENITH
expert service that makes Heath/Zenith a strong

partner for you. Your strong partner
Completely ad- Reverse video by High resolution CRT Z-80 microprocessor-
dressable blinking character lets you gives you sharp, easy- control makes the 19
cursor lets you emphasize words, to-read image, reduces capable of multitude of
edit anywhere on phrases or paragraphs. eye-strain. high-speed functions.
screen.

It's the only terminal
with ROM source code

Complete ASCII readily available.

character set includ-
ing upper case,
lower case with
descenders, and
special graphic

Insert and delete
character or line plus

erase to end of line
symbols. and end of screen
make the 19 ideal
80 character by 24 for sophisticated

editors like WORD-
STAR.

line format, plus 25th
line for operator mes-
sages and prompts.

N Cursor and
TP special functions
€ are accessible
cs};e::lctj);rkdet);%%?rd, by keyboard or
! computer, using
writer layout, 72 either DEC VT-52

Heys, including or ANS| Standard
12 special function

\ Is.
. protocols

Heathikit

Keypad in
calculator format
permits fast,
easy entry of
numeric data.

tHeath Company and Veritechnology Electronics
Corporation are wholly-owned subsidiaries of Zenith
Radio Corporation. The Heathkit Electronic Centers
are operated by Veritechnology Electronics Corporation.

*In kit form, F.O.B. Benton Harbor, M!. Also avallable the completely assembled Zenith Z-19
at $895. Prices and specifications are subject to change without notice.
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BIG COMPUTER PERFORMANCE
FROM A POCKET COMPUTER

Popular Electronics

JUNE 1982

I WIDE PRINTOUT

A simple interface and some scftware added to a
Pocket Computer enable it to “talk’ to the

larger TRS-80 Model I, producing
easy-to-read hard copy at low cost

BY CASS AND DAN LEWART

HE handheld computer, programmable in BA-

SIC, brought portable computing power 1o us
in late 1980. Called the TRS-80 *“Pccket
Computer” from Radio Shack (also Sharp's PC-
1211), it has a wide repertoire of jnstructions and
is user friendly. Although an accessory printer is
available, it prints only 16 characters per line on

narrow adding-machine paper. This is fine for por-
table use, but is obviously deficient for serious
work at home since the format is so difficult to
read.

Hardware / software information presented here
enables anyone with a TRS-80 Model | with two
disk drives and a standard printer to transfer list-




send to Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204
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wide printout

ings from the Pocket Computer to the
big machine. The result is hard copy in
conventional width that can also be
viewed on a video screen. And the cost
should be less than $50.

Description. When a program is
csaVvEd from the Pocket Computer, in-
stead of being fed into the cassette inter-
face and tape recorder, it outputs to an
inexpensive “black box™ that plugs into
the expansion interface of the TRS-80
Model I. When c¢saveing, the Pocket
Computer sends binary pulses repre-
senting *“‘tokens’ corresponding to the
BASIC statements and line numbers.
The TRS-80, in turn, reads the charac-
ters off the data bus, groups them into
tokens, and translates these tokens into
line numbers and BASIC statements.
The BASIC program can then be for-
matted, printed, or stored for future use.
(Statements could possibly be executed
on the Model 1 if the user can resolve
differences between the two BASICs.)

Reading and interpreting the output
of the Pocket Computer then becomes a
purely software problem. A machine-
language program reads the binary
pulses off the bus, a BASIC program
does the token conversion and format-
ting, and listings are displayed on the
screen. Hard copy can then be produced
by a standard printer.

10: "Z2"PAUSE "DE
MONSTRATION
PROGRAM"

20 PARUSE "SPEC] Fig. 1. A demonstration program printed
AL MON~ASCII on the regular Radio Shack/Sharp printer
CHARACTERS" is shown at left. The same program printed
tFPAUSE "My " on a Paper Tiger IDS440G printer using
I+¥ AMD E® the circuit described in this article is below.

Z0:FOR I=1T0

10

P INFUT "HOW

HANY 7?32
402 B=2+IE2:

PRINT "EQUAL
S n ; B; n ¥Il :
HERT I

103" Z"FAUSE

20:PAUSE
FAUSE

30:FOR I=1T0 10!INFUT
40:B=Z%3 E 2{FRINT

"IEMONSTRATION FROGRAM"
"SFECIAL NON-ASCII CHARACTERS"?
"T eyl % AND

E n
"HOW MANY $7"5Z7
"EQUALS “"3FRs" ¥ "INEXT 1

Vee

R3
15K

PARTS LIST

C1—220-uF, 35-V electrolytic
C2—100-uF, 35-V electrolytic
C3, C4,—0.1-uF disc capacitor

- D1, D2—50-V, 1-A silicon rectifier
N 5 D3-—3-to-6-V zener diode
POCKET F1—0.5-A fuse with holder
Wrtarace =P i IC1—74LS02 quad NOR gate
SOCKET IC2—74L.S367 hex tri-state buffer
T 3= i i IC3—7805 5-V regulator
Vee ILL . P1—2-by-20-pin edge connector Radio
(b o f Shack (276-1558)
_[:CQ l c3 H 0 2
i Ol uF i Ot pF =
_ =3 34{_".:;35? 3 i‘ !0 2?8[\
4 P ‘ij 3L W;I
: 2
o 1cie b—q 1cia ’ l »
L 1crerasor S & 0 Q1—Npn silicon transistor (Radio Shack
= s J__ 4 276-2014 or similar)
- - R1—2.7-k{ resistor
. I I l-_- e o R2— 10-kQ resistor
o s N \ R3—1.5-k2 resistor
) © ® ©®| N5 g, . R4, RS, R7 —270-Q resistor
—_— ON/OFF ¢, o cc R6—47-Q re§|stor
TO TRS- 52 034 T S1—Spst switch
EXPANSIONIINTEREACE I ’l’ S T1—12-V, 1-A center-tapped transformer
Ff' 2y INY 1c3 QouT . vee Note: The foliowing is available from
"o 39 b1 £ e s I o B C&R Electronics, P.0. Box 217, Holm-
— | o |P° geon b, del, NJ 07733: a drilled, glass-epoxy,
NOTa0 — oY 220 uF = 100 yF silk-screened pc board for $12.95,
P1 CONNECTOR T b 4 T and a 5Va" single-density disk (without
% DOS) with PCREAD/CMD and three
) 2 i BASIC driver programs for $16.95.

Fig. 2. Schematic of the interface

circuit.

Included is a regulated power supply.

JUNE 1982

Add $1.00 postage and handling. New
Jorsey residents add 5% sales tax. If
you have a single-drive system, en-
close a disk with TRSDOS, NEWDOS +
or NEWDOSSE0 and deduct $2.50. Your
disk will then be returned with the
PCREAD programs.
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od []
wide printout
TO DISK TABLE I—PCREAD/CMD MACHINE-LANGUAGE PROGRAM
TO DRIVES '
iiov PRINTER A
TRS-80 00100 BREAK EQU 2 s BREAK KEY BRIT
EXPANSION 00110 CORNER EQU ICIFH ;CORNER OF SCREEN
i At AL 00120 EOF EQU OF OH ;END CODE OF RECORDING
INTERFACE INTERFACE 00130 FIRST EQU OF 100H ;FIRST BYTE OF BUFFER
00140 NEWDOS EQU 402DH ;ENTRY TD NEWDOS
00150 PORT EQU OOH ;CASSETTE INPUT PORT
00160 RETARG EQU 0A9AH $RETURN HL TO BASIC
00170 ROW7 EQU 3B40H ; KEYROARD ROW 7
G = 00180 ORG OF 0OOH 161440 DECIMAL
3| conona . = ) 00190 PCREAD DI ;DISABLE INTERRUPTS
99000000 TRS-80 00200 LD IX,0 ; ZERO IX
| KEYBOARD 00210 ADD 1X,SP ;SAVE SP IN IX
POCKET 00220 LD HL,FIRST-1 ;POINT TO BUFFER-1
COMPUTER 00230 caLL RDBYTE ;READ CHECKSUM BYTE
00240 LD E.O 3 ZERO CHECKSUM
. . 00250 cALL RDB ;READ PASSWOR
Fig. 3. Use this arangement to 00260 RDEOB LD E,OB ;ZERg CHS?KSUS‘
connect the interface circuit between 00270 LD B, 10 sREAD 1088 RYTES
the Pocket Computer and the TRS-80. 32280 NXT8 CALL RDBR s READ 8 BYTES
0290 DJINZ NXT8B $READ NEXT GROUP
Keep the four leads between the 00300 JR RDBOR ; ZERD CHECKSUM
new circuit and the TRS-80 Expans:on 00310 RDBR PUSH BC ;SAVE BC
Interface as short as possible. 00320 LD B.8 ;READ B BYTES
00330 RDRYCK CALL RDBYTE ;READ BYTE
00340 LD (CORNER) , A :DISPLAY ON SCREEN
00350 INC HL ;MOVE BUFFER POINTER
. 00360 LD (HLY , A ;PUT BYTE IN BUFFER
The printer the authors used normally 00370 cp EOF ;IS 1T END CODE?

" 00380 JR 7,DONE $ YES, BRANCH
operates in the character (ASCII) 00390 AND OFH ;LESS SIGNIFICANT NIBBLE
mode. However, when a token de- 00400 LD C,A $SAVE IN C

e ; i _ 00410 LD A,D ;SWITCHED BYTE
§cr1bmg 2 qucml non-ASCII or gr.aph 00420 AND OFH $MORE SIGNIFICANT NIRBLE
ics character is encountered, the printer 00430 ADD A,E $ADD MSN TO CHECKSUM
switches from ASCII to the graphics 20240 ‘:Rc :C:NOOV ;SWé:ED';N';Dnggﬁgto“

. 00450 N 3 INCREM M

mode, where each matrix dot can be 00860 NOOV  ADD A,C ;ADD LSN TO CHECKSUM
individually addressed. Thus, the printer 00470 LD E,A 3UPDATE CHECKSUM

; 00480 DINZ RDRYCK ;READ NEXT BYTE
can create a replica of such a character. e B RO JREAD CHECKSUM BYTE
If your printer does not provide a graph- 00500 cP E ;1S 1T CORRECT?
ics mode, then 7 could be printed as Pi, 2?2_1’2 ;F;P :(Z:-ERRDR ;:g,STg:SNgg

s e NOS20 5

v/ as Sqr, etc. An example of a listing 0650 RET s RETURN
obtained with a Paper Tiger IDS440G 00540 ERROR LD HL, -1 ;BAD LOAD

: : - 00550 JR RSTSP s BRANCH
printer is shown in Fig. 1. et e i HL, 0 1G0OD LOAD

The Pocket Computer tokens can be 00570 RSTSP LD SP, IX ;RESTORE SP
saved on tape or disk with the DOS ggfgg 5; RETARG ;fzg?SléE ;ETEQREZSC

- . Ak 4R H
DUMP command for future listing. The D CDAE U . -'save .
s
BASIC statements can also be saved as 00510 LD c,o ; ZERQ BYTE
ASCII files for formatting with a word oo L RONTE BREADRLI TN IBBUE
. R 00630 caLL RDNIR $READ LD NIBBLE
processor. (Using the low-cost circuit 00640 LD D,A s SWITCHED RYTE
with appropriate software allows the 00650 RRCA $SHIFT UNTIL CORRECT
Pocket Computer to communicate with ooase A R TATING
0 N 9
the Model I, but not vice versa. This 00680 RRCA sFOUR TIMES
would require a more complicated inter- gg";gg :g? BC f?E?ﬂﬁﬁE BE
9
face and software.) 00710 RDNIR LD A, (ROW7) sREAD PORT
00720 BRIT BREAK, A ;1S BREAK KEY PRESSED?
. . 00730 JR NZ,ERROR sV ANCH
Circuit Operation. The circuit shown 00740 IN A, (PORT) ;Rng, ﬁ?m
in Fig. 2 interfaces the Pocket Computer 00750 BIT 0,A ;1S BIT O OFF?
; i 00760 JR NZ,RDNIR ;NO, TRY AGAIN
with the TRS-80 Model 1. 00770 LD D,A $SAVE PORT DATA

Data pulses from the Pocket Comput- 00780 LD B, 4 ;READ 4 BITS
er, representing BASIC tokens, are am- °oggzg NEWBIT 22“ EDB” ‘gi?gaélm INTO ©
plified by QI, buffered by ICID, and 00810 DINZ NEWRIT  iREAD NEXT BIT
applied via pin 14 to one three-state buf- 00820 CALL RDBIT 3 DELAY FOR ONE BIT

QALg q X .
fer within IC2. The output of this buffer xg“g ;& 5= :2;%52:50 DATA BYTE

. . . s
(pin 13) is applied to the po (data-zero) 00850 RDBIT  PUSH BC $SAVE R
lin i ; n i 00860 LD B, 65H ;LOOP 101 TIMES
ine of the TRS 80 via a 40-pin connqct e @S = o D e G
or plugged into the TRS-80 Expansmn 00880 CP D sHAS IT CHANGED?
Interface. The Ao address line and the %gzg g?NZ gﬁ,’,gHANGE i;gs-cszg':c:mm
IN* line from the TRS-80 are also cou- 00910 CHANGE LD D,A ;SAVE PORT DATA
pled via this connector to the inputs of 00920 RRCA $SHIFT RIT INTO SARRY
ICIB. When these two inputs go low ClER RO BC SIRESTORCRE

. . 00940 RET s RETURN

simultaneously, which happens when 00950 END NEWDOS ;BY DANIEL S. LEWART

the TRS-80 issues an IN A (port) com-

mand, the output of ICIB goes high.

This signal is inverted by ICI/A and
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passed to pin 15 of /C2 to “‘open” gates
A and B via gate C. Gate A then passes
the Pocket Computer data to the Do bus
of the TRS-80. Gate B, in turn, sinks
current from LED3 (pGM ON) which,
when glowing, indicates that the TRS-
80 is ready to accept data from the
Pocket Computer.

Gates E and F of IC2 are always
‘“‘open” due to control gate D being kept
“on” by the ground at its input. Thus,
gate E allows LED2 (pCc OuUT) to glow as
data flows from the Pocket Computer,
while gate F, after inversion by ICIC,
drives test point 1 (TP/).

Power is derived from a conventional
full-wave rectifier (D! and D2). The
rectifier output is filtered by C/, and
regulated to 5 V by /C3. An indication
that power is applied to the circuit is
provided by LED! (PWR).

Construction. The circuit can be fab-
ricated on a small piece of perf board
using point-to-point wiring, or a small pc
board can be made. Use sockets for IC/
and IC2.

The pc board and the small associated
power supply can be mounted within
almost any desired enclosure. The four
leads going to the TRS-80 Expansion
Interface (Fig. 3) should be as short as
possible, and terminated in a suitable
connector. The two leads that connect to
the Pocket Computer can be fabricated
from #22-gauge tinned copper wires.
Strip about /4 in. of insulation from the
ends of two #22 leads and they will fit
perfectly into the socket of the Pocket
Computer.

The power line cord can exit through
its own hole in the enclosure. The power
switch (S7) and the three LEDs (suit-
ably identified) mount on the upper sur-
face of the selected enclosure.

After construction, turn S/ on and
note that LED/ glows. Using a dc volt-
meter, make sure that there is 5V on pin
14 of ICI and pin 16 of IC2. Temporari-
ly short input leads Ao, IN*, and GND
together. This should cause LED3 to
glow. If it does, remove the short. The
interface is now ready for connection to
the TRS-80.

Software. The heart of the project
is the machine-language program
PCREAD/CMD (Table I). This soft-
ware detects the beginning and end of
transmissions from the Pocket Comput-
er, interprets the binary pulses, and
stores them as hexadecimal numbers in
the Model I memory. The program also
performs the timing function necessary
to read the 500-baud signals from the
Pocket Computer, and sets a blinking
display block in the upper-right corner
of the video monitor screen to indicate
when the data is being read. Detailed
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TABLE Il—PRINTER DRIVER PROGRAM FOR MX-80

100 FONE &H40KZ,8HEF;FURE aH40B1,&HrtiCLEAR 2000
110 DEFINT A-ZIDIM D3CISS ) FCI50) 00 e UUR=AHF OS50
120 CHMD"FCREAD/CHO"

130 FOK I=1 10 11t

140 READ &sEB

150 FOR J=A TO K

160 IF 1«7 THEW REAL U0JOIRLBE READC TSRS ) - To4"
170 NEXT

160 NEXT

190 D3¢0 )=CHR$(13)

200 D$( 18 )=CHK$( 34 ;

210 A$=CHR$( 27 Y4CHR$( 73 ) +CHR I 5 HCHR »¢ 000

220 " Z3=YENs 25201, 26-50Ky S/ =CARE T /L=E X

230 F$(23)=AL+CHREBC 16B 1HCHRBC 104 ) HLHK b 0.0 ) tEHR S (D4 )RR B L6
240 F$(25)=AB+CHRHC 13D IHCHR (251 )4 CHR 120 )HLHR SO D0 0 RICEC 1 s )
250 F$(26)=A% tCHRH(CB yHCHRSC 4 JHCHRESC Zha )+ChRr b 1, SO HLHR ST 128
260 P3(S57 )=ASHCHR$C T4 14CHR3C 27 3 HLHR S0 64 ) H0UHRB{ o0 DHLHR L o
270 F$(75)=A$4CHRF( 254 HOHR$ 20+ ++CHR S 146 s+ChHR B L 40 s+ LHA S 144)
280 INFUT"HOW MANY CHARACTERS Feh LIRE"Sw

290 IF W11 THEN 230

300 FRINT"§)FC LOAD 2HLISKh LQul 300167 "y

310 INFUT"4)FRINT  S)HDISK S54VC &64711" 50

320 ON G GOTO 350,420+470547 0,570,500

330 GOTO 3060

340 'LOAD FROM FC

350 IF (INFCO) ANl 1)=1 THEN 350

360 FRINT"TUKN ON FOCKET COMFUIER"

370 IF C(INFCO) AND 1)=0 THEN 3/9

380 FRINT"USAVE FC FROGRAM"

370 IF USR(O) THER FRINT"EKAD LOAD" ELSE FR LG Gt Lomu”
400 GOTO 300

410 ‘LOATIL FROM LISK

420 LINETNFUI"LGAL FROM WHICH FILESFFCT ' iF3%

430 CM$="LOAD "+t 3%

440 CHMD CHs

450 GOTO 300

460 *LIST (OR FRINT)

470 M=&HF 100

480 C$=""IN=0!K=0

490 FOR I=1 TO 7

500 GOSUR 820

510 IF E.O THEN Cb=lLde LSACHH)HCS
520 NEXT

530 M=M+1

540 CLSIFRINT C$

550 H=FEERCM) =M+l

560 IF K (LHEQ) THEN 630

570 1F E={QHFO) THEN 300

530 IF E-{AHEO) THEN C3=CHR( E-&HED) ELSE (=" °

590 GUSUE §20

600 IF (C$-." " (& H O) THEN C3=CH+CHRSCH+&H30) ELSF Ls " °
610 CH=CH+CHRS{L HAHIS 4" 3"
620 GOTO 650

630 C$=D0%(k)

640 C1$=F3(K)

650 FRINT C3;

660 IF G=3 THEN 530
670 IF C$=CHRH( 15) THEN LPRINT $$:18$=""IN=0iK=0:00TO 550
680 E=LEN(CS$)

690 IF C1$:"" THEN Ce=L1s:01$=""2E=1

700 N=N+E

710 IF N THEN 750

720 S$=S$+Cs

730 IF (C$=":" OF N=4) THEN LFRINT 5% iK=N-4:5$=""

740 GOTO S50

750 IF K=0 THEN /%0

760 LFRINT:LFRINT" D

770 N=N-K:Kk=0

780 GOTO 720

790 LFRINT S$:LFRINT" @

BOO S$=($:N=4+EIN=0

810 GUTO 730

BZO K=FEER(H) 1/ READ RYTE

830 H=INI({K/ &)L =E-16%H

840 M=M+1

850 RETUKN

860 *SAVL (0 LISK

870 LINEINFUI“SAVE TO WHICH FILEGFELY "t $

B8O M=AHF 103 :

890 IF FEER(M) 240 THEN M=M+1:6010 870

900 1F M=(&HF&693) THin FRINT'NO FRGGRAM L OADFU" 1GUTO 300
910 CHM$="TUMF “+F$+" F 10GH " +RTGHI3(5TH( 65536+M )5S )47 5 402TIH"
920 CMD Ciié

930 GOTO 300

940 EXIT

950 ENDI

960 UATA 17529, "SQUOTL »?5 ! y3s% s YENs$sF Lo QAR " 7" 159" 3"
970 DATA 4855750 s )r res trbr=rks /ol

980 HATA 64,75:09152,31415:617 585550 s XF

990 DATA 8193, AvEsLrlirkrF sGohelsdshol o1

1000 LATA 451065 NsOrFrQrKaoy T rlr\Vsls X=TZ

1010 DATA 130,130,072, =5 -

1020 DATA 144:146,T0» GTEE , THER

1030 DATA 160,17355INsCOL»TAN, A06 AL« ATREXE sLNsL OG» INT 5 ARS
1040 [ATA SGNy DEG s IMG

1050 DATA 1765183 KUNsNEW s MEH L 10Ty LGH [ I kUG « CSAVE » CLOAT
1060 LIATA 192,197 yGRAIFRINT 5 INFUT s KALIL AN » LEGREE s CLEAR
1070 DATA 208,222, 1F sFOR s LETsREMvERLINEA 115 10F 1 GUTO GOSUEy CHALN
1080 DATA FAUSE » BEEF » AREally US LGy KE §URN

$TOUTFUT STRING

[ESTIRTTIN )
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Video
Enhancer/
Stabilizer

Improve picture detail,
sharpness. Reduce snow,
noise. Defeat copyguard.

Works with any

31 3995 video tape recorder

Full featured ENHANCER/STABILIZ-
ER, MFJ-1421. Enhance control dramati-
sally improves picture clarity, detail, sharp-
ness, contrast. See individual strands of
hair, blades of grass. Noise Cancel Con-
trol reduces snow, picture noise. Gain Con-
trol improves faded picture. Enhance be-
fore recording to cancel VTR and tape loss.
Makes copies as good as original. Enhance
during viewing to bring out detail, sharp-
ness. Makes viewing quality of 6 hour
mode recordings comparable to 2 hour
mode. Bypass switch compares enhanced
with unenhanced. Stabilize Control re-
moves copyguard. Stops picture roll and
jitter. Play copyguarded tapes on any TV
set (requires RF modulator). Duplicate any
prerecorded tapes. 3 outputs. Can use as
distribution amplifier. Off connects input
to 1 output. For video only. 7x2x6'.

.95

VIDEO STABILIZER, MFJ-1400. Like
1421, less enhancer. Eliminates copyguard.
Duplicate and play any prerecorded tape.

VIDEO ENHANCER, MFJ-1420. Like
1421, less stabilizer. Improves picture de-
Reduces snow,

tail, sharpness. noise.

EFBREL 0
BURITIN v 10 qp
sov g 652

o] ~ % ¥ .
PR I Y
Never move

3 9 9 - cables again

VIDEO-AUDIO DISTRIBUTION AMP-
LIFIER/SWITCHER, MFJ-1410. Tape 4
copies at one time that are as good as the
original. Amplifiers boost video and audio
to eliminate generation loss, signal degra-
I dation. Built-in video-audio switcher. Sel-
ect from 4 sources, distribute to 4 outputs
without touching cables. 6x2x6°".

RF moduiator, MFJ-1430, $99.95.

Video coax cables, $9.95 per pair.

Order from MFJ and try it — no obligation. If
not delighted. return it within 30 days for refund
{less shipping). One year unconditional guarantee

Order today. Call toll free §00-647-1800. Charge
VISA. MC or mail check. money order for amount
indicated plus $4.00 each shipping and handling

Duplication of copyrighted material is itegal

CALL TOLL FREE ... 800-647-1800
Cail 601-323-5869 n Miss . outside continental
USA OR for technical info, order/repair status.

M F ENTERPRISES,

INCORPORATED
921 Louisville Road, Starkviile, MS 39759
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taa hgal
1as STEF
144 THE S
140 SIn
141 cos
1462 TaN
167 as
144 ACs
168% aATH
14686 EXF
187 LN
148 LaG
129 INT
170 ARS
171 SGN
172 DEG
177 DMS
175 RN
177 NEW
178 MEM
179 LIST
180 CONT
181 DERUG
182 CSavE
187 CLOAD
190 GROD
197 PRINT
194 INFUT
19, kap AN
1946 DEGREE
197 CLEAR
208 1F
209 FOR
210 LET
211 REM
o1 END
21 NEXT
14 pRalog
1S [clahyal
16 GOSUR
o7 CHAIN
18 FAUSE
219 BEEF
220 AREAD
221 USING
AR RE TIIRN

Fig. 4. Token equivalents for converting

hexadecimal number characters into BASIC statements.

function of the program is shown in the
“Remark’ column in the listing.

A BASIC driver program (PC-
READ/BAS) then takes the hexadeci-
mal numbers characters stored in the
Model I computer memory (equivalent
to the Pocket Computer program list-
ing), forms them into tokens, and trans-
lates the tokens into BASIC statements
according to Fig. 4. (This was first
derived by Norlin Rober.)

Three versions of a printer driver pro-
gram were written in disk BASIC for
Epson MX-80 with Graftrax, Paper
Tiger IDS /440G, and for printers with-
out graphic capabilities. The version for
the MX-80 is listed here (Table II).
Minor modifications would be required
for other graphic printers. These pro-
grams are available on diskette (see
Parts List). The BASIC programs give
the option to specify the maximum num-
ber of characters per line. The text will

AmericanRadioHistoryv.Com

break at whole tokens when the maxi-
mum number of characters per line is -
exceeded (again see Fig. 1).

Checkout and Operation. Connect
the Pocket Computer to the interface as
shown in Fig. 3. With both units pow-
ered up, CSAVE a program and note that
LED? on the interface blinks. If you
have a scope, observe the rectangular
pulses at TP] as the Pocket Computer
outputs in the CSAVE mode.

Now turn everything off and plug the
interface PI connector into the Model I
Expansion Interface as shown in Fig. 3.
Turn on the power for the TRS-80 Mod-
el I, the interface, and the pocket com-
puter, run a BASIC driver program
that calls PCREAD/CMD. When
prompted, CSAVE a program from the
Pocket Computer. You then have the
options of displaying, printing, or saving
the program. o
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ANEW E-FECTIVE
ANTI-BURGLARY 5Y5 1=V

Here's a wireless theft-prevention system
that sounds an alarm before
a burglar enters the home

BY RAYMOND L. KIRBY

NTRUSION systems to protect

one’s valuables and life have be-
come increasingly popular as burglar-
ies continue to rise. The theft-preven-
tion system presented here operates in
an effective manner using unusual
means to thwart thieves.

Firstly, it’s a pre-entry deterrent
since it is activated by attempted
forced-entry noises such as the sound
of breaking glass, splintering wood,
metal striking metal, etc. At the same
time, it ignores such ‘“‘normal” sounds
as talking, telephone ringing, and the
doorbell. Secondly, it does not require
running of wires and installation of
switches, and so on. As a consequence,
the system alerts the user to forced-
entry efforts before the thief can enter
the home, and installation is utterly
simple.

The pre-entry warning system de-
scribed in this article features a sound
discriminator that can cover a 3000-
square-foot area, a 110-dB siren, bat-
tery backup in case of power-line fail-
ure, the ability to turn on lights, an
exit delay, duration control, remote
arm/disarm, and compatibility with
many other instrusion alert systems.
Best of all, this system can be built for
under $200.

Circuit Operation. As shown in Fig.
1, the ceramic microphone picks up
the entire gamut of sounds within the
protected area. The microphone sig-
nal is amplified by IC/ A, which has
some frequency rolloff due to R2 and
C2. Stage gain is determined by R4,
which is set during calibration.

After level selection by RS, the
audio signal is fed to bandpass filter

ICIB. The feedback network consist-
ing of C5. C6, R8, and R9 peaks this
circuit at approximately 16 kHz.
Thus, conventional speech and house-
hold noises will not pass the I/C/B fil-
ter—but, the high-frequency (me-
chanical) noises caused by attempted
forced entry will. The filtered audio
signal is then applied to timer /C2A4 of
Fig. 2.

When the filtered audio signal ap-
plied to pin 6 exceeds about 4 V, IC2A4
is activated. The timing circuit con-
sists of R13, RI4, and C8, with R/3
permitting a duration adjustment be-
tween 10 seconds and two minutes.
This range can be shortened or
lengthened by changing the value of
Ri4.

When pin 5 of IC2A goes high, C9
charges and causes pin 13 of IC2B to
go high. This, in turn, causes Q/ to

turn on, thus keeping pin 6 of /C2A4
high to prevent self-activation. Diode
D1 prevents rapid discharge of C9 via
pin 5 of IC2A. This hold-off lasts
approximately five seconds. Since pin
9 of IC2B goes low during this time,
LEDI remains off. However, after the
brief timing interval, pin 13 goes low
and pin 9 goes high. This shuts off Q7,
arming the circuit, and the high at pin
9 turns on LEDI, signifying that the
system is ready to activate.
Transistor Q9 is also coupled to pin
6 of IC2A. As long as a short exists
across the N.C. LOOP terminals, Q9 is
cut off. When the short is removed,
Q9 goes into conduction and shuts
down IC2A, similar to the action of
Q1. To prevent false activation under
low-voltage conditions, transistors Q2
and Q3 of Fig. 3 form a Schmitt trig-
ger. The collector of (3 is connected

ANRID  Powgn
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anti-burglary system

\:%c external device. If desired, the siren

can be silenced by operating switch
i S§2—80! remains energized even
iRi8 ICI = LMI458 when the siren is turned off.

247K

Ji=lan

MIC 0.05 pF

RIO
10K

-—wms-—@FlG.Z

/]\ 0.05 pF

L

Fig. 1. Sensitivity to sounds in the protected area is determined by RS.

to the reset inputs of /C2 (Fig. 2) and
when it goes low as a result of power
fluctuation, it resets the dual timer.
When power is initially supplied,
C13 (Fig. 3) starts to charge through
R26 and R28. During this charging
interval, Q4 is turned on, and since its
collector is also connected to the reset
inputs of /C2, it keeps the timers
turned off. When C/3 is fully
charged, Q4 turns off and releases the
reset line, enabling duai-timer /C2.
Transistor Q4 can be turned on at any
time by simply shorting the key-
switch terminals that apply a positive
voltage to the base of Q4 via RI7.
This action will keep the collector
voltage low, thus disabling /C2.

The circuit of Fig. 4 shows the two-
tone siren oscillator and audio ampli-
fier. One half of /C3 with R32, R33,
and C/7 form the low-frequency oscil-
lator, while the other half of /C3 with
R34, R35, and CI/8 form the high-fre-
quency oscillator. The audio amplifier
consists of @6, @7, and Q8. They
drive an 8-ohm 10-W trumpet horn
(EXT SPKR).

When /C3 is triggered by the signal
from /C2A4 to produce the siren
sound, transistor Q35 is also turned on.
When this occurs, relays K/ and K2
are powered. The former connects ac
line power to socket SO/ that can then
apply power to a lighting system,
while K2 can be used to activate an

The pre-entry detector’s power sup-
ply is shown in Fig. 5. Diodes D8, D9,
and D/3, connected between voltage
regulator /C4’s ground terminal and
actual ground, cause this regulator to
add about 1.5 V to the output so that
it can charge 12-V battery B/. When
S1 is closed, power is applied to the
circuit and LED?2 is lit.

Construction. The circuit can be

o R e 2 e b cs assembled by point-to-point wiring on
1K 100K RS 3 # | :0~022 wF 7T 0022 uF a section of perforated board, or a pc

SENSITRIKT ’ board using the foil pattern shown in
L2 ;:z%n Fig. 6. The component installation of

Fig. 7 illustrates the necessary exter-
nal connections that must be made.
All components can be mounted with-
in the selected enclosure (see parts
list). Note also that there is an option-
al 8-terminal barrier strip at the rear
of the pc board.

Sensitivity control RS and duration
control R/3 should have shafts long
enough to pass through holes drilled
in the rear of the selected enclosure.
The rear panel also supports switched
ac receptable SO/, the fuseholder, the
line cord and strain relief, and the
battery connector.

The front of the enclosure should
support the ceramic microphone
(which must be given a clear *“‘view”
of the area to be covered), the two
LEDs suitably marked as ARMED and
POWER ON, power switch §2, and siren
ON/OFF switch S7. Make a sound hole
for the trumpet horn.

Vec © Fig. 2. Filtered audio
ail signals above 4 V
RI3 | 247k RI2 activate timer IC2A.
100K 3 Q | 4.7K
DURATION : 2N3906
R6
10K
RI4 3
27k 3 o014
T IC2 = NE566 Q9
2N3904
Ra2 =R43
56K 47K
Fic. 1 (a)
LED!
1000 ARMED
(YELLOW)

FIG. 3 FIG. 5
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PARTS LIST

B1—12-V, 2.6-Ah gell cell

C1,£2,C3,C4,C7,C10,C15,C19,C20—
0.05-uF, 50-V ceramic disc capacitor

C5,C6—0.022-uF, 100-V, film capacitor

C8,C 12— 1000-uF, 16-V, electrolytic

C9—33-uF, 16-V, electrolytic

C11—1-uF, 50-V, electrolytic

C13--2200-uF, 16-V, electrolytic

C14—2200-uF, 50-V, electrolytic

C16,C17,C24—22-uF, 16-V, electrolytic

C18—0.01-uF, 50-V, ceramic disc
capacitor

C21—100-uF, 16-V, electrolytic

C22—220-uF, 50-V, electrolytic

D1 through D14— 1N4004 diode

F1-—5-A, 3 AG fuse and holder

IC1—LM 1458 op amp

IC2,IC3—NES66 dual timer

IC4—7812 12-Volt regulator

K1,K2—Spdt relay, 12-Volt coil

LED1—Red light emitting diode

LED2—Yellow light emitting diode

MIC—Ceramic microphone element

Q1—2N3906 transistor

Q2 through Q6,Q9—2N3904 transistor

Q7 —2N6124 transistor

Q8 —TIP32A transistor

The following are Ya-W, 5% resistors un-
less otherwise specified:

R1,R7— 100 kQ

R2,R16,R17,R27,R29,R30,R37— 1 kQ2

R3,R6,R10— 10 k2

R4,R5,R13—100-kQ linear-taper potenti-
ometer

R8,R15—220 kQ

R9,R22—470 Q

R11,R12,R18R19,R21,R28 R32,R36,R38,
R41,R43—4.7 kQ

R14,R23, R33—2.7 kQ

R20,R40-—100 Q

R24—1.8 kQ2

R25—10 Q

R26,R27,R34—27 kQ

R31-—-55-Q, 5-W

R35—47 kQ
R39—560 Q
R42—56 kQ

SPKR—8-Q, 5-W trumpet loudspeaker

$1,52—S8pst switch

T1—28-V CT, 1-A transformer (Triad F40X
or Stancor P8609)

Misc.—Line cord, suitable enclosure, 8-
contact terminal strip, battery terminal,
mounting hardware, etc.

Note: The following is available from Kir-
by Engineering Associates, P.O. Box
509, Pelham, AL 35124: complete kit
inciuding enclosure at $195. Also
available separately: pc board at $12;
all components except enclosure/
chassis at $140; oak enclosure at $25;
and prefabricated chassis at $30.
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27K
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> 4700 100 47K

<

Fig. 3. Transistors Q2 and Q3 form a Schmitt trigger that prevents
false activation under low voltage conditions.

Checkout. Carefully inspect all wir-
ing for inadvertent shorts circuits, es-
pecially in the 117-V ac area. Turn
the power off, and connect a short cir-
cuit across the N.C. LOOP terminals.
Adjust SENSITIVITY control R5 to
about one-quarter full scale (clock-
wise about /4 turn) and set DURATION
control R/3 to minimum (completely
counterclockwise).

Place POWER switch (S2) to the ON
position, then place SIREN switch S/
to its ON position. After approxi-
mately one minute, the yellow
(ARMED) LED should glow, indicating
that the system is armed.

Now take a metal object, such as a
tool or coin, and tap a glass about 10
feet from the microphone. The system
should activate for about 10 seconds
and the ARMED LED should extin-
guish. About five seconds after the
alarm stops, the ARMED LED will
again glow, indicating that the system
is armed and ready once more. Poten-
tiometers R4 and RS can now be set
(by experimentation) to determine
the desired sensitivity. Here’s how:

Turn the SIREN switch OFF, and
adjust SENSITIVITY control RS to its
fully counterclockwise (off) position.
When the yellow (ARMED) LED
glows, note that no sounds will acti-
vate the alarm. Turn the SIREN switch
back ON, remove the short across the
N.C. LOOP terminals, and note that the
system activates. Replace the short
across the N.C. LOOP terminals.

Plug a 117-V ac lamp into SO/ and
note that it does not light. Adjust SEN-
SITIVITY control RS about 4 turn
clockwise, and place the POWER
switch to ON. When the yellow
(ARMED) LED lights, strike a glass

Dodinklictarn; Cam R

tumbler with a metal object and note
that the lamp turns on. The on time
can be increased by adjusting DURA-
TION control R/3. Once activated, the
lamp should remain lit for about two
minutes, then turn off.

Reactivate the system again, then
place a short across the two terminals
called Key Switch. This should imme-
diately disarm the system. Determine
that the system does not activate with
this short, then remove the short.

Connect an ohmmeter across the
two terminals marked SWITCHED LINE.
When the system is activated, the
resistance should drop to zero indicat-
ing relay operation. This pair of con-
nectors can be hooked to any external
device that will operate from a simple
switch closure. Note also that there is
a pair of EXT SPKR connectors for use

" with a remote speaker.

Placement and Calibration. The
pre-entry detector should be placed in
an area central to the main points of
entry in your home—usually the den,
living room, or foyer. It should be at
least three feet above the floor, facing
the open area to be protected. An
exact location cannot be specified and
usually requires some trial-and-error
testing to determine optimum place-
ment in a particular home.

The only calibration required is to
properly set the internal sensitivity
control, R4. Usually about half way is
recommended. Remember you have
full control with the front-panel SEN-
SITIVITY control, RS. Gain control R4
is used mainly to set the upper limit.

To test the unit, face the micro-
phone toward the area to be pro-
tected, then using a metal object (tool,

§1




anti-burglary system

52

coin, etc.) tap on various windows,
metal doors, etc. Adjust the SENSITIV-
ITY control for the desired results. The
N.C. LOOP can be wired to any closed-
loop detection system, remote from
the ultrasonic detector, for further
coverage of doors, windows, etc.

Auxiliary Functions. Ac control is
performed by plugging any desired ac
device (lamp, flood light, TV, etc.)
into switched ac receptacle S0!. Do
not exceed 200 W. When the alarm is
triggered, the external device should
turn on.

SITCHED ARG FIG. 2 FIG. 5
LINE nry B . . .
—_—A— so, —_— O Fig. 4. Dual timer IC3 is the
heart of a two-tone audio
oscillator/amplifier.
3r32
347K (el
S2  o—
SIREN ON Q7
2N6124
;— l ; $r33 $R34 $R39
q i Ves 327k 327k 2 560N
L o+ Lo} e} 1 1 1
b b [ 14 R40
b b - e B 000
' ’ o 6 ‘v"" ""vr o 8
LK-Zl '-F a 4 2N3904 TIP32A o
3R35
3 ™~
€3 g a7k g T
nf 556 12
DI q
Qs R36 a 8
g 2N3904 247K —— 4 R38
| 47K
7 9
L $
EXT
SPKR
+ | 7
3R37 2'27 -—Lg'gs —L_cis —L_c20 SPKR
1K p 0.01 pF 0.05 pF
3 pF uF

A normally open, remote key switch
can be wired to the Key Switch con-
nectors for arming or disarming the
system from outside your house.
When the Key Switch is closed, the
unit is disarmed. The N.C. LOOP pro-
vides an interface with other types of

Inside view of pre-entry detector component layout based on author’s pc board layout.

\

POPULAR ELECTRONICS




JUNE 1982

Fig. 5. The pre-entry detector’s
power supply continually charges
the standby battery (B1).

AmericanRadinHietory Com

Fig. 6. Complete foil
pattern for Anti-Bur-
glary System.
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alarm systems. These terminals can
be used either with a hardwired sys-
tem of switches arranged in series, or
with a wireless system. And any 8-
ohm, 10-W speaker horn can be
attached to the EXT SPKR connectors
to provide an audible alarm.

When the system activates, a con-
tact closure appears across the
SWITCHED LINE terminals. This can be
used to activate a dialer or any other
device requiring a contact closure.

All backup system power should be
supplied by a 12-V, 2.6-amp-hour
“gell cell” lead-acid battery. Do not
use a dry cell or any other battery
type, as the charging circuit is de-
signed for the gell cell. When the line
cord is plugged in, the battery is being
charged continuously. About 14 hours
is needed to completely charge a dis-
charged gell cell. A fully charged gell
cell will operate the intrusion alarm
system for about 48 hours.

“ " G

N.C.LOOP

SWITCHED
LINE
LEDI

LED2

RIB - Y

F33 Ri=
SHAF T—|

Fig. 7. Component layout for the project’s pc board.

Solid-State Speed Control

BY HARRY J. MILLER

Drilling holes in different types of
metals is often easier with a variable-
speed electric drill. If you don’t own a
multi-speed drill, you can add this little
circuit to your present single-speed drill
to make it more useful.

Only a few simple electronic compo-
nents are required. The bridge rectifier
provides the full-wave, pulsating direct
current for the SCR switch and controls

the angle of fire of the SCR. The diode,
b5, is used to counter the back voltage
developed by the drill motor. The speed
of the drill is varied by the 10,000-ohm
potentiometer.

Diodes DI to D4 should be rated at
200 V PIV and have a current rating of
at least 12 A. Diode D5 can be rated at 2
A. The SCR should have a PIV of about
300 V and a current rating of 25 A.

SCR!

1000 1000

©

20 N )
T

= B

D5
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"NHANCE TVSOUND
WITH STEREO

Synthesizer produces impressive stereo sound
from the mono output of any TV receiver

or video cassette recorder

BY JOEL M. COHEN

TEREO sound for TV broadcasts

has not yet been established in the
U.S. Anyone who has listened to it in
Japan, however. quickly becomes
aware that it provides a quantum
jump to a higher level of listening
pleasure, even with inexpensive speak-
ers. Now you, too. can enjoy the ben-
efits of stereco TV sound through use
of the device presented here.

The project to be described is a ster-
cophonic sound synthesizer. It gener-
ates synthetic stereo from a mono-
phonic source such as produced by TV
sets, video cassette recorders, and
most video disc machines when inter-
connected with any stereo system.

Synthetic Stereo Theory. The
perceived advantage of stereo over
mono sound reproduction is a clear
sense of more spaciousness and, thus,
more realistic audio. Theoretically.
accurate stereo reproduction relies on
precise time and phase relationships
between the channels and requires a
centrally located listening position.
This is because a person senses the
location of a real sound source by the
difference in arrival times of sound at
the ears. Much stereo material, how-
ever, uses differences in amplitude
between the two channels as a less
critical way of indicating the relative
positions of particular sounds. This
amplitude-based sterco does not give
as fine a focused sonic image, but it is
more tolerant of listening position.
For example, a sound which appears
only in the left speaker cannot sound
as if it is coming from the right side of
the room.

On the same basis, if a mono signal
could somehow be broken up so that
some of it were put in the left channel
and some in the right channel, it

JUNE 1982
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would begin to sound very much like
most stereo material. Thus, the basic
technique for generating synthetic
stereo is to divide the mono signal and
distribute it between the two chan-
nels. The simplest example of such a
device is a crossover network, where
the bass is fed to one channel and the
treble to the other. As you can imag-
ine, there’s a substantial difference
between that and true stereo.

The professional technique for gen-
erating synthetic stereo involves the
addition and subtraction of mono sig-
nal components. The mono signal is
presented to both the left and right
channels. It is also passed through one
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or more bandpass filters. The output
of these filters is then added to one
channel and subtracted from the oth-
er. The frequencies passed by the
bandpass filters then increase in vol-
ume in the channel to which they are
added and decrease in volume in the
channel from which they're sub-
tracted. This technique has been used
for many years to process old mono-
phonic recordings into simulated or
“rechanneled” stereo records.

How the VSP-1 Creates Stereo.
The Stereo Synthesizer uses a sim-
pler, but much more effective “add
and subtract™ system to create a very
believable stereo illusion. It is based
on the comb filter effect.

If a signal is delayed and then
mixed back with itself, the frequency
response of the system ends up with a
series of peaks and dips. When there
are many of these, the amplitude vs
frequency plot looks like the teeth on
a comb.

In this synthesizer, a bucket-bri-
gade device (BBD) is used to generate
the delay for the comb filter. With a
BBD delay line, you can break the
audio spectrum up into as many
pieces as you wish with much less
complexity than using many individu-
al bandpass filters. But, if the spec-
trum is too finely divided, the differ-
ence between channels will disappear.
Each individual sound source will
seem to spread across the whole width

of the space between the speakers

because every slight shift in pitch will
move the sound from one channel to
the other.

Extensive listening tests have shown
that the most stable and convincing
stereo simulation is obtained by divid-
ing the spectrum evenly into approxi-
mately 1-kHz pieces. The delay line in
the device is therefore set for approxi-
mately 0.5 ms.

Circuit Operation. Figure | is a
block diagram of the synthesizer, and
Fig. 2 is a plot of the frequency

o

PHASE
SPLITTER

180"

N 0.5mS
MONO. >—4 DELAY

Fig. 1. The delayed signal is added to
the right channel and subtracted from the left.

response for the two output channels.
The signal fed into the delay line is
derived directly from the input. Since
the delayed output feeds a phase split-
ter, the original signal (delayed by 0.5
ms) is added to the right channel and
subtracted from the left.

At very low frequencies, the delay is
much less than the wavelength of the
signal. Thus, the delayed signal can-
cels the original signal in the left
channel and adds to the level in the
right channel. Low bass, then, is
approximately 6 dB louder in the
right channel and almost totally miss-
ing from the left channel. At 1 kHz,
however, the delay of one-half
millisecond equals one-half the wave-
length of the signal. Therefore, the
two phases are effectively reversed
and the level drops in the right chan-
nel and doubles in the left channel.

For the purpose of the preceding
description, the delayed signal was
considered to be exactly equal in am-
plitude to the main signal. Therefore,
the maximum amplitude was in-
creased by 6 dB, and the minimum
amplitude was a complete null. (If the
delayed signal were slightly lower in
amplitude than the main signal, the
peak would be less than double in one
channel and above zero in the other.
This would result in /ess of a sense of
stereo spread.)

In the synthesizer, however, the de-
layed signal is actually set at a slightly
higher level than the main signal. The
result is that, while one channel is at
maximum amplitude, the opposite
channel has a small out-of-phase out-
put. This effectively widens the image
slightly beyond the boundary of the
loudspeakers and, at the same time,
adds presence, moving the apparent
sound source forward into the room.

Figure 3 is a detailed schematic of
the circuit. The main power supply is
a conventional, regulated *=15 volts.
The additional + 14-V source is a spe-
cial low-noise positive voltage for the
BBD and phase splitter stages.

The left input signal is selected by

S8 from one of two inputs. It passes
through a 16-Hz, high-pass, subsonic
filter formed by C/ and R/ plus R2,
to the input of the mixer/buffer am-
plifier /CID. Resistor R27 A (one-half
the volume control) sets the gain of
that amplifier, which directly drives
the output via a current-limiting resis-
tor, R24.

Since the gain is a maximum of one,
the volume control acts as an attenua-
tor. This is necessary because televi-
sion-derived audio signals can be
much higher than conventional audio
sources (the typical output of a tuner,
for example, is 500 mV).

Switch S2 selects either the stereo
or mono mode. In the stereo source
mode, the right input signal, which is
selected by S/A4, passes through a
high-pass filter (formed by C2 and
R2] plus R22) and into the mixer/
buffer amplifier /C/A. In the mono
source mode, the junction of R2/ and
R22 is grounded, thereby removing
the right input signal from the right-
channel amplifier. The input to the
right-channel amplifier now comes
via R23 from the output of the delay-
line driver stage /CIC.

The noninverting delay-line driver,
ICIC, takes its input from one-half
the left-channel input signal at the
junction of R/ and R2. lts output is
also one-half the left input signal,
which assures that the signal peaks in
the delay line are well below maxi-
mum. Note that since R23 is exactly
one-half of R2/ plus R22, the output
level of the right channel will be the
same in both stereo and mono source
modes. The output of the delay-line
driver passes through a 15-kHz, low-
pass, anti-aliasing filter formed by R3
and C4. Capacitor C3 blocks the BBD
input bias voltage set by R5 and fil-
tered by C5. The stereo synthesizer
function is bypassed by grounding the
junction of R3 and C3 through S34,
thereby removing the signal from the
delay-line input.

The BBD is driven by a two-phase
clock formed with five of the six
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Fig. 2. At low frequencies, the delayed signal
cancels the original in the left channel.
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CMOS inverters in /C2. The nominal
clock frequency is 550 kHz. The
SADS12 (JC3) is a 256-stage, bi-
phase, n-channel, bucket-brigade cir-
cuit that operates as an analog shift
register. [t is identical in function and
pinout to one-half of the SAD1024A,
which may be used in its place.

The delay time through /C3 is 465
us. (256 times the period of 550 kHz.)
Its balanced output goes through R/3
and RI/4 and is filtered by C9 and
R15 and R26 and CI/0. The signal is
then applied to @2, a buffer and phase
splitter. The in-phase delayed signal
at the emitter of Q2 is ac coupled by
C!l and summed via R/9 into the
right-channel mixer amplifier. The
out-of-phase delayed signal at the col-
lector of Q2 is ac coupled by C/2 and
summed via RI8 into the left-channel
mixer.

When the delayed signal is exactly
in phase with the original, the output
from the right channel increases to
about 6.5 dB and the output from the
left channel goes out-of-phase at —20
dB. In Fig. 2, the actual amplitude of
these peaks and nulls can be seen to
vary across the spectrum as a result of
the selected filter corner points, so
that the out-of-phase component for
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Fig. 3. The bucket-brigade device (C3) is driven

by a two-phase clock formed by inverters in IC2.

PARTS LIST

C1,£2,C6,C15,C16—0.1-uF dic.c ceramic
capacitor

C3.C5,C7,C11,C12—10-F, 35-V alumi-
num electrolytic

C4—0.01-uF axial ceramic capacitor

C8—56-pf axial ceramic capacitor

C9—390-pf axial ceramic capacitor

C 10— 1500-pf axial ceramic capacitor

C13,C14—470- or 1000-uF, 35-V alumi-
num electrolytic

C17—50-uF, 35-V aluminum electrolytic

D1 through D4—IN4002 or IN4OO3 rectifi-
er

IC1—LF347N or TLO84CN quad BiFET am-
plifier

IC2—CD4049 or MC14049UB CMOS hex
inverter

IC3—SAD512 (single) or SAD1025 (dual)
n-channel BBD

IC4—LM320L15 —15-V regulator, 100
mA
IC65—LM340L15 -+ 15-V regulator, 100
mA
J1 through J8—dual RCA phono jack,

right-angle pc mount
LED 1—Fairchild MV5053 or equivalent
Q1,Q2—2N2222 or 2N3904 NPN transis-
tor
The following are Va-W, 5%-tolerance re-
sistors unless otherwise noted:
R1,R2,R21,R22,R23—47-k)
R3,R6,R9,R12,R13,R14— 1-kS2
R4,R15R26— 10-k{2

AmericanRadioHistorv.Com

R5— 100-kQ2 trimmer potentiometer

R7,R8—4.7-Q

R10,R20—20-kQ2

R11—15-k(}

R16,R17,R28—4.7-k§)

R18,R19—39-k{2

R24,R25—390-k(}

R27 —dual 100-k§) potentiometer

S1 through S3—3-switch assembly (3
dpdt or 1 dpdt and 2 4 pdt).

T1—35-VCT, pc-mount, Dale PL-12-09 or
equivalent

Misc.— Printed-circuit board, chassis, cov-
er, line cord, strain relief, LED clip, hard-
ware, and knobs.

Note: The following is available from
Sound Concepts, inc. P.O. Box 135,
Brookline, MA 02146: complete kit
with all electrical and mechanical
parts (KVSP-1) at $90.00. Also avail-
able separately: pc board (KVSP-2) at
$16.00; transformer (KVSP-3) at
$7.50; phonojacks, switches, pots
(R27,R28) and knobs (KVSP-4) at
$12.50; semiconductors D1-D4, LED1,
Q1 and Q2, IC1-IC5, and sockets for
IC1, IC2, and IC3 (KVSP-5) at $18.00.
Add $2.00 for shipping and handling.
Massachusetts residents, add 5%
sales tax. If possible, give a street
address for UPS delivery. Outside the
continental U.S., add 10% or $5.00
minimum for parcel post.
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Fig. 4. Actual-
size foil 1
pattern for

printed-circuit

board.

7VAC

Fig. 5. Follow
this component
layout scheme
for the

pc board.

additional stereo-spread cffect occurs
only at the low and middle frequen-
cics. In between the maximum and
minimum extremes, the relative am-
plitudes in the two channels vary with
frequency to create a full pscudo-ster-
co spread.

Construction. There are no panel-
mounted parts in the project. All elec-
trical-mechanical components are on
the circuit board (Fig. 4). Almost
cverything is obvious from the parts-
layout diagram (Fig. 5), but you
should be careful about a few things.

Be sure that the transformer is
mounted with pins | and 2 facing the
back of the board. Once the trans-
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former has been firmly pushed down
and seated into the board, the two
tabs should be bent under the board
for mechanical strength and soldered
to the pads on the foil side, grounding
the transformer’s frame. The extra
pads around the transformer are for
an alternate dual-primary substitute.

Cut off the plastic tabs at the rear
of the dual phono jack assemblies.
Snap the front ground tabs into the
slots in the ground bus at the back of
the board and solder them in place.
Also soider the center terminals of the
jacks, and be sure that the jacks them-
selves are lined up parallel to the
board’s surface. The volume control
should be firmly inserted so that its

AmericanRadioHistory Com

shaft is parallel with the top surface of
the board before you solder it. The
switches either have shoulders on the
pins or threce plastic spacers that set
them 3/32 inch above the board’s sur-
face. It is important that all these
components be firmly seated and pa-
rallel with the board if they are to
pass properly through the holes in the
kit chassis.

The negative terminal is marked on
the parts layout for each of the elec-
trolytic capacitors. Those supplied in
the kit have the negative terminal
marked on the body of the capacitor.
If you purchase your own, check to
see whether the negative or positive
terminal is identified.

‘POPYLAR ELECTRONICS



Integrated circuits /C4 and /C5 are
voltage regulators that look like tran-
sistors. They mount with the center
lead bent back toward the curved side
of the body. The two npn transistors
mount differently, with the center
lead bent forward toward the flat side
of the body before insertion. The dual-
in-line ICs have a small indented dot
adjacent to pin |. Be sure to use that
for location, and do not pay attention
to the way the brand is oriented. In
addition to the normal components,
three wire jumpers are required as
shown on the parts layout.

The leads on the LED should be
preformed, so that it aligns with the
window in the kit chassis. Hold the
LED so that it faces you with the posi-
tive lead on your right. Then make a
90-degree bend downward ¥i6 inch
behind the back of the lens body.
Insert the lcads into the circuit board
so that there is /2 inch from the bend
down to the top surface of the board
(LED facing forward). Then solder
the leads.

To insert the board into the chassis,
push S/, 82, and S3 to the “in” posi-
tion and tilt the front edge of the
board down into the chassis. Put the
volume control shaft through its hole
and push the front edge of the board
against the inside front panel.

At this point, the back edge of the
board can drop down, and the board
can move back so that the phono jacks
extend through the rear panel. The
four pc-board mounting holes should
line up with the standoffs in the bot-
tom of the chassis. Four No. 6, 4-inch
sheet-metal screws are used to mount
the board onto the standoffs.

The volume control and switch
knobs can now be attached and the
line cord on its strain relief brought
through its hole on the back panel. Be
careful of stray strands from the pow-
er cord hitting the grounded mounting
screw in the left rear corner when you
solder the line cord to the terminals on

OPTIMUM

AWANS

‘ ' ‘ ' BIAS

Fig. 6. Optimum bias adjustment
causes minor clipping top and bottom.
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Internal view of the author’s prototype shows convenient
arrangement of controls on front panel and jacks on rear.

the pc board. The cover slips over the
chassis and is held in place with four
No. 440 Phillips-head screws. Four
self-adhesive, black-rubber, furniture-
protecting bumpers may be affixed to
the bottom of the chassis or the cover
to complete the assembly.

Test and Alignment. There is only
one adjustment necessary. Start by
setting the bias on pin 2 of the BBD,
(/C3) to approximately 4.5 V. To
optimize the adjustment, put a high-
impedance dc voltmeter probe on the
arm of R5 to ground. Place an oscillo-
scope probe at the junction of C// and
R19 1o observe the filtered output of
the BBD. Put a signal generator into
the left TV-input jack. The generator
should be at 1000 Hz and 1.5 V rms.
Switch S7 should be out, and S2 and
S3 in for this test.

If the bias is set too low, the bottom
of the sine wave will be clipped; if it is
too high, the top of the sine wave will
be clipped. The optimum adjustment
is in the center, where there is either
no clipping or just a slight symmetri-
cal clipping of the top and bottom of
the waveform (Fig. 6).

Connection and Use. Although la-
beled Tv and vTR, the two inputs may
come from any mono or stereo source
in the signal range of 100 mV to | V.
You could, for example, put the syn-
thesizer in the tape loop of your
preamp or receiver and use it with
mono records and AM or mono FM
broadcasts. Whatever your source, if
it only has a single mono output line,
it should be connected into the left
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input terminal on the unit. When lis-
tening to it, S2 should be in the mono
position.

With the volume control turned all
the way up, the synthesizer has a gain
of one. Its primary function is to
equalize the volume of signals coming
out of the unit to the others in your
stereo system. As mentioned previous-
ly, this is done because video sound
voltages are typically 10 to 20 dB
higher in level than FM tuners or
phono preamps.

With §2 in STEREO and S3 at OFF,
only the volume-control function is
active on the unit. You should note
that, since there is only a single invert-
ing amplifier between the input and
output of the synthesizer, it inverts
the phase of both channels by 180
degrees.

TV Connection. If your TV set has
an audio output jack, it is a simple
matter to connect it to the synthesizer.
The next best alternative is an ear-
phene jack, which also allows for easy
connection. If you're audio-quality
conscious, you have other options. The
best would be to buy and use a sepa-
rate TV sound tuner. This would ena-
ble you to take advantage of the hi-fi
sound (50 to 15,000 Hz) broadcast by
the networks. Should you wish to
make a hardwire connection internal-
ly to, say, the sound detector output,
you should check to be sure there will
be no ac flow between the TV set and
your stereo sytem. Another option is
to connect to the loudspeaker in the
television set, though this will dimin-
ish the sound quality. o
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ULD A TELEPHONE
STATUS MONITOR

Automatically turns on indicator lamps at
extensions when a phone on the line is in use

BY BRADLEY ALBING

F YOU have phone extensions in

your home, chances are you’ve in-
terrupted a conversation or been in-
terrupted yourself on occasion. The
phone-line status monitor described in
this article indicates that the phone
line is in use by turning on indicator
lamps at all phone extensions whenev-
er one phone is off its hook. At the
same time, it can automatically cut
off sound from nearby stereo or televi-
sion sets.

Circuit Operation. In Fig. 1, the
terminals marked R and T (ring and
tip) connect directly across the tele-
phone line and monitor the line volt-
age. When the phone is “on-hook”
(not in use), the line voltage is about
48 to 50 V dc. When the phone is “off-
hook” (in use), the line voltage drops
to about 6 to 10 V dc. This voltage
drop occurs because of the IR loss
along the lines between the central
office and the phone. Also, central-
office relays that monitor phone-line
status add to this loss.

Regardless of line polarity, a posi-
tive voltage appears at the cathode of
D7. If the phone is on-hook, the volt-
age will be high enough to cause D7 to
conduct. When D7 conducts, an LED
lights and turns on the phototransistor
in ICI. Optoisolator ICI isolates all
the status monitor circuitry from the
phone line and prevents any imbal-
ance in the line current. (An imbal-
ance could introduce ac hum into the
line or otherwise degrade perform-
ance of the phone.)

R3 TBI
100X gaRRIER
STRIP

NC
com

NO
NC

R4
(SEE TEXT)

Fig. 1. Schematic of the 4%
Telephone Status Monitor.

COM
NO

54838438

PARTS LIST

C1—0.1-uF disc capacitor

C2—1000-uF, 25-V dc aluminum electro-
lytic

C3—100-uF, 25-V dc aluminum electroly-
tic

D1 through D6— 1N914 diode

D7 —1N5252, 24-V, V2-W zener diode

D8 through D10— 1N4OO1, 1N4002, or
1N4003, 1-A rectifier

D11—1N759, 12-V, 400-mW zener diode

F1—3AG, "2-A fuse

IC1—4N32 or 4N33 optoisolator

IC2—CD4011B, quad dual-input CMOS
NAND gate

J1-—Modular telephone jack

K1—Dpdt relay; coil: 12 V dc; contacts:
rated 3 A or more (Magnecraft W67PCX-
2 or equivalent)

Q1—TIP29A power transistor

AmericanRadinHictory Com

The following are Va-W resistors, except
where noted:

R1, R2—36 kQ

R3—100 kQ

R4—100 kQ or 1 MQ; see text
R5—2.2 MQ

R6—1 kQ

R7—68-Q, V2-W

R8—270 Q

T1—24-V ac, ct, 600-mA transformer

TB1—6-terminal barrier block

Note: The following is available from
BFA Electronics, P.O. Box 212, North-
field, OH 44067: compiete kit (LSM) of
parts including metal enclosure (which
is not machined) at $30, postage and
handling included. Also available sep-
arately from the same source is the pc
board (LSM board) at $6 including
handling and postage. Allow 6 weeks
delivery.

POPULAR ELECTRONICS
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Fig. 2. Schematic diagram of a simple power
supply for operating the circuitry of Fig. 1.
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Fig. 3. Component place-
ment guide for the Tel-

ephone Status Monitor’'s
printed-circuit board. I
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Fig. 4. Full-size etching
and drilling guide for
the project.
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With the phototransistor on, pins |
and 2 of NAND gate /C2A4 are low
and pin 3 is high. Ignoring for the
moment the time delay of the R4, RS,
D35, CI network, pins 5 and 6 are high
and pin 4 is low, Q! is off and the
relay is disengaged. These conditions
reverse when the phone is off-hook.

Because rotary-dialing pulses mo-
mentarily open the circuit, they could
appear as a series of quick on-hook
conditions. These pulses would then
cause the relay to chatter. To prevent
this chattering, the delay network
formed by R4, R5, D5, CI introduces
a short delay for the signal going to
pins 5 and 6 of NAND gate /C2B.

The selected value for R4 also
determines the conditions(s) that en-
ergize the relay. If R4 is 100 kQ, the
relay will engage when the phone
rings as well as when the phone is off-
hook. If R4 is 1 MQ, the relay will
energize only for off-hook conditions
(ring-up conditions are ignored).

The normally—open contacts of K/
can be wired to turn on indicator
lamps placed by each phone to show
whether or not the line is in use. Also,
the normally closed contacts can be
used to disconnect stereo or TV speak-
ers whenever the phone is in use.

Figure 2 shows a simple power sup-
ply for operating the circuitry of Fig.
1. The parts layout diagram for this
project is given in Fig. 3, while the foil
pattern is shown in Fig. 4. o

>
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LEVEL INDICATOR
—OIRBOAT GAS TANKS

Stop gas overflow when refueling by monitoring your
tank level with a simple comparator circuit

BY JERRY J. HAYES

VEN though most motor boats

have fuel gauges, it is difficult for
one person servicing the boat to tell
how full the tank is before fuel starts
spilling out the overflow vent. That’s
because the fill opening is typically a
small-diameter screw plug located
some distance from the gas gauge.
Since a standard gas pump nozzle
cannot be inserted, the pump’s auto-
matic shutoff mechanism will not op-
erate. And with overflow vents usually
located lower than the fill opening,
refueling is often reduced to messy
guesswork.

But such problems are quickly over-
come by employing a simple compara-
tor circuit that can be switched across
the fuel tank’s resistive float mecha-
nism. (Normally the resistive float
connects to the gas gauge.) As shown

+5v

+2v

Ice —

400 AD

ON® i +5v

R4

250N

TANK RS
FLOAT 500N
MECHANISM 3 {AMBER)

in the schematic, this circuit controls
three lamps that turn on and off in
sequence as the tank fills; the green
lamp is on only when there is more
than two gallons of air space in the
tank; green goes off and an amber

_ bulb lights when 1.5 to 2 gallons of air

space remains; then amber is extin-
guished and a red bulb lights when
there is only 1 to 1.5 gallons of air
space left.

An accurate estimate of this re-
maining air space is particularly im-
portant when adding fuel to two-cycle
outboard engines. That’s because two-
cycle engines are powered—and lu-
bricated—by a 50-to-1 fuel/oil mix-
ture that must be maintained every
time the engine is refueled. Unless
some air space is purposely left in the
tank after the gasoline is aboard,

+12v

+i2v
8 o

L!
ICta

GREEN

L3—Lamp holder,

adding the necessary oil will only
cause valuable fuel to be displaced out
the overflow vent.

Circuit Description. A dpdt switch
controls battery power to this circuit
and electrical access to the tank float
mechanism. This switch and the three
indicator lights should be located
close to the tank fill pipe for easy
access during fueling.

The LM317 functions as a current
source. It provides a constant 30 mA
to the float mechanism. Assuming
that float resistance decreases as fuel
level rises, the 30-mA level was select-
ed because it produces a voltage
across the float (when the tank is full)
that is in the operating range of the
LM358 dual op amp. The 500-ohm
trimpots (labeled “*amber” and “red™)

PARTS LIST

C1,C2—10-uF decoupling capacitor
D1 through D3— 1N4148 diode
IC1, IC2—DS3632N dual-peripheral power

driver

IC3—DS3631N dual-peripheral power

driver

IC4—LM358N dual op amp
IC5—LM340T-5.0 5-V voltage regulator
IC6—LM317T 3-terminal adjustable voit-

age regulator

t1—Lamp holder, green (Littlefuse 930-

405X-7 10GN)

L2—Lamp holder, amber (Littlefuse 930-

405X-710AN)
red (Littiefuse 930-
405X-710RN)

R1—40-Q , 1% resistor

R2—499-Q, 1% resistor

R3,R5—500-Q trimpot

R4—249-Q, 1% resistor

S1—Dpdt switch (Aico MTE-206N)

Misc.—Three miniature bayonet-base
lamps 13 V, 0.33 A, 3.0 MSCP; Bud box;
hookup wirg, mounting hardware, etc.

- TO ALL
SV INPUTS
ch
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and their associated series resistance
provide the reference points for
switching these two lamps on and off.
The 3631/3632 drivers provide decode
logic and drive capability for the high-
current/high-brightness lamps. High
brightness is necessary because of fre-
quent use in full sunlight. Parallel
drivers are needed to handle the high
lamp currents.

Calibration and Modification.
The setting of the two 500-ohm poten-
tiometers determine when the amber
and red warning lamps come on as the
fuel tank fills. Calibrate these settings
by carefully siphoning measured
amounts of fuel from a full tank then
adjusting the potentiometers so that
corresponding  “‘trip points” exist.
Then the comparators, together with
the driver/logic, will always provide
an accurate indication of fuel level.
Now, whenever the red lamp goes on,
sufficient space remains in the tank
for adding oil.

Many modifications can be made to
this circuit since there aren’t any crit-
ical components. Almost any op amp
can be used for the comparator sec-
tions; most any 5-V regulator will
work well, the constant-current source
could be a series resistor or a FET;,
and the driver/logic can be any gate
capable of handling the current levels
involved. This current is strictly a
function of the display chosen: LED,
incandescent lamp, etc.

For gas tank monitoring applica-
tions, the first thing to check is wheth-
er your tank-float mechanism either
increases or decreases in resistance as
the tank is filled. In the case where
resistance increases, you must reverse
the inputs to the op-amp comparators
relative to the connections shown in
the schematic. Depending on parts
availability and personal inclination,
the circuit can be simplified to use
only one or two indicator lamps. It
would then need only one op amp—a
741 would do nicely. (One caution—
gas fumes are explosive. The on/off
switch in the parts list is splashproof,
but not explosion-proof. Avoid mount-
ing the switch where gas vapor can
accumulate.)

Don’t think that this circuit is
strictly limited to boat fuel-tank mon-
itoring. Actually, any kind of liquid
level sensing is possible, provided
there is a resistive-type float mecha-
nism available. You could easily ad-
apt the circuit to monitor bilge water
below deck, home heating-oil sup-
plies, and—for blind persons—bath-
tub water level (in this case use the
driver/logic to control a Sonalert). ¢
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PROCESSNG ANALOG SGNALS
-OR DIGITAL SYSTHVIS

How to create interfaces between ‘real world’’

fast-changing signals and microcomputers

BY DONALD K. PEARSON

RMED with the latest micropro-

cessor-based computer peripher-
als, more and more people are designing
and building interfaces between their
microcomputers and the world at large.
But most are not prepared for the diffi-
culties that arise when trying to control
or collect data from rapidly changing
physical phenomena. Many waveforms
traditionally regarded as
place—Ilike audio

common-
signals—actually
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change over periods of a few microsec-
onds. And it is not immediately obvious
how to best route these fleeting events
through a computer.

Common to all analog/digital inter-
face applications is a technique called
sampling. With this approach, the ana-
log input level is periodically measured
(sampled), each sample is assigned a
digital number representing its ampli-
tude, and all further signal processing—

2

N
food processor

CAUTION: = Moot matraciions deders uting
* Lrealug betore wwmrring of removing perts

AmericanRadioHictary Com

including eventual analog reconstruc-
tion—is done with just the digitized
data samples.

Assuming this is understood, there
still remains the question of how often
“periodically” is. It seems obvious that
the more often the samples are taken,
the more accurately the recovered signal
may be reconstructed. For example, if
an input signal is corrupted with noise
you could, in principle, fit most of the

POPULAR ELECTRONICS
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analog/digital

data to some ‘‘reasonable’ curve, reject-
ing all data points that are too far dis-
placed. The fastest possible sampling
rate has the disadvantage that extreme-
ly fast—hence, expensive and possibly
touchy—electronics are required. Thus,
the “*best™ approach would be to sample
the input signal only as often as neces-
sary to achieve the required accuracy.

Optimum Sampling. Consider three
possible results of sampling a 1-kHz sine
wave at | kHz (i.e., once every millisec-
ond) shown in Fig. 1. The example of
Fig. 1 shows that this sampling rate is
unsatisfactory in that it does not define
a |-kHz sine wave. In fact, the samples
alone suggest that some dc voltage—
from the positive value shown in Fig.
1A, to the negative value shown in Fig.
I B—is present. And if samples are tak-
en during zero crossings (Fig. 1C), the
“logical’’ conclusion says that no signal
is present!

The result of sampling the same 1-
kHz signal at 1.25 kHz (i.e., every 800
us) 1s shown in Fig. 2. Note that these
samples can be fit exactly to a 250-Hz
sine wave “alias,” indicating that the
sampling rate is still too low. Figure 3
shows the two possible results of sam-
pling a 1-kHz sinewave at 2 ktz (every
500 us) and demonstrates that 2-kHz
sampling is almost fast enough-—pro-
vided we do nor sample exactly at the
zero-crossings (Fig. 3B). However, by
sampling the 1-kHz waveform at 2.85
kHz (every 350 us), it is always possible
to reconstruct the correct sinewave from
the samples, independent of the “‘phase™
difference between the samples and the
zero crossings of the signal (Fig. 4).

These examples illustrate the Nyquist
(or Shannon, depending on which engi-
neering text you read) Sampling Theo-
rem, which states that a sine wave may
be faithfully reconstructed from its sam-
ples provided these are taken faster than
twice the signal frequency. If samples
are taken less often, aliasing occurs.
This means signal frequencies higher
than half the sampling rate (Nyquist
frequency) are effectively converted to
lower-frequency signals (Fig. 2).

Note that the sampling theorem only
reveals how best to sample sine waves.
This suggests another problem since we
generally don’t know the input wave-
form in advance. To apply sampling the-
ory to more complex signals, consider
how the sum of two sine waves might be
reconstructed from a set of samples.

If samples are taken fast enough to
reconstruct the higher-frequency sine
wave, these samples will also be suffi-
cient to reconstruct the lower-frequency
sine wave (and, therefore, the complete
signal). Thus, the sampling theorem is
extended to arbitrary sums of sine waves
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Fig. 1. A 1-kHz sine wave sampled at 1 kHz. Samples indicate
(A) positive dc input; (B) negative dc; (C) no input.
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Fig. 2. When a 1-kHz sine wave is sampled at 1.25 kHz,

the samples give an "alias signal” of 250 Hz.

simply by sampling faster than twice the
frequency of the highest-frequency sine
wave in the sum.

It turns out that almost any complex
waveform can be constructed from the
sum of enough sine waves. This is the
basis of Fourier analysis, and is demon-
strated in Fig. 5, which shows how sine-
wave sums can approximate a sawtooth
waveform. The more sine waves in-
cluded in the sum, the better the saw-
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tooth approximation. It can be shown
that a sawtooth waveform of frequency f
can, in principle, be constructed exactly
from sine waves of frequency f, 2f,
3f...provided they are mixed in the
ratios 1:1/2:13, ete.

Clearly, it is not possible to sample
faster than twice the maximum frequen-
cy in an infinite series of sine waves, but
practical considerations eliminate this
theoretical possibility. For example, in
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Fig. 3. Samples at 2 kHz on zero-crossings indicate no input.
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Fig. 4. Results of sample at 2.85 kHz depend on starting point.
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the sine-wave sequence for the sawtooth
signal of Fig. 6C, the highest frequency
components have progressively lower
amplitudes. This means an approxima-
tion of the sawtooth with several low-
frequency sine waves will have a negligi-
ble difference from the “true” signal.
Also, since all real electronic circuits
have some upper limit on the frequency
(bandwidth) to which they will respond,
all real signals are band-limited any-
way, and can be made up from a finite
number of sine waves. Other than in
textbooks, there are no perfect wave-
forms having infinitely small rise or fall
times.

Note, also, that by band-limiting the
real-world input signal, it is possible to
resolve ambiguities where several differ-
ent waveforms can be fitted to the same
set of sample points (Fig. 6). For exam-
ple, if the signal traverses a 2-kHz low-
pass filter, and we collect the samples
shown, we can immediately rule out the
waveforms of Fig. 6B and 6C since they
cannot be constructed without sine-wave
components much higher than 2 kHz.

The fact that signals above, say, |
MHz cannot be digitized by low-cost
electronics must not be arbitrarily used
as an input signal band-limit, since it
clearly isn’t possible to collect and pro-
cess signals at 2 MHz (as directed by
the sampling theorem). We can, howev-
er, filter the input signal to artificially
band-limit it to some much lower value.
Then our data-collection system can be
designed to sample the input at more
than twice this maximum frequency.

Hardware. The typical data collection
system for digitizing analog waveforms
includes a sensor, a signal-conditioning
amplifier, a filter to prevent aliasing, a
sample-and-hold circuit to sample the
input signal, an A/D converter to con-
vert each sample to a digital word, a
parallel 1/O port to interface this data
to the microprocessor, and, finally, the
processor itself, which uses the data
(Fig. 7). Note that the aliasing filter
must come before the sample-and-hold.
Once the signal is sampled, any aliasing
that can occur already has, and filtering
after that point cannot undo it. This
means that digital filtering cannot be
used in place of the analog aliasing filter
(although digital filtering may be useful
elsewhere).

In a biofeedback application, for ex-
ample, all the signal frequencies are
between 3 Hz and 28 Hz. The aliasing
filter’s cutoff frequency can be 40 Hz
and sampling can be done at 80 Hz. This
allows 12.5 us for the other electronics
and the microprocessor software to col-
lect and process each data sample before
the next one is ready. If the aliasing fil-
ter was not in the circuit, any 60-Hz
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analog/digital

f4 21+ 31 + 41 (COMBINED IN A [:1/2:1/3:1/4 RATIO)

14 21 + 3¢ {COMBINED IN A 1:1/2:1/3 RATIO)

f + 2f (COMBINED IN A 1:1/2 RATIO)

w7 e =

Lt

Fig. 5. Approximation by Fourier analysis of a 1-kHz sawtocth waveform.

power-line noise present on the signal of
interest would be aliased to 20 Hz and
would appear as part of the collected
data. Digital filtering could be used to
separate signals of 3.5-7.5 Hz, 7.5-13
Hz, and 13-28 Hz (theta, alpha, and
beta rhythms, respectively) to obtain
their relative levels.

The choice of an anti-aliasing filter is
not quite the simple matter it seems at
first. In practice, such filters do not
reject all components above the cutoff
while leaving those below completely
unaffected. Real filters don't have the
abrupt cutoff assumed for an ideal filter.
In addition to the passband and the stop-
band, there is an *'in between” transition
band. Here input signals are attenuated
significantly but not entirely. Account-
ing for the transition band requires some
thought and depends on the digitizing
system’s application.

A dramatic example of the difference
between filter types is shown in Fig. 8.
The simple RC filter, commonly used to
remove ripple from power supplies, is
not very effective as an aliasing filter.
Although the higher frequencies are at-
tenuated, the width of the transition
band is considerable.

For example, to insure that aliasing
errors due to full-scale inputs above the
Nyquist frequency are 1% or less, it is
necessary to make the “corner frequen-
cy” of the simple RC filter one one-hun-
dredth of this value. For a Nyquist fre-
quency of 1 kHz, everything between 10
Hz and 1 kHz falls in the transition
region, a highly undesirable situation.
Alternatively, if the corner frequency is
set equal to 1 kHz, the Nyquist frequen-
cy must be 100 kHz. Now sampling at
200 kHz is required—extremely diffi-
cult (probably impossible) on any rea-
sonable hardware budget.
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Fig. 6. Three completely different 1-kHz waveforms
can be made to fit the same set of 4-kHz samples.

However, by employing multistage
active filters like the sixth-order elliptic
filter also shown in Fig. 8 and described
in the National Semiconductor Special
Function Data Book, transition bands
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can be significantly reduced. With a
corner frequency of 1 kHz, the elliptic
filter attenuates all frequency compo-
nents above 1.3 kHz to 1% (or less) of
their input value. Now signals up to
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Fig. 7. Block diagram of a typical data collection system.

about 1 kHz can be collected at a sam-
pling rate of 2.6 kHz, while aliasing
error is limited to 1%. It is possible to do
even better by using still more intricate
filters, but their design can be complex
and messy.

Another significant design problem
involves speed. Data conversion elcc-
tronics and processing software must be
fast enough to collect and use each data
sample before the next one is taken. In
the 200-kHz sampling problem just
mentioned, a signal sample must be tak-
en, allowed to settle, converted to a dig-
ital word, entered into the processor,
and then subjected to any required pro-
cessing—all in 5 us.

While clever design can allow some
processes to occur simultaneously (one
sample may undergo A/D conversion
while the microprocessor handles the
previous one), no individual step can
take longer than 5 us. Although sample-
and-holds can settle this fast, A/D con-
verters running at this speed are expen-
sive, and most microprocessors cannot
perform any meaningful data processing
this quickly.

Sampling at 2.6 kHz, on the other
hand, allows 385 us between samples,
permits the inexpensive A/D converters
to be used, and greatly improves the
software timing restrictions. Thus, by
employing a sixth-order elliptic filter
and an 8-bit A/D converter, it is possi-
ble to adapt the system of Fig. 7 to a
wide range of data collection and control
applications at frequencies as high as
about 1 kHz.

Digital ‘‘Can-Do’s.’”’ Applications for
digital signal processing are limited only
by imagination and programming skill.
While several possibilities have already
been mentioned, others include capaci-
tance and inductance measurement sys-
tems, ac motor speed control, and the
determination of audio amplifier fre-
quency responses. It is important to
emphasize, however, that software (not
hardware) generally sets the limits. You
can often find A/D converters, ampli-
fiers, sample-and-holds, and other hard-
ware fast enough to handle a given
requirement, yet lack the needed clever-
ness with software.

If, for example, the application is plot-
ting a few cycles of an ac signal on a
printer one time, the data collection may
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be completed long before the printing.
This demands very simple real-time

software—high data requirements can

be met without too much difficulty.
However, if you want to process audio
data in real time, the task may well be
beyond your machine’s capabilities.
Multiplication alone may require more
processing time than the total available.
A typical 8080 multiplication routine

automatically limits the data rate to a
maximum of about 3 kHz.

Whatever your application, take a
good look at the whole system before
you start building to get a reasonable
idea about difficulty. While few things
are “impossible” if you want to do them
bad enough, it is best to know before-
hand when a system will require $1500
videa-speed A/D converters, 43 proces-

may execute in 270 to 300 us, which  sors, and 128K bytes of RAM. o
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Order of a filter is given by the highest
power of frequency (or radian frequency)
that appears in the e,,/e,, transfer func-
tion. In most active filters, the order is
equivalent to the number of energy-storage
capacitors used (a fifth-order filter uses
five capacitors). The higher the order num-
ber, the steeper the transition between fre-
quencies in the bandpass and frequencies
rejected. The rate of rolloff at the corner
frequency is 6N dB/octave, where N is the
order number. Thus, a sixth-order filter has
6 x 6 or 36 dB/octave rolloff. Low- and
high-pass filters can be from 1 to 6th order,
while bandpass filters are normally even-
order only.

Corner or Break Frequency is the fre-
quency where a filter’'s response falis 3 dB
(or 0.707 of its peak in-band value) on the

FILTER PARAMETER PRIMER

N

Elliptic Filters, also known as Cauer or
Zolotareyv filters, are equiripple (error oscil-
lates at equal amplitudes) in the pass and
stop bands. They have a much steeper
transition region than Butterworth or Tche-
byscheff filters. Their very steep talloff out-
side the band makes them very powerful.

Shannon Sampling Theorem states that if
a function of time f(t) contains no frequen-
cies higher than W hertz, it is completely
determined by giving the value of the func-
tion at a series of points 1/2W seconds
apart.

Transfer Function of an active filter is sim-
ply what you get out of the filter compared
to what you put in. It is usually expressed
as the ratio e,,/e,. The transfer function
usually includes both ampiitude and phase
information, and is sometimes expressed in
terms of a complex variable, S.

\edge of the passband.
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LEARNING QUIZZES
~OR ELECTRONICS

BY FREDRICK W. HUGHES

s _= d a Boolean expressions help to cxplain the operation of digital
Dlgltal LOQIC QUIZ logic gates. Match each of the following logic symbols to its
proper Boolean expression.

A — A A — A
L) yha) A

B ————f B—j B8 —=4 3_1

1. 2. 3. 4. S.
A A — A A

| «—>o— | o

8 ;] B g

6. 7. 8. 9. 10.
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A+B f. AB+AB g. A h. A+B i. AB+AB |. @2°0L 16 P8
AB '®°L')'9'6°5 'Y b '€ 'q T 0| 1SomMSuUY

s = = Digital logic gates turn on with various input conditions. For
Dlgltal LOQIC QU'Z the input pulses shown, select the proper output for each gate.

Be sure to check the input to output time relationships.
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A truth table shows the resulting output condition of a logic
gate for all possible input logic conditions. Match each logic
gate with 1ts proper truth table.

Digital Logic Quiz

A= A — A ! e L,
c ' c c ' c
8 — a—j § —t 8—1
1. 2. 3. 4.
A = A A 4
' c ’ c c A A
B— 8 8 —O
5. 6. 7. 8.
Choices:
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= = s Match the correct digital counter to its proper output voltage
Digital Counter Quiz .:ciorm.
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“FF, 1S INITIALLY TURNED ON cLOCK 4 =1 3.
1. 2.
FF, FF, FFy FF, FF, FFs
? ? T 1
L J Q L J Q -al- ¢ Q I Q 3
c c c COUNT —(} T
K 3 lﬂ X 3 rﬂ K Q -—| n @ r Q
i | I T
CLOCK —& 4 J
4. S.

Choices:

INPUT
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COMPUTER
BITS

By Carl Warren

New Boards Work—and Play—Hard

YOU’RE probably aware that most
microcomputer manufacturers are
touting their systems for business appli-
cations and, as such, are offering a host
of hardware and software products to
ease customers into automated book-
keeping and all kinds of other office
tasks.

Even the Apple Il computer, which
isn’t really suited for business applica-
tions in its basic configuration, is being
applied for business with the help of
plug-in pc boards. These range from
Microsoft’s Z80 Softcard to the many
80 by 24 video-enhancement cards.

These options are important to Apple
IT users since they make accessible the
better word-processing packages such as
MicroPro’s WordStar. Two such cards
of particular interest come from Videx,
Inc., and Vista Computer Corp.

The Videx card, called the Videoterm
and priced at $345, is designed to slip
into any slot on the Apple I backplane
and provides a crisp 80 by 24-character
display, as well as full upper- and lower-
case ASCII characters.

Installing the card is simple, and
requires no patches to the operating sys-
tem, Apple DOS, or CP/M. But if you
require a 40-character display, you'll
need the Soft Video Switch for $29. This
allows switching the display between 80
and 40 columns, and handles graphics
switches. The Soft Video Switch works
well, although we felt this capability
should have been part of the Videoterm
card.

The only difficulty we experienced
with the Videoterm board involved
WordStar. Microsoft delivers a version
of WordStar for the Apple Il that
reportedly functions with the Videx
card. Unfortunately, such is not the case
without a patch supplied by MicroPro.
Nor will the card work with standard
WordStar, even when changing the key-
board characters with the CONFIGIO
program supplied with Softcard.

However, once you get the correct
software, everything works well. The
display is crisp, quick, and noise-free,
with smooth scrolling. Moreover, we
could write a BASIC program that
made use of both screen sizes—dynami-
cally switching while the program ran
without causing any screen flutter.

A further enhancement for the Apple
IT's keyboard and display is the Videx
Enhancer Il terminal card. This $149
card is worth every cent. It gives your
Apple Il a true typewriter-style key-
board, and permits use of the SHIFT key.
You can even re-map the keyboard to
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produce custom-character sets, and Vi-
dex supplies the necessary software.

The Enhancer II is installed by re-
moving the old logic board under the
Apple I keyboard and replacing it with
the Enhancer Il. You must remove the
computer’s case, but the Enhancer II's
instruction manual is very clear on all
aspects of this procedure. In addition,
you have to remove some ICs on the
Apple 11 motherboard and replace them
with Videx-supplied ICs. This was the
only disparity we found with the board.
We have suggested that Videx include
special sockets that allow attaching ca-
bles to an 1C, much like Mountain Com-
puter does with its CPS card.

With the Enhancer Il in place there
were two things we particularly liked:
To reset the Apple II, you must now
simultaneously hold down the CONTROL
and RESET keys, thus preventing un-
wanted resets. We also appreciated the
full-line, type-ahead buffer, which
greatly improves throughput.

The Vista Vision-80 card is another
exciting bit of hardware that can add
features to your Apple Il. This $375
card fits into the Apple 11 backplane
(slot 3), must be connected to the video
output jacks to handle software display
switching, and requires no operating
system modifications. In addition, the
Vision-80 card works with all soft-
ware—including standard WordStar—
without modification.

The Vision-80 card also comes with
built-in communication protocol. This
requires that there is a RS-232C serial
card in slot 2 of the Apple II backplane.
The protocol uses special control codes
to send data. This feature, without any
supporting software, turns the Apple I1
into an intelligent terminal capable of
communicating with any other comput-
er system.

Although Vision-80 operates well, we
did find that when the card was first
installed, monitor linearity may require
adjustment. If your monitor uses a 75-
ohm input, the on-screen display may be
dim. We also found that scrolling speed
was slow in comparison to the Videx
board, and that the cursor wasn’t always
visible, which is bothersome—especially
with WordStar.

While using Vision-80 we did find
some fixes, though. To improve the vid-
eo output, change resistor R8 from 220
to 100 ohms to remove any slight display
tearing. To speed up the scroll, at the
expense of causing snow on the screen,
lift pin 4 of UI6 and pin 13 of UI8, tie
the pins together, and ground them.

AmericanRadinHietary Com

Making the cursor visible requires a
little more elaborate modification. To do
this, lift pin 8 of U/8 out of its socket.
Then, using Wire-Wrap wire and a low-
wattage soldering iron, tack a wire from
Ul9 (pin 1) to UI8 (pin 10). Do the
same from UI9 (pin 2) to UI8 (pin 9),
and U179 (pin 3) to U8 (pin 8). Be sure
to leave pin 8 of UI8 out of its socket.
When the Vision-80 is set up in this
manner, its operation equals that of a
Videx board.

Both Vision-80 and Videx are very
capable boards, and your selection
should be based on your particular
needs. If communication is important,
the Vision-80 card will fill the bill. On
the other hand, numerous software
packages have been created to support
the Videx board, thus making it a wise
choice also.

Computer Whiz. Want to add com-
munications to your CP/M-based sys-
tem? Then contact Metalogic Corp.
about Whiz. This $150 communication
package, written in the C language, uses
a “Smart Menu,” and allows transmis-
sion speeds up to 9600 baud.

Although the prime purpose of Whiz
is to allow communication between com-
puter systems, the designers have added
built-in CP/M commands such as direc-
tory, erase, and rename. You can use
Whiz to set up a menu of frequently
dialed phone numbers that can be called
up with a single character entry, and
you can use the package with smart or
dumb modems.

But that isn’t all. Unlike other com-
munications packages that simply turn
your computer into an intelligent termi-
nal, Whiz has the ability to speed data-
file transmissions by compressing them
up to 40%—a 120-bit/s increase.

Whiz supports virtually any protocol
and works equally well with program-
mable and non-programmable baud-
rate generators, and can be installed by
anyone. The only thing left out of the
Whiz Version 1.1 are split-screen opera-
tion and the capability for use with other
programs. But Metalogic's president,
Lou Barnett, assured us that Whiz
enhancements are already in the mak-
ing. Right now they feel that Whiz is
state-of-the-art—and we agree. O

FOR MORE INFORMATION
To get more information on items mentioned
in this column, contact the following manufac-
turers directly.
Commsoft
665 Maybell Ave.
Palo Aito, CA 94306
415-493-2184
Metalogic Corp.
4325 Miraleste Drive
Rancho Palos Verdes, CA 90274
213-519-7013
Videx, Inc.
897 N.W. Grant Ave.
Corvallis, OR 97330
503-758-0521
Vista Computer Co.
1317 E. Edinger
Santa Ana, CA 92705
714-953-0523
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ANNOUNCING TWO
NEW TERMINALS

Smart ¢ Fast * Graphics « Matching Modem and $2985 Printer

Netronics announces a state ol the art
breakthrough i1n terminals, now at prices you
can atlord, you can go on-ltne with dafa-bank
and computer phone-hne services ft's all
yours * s.
services, Dow-Jones slock reports, games.
recipes. personal compuling wilh any Osvel

program but
letin boards and more avery day'!!

Netronics offers two new terminais both
feature a full 56 key/12B character typewnter-
style keyboard, baud rates to 19.2 knlobaud, a
rugged steel cabinet and power supply The
simplest one. FASTERM-64. is a 16 line by 64 or 32 character per Ime unit, with a senal
prninter port for making hard copy of all Q data. and tor biock and
special character graphics. The “smart™ version, “SMARTERM-80. teatures erlher 24 hne by 80
characiers per ine or 16 by 40 characters per line. 1 offers on-screen editing with page-al-a-
time printing, 12.000 pmxel graphics, line graphics. absolule cursor addrassing, undatlining,
reverse video, one-half intensity and much more simply plug them nto your computer or
our phone modem and be on-line instantly Use your TV sel (RF modulator required) or our
delux green-phosphor monilor pictured above. For hard copy Jusi add our matched prirter

Price breaklhrough!!! Own the FASTERM-64. a complete terminal kit, ready to plug 11 lor
Just $199.95 or order the SMARTERM-80 kit for jus1 $299.95, (both available wired and 1ested.)
Be on:line with the milhon-dollar compulers and data services today we even supply the
necessary subscription forms.

More good news. All the n ur are ble separately (see
coupon), $o you buy only whal you need"'
FASTERM-84 .

DISPLAY FORMAT: 64 or 32 characiersiline by 16 lines 96 olspaogable

ASCIt characlers (upper & lower case) .. B baud rates: 150, 300. 600. 1200, 2
19, 200, {(switch sel.) LINE OUTPUT 'RS232/C or 20 ma currenl loop VIDEO OUTAUT 1V
PIP (EIA RS-170} CURSOR MODES. home & clear screen. erase to end of hne. erase cursor
hne, cursor up & down, auto carnage relumlhne feed at end of line & auto scroliin

REVERSE VIDEO . BLINKING CUR! PARITY off. even or odd STOP BITS 1.15,
2 DATA BITS PER CHARACTER. 5 6 7or8 CHARACTER OUTPUT. 5 by 7 dot matnx
ina7byl2cell. PRINTER OUTPUT. prinis all incoming data . 1K ON BOARD RAM
2K ON BOARD ROM .. CRYSTAL CONTROLLED COMPLETE WITH POWER SUPPLY
OPTIONAL GRAPHICS MODE: includes 34 Greek & math characters plus 30 special graphics
characters ASCIl ENCODED KEYBOARD: 56 key/128 characters

SMARTERM-80 . . . DISPLAY FORMAT: 80 characters by 24 lines or 40 characiers by 16 lines
128 displayable ASCI characlers lugpe’ & lower case) B baud rates 110, 300. 600. 1200, 2400,
48 9, RS$232/C or 20 ma current toop VIDEO OUTPUT 1V
EDITING FEATURES insert/delele hine, insert/delele character, for

1
Pp (E1A RS-170) .
LINE OR PAGE TRANSMIT PAGE PRINT FUNCTION CURSOR POSI-

ward/back tab

TIONING. up. down. rnght. left, plus absolute cursor positioning wilh read back VISUAL
ATTRIBUTES: underline, blink, reverse video, half intensity, & blank GRAPHICS 12,000
pixel resolution block plus line graphics ON-SCREEN PARITY INDICATOR PARITY off,

even or odd
a9 by 12 block .
BLOCK CURSOR
KEYBOARD- 56 key/128 character
SUPPLY
TELEPHONE MODEM 103 O/A
INTERFACE: RS232/C and TTY
disconnec! phone), onginate/answer swilch on rear panel
QUIRED
ASCIl KEYBOARD ASCII-3 56 KEY/128 CHARACTER ASCII
ENCODED . UPPER & LOWER CASE . FULLY DEBOUNCED
2 KEY ROLLOVER . POS OR NEG LOGIC WITH POS STROBE
REQUIRES +5 & .12V DC |SUPPLIED FROM VIDEO BOARDS)
PRINTER COMET | SERIAL 1O TO 9600 BAUD 80
CHARACTER COLUMN (132 COMPRESSED) 10 TRACTOR FEED
. UPPER/ILOWER CASE . INDUSTRY STANDARD RIBBONS
4 CHARACTER SIZES 9 BY 7 DOT MATRIX BI-DIRECTIONAL
PRINTING

Continental U.S.A. Credit Card Buyers Outside Connecticut
CALL TOLL FREE 800-243-7428

To Order From Connecticut Or For Tech. Assist. Call (203) 354-9375
NETRONICS R&D LTD. oept. re

333 Litchfield Road, New Milford, CT 06776

Please send the items checked below:

STOP BITS 110 baud 2. all others 1 CHAR. OUTPUT 7 by 11 character in
. PRINTER OUTPUT ... 60 OR 50 Hz VERTICAL REFRESH BLINKING

CRYSTAL CONTROLLED 2K ON BOARD RAM ASClI ENCCDED
4K ON BOARD ROM COMPLETE WiTH POWER

FULL DUPLEX, FCC APPROVED DATA RATE 309 baud
CONTROLS. talk/dala swilch (no need 10 connect and
NO POWER SUPPLY RE.

11 COMPLETE FASTERM-64 TERMINAL (includes FASTVID-64 video board

ASCII-3 keyboard, steel cabinet and power supply) ... kit $199.95 plus $3 P&l
. wired & tested $249.95 plus $3 P&l . . . graphics option: add $19.95 to

each of above

{3 COMPLETE SMARTERM-80 TERMINAL (includes SMARTVID-80 video

board, ASCII-3 keyboard, steel cabinet and power supply) . .. kit $299.95 plus

$3 P&l ... wired and tested $369.95 plus $3 P&l

L] FASTVID-64 VIDEO BOARD (requires +5 & -12V DC) . . . kit $99.95 clus $3

P&l ... graphics option add $19.95 ... wired & tested $129.95 plus $3 P&l ...

graphics option add $19.95

.. SMARTVID-80 VIDEO BOARD (requires +5 & +/-12V DC). ..

plus $3 P&l ... wired & tested $249.95 plus $3 P&l

(] DELUXE STEEL TERMINAL CABINET ... $19.95 plus $3 P&l
1 ASCII-3 KEYBOARD (requires +58 -12VDC) . .. kit $69.95 plus $3 P&lI. ..

wired and tested $89.95 plus $3 P&l

kit $199.95

} POWER SUPPLY (powers ASCII-3 keyboard & video boards) . . . kit only
$19.95 plus $2 P&I
[ ZENITH VIDEO MONITOR (high resolution green phosphor) . .. wired &

tested $149.95 pilus $6 P&l
’ri TELEPHONE MODEM MODEL 103 O/A ...
&l

wired & tested $189.95 plus $3

1 1 DOT MATRIX PRINTER Comet I ... wired & tested $299.95 plus $10 P&l
RF MODULATOR MOD RF-1 ... kit only $8.95 plus $1 P&

.. 3FT-25 LEAD MODEM/TERMINAL OR PRINTER/TERMINAL CONNECTOR

CABLE ... $14.95 ea plus $2 P&

For Canadian orders, double the postage . Conn. res. add sales tax.

Total Enclosed $
[0 Personal Check [0 Cashier's Check/Money Order
O VISA [J MasterCard (Bank No.
Acct. No. Exp. Date

Signature
Print Name
Address
City

State Zip

—_— e —— —

' = Build a Computer kit that grows
s with you, and can expand ta 64k
» RAM, Microsoft BASIC, Text Edi-
= lor/Assembler, Word Processor,
Floppy Disks and more.

EXPLORER/85

Here's the low cast way 10 learn the fundamenials of com.
puling the allaimportant basics you'll need more and
more as you ldunce m mmpu!vr \lull: For |u:' 5120 N
the
with all 1he feaiures you n«-d 10 learn how 10 werte and
use programs And 1l can Rrow 1nlo a system (hal 13 &
maich for any personal compuler un the markel. Look al
these features A0S Central Pracessing Unit, the
microprocessor “hrart  of the Explorer/as (Inm the
millions who will buy and use the B0B0/808S this year
alone!)  Four 8-hit mw(vhnmwﬂwlwlmh?ﬂ
which you can impul and oulpul your programs. as well as
control exterior swis hes melays. ighis. eic a cassetie
nterface 1hal lets viue s and reload programs you've
learned 10 write o x¢ 2,000 bytr opeeniing
system/monifor makes it rasy 1o learn compunng in
several imporiant wavs @ [i allows simpler famer wril-
ing and enlering of programs @ 11 permils access hy you
10 all pants of the sysiem so vou can check on the atatus of
any poinl 1n the program e it allows iracing esch pro-
gram step by siep. with provision for displaying all the
conlenls of Ihr PU (registers flags. elc | @ and il
mu
You gel all |h|| n the starting leve! (Level A) of the
hxplnferlss for only $129.85. Incendible! To nse. just
E our 8VDC power supply and teraunal or
r Idu&ny — if you don’l have them. see our

13l offers
ch,vel A mmpu!er ki |'lernunal Verswon)

us $3 P&l *

lzvel A \ul (Hex Keypad/Displav Vervion)

plus $3 P,

LEVEL B — This "building hlock converts the mother-

board into a two-slol S100 bus {industry standaed) com-

puter Now you can plug in any uf the hundreds of $100

cards available

O Level Bkit 349,95 plus $2 P&l *

Q S100 bus conneciors |two tequired)

postpaid

LEVEL C — Add sull more

compuling power: this “build-

ing block™ mounis directly on

the motherboard and expands

the S100 bus 1o six slols

E :.zvelc ki $39.98 plus $2
ul * 1

O S100 bus connectors |five

required) $4.85 each

posipard

LEVEL D — When you reach the pointin learning that re-

quires mare memory. we df: 1wo chowes either add 4k

of a memory direcily nin moherhoard or add 16k 1o

kol memory hy means ut . ungle S100 card e famous

$120.85
$128.98

$4.35 each.

AWS

Level D kn: &LHECK ONE) O kon-hoard 34995
plus $2 P&1°. O 16k S100 |AWS . $149.99 plus 52
Pal*.0 32k $100° |AWS’ Slﬂﬁpluss.l‘&l' Q 48k
100 “JAWS' $249.95 plus $2 PAI® 0 &4k 5100
JAWS™  $290.95 plus §2 PAI*

LEVEL E — An importanl  huilding bl 11 activates
the Bk ROM/EPROM space on the motherboarl Wow just
plug i ouz 8k Microselt BASIC or vour own cusiom

8585 plus S0ic Pl
— I's the languags- |

“JAWS' — see ahove) 36495 pm.lp.l'll
O 8k ROM version of M rosoft BASIC yrequires Level B
& Level E and 4k RAM just plug into your Level E sockets
We sugges either the 3k Level D RAM expansion ur w 16k
$100 JAWS ") $80.95 plus §2 P&l *
Q Disk version of Microsofi BASIC Aregqoures Level B
32k of RAM. ﬂoppy disk comtradier 87 floppy dink drivel

$325 postpard

TEXT EDITOR/ASSEMBLER — The edior/a-sembler
8 a software lood 1a program) designes| l-mmphh the task
of whling programs. A» your -ams become longer
and mare complex the assembler an save you many
hours of programmung hirwe This saftware inCudes an
aditnr program that enlers the: programs you write, makes
changes, and saves \he programs on casseties The assem.
hler performs the clerial ask of iranstating ymbolic
code (i the computer nvadable obyect anle The adior/
assembler program 1s avmlabl either in cassette or a
ROM version
Q Editor/Assembler (Cassette viersinn tequires Level

“@ and 8% lrmin | of RAM — we st 1Bk |AWS —
see above)  $59.88 plus 52 Pal *
0O Editar/Assembler {ROM vemsion supplied ae an S100
card, requires Level B ani 3k RAM 1min | ~ we suggest
nllher Level Dar 16k “JAWS | $98.95 plus 82 PA1 *
8" FLOPPY DISK — A remarhable  dyalding hlock *
Add our 8" Mloppy disk whrn you reasl Laster apetation
more convenwnl program slufage perh.ps « bussness ap
phcation. and access 1o the hieradly thiwssands nf progeams
and program languages avadlatdic tiklay You simply plur

them inin your Exploger/AS disk syvstem — o acoepis all
1BM-formatted CP; roRrams

a8 Flnp Disk Drive  $499.95 plus $12 P& *

Q Floy (,«nlmllw Card  $198.98 pli 82 Pxl *

a Dns[p?;nw Cahinel & Powrr Supply $6% a5 plus
$3 P&l *

O Dave Cables [set up for iwa deves)  $25.00 plus

$150 P&l *

O CP/M 2 2 sk Operating System. includes Texy

Edvor/Assembler dynamic. dehugger .nd othes features

thal give your Explorer/RS ace.ess I thousands of existang

CP/M-.hased programs  $150 00 postpaul

NEED A POWER SUPPLY? (nsider vur AF1 I can

supply all the power you nev # fully expanded Ex

ree/AS |note disk drivas havee theirown pawes supply)

us the AP-1 fits m'illv intts the attsactive Expleter sieet

cabinet {see below

0 AP-1 Power Suppl) ki (HV A 5 ampsd in defuxe steel

cabinel  $39.95 plus $2 P&l *
/
-
< S ]

NEED A TERMINAL? We
affer you chaices the least ex
pensive one 1s aurl Hex
'Keypad/Display ka that dis.
plays the information un a
calculalor-1ype screen The
othee choice 1s our ASCII
Keyboard/Computer Terminal
Kil. thal can be used with either

AmericanRadinHictaory Com

'FOR ONLY $129.95 Learn Computmg
:From The Ground Up

a

Acct No Exp Dawe 5
L]

L]

a

Sgnatare .
L]

Print Name :
L]

L]

Adddress .
a

L]

Cay. M
L]

% :
St a
ate. Zp H
L

.

/
NETRONICS Research&DevelopmentLtd
333 Litchfield Road, New Milford, CT 06776

------ﬂ

3 M0 Vel E e o
repls Microsoft BASIL
I Phig en Netena s Llex FEdooetAssemblec in ROM
KeypliDiphyy S Al v S10 beoaek
2 Add Lovel B o convett o b Aslil i own euston e
Cmis (prolityping areo)
7 Conuy L terrmnnl

Stin
3 Akl 4k RAM

a CRT moniar ar a TV set (if you have an RF modulator]
Q Hex Keypad/Display ki $69.95 plus 52 P&l °

O FASTERM - 64 TERMINAL KIT — Fealunng a 56 key
ASCH Keyboard 128 characier set upper and lowet case
75 ohm output B baud rates 150 1o 19 200 Iswitch select
able) RS232/C or 20 MA ¢ulpul 32 or 64 characier by 16
hne farmats complele wilh
Detuxe Steel Cabinel and
Power Supply $199.95
plus $31P&I "

Q RF Modulator kit {allows you 1o ase your TV sel as a
mamtor) $8.95 posipa

312" Viden Momitar (10MHz bandwidth)
plus $5 P&1 *

Q Deduxi- Steel Cabinel fue the ",
l-:xplun-r/as $49.95 plus 1

$138.85

D Fan far cahenim $15.00
plus $1 50 PRI -

ORDER A SPECIAL-PRICE
EXPLORER/85 PAK—THERE’S
ONE FOR EVERY NEED.

O Begianer Pak {Save $26.00) — You get Level A (Ter-
minal Version) with Monitar Source Listing {825 value]
AP-1.5-amp power supply. Intel 8085 Users Manual
|Req. $198 95) SPECIAL $169.95 plus $4 P& *
O Exzperimenter Pak {Save $53.40) — Yuu get Level A
(Hex Keypad/Display Versian] with Hex Keypad/
Display. intel 3085 User Manual. Level A Hex Monitos
Source Listing and AP-15.amp puwvr supply (Reg
$279 95) SPECIAL $219.95 plus $6 P&|
O Special Microsoht BASIC Pak |Save $103 00)-— You ged
Levels A (Terminal Version). B. D (4k RAM) E. Bk
Microsofl in ROM. Iniel 085 User Manual Livel A Mani.
10r Source Listing, and AP-1. S-amp power supply
IReg 3438 70) SPECIAL $329.95 plus $7 P&l *
{J Add a Rom-Version Text Edetor/Assembler |[Requires
levels B and D or S100 Memory]  $99.95 plus 52 PAI*
Starter 8" Disk Syuem - Includes Lirvel A B floppy Jisk
coniroller, one COC 87 disk-drive two-drive cable two
$100 conneclors, Just wdd your own power supplies,
cabinets and hardware {Reg $1065 00) SPI CIAL L)
498985 plusS13 P&l O 12h Staster System. $1045.85 9
plus $13 P& * D 48k Starter Sysiem, $1085.95 plus $10
Pal 0 64k Slarter System $1145.88 plus $13 P&L *
Q Add 0 any of above Explarer sieel cabane, AP.1 five
amp power supply. Level C with iwo 5100 conneciors
disk drive cabanet and powrr supply Iwo sub-BD connex..
tors for connecting your printer aml lermina) 1Reg
$225 95) SPECIAL $199.85 plus $13 P&l °
QO Complete 64K System Wiriel & Trsted
plus $26 PRI *
a spmalv Complete Business Software Pak (Save
00} — Includes CP/M 2.2 Micrusolt BASIC General
lfdgv-r Avcounts Recewvable  Acuunis Payable. Payroll
Packagee  |Req $1325) SPECIAL $699.95 posipand

$1650.00

*PELshinds for postuge & asosenee ©For Cosdian or-
teers chnshie this nmeunt

Continental Credit Card Buyers Oulside Connecticut:

TO ORDER
Call Toll Free:
800-243-7428

To Order From Connecticut,
or For Technical Assistance,
Call (203) 354-9375

CP/M is 4 reg trademark of Digual Rescarch

* {Chp and mail entine: ud)*

SEND ME THE ITEMS CHECKED ABOVE

Total Enclosed |Conn Residents add salos tax ) §,
Pard hy

Q Personal Cheek O Cashier s Cheek/Money Onler

1 VISA O MASTER CARD (Bank No




QUALITY
DISCOUNT

parts at
PRICES !

STEREO 8 TRACK
" HOME UNIT

BRAND NEW UNILTS. .
ASSEMBLY INCLUDES ;
TAPE HEAD, MOTOR BELT,
110VAC MOTDR, PRE-AMP,
LIGHTS, SWITCHES,
SOLENOCID AND OTHER
USEFUL PARTS....

AN EXCEPTIONAL BUY!

$7.25 PER ASSEMBLY

4PDT RELAY

+ 14 pin style
+ 3amp contacts
+24volidc of
120 volt a ¢ cOi
« Used but lully lested
$1.70 EACH
specity coll voltsge
LARGE QUANTITIES AVAILABLE
SOCKETS FOR RELAY 50¢ each

MINI SIZE
BUZZERS
@ 1% 10 3 volts 75¢ 04

WITH WIRE LEADS
1% to 3 volts 75¢ea

BLACK PLASTIC

CASE
PAC-TEC [‘

SERIES C f‘ ;

BLACK PLASTIC ENCLOSURE
ADJUSTABLE HE IGHT FROM
1.63" TO 2.93"; WID™
6.85"; DEPTH 8". BUILT-
IN STAND OFFS FOR P.C.
BOARDS. .FRONT AND BACK
PANELS NOT INCLUDED. .
$5.25 PER CASE

Q WITH PIN TERMINALS
3 to 7 voits
WITH PIN TERMINALS
75¢ each

MODEL UES-A55F
VARACTOR UHF TUNE
FREQ RANGE

MITSUMI \m

470 - 889 Mz
ANTENNA INPUT

I} 300 orms
$25.00 each
10 for $220.00

SEND FOR OUR NEW

€e; 40 PAGE

COMPUTER
GRADE
CAPACITOR
1700 mtd. 150VDC $2.0()
2 1/2" DIA X 4 3/4" HIGH

3,600 mfd. o,

40VDC  $1.00
1 3/8" DIA. X 3 HI
6,400 mfd.
60vDC $250
13/8%0a X 4 1/4°
12000mtd 40VDC $3.00
"DIA X & 1/4" HIGH
18000mld 75VDC $4.00
2 1/2" DIA x &4 1/2" HIGH

2" X 2 1/2%wmicn $2.CO
22,000 mtd.40VDC
2 DIA. X 6" HIGH $3.00
5,000 mfd.75 VDC $4.50
3 DIA X 4 3/8" HIGH

45.000mfd. 25 VDC

2" OIA. x 4" HiGH  $3 50
72,000 mfd. 15VDC

2 OIA. X 4" HIGH

CLAMPS TO FIT CAPACITORS 50¢ o2

JOYSTICK
PRECISION .
DEVICE .

CONTAINS 4

SOK CENTER

TAPPED ALPS

$4.75 each

750 MFD 330V
PHOTO FLASH

2" HIGH
X1 1/4" DIA

$1.25 EACH

10 FOR $11.00 |l

CATALOG

L.E.D’s
STANDARD JUMBO

DIFFUSED
RED 10 FOR $1.50
GREEN 10 FOR $2.00
YELLOW 10 FOR $2.00
FLASHMER LED /h
5 VOLT OPERATION

JUMBO SIZE

2 FOR $1.70
81 POLAR LED

SUB MINI LE D

079" X .098"

20mA st 1.75v

10 FOR $1.00

200 FOR $18.00
QUANTITY PRICES AVAILABLE

gree

~— |[TRANSFORMER

120 volt
primaries

6 VOLTS at 150 mA
12 V.C.T. at 500mA
16.5 V. st 3 AMPS
18 VOLTS at 350 MA  $2.00

$1.25
$2.50
$6.50

$2.00 EACH |,
10 for $19.00 °

18 VOLTS at 1 AMP  $4.50
25.2 VCT ot 2.8 AMP $5.50

SOOK LINEAR

SLIDE POT
2 7/8" LENGTH
1 374" TRAVEL

?v_———v—w’ne EACH

MINI

AUTOMATIC
RECORD CHANGER

* B.S.R. MODEL C136R/C/3
* PLAYS 33/45/78 RECORDS
* MINT SIZE: 8 1/4" x 12

INCLUDES DUST COVER AND

PLASTIC CASE (NOT PICTURED)
WITH FRONT CUT QUT TO FIT
STEREO UNIT (NOT INCLUDED).

—170 MFD 330V
PHOTO FLASH

$17.50 each
BLACK LIGHT
(ULTRAVIOLET)
- 1"" X 7/8"

T &
G.E. # F6T58L $2.50 each 2 FOR $1.50

ALL ELECTRONICS CORP.

805 S. Vermont Ave.
P.O. BOX 20406
Los Angeles, Calif. 90006
(213) 380-8000

Mon. - Fri. Saturday
9AM-5PM 10AM-3PM

Shipping USA
= Calid Ros Add B
* Promp! Shipping
NO COD.!
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PROGRAMMER'S

NOTEBOOK

Fire That Gun!

PROFESSIONAL systems designers
are frequently able to design soft-
ware packages quickly by using the
modular approach to programming.
They develop software packages from
existing program subroutines. A subrou-
tine is a set of computer instructions
which can be used throughout the pro-
gram by “calling” it. In BASIC, a sub-
routine is “‘called” in the program sim-
ply by inserting Gosus, with the line
number of the subroutine, wherever the
subroutine is needed. At the end of the
subroutine, the statement RETURN is
used to automatically return the pro-
gram to the line immediately following
the GosuB statement. Subroutines need
only be keyed into the program once,
usually at the end of the program.
(Lines 10,000 and above are good places
for storing subroutines.) They can also
be inserted into the program any num-
ber of times using the GOSUB state-
ment each time.

When a programmer designs a new
software package, existing subroutines
are used with slight modifications to
develop the final program.

In this column, we will present mate-
rial that can serve as the basis for your
own subroutine file. From the file you
can modify subroutines and build your
own program. In each column, we will
present subroutines and tell you how
they operate. By picking apart a subrou-
tine, you will develop a better under-
standing as to how to modify it to meet
your needs.

Subroutines which we will talk about
will be written in BASIC. Since it is
nearly impossible to write a single pro-
gram which will run on every microcom-
puter, we will concentrate on the TRS-
80 and the Apple Il microcomputers.
There are similarities in the BASIC
used by other memory-mapped video
microcomputers and with little effort
you should be able to modify the subrou-
tines presented here to run on your
microcomputer. The graphics subrou-
tines, however, cannot be modified to
run on serial-port microcomputers un-
less an ‘“‘intelligent” terminal and its
particular commands are used.

Our first subroutine is one that allows
you to fire a shot within the range of a
“gun” on your computer screen. Table |
is an example of a “‘gun firing” subrou-
tine which can be used when developing
your own microcomputer game.

To use this subroutine, key it into your

SDodinllictarg Cam

By Jim Keogh

microcomputer. When you call the sub-
routine, you will be requested to aim the
gun once the gun has been positioned on
the screen. INPUT of any number be-
tween —1 and +1 will fire the gun.
Zero fires it straight ahead. Using —1
will fire a shot to the far left, and using |
(you need not use the plus sign before
the number) will fire a shot to the far
right. Use numbers less than | and more
than —1 (decimals) to fire shots be-
tween the gun’s horizontal limits.

Let’s take a closer look at the subrou-
tine. Starting with line 30, the gun is
drawn on the screen. It’s not much of a
gun, but you can use your artistic talents
to improve the gun’s looks. You can
position the gun at any location on the
screen by changing the coordinates of
the graphic statement. However, for
better results it is important that the
horizontal portion of the gun have a cen-
ter block. Always use an odd number of
blocks when drawing this portion of the

The gun, when drawn on your screen and .
firing, should look something like this.

gun. In the example, five horizontal
blocks were lit, making the third block
the center. This will become important
when we fire the gun.

Line 330 is the input statement. It is
important that the input remain within
the horizontal range of the gun; other-
wise an error message may occur.

Now it is time to fire the gun. Note
line 370. This coordinate is the center
block of the gun. It is from this location
that the “bullet” will “‘leave’” the gun.
You can see why it is important to have
a center block on the horizontal portion
of the gun. Otherwise you may be firing
the shot from the corner of the gun
instead of the center.

An important part of the subroutine is
the beginning statement of the loop that

POPULAR ELECTRONICS
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displays the shot. The locp starts with
line 390. This instructior. states that, for
the TRS-80, D = 33 to 2sTep — 1, and
for Apple II, D = 33 to 10 sTEP — 1.

The 33 is the horizontal coordinate of
the gun. The 2 (10 for Apple II) is the
vertical range of the gun. This is the last
vertical block which the bullet will
“hit.” The sTep —1 statement deter-
mines the speed of the bullet.

You can easily modify this subroutine
and make the 2 (10 for the Apple 1) a
variable which the player can control
(the range) and the speed of the bullet,
by changing STEP — 1. Here, — 1 is slow

and —6 is extremely fast. Numbers
between — 1 and — 6 will give the player
a corresponding increase in speed.

When you use the subroutine in your
program, be sure to remove our many
notes contained under the statements
REM. They were only used to provide a
better understanding of the functions of
each statement. Also, line numbers
should be changed to conform to your
own programs. We used line numbers in
our subroutine and even skipped a few
line numbers in our Apple 11 subroutine
to make it easier for you to follow our
discussion.

If you have a color display terminal,
be sure you modify the subroutine to
brighten up the action. When you
change from a black-and-white screen
to a color display, you also may see some
graphic changes in our subroutine, de-
pending upon the kind of microcomput-
€r you use.

With some imagination you can mod-
ify this subroutine and add targets of all
types which the player must shoot. You
can also reverse the coordinates and
position the gun at the top of the
screen—in an “‘aircraft”—and shoot at
ground targets.

TRS-80 SUBROUTINE

10 REM CLEAR SCREEN

20 CLS

30 REM DRAWS LEFT SIDE OF GUN. A= NUMBER OF VERTICAL
40 REM SCREEN POSITIONS WHICH SHOULD BE TURNED ON.
50 REM B = THE NUMBER OF HORIZONTAL POSITIONS FROM
60 REM THE LEFT SIDE OF THE SCREEN FROM WHICH THE

70 REM VERTICAL SCREEN POSITIONS SHOULD START.

80 FOR A = 33TO 35

90 B = 63
100 SET (B, A)
110 NEXT A
120 REM DRAWS TOP OF GUN. A = NUMBER OF HORIZONTAL
130 REM SCREEN POSITIONS WHICH SHOULD BE TURNED ON.
140 REM B = THE NUMBER OF VERTICAL POSITIONS FROM
150 REM THE TOP OF THE SCREEN FROM WHICH THE
160 REM HORIZONTAL SCREEN POSITIONS SHOULD START.
170 FOR A = 53 TO &7
180 B = 33
190 SET (A, B)
200 NEXT A
210 REM DRAWS RIGHT SIDE OF THE GUN. A = THE NUMBER
220 REM OF VERTICAL SCREEN POSITIONS WHICH SHOULD BE
230 REM TURNED ON. B = THE NUMBER OF HORIZONTAL
240 REM POSITIONS FROM THE LEFT SIDE OF THE SCREEN
250 REM FROM WHICH THE VERTICAL SCREEN POSITIONS
260 REM SHOULD START.
270 FOR A = 33 TO 35
280 B = §7
290 SET (B,A)
300 NEXT A
310 REM AIM GUN. INPUT STATEMENT FOR DIRECTION OF GUN.
320 PRINT @ 64, "AIM GUN SELECTION +/— 1"

330 INPUT A

340 REM THIS STATEMENT REMOVES THE INPUT STATEMENT FROM
350 REM THE SCREEN.

360 PRINT @ 64, " "

370 REM FIRE GUN. C = THE €ENTER POSITION OF THE GUN.

380 C = 55

390 REM SPEED OF SHOT. D = THE VERTICAL SCREEN POSITION
400 REM OF THE SHOT. 33 = THE VERTICAL STARTING POSITION
410 REM OF THE SHOT. 2 = THE END VERTICAL POSITION OF THE
420 REM SHOT. —1 = THE NUMBER OF VERTICAL POSITIONS FROM
430 REM 33 TO 2 WHICH SHOULD BE TURNED ON.

440 FOR D = 33 TO 2 STEP —1

450 REM C = C + A MEANS THE INPUT QUANTITY (+/— 1) IS ADDED
460 REM TO THE VALUE OF C WHICH IS §5, THE CENTER

470 REM HORIZONTAL SCREEN POSITION OF THE GUN. THE RESULT
480 REM WILL GIVE THE NEW STARTING HORIZONTAL SCREEN

490 REM POSITION FROM WHERE THE SHOT IS FIRED.

500 C = C+A

510 REM THE SCREEN POSITION 1S TURNED ON.

520 SET (C,D)

530 REM HERE IS THE TIMING LOOP WHICH DETERMINES HOW

540 REM LONG THE SCREEN POSITION IS TURNED ON.

550 FORT = 1 TO 15

560 NEXT T

570 REM HERE IS WHERE THE SCREEN POSITION IS TURNED OFF.
580 RESET (C,D)

590 REM THIS TELLS THE COMPUTER TO GO TO THE NEXT VERTICAL
600 REM SCREEN POSITION AND TURN IT ON. THE END OF THE

610 REM LOOP.

620 NEXT D

630 REM IF YOU INCLUDE THIS SUBROUTINE AS PART OF YOUR
640 REM PROGRAM, CHANGE LINE 630 TO READ 630 RETURN.

APPLE il SUBROUTINE

10 REM CLEAR SCREEN

20 CALL —936

30 REM DRAWS LEFT SIDE OF GUN. THE VERTICAL LINE

40 REM IS DRAWN FROM VERTICAL SCREEN POSITION 33
50 REM TO VERTICAL SCREEN POSITION 35. 18 INDICATES
60 REM THE HORIZONTAL SCREEN POSITION FROM WHICH
70 REM THE VERTICAL SCREEN POSITION SHOULD START.
80 VLIN 33, 35 AT 18
120 REM DRAWS THE TOP OF GUN. THE HORIZONTAL LINE
130 REM IS DRAWN FOR THE HORIZONTAL SCREEN POSITION
140 REM 18 TO HORIZONTAL SCREEN POSITION 22.33
150 REM INDICATES THE VERTICAL SCREEN POSITION FROM

160 REM WHICH HORIZONTAL SCREEN POSITION SHOULD START

170 HLIN 18,22 AT 33

210 REM DRAWS THE RIGHT SIDE OF THE GUN. THE VERTICAL
220 REM LINE IS DRAWN FROM VERTICAL SCREEN POSITION 33
230 REM TO VERTICAL SCREEN POSITION 35. 22 INDICATES
240 REM THE HORIZONTAL SCREEN POSITION FROM WHICH
250 REM THE VERTICAL SCREEN POSITION SHOULD START.
270 VLIN 33,35 AT 22

310 REM AIM GUN. INPUT STATEMENT FOR DIRECTION OF GUN.
320 PRINT "AIM GUN SELECT +/—1"
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330 INPUT A

370 REM FIRE GUN. C = THE CENTER POSITION OF THE GUN.

380 C = 20

390 REM SPEED OF SHOT. D = THE VERTICAL SCREEN POSITION
400 REM OF THE SHOT. 33 = THE VERTICAL STARTING POSITION
410 REM OF THE SHOT. 10 = THE END VERTICAL POSITION OF

420 REM THE SHOT. —1 = THE NUMBER OF VERTICAL POSITIONS
430 REM FROM 33 TO 10 WHICH SHOULD BE TURNED ON.

440 FOR D = 33 TO 10 STEP —1

450 REM € = C+A MEANS THE INPUT QUANTITY (+/—1) IS ADDED
460 REM TO THE VALUE OF C WHICH 1S 20, THE CENTER

470 REM HORIZONTAL SCREEN POSITION OF THE GUN. THE RESULT
480 REM WILL GIVE THE NEW STARTING HORIZONTAL SCREEN

490 REM POSITION FROM WHERE THE SHOT IS FIRED.

500C = C+A

510 REM THE SCREEN POSITION IS TURNED ON.

520 PLOT C,D

590 REM THIS TELLS THE COMPUTER TO GO TO THE NEXT VERTICAL
600 REM SCREEN POSITION AND TURN IT ON. THE END OF THE

610 REM LOOP.

620 NEXT D

630 REM IF YOU INCLUDE THIS SUBROUTINE AS PART OF YOUR
640 REM PROGRAM, CHANGE LINE 630 TO READ 630 RETURN.
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Hire a
fast
thinker.

5 MHz CPU Card

M Intel 8085A-2 microprocessor Bl Hardware
floating point B Performs calculations six times
faster than other CPUs B On-board monitor in
PROM M 1K RAM scratch pad B Keyboard or
RS232C terminal B Variable clock frequency

PRICE—$450

(California residents add 6% sales tax)

Call or write Artec for details.
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ARTEC ELCCTRONICS, INC.

605 Old County Rd., San Carlos, CA 94070
Telephone (415) 592-2740
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Hardware

Interface Loop. Digital instruments
are the backbone of the modern elec-
tronics lab and maintenance shop. And
thanks to industry-wide adoption of a
standard interface bus, laboratory-type
voltmeters, counters, signal generators,
and power supplies can be used in con-
cert—under computer control—to pro-
gram and record specific circuit tests.
But now even small, low-cost, battery-
powered test systems with relatively low
data rates can enjoy the advantages of
bus operation thanks to recent develop-
ments from Hewlett-Packard.

A couple of years back Hewlett-Pack-
ard created an instrument bus, the HP-
IB, that later became the IEEE-488
Bus, a standard interface for laboratory
instruments. Now, HP has developed a
low-cost, low-power interface loop
called the HP-IL that enables up to 31
instruments (961 with extended ad-
dressing) to work together in a bit-serial
“‘master-slave” configuration.

Data moves around the closed loop in
one direction at 5K bytes. Instruments
can be up to 100 meters apart using spe-
cial cable, or just 10 meters with con-
ventional zip cord. Commands from the
HP-IL controller (typically a HP-41

By Leslie Solomon
Technical Director

Hand-Held Computer) are received and
re-transmitted by every device in the
loop, but are acted on only by the device
specified by the controller.

Talkers and Listeners. Loop infor-
mation falls into two categories—com-
mands and data. Commands are ini-
tiated by the designated controller and
are monitored by all devices on the loop.
Data is sent by a “talker” and is heard
by all the “listeners.” To maintain
order, all devices on the loop must func-
tion in accordance with their assigned
roles. Some roles may be temporarily
changed by the program to suit a specif-
ic operation.

For example, the controller (an HP-
41 or some other computer) designates
the roles and then controls the loop oper-
ation. It can also transfer control to
another device, which then becomes
“the controller of the moment.” A “talk-
er’” is a device that sends information to
the loop after it has been designated and
enabled by the controller (a DMM is a
“talker” when it sends some measured
value through the loop). A “listener”
can only receive data from the loop and
then act on that data (a printer, for
instance, can only be a listener). A
device cannot be a talker and a listener
at the same time, but some equipment
can assume either role at different

The HP-IL Interface Loop gives the HP-41 mass memory and printing
capability with a Cassette Drive and Thermal Printer/Plotter.
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David Ahl, Founder and
Publisher of Creative Computing

You might think the term “creative com-
puting” is a contradiction. How can some-
thing as precise and logical as electronic
computing possibly be creative? We think
it can be. Consider the way computers are
being used to create special effects in
movies—image generation, coloring and
computer-driven cameras and props. Or an
electronic “sketchpad” for your home
computer that adds animation, coloring
and shading at your direction. How about a
computer simulation of an invasion of killer
bees with you trying to find a way of keep-
ing them under control?

Beyond Our Dreams

Computers are not creative per se. But
the way in which they are used can be
highly creative and imaginative. Five years
ago when Creative Computing magazine
first billed itself as “The number 1 maga-
zine of computer applications and soft-
ware,” we had no idea how far that idea
would take us. Today, these applications
are becoming so broad, so all-
encompassing that the computer field will
soon include virtually everything!

In light of this generality, we take “appli-
cation” to mean whatever can be done with
computers, ought to be done with comput-
ers or might be done with computers. That
is the meat of Creative Computing.

Alvin Toffler, author of Future Shock and
The Third Wave says, "l read Creative Com-
puting not only for information about how
to make the most of my own equipment but
to keep an eye on how the whole field is
emerging.

Creative Computing, the company as
well as the magazine, is uniquely light-
hearted but also seriously interested in all
aspects of computing. Ours is the maga-
zine of software, graphics, games and sim-
ulations for beginners and relaxing profes-
sionals. We try to present the new and im-
portant ideas of the field ina way thata 14-

Qear old or aCobol programmer can under-

A REMARKABLE MAGAZINE

creative
compating

“The beat covered by Creative Computing
is one of the most important, explosive and
fast-changing.”— Alvin Toffler

stand them. Things like text editing, social
simulations, control of household devices,
animation and graphics, and communica-
tions networks.

Understandable Yet Challenging

As the premier magazine for beginners, it
is our solemn responsibility to make what
we publish comprehensible to the new-
comer. That does not mean easy, our
readers like to be challenged. It means
providing the reader who has no prepar-
ation with every possible means to seize
the subject matter and make it his own.

However, we don’t want the experts in
our audierice to be bored. So we try to
publish articles of interest to beginnersand
experts at the same time. |deally, we would
like every piece to have instructional or
informative content—and some depth—
even when communicated humorously or
playtully. Thus, our favorite kind of piece is
acessible to the beginner, theoretically
non-trivial, interesting on more than one
level, and perhaps even humorous.

David Gerrold of Star Trek fame says,
“Creative Computing with its unpreten-
tious, down-to-earth lucidity encourages
the computer user to have fun. Creative
Computing makes it possible for me to
learn basic programming skills and use the
computer better than any other source.

Hard-hitting Evaluations

At Creative Computing we obtain new
computer systems, peripherals, and soft-
ware as soon as they are announced. We
put them through their paces in our Soft-
ware Development Center and also in the
environment for which they are intended —
home, business, laboratory, or school.

Our evaluations are unbiased and accur-
ate. We compared word processing printers
and found two losers among highly pro-
moted makes. Conversely, we found one
computer had far more than its advertised
capability. Of 16 educational packages.

only seven offered solid learning value.

When we say unbiased reviews we mean
it. More than once. our honesty has cost us
an advertiser—temporarily. But we feel
that our first obligation is to our readers and
that editorial excellence and integrity are
our highest goals.

Karl Zinn at the University of Michigan
feels we are meeting these goals when he
writes. "Creative Computing consistently
provides value in articles, product reviews
and systems comparisons . . . in amagazine
thatis fun to read.”

Order Today

When you order an introductory subscription
to Creative Computing, you'll save as much as
33%. One year (12 issues) costs $19.97—20%
off. Two years go for $36.97, or 26% off. And
three years cost $49.97—a 33% saving. All
savings are based on the full one-year sub-
scription price of $24.97.

Foreign orders: Add $5 a year for Canada.
Add $10 a year (cash payment in U.S. currency
only) for all other countries outside U.S. and
possessions.

Please allow 30 to 60 days for delivery of your
first issue. We guarantee your complete satis-
faction or we will refund the full amount for all
the unmailed issues remaining in your sub-
scription.

To order, make your check payabie to Cre-
ative Computing and mail it to the address
below—today!

creative
compating

P.O.Box 5214
Boulder, Colorado 80322

~
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SIMPLE SIMON ELECTRONIC KITS, Inc.

__ _computers_____

MITSUMI ‘ times. Even if the HP-IL devices have

INTRODUCING OUR
MDS-AMATEUR-ETV

32 ELEMENT

Model UES-AS6F

$34.95

Freq. Range UHF470 - 889MH:

” VARACTOR bluill-in addresses. the Z)éslcm conlrollc}:
always assigns new addresses to eac
| 11 YAGI ANTENNA UHF TUNER it e
NN

‘ A small HP-IL system might consist
of a multimeter (talker) sending data to
a printer (listener). A larger system can

SOl include many instruments with one de-

Antenna Input 75 ohms . . .
® 1.9-25GHz @ 38%" LENGTH Channels 14-83 Output Channel 3 signated as the controller. It is possible
® 23 dB AVERAGE GAIN o o to have several controllers, each taking
l \ ® DiE CAST WATERPROOF HOUSING B e charge during certain phases of a com-
- aractor uner, adel - ..
FOR ELECTRONIC CIRCUITRY S R e e ple?( test. But only'one contrpll;r can be
& COMMERCIAL GRADE 3 TP1-SW  PCB. Potentiameters. 1-20K. 1-1K. and active at any orll(e time. A prhlorny—mter-
5-10K ohms, 7-pieces 5.9 rupt scheme takes care of that.
® [NCLUDES MOUNTING HARDWARE 4 FA35-SW Resistor Kit. % Walt, % Casbon Film, 32-pieces 4.95 p =)
MAE-1 32 Ef YAGI A $19.95 | 5 PTI-SW  Powsr Tianshomer PRI-T1TVAC, SEC-20VAC Since all data gocs around the loop
- Element YAGI Antenna . .. $19. 250ms 6.95 and returns to the originating device,
6 PP2-SW  Panel Mount Potentiometers and Knobs, 1-1KBT error Checking iS snmpllﬁed And inslru-
and 1-5KAT w/Switch 595 b dd d d f
7 S$S14-SW IC’s 7-pts, Diodes 4-pes. Regulatars 2-pes ments may. c a € Or. remove rom
Heat Sink 1-piece 29.95 the loop without affecting the overall
8 CES-SW  Electralytic Capacitar Kit, 3-pieces 5.95 ~
§ CC3I3-SW Ceramic Disk Capacitor Kit, 50 W.V., 33-pieces 7.95 S.yStem performance' Furlhermore' uin
The SWD-1 Video | 10 CT-SW  Varile Ceramic Trimmer Capacitor Kit like the IEEE-488 approach, the HP-1L

Converter is utilized §-B5pid, 6-pieces 5.95 features a unique power-down mode

on cable TV sys- 11 L4-SwW Coil Kit, 18mhs 2-pieces. ‘22‘;th 1-piece {prewound that a“OWS the battery-powered inSU'U-
tems to remove inductors} and 1 T37-12 Ferrite Torroid
the KHz's signal Care with 3 11, ol #25 wire 5.00 ments to be turned off when not needed,
from a distorted | 12 IC5-SW  LC. Sockets, Tin inlay. 8-pin 5-pieces thus saving battery power.
video (channel and 14-pin 2-pieces 1.95
13 SR.SW  Speaker, 4x6’’ Oval and Prepunched .
33::3):15)::’3 Wood Enclosure 14.95 [ Programming the Loop. Software
14 MISC-5W Misc. Parts Kit Includes Hardware. (6/32. 8,32 M H ~ .
the normal T e e R for the loop is simple. For example, the
undistorted/ Ant. Switch, Fuse_ Fuseholder, etc. 9.95 programmer can write a program that
detected audiosignal. When Drdering ANl Items, (1 thry 14). Total Price . 139.95 requires a prin[cr‘ without having to
Rocker switchselects oper- . . R
ating mode 10 remove KHz's distor- UHF ANTENNAS and ACCESSORIES }(now whlch printer is to be u§ed, What
tion from the video or pass all other ] its address is, and where the printer is on
AT Gem T ISi:pIi/e l?p::zir;v::‘eel—;esl;‘::fj:nig =] YA AN the loop. All he does is specify PRINT and
minutes. Pre-tuned. Input/ou . 53 N )
75 ohms. 117VAC. = -]‘:t«- | VHE-UHF WIDEBAND the controller will find the printer.
SWD-1 Video Converter Kit ... ... ... .. _. $69.95 as ANTENNA AMPLIFIER Data is passed around the HP-IL

- using a three-level code (+volts, zero,

AMPUFIER

- 50 M“’:EDE_L QBLC')'MHZ = voltfs)] in lwhic::h _iqformallionEis ah func-

o 12 dB GAIN = 0.5d8 ;;ognc obileizeastyrsglsllrt(;ﬁgisor\l/i{.h rigpeg:ets(;

SIMPLE SIMON VIDEO 0 rowtn A Revolutionary New adjacent bits and no preamble (start)
' STABII_IZEB i One Stage HYBRID bits are required, as would be the case

IC Broadband Amplifier with two-level codes. The particular

This unitis not available anywhere else in the world. One unit COdt? USCd 1S relatlvely insensitive to dlS-
serves many purposes and is available in Kit or Assembled tortions produced by cable lengths,

Mﬂdel form. Ideal for outdoor or iIndoor use. Input-output impedance loads, and variable-speed drivers.

is 76 ohms. Amplifier includes separate co-ax feed power N i
”"‘“"wng NS'] 25 supply. Easily assembled in 25 minutes. No coils, capaciiors ThC th.rec-level COdC dehnes four
Limd etc. to tune or adjust types of bits- -0, 1, ]S, and 0S. The last
Simple Simon Video Stabilizer, Model VS-125, eliminates the | ALb-] Complete Kit with power supply . Gy 2295 two bits are specially encoded versions
vertical roll and jitter from “copy guard™ video tapes when playing | ALL-1 Wired and Tested with power supply - 834.95 of ONE and ZERO and are used at the
through large screen projectors or on another VTR. Simple to use, tart Of e: Ch mess. . *s r

just adjust the lock control for a stable picture. Once the control is nur New swA ]4 5 dB GAIN s h g d. ssage fram]e k fO

set, the tape will play all the way through without further . ’ synchronization—no system cloc 'S

adjustments. Includes 12V power supply. 14 ELEMENT CORNER REFLECTOR used. A high (1.5-V) pulse, followed by
VS§-125 Video Stabilizer wired . ... ..$54.95 YAGI ANTENNA a low (_ lS_V) pU]SC defines a logical

SIMPLE s|m0N VIDEO \ﬁ-ﬁ' ONE, while the reverse indicates a logical

= ZERO.

SWITGHING Box - ::.:x - Nominal pulse width is | us and each
B S bit sequence is followed by a delay of
" v g STVA-3 Yagi Antenna, about 2 us. Thus, a random electrical
Model VSB-300 N‘“ 14.5d8, 75 ohm, Chan 60-68 . . $16.95 pulse appearing on the loop cable will be
N \ STVA-4 YagiAnienna, ignored unless it is immediately followed
The 14548, 76 ohm, Chan. 4452 . . $16.95

by a pulse of opposite polarity. Since no
loop clock is used, devices operating at
different speeds can be included in the

Affordable
Video

STVA-1 YagiAntenna, 11.5 ¢B. 75 ohm, Chan 42-54 $8.95

loop.
Control Center! A key element of the HP-IL is its use
Excellent in isolation and no loss routing sytem. Simple Simons | e co/i 36 o Low Loss Coar Cable s 12 o/ of. transformer-isolated drivers and_ re-
VSB-300 Video Swltching Box enables you to bring a variety 0f | pgq ™ poyiy Comectors, ea 39 ceivers. Transformers can be used since
video components together for easy viewing/dubbing. Also you R . .

- ] - pecial - chm b K ,
gain the ability to record one channel while viewing another. Unit MT-1  Special UHF 75-300 abn Matching T'a"s'u'm"_" ss !hcre is no dc compqnent on the lOOp
includes two F-type quick connector ended cables. Att" HYBRIDIC WldehandVH;-UHi-x :"":"aA":slme' ':; d . ;::: Just VO]IagC transitions. And, since

| VSB-300 Video Switching Box wired .$19.95 | ALL-1  HYBRIDIC Widehand VHE-UHI LA ASsemble transformers are passive dCVlCCS, thy
Available by Mail Order Only — Send Check or Money Order To: require no standby power and make for
SIMPLE SIMON ELECTRONIC KITS, INC. i oer s16.5. ad 10% snioni casy impedance matching within the
’ 0 MUIHEYR QB RIS DR loop. The use of transformers also

| Calit. Orders: All Other Orders: and Handling on orders under $40.00. For | meanskinaUsomelnstumentsicantones

3871 S. Valley View, Dept P 11850 S. Hawthome Blvd. Dept P 0ders over $40.00, add 5%. Minimum Ship- ith - de offs ; P

| Las Vegas, Nevada 89103 Hawthore, Calif. 90250 ping and Handling $2.00. Catalog $1.00. | | ate with large dc offsets (e.g., a dc mul-
‘ Tel: (702) 322-5273 Tel: {213) 675-3347 — VISA and Mastercard Acceptable — | timeter can have its common several

hundred volts above earth ground). And
POPULAR ELECTRONICS
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transformer isolation permits differen-
tial-mode operation: The loop can oper-
ate in a noisy clectrical environment
without extensive cable shielding.

What's on the Bus Now? Instru-
ments currently available for the HP-IL
include the HP82162A Printer that uses
a thermal print head to form seven col-
umns of 24 characters per line at 70
lines per minute (it contains a 3870
microprocessor with 4K bytes of ROM
and 128 bytes of RAM). Another HP-
IL member, the HP82161A Digital
Cassette Drive, can store up to 131,072
bits on 80 feet of tape recording at 850
bits/inch with biphase level coding. The
tape is formatted in two 256-record
tracks, each track representing 256
bytes. Files can be named (and recalled
by name), and high-speed bidirectional
search takes place at 30 inches/second.
Also bus-compatible, the five-function
HP3468A DMM can resolve up to | uV
dc and features a 12-character display
for output readings and messages gener-
ated by the controller or by the DMM.
The resolution is user-adjustable from
three to five digits. In fact, bus compat-
ability is not a major issue because the
HP82166 HP-IL Converter can be built
into many other devices, enabling them
to join the HP-IL loop.

Communication between the HP Se-
ries 80 Computers and the HP 41 Hand-
held Computer can be made via the HP-
IL Interface Card which connects the
loop to the HP-85 or HP-83 electronics.
The HP 82160 HP-IL Module plugs
into any of the four I /O ports of the HP-
41 Hand-Held Computer, making it a
general-purpose controller.

Future HP-IL products will include
an 80-character impact printer, a video
(TV/monitor) interface, an HP-IL /RS-
232 interface, and an HP-IL/GP-10
interface.

Data Base Access. The RCA
VP350!1 Videotex Data Terminal 1s
identical to the VP330!1 Interactive
Data Terminal described in the Novem-

computers

ber, 1981 issue of this magazine, except
that this version has a built-in r-f modu-
lator and direct-connect modem. All you
need is a TV receiver (or video monitor)
and a phone line to immediately access
any data/base, or time-sharing system.
This makes the VP3501 ideal for the
traveller that must maintain contact
with a host computer, since the complete
VP3501, including its wall-plug power
supply can be easily carried within a
small suitcase along with the clothes. If
the Source, CompuServe, etc., is your
thing, this may be the best way to go.
$399. The VP3501 AC Acoustic Coupler
is not a modem, but a low-profile tele-
phone coupler that allows the VP3501 to
interface fo a conventional telephone
where modular versions are not avail-
able. No external power is required and
the Coupler plugs directly into the
VP3501. $59. The VP3501CR Cassette
Recorder Interface also plugs into the
VP3501 and allows data to be stored on
a conventional cassette recorder (not
supplied). It also provides a connector so
that other external devices can be plug-
ged into the VP3501. No external power
is required. $69. Address: RCA Micro-
Computer Products, New Holland Ave.,
Lancaster, PA 17604 (Tel: 800-233-
0094; in PA call 717-393-0446).

OSl CP/M. The PROXY-80 replaces
the standard OSI CPU board and disk
controller and is compatible with OS]
memory and peripheral boards. It allows
users to access standard format CP/M.
It contains a serial port, true DMA con-
troller, LSI disk controller that supports
CP/M single density and optional dou-
ble density formats, optional real-time
clock, and optional parallel printer port.
$695. Address: Software Federation, 44
E. University Dr., Arlington Hts., IL
60004 (Tel: 312-259-1355).

TRS-80 Hard Disk. The Model LS525
Hard Disk System has a five-megabyte
capacity that can be partitioned into one
to four partitions at user option using
the special hard-disk version of LDOS.

4. s
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The RCA VP3501 Videotex Data Terminal has r-f modulator and modem.
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The newest in home
computers, fine stereo
components, color TV,
HAM radio, precision
test equipment,
innovative electronics
for the home—all in
easy-to-build,
money-saving kits.

Send today
for your

FREE
Heathkit

St Canaog ug ms o
.. 0253557y "%

If coupon is missing, write
Heath Co., Dept. 010-902
Benton Harbor, MI 49022

Send to: Heath Co., Dept. 010-902
Benton Harber, Ml 49022,

Send my free Heathkit Catalog now.
I am not currently receiving your
catalog.

Name

Address _

City . State
CL-724A Zip__
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BRAND NEW!

Straight From The Factory

Shugor’r SA 400

514 MINIFLOPPY
DISK DRIVE 4

® 35 Track-
Single Sided

©® 48 Tracks/inch

® Single/Double
Density

®100%
Guaranteed

I Unbolhvablo Low Prlco

Buy in Quantity
SAVE EVEN MORE!
2-4 $198ea.

5-9 $189ea.
100rmore$179 ea.

Shipping & Handling add
$4 per unit ($6 outside U.S.)
MASS RES ADDS  SALES TAx
Ask for FREE CATALOG
Order by Mail or Call TOLL FREE

800-343-3086

Mass. Res. Call 617-245-3828
ORDER SHIPPED IN 24 HRS.

Poly Paks
P.0.Box 942, PE-6 @%
S. Lynnfield, MA 01940
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= YF-1000

N,

DIGITAL
MULTITESTER

—$79.50 reg. 129.50

Small handheld, portable %2 digit
hatf-inch LCD meter. Auto polarity
control overioad protection

DCV accuracy only 0.8%
DCV=0-200MV, 2V, 200V, 1000V,
ACV=0-200MV, 2V, 20V, 200V, 750V
DCA=0-200NA, 200MA, 20MA, 200MA

(]
S ACA=0-200YA, 2MA, 20MA, 200MA
o TEEEE o k0200, 2K 20K 200K,
O Jie A i E AR 2 MEG, 20 MEG
YFE MULTI
TESTER

$19.90 req. 39.95

Color-coded mirror scale, attractive
design. Read clearly and easily. High
accuracy 2%. Complete self-shield
magnet. Zero adjustment.

(20K 2 MV} 17 range

0Cv=0-0.1, 2.5, 10, 50, 250, 1000V
ACV=0-10, 50, 250, 1000V
DCA=0-S0MA 2.5, 25 250MA
OHM=0-2K, 20K 2M Q)

PANEL METER
$11.50 reg. 2495
0-20 VDC 0-10 ADC
0-50 VOC 0-100 ADC
Size 2%x2%x1%  ¢.150 VAC 0-10 A AC
0-50 VAC 0-1 A AC
0-1 ADC

Please include $2.50 for shipping & handling per order
Check or Money Order with order
California residents add 6% sales tax.

Warehouse of Electronic Parts Inc.
P.O.Box 25A10
Los Angeles, CA 80025

@ Offer expires August I, 1982 L

CIRCLE NO. 30 ON FREE INFORMATION CARD

computers

$1995. Host adaptors for the Model 111
or Model I is $250. Special hard disk
version of LDOS is $160. Address: Lar-
edo Systems, 2264 Calle de Luna, Santa
Clara, CA 95050 (Tel: 800-538-5137).

Software

ZX-81 Chess. ZXCHESS requires
16K of memory and has seven levels of
difficulty. There is a detailed playing
board display, and players can change
sides or levels during a game. The pro-
gram allows the computer to recom-
mend a move if desired. $24.95 (plus
$1.50 postage and handling). Address:
Softsync Inc., P.O. Box 480, Murray
Hill Stn., New York, NY 10156 (Tel:
212-685-2080).

CP/M Pilot. Nevada PILOT is an
implementation of the string-oriented
language that meets all PILOT-73 stan-
dards. Many features have been added
to this CP/M version. These include
integrated full screen text editor, and
the ability to drive optional equtpment
such as video tape recorders and voice
response units. Requires 32K RAM, one
disk drive, and terminal/video display
board. $149.95. Address: Ellis Comput-
ing, 600 41st Ave., San Francisco, CA
94121 (Tel: 415-751-1522).

PET/CBM Games. A number of
games for the PET or CBM machines
are described in a flyer from Computer-
Mat, Box 1664, Lake Havasu, AZ
86403.

Heath/Zenith Spooler. SPOOL-N-
GO is a timesharing printer spooler that
runs under HDOS allowing it to print
text from both disk files and running
programs. It occupies less than 3K of
RAM and operates with most serial
printers. Available for 3.2. Comes on 5"’
hard or soft sectored HDOS diskette.
$29.95 plus $2 postage/handling. Ad-
dress: The Software Toolworks, 14478
Glorietta Drive., Sherman Oaks, CA
91423 (Tel: 213-986-4885).

TRS-80 Morse Code. Code Classis a
machine-language program for the
TRS-80 Model I or Model III that
assumes no prior knowledge of Morse
code. It has 11 lessons that gradually
improve the user’s Morse speed. It also
enables practicing receiving and trans-
mitting the code (via an optional inter-
face). Requires 16K and BASIC, Morse
key, Macrotronics Ham Interface, and
an external audio amplifer. $29 for cas-
sette, $39 for disc. Address: Macrotron-
ics, Inc., 1125 Golden State Blvd., Suite
G, Turlock, CA 95380 (Tel: 209-667-
2888).

Apple Accounting. The Home Ac-
countant requires an Apple II, one disk
drive, 48K, Applesoft in ROM, and a
132-column printer. The package offers

AmericanRadioHistorv Com

a 100-budget category and keeps track
of up to five checking accounts, cash,
and credit cards. Prints checks, balance
sheet, and net worth statement. Allows
multiple diskettes, fast bank reconcilia-
tion, and automatic transfers. It also
provides custom search and retrieval,
and graphics via bar, line, and trend
analysis. $74.95. Address: Continental
Software, 16724 S. Hawthorne Blvd.,
Lawndale, CA 90260 (Tel: 213-371-
5612).

CP/M Educator. The EC-1120 CP/M
Operating System Course requires no
previous background in CP/M. Written
in an audio-tutorial format, the course
includes a 500-page self-instruction text
and five audio cassettes. Version 2.2 and
earlier versions of CP/M are covered in
the 10 units of the course. Among the
subjects covered are basic commands,
diagnosing causes for errors, using CCP,
transient programs, using STAT, CONFIG-
UR, PIP, ED, XSUB, SUBMIT, and combined
commands. A number of exercises are
provided, requiring a CP/M capable
computer. $99.95. Address: Heathkit/
Zenith Educational Systems, Dept 350-
415, Benton Harbor, MI 49022,

New on the SOURCE. Scveral new
services are to be added to the
SOURCE during 1982. These include
MAILGRAM, an on-line composition and
delivery of Mailgrams with next day ser-
vice which includes filing and maintain-
ing lists of Mailgram recipients (a fore-
runner of the U.S. Postal Service E-
COM); PARTICIPATE, a sophisticated
networking concept; Electronic Encyclo-
pedia, the Academic American Encyclo-
pedia from Arete; Yellow Pages, a list-
ing from major metropolitan areas;
Legi-Slate, weekly update on all House
and Senate legislation reported out of
committee that includes keyword search
and brief summary of each item; Media
General, a comprehensive report on over
3,100 common stocks; and SourceCable,
a consumer information service for ca-
ble-TV systems. Address: Source Tele-
computing Corp., 1616 Anderson Road,
McLean, VA 22102 (Tel: 703-821-
6660).

Compuserve PE. If you are on Com-
puserve, pop over to PEM1 and take a
look at POPULAR ELECTRONICS’
“electronics magazine.” It includes an
interactive bulletin board, club news,
club directory, and lots of other interest-
ing items.

TRS-80 Synthesizer. The Software
Synthesizer features white noise, fre-
quency and pulse width modulation,
variable duty cycle, white noise super-
imposed on square wave, and fully vari-
able glissando. It can produce two tones
at one time. It has a 300-note buffer, full
edit capability, error trapping, and user
prompts. It uses the cassette output of
the TRS-80. $24.95. Address: K&K
Computer Peripherals, 4262-9 Crooked
Tree, Wyoming, M1 49509. o
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SOLID-SHATE

DENELOPMENTS

By Forrest M. Mims

Reflections on the Pocket Calculator

HILE visiting a department

store recently, I noticed a special
sale on Unisonic® 940 pocket calcula-
tors. This calculator, about the size of a
bar of soap, has a highly visible, 8-digit,
electrofluorescent display. It also has a
fully addressable memory and both
square root and percent keys.

The sale price for this calculator was
an incredible $2.97! I bought some for
my family and a few extras to be modi-
fied into counters and timers.

It’s hard to believe how a calculator
can be profitably manufactured and re-
tailed for less than three dollars. Per-
haps the models I bought were obsolete
because of more attractive liquid crystal
versions that use much less power. In
any event, the $3 calculator is light
years away from the first pocket calcu-
lators, which cost several hundred dol-
lars about a decade ago.

I remember those early calculators
very well. Their high prices kept them
beyond the reach of most experimenters
and hobbyists until November 1971
when PopuLar ELECTRONICS featured
on its cover an 8-digit, 4-function calcu-
lator which was available in kit form
from MITS, Inc. for the price of “only”
$179. A digital calculator for under
$200 was a real breakthrough.

Introduced before the availability of
microprocessor-like calculator chips, the
Model 816 used six LSI chips. MITS
eventually introduced a line of single-
chip calculators, several of which were
featured as construction articles in Pop-
ULAR ELECTRONICS. Back then, LEDs
were the most popular display medium,
and the management at MITS eagerly
awaited the day readouts would cost
them “only” a dollar per digit in very
large production quantities. Today one
can buy surplus LED calculator displays
for as little as a nickel per digit!

The calculator industry made a giant
step forward with the introduction by
Hewlett-Packard in 1972 of the first
scientific calculator, the famous HP-35.
For $395, the HP-35 provided keys for
trigonometric, exponential, and loga-
rithmic functions, as well as square root,
pi, reciprocal, and memory. In short, the
HP-35 provided an electronic replace-
ment for the venerable slide rule. Not
only was the HP-35 much faster than
the slide rule, it was more accurate.

In the decade since the introduction of
the HP-35, dozens of scientific calcula-
tors have become available for ever
decreasing prices. Sharp’s EL-5813, for
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example, is a slim, liquid-crystal display
model with more functions than the HP-
35, plus 30 steps of programming.
Priced at about $35, its inflation cor-
rected cost is only about 5 percent of the
original price for the HP-35!

Only a few American manufacturers
of scientific calculators have survived
the increasing competition of Japanese
calculator firms. One is Texas Instru-
ments, Its most advanced scientific cal-
culator is the TI Programmable 59, a
programmable model that sports a built-
in magnetic card reader and a recepta-
cle that accepts any of a wide range of
ROM modules that have been factory
loaded with preprogrammed software.

A decade after the HP-35, Hewlett-
Packard still makes the most advanced
scientific calculator, the HP-41C. The
HP-41CV is an identical model with five
times the memory.

The HP-41 has an alphanumeric, lig-
uid-crystal display and four receptacles
for various kinds of plug-in modules,
External peripherals such as a printer,
bar-code reader, a mass storage unit,
and a versatile interface link can be con-
nected to the HP-41 by means of the
receptacles. There’s even a miniaturized
magnetic card reader that attaches to
the top end of the calculator. The HP-
41C can accept up to 400 program lines
before an external memory cartridge is
needed. The HP-41CV can accept 2000
program lines.

All these advanced features notwith-
standing, perhaps the most unique as-
pect of the HP-41 is its remarkable user-
definable, alphanumeric  keyboard.
Briefly, nearly any of its 35 keys and
their secondary functions can be reas-
signed the function of any other key
when the calculator is switched to a spe-
cial USER mode. You can even assign
programs you have written to various
keys for single-key execution.

Plastic keyboard overlays and self-
adhesive labels allow HP-41 owners to
custom design their own calculators!
Thanks to the alphanumeric display, the
calculator can provide visual prompts
for information after a key is pressed,
thereby negating the need for a special
list of program operating instructions,

When my HP-41 is placed in USER
mode, it becomes a highly specialized
machine that can quickly solve problems
in lightwave communications and op-
tical radar. It can also tell me the series
resistance required to bias a light-emit-
ting diode at a given current level for a
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HEWLETT

[’5/’ PACKARD

HP-85
HP-125

Your Choice & s M BRER
NEW HP-87.....$1889

5% DUAL MASTER DISK DRIVE CALL
HP—7470 PLOTTER ceee....$1245
5 MEG. WINCHESTER HARD DISK . .. $3599
5 MEG. WIN.W/5%" DD SD FLOPPY $4399

NEC PC-8001A, 32K
XEROX 8205%" DISK DRIVES
XEROX 820 8" DISK DRIVES

TI CALCULATORS

HP-41CV

w/Five times / -
more memory |

Built In ;
List. $325

HP-41CV PRINTER

HP-41CV OPTICALWAND . ............
HP-41CV CARD READER

HP-821060A HP-IL MODULE $9
HP-82161A DIGITAL CASSETTE DRIVE, $419
HP-82162A IL PRINTER

HP-41C/CV EXT. FUNC. MEM. MOD. . $62.75
HP-41C/CV EXTENDED MEM.MOD. . $62.75
HP11C . . ... i .. $107.95

$11795

ATARI®8(_)0 $689

L

NEWL

ATARI 400

$339

ATARI 830 ACOUSTIC MODEM
ATAR! 825 80 COL. IMPACT PRINT. ...
ATARI 410 PROG. RECORDER

ATARI! 810 DISK DRIVE
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Electric Power h
Pollution, o
Spikes,
Interference
& Lightnin,
HAZARDOUS to

Our patented
equipment

1SO-1 ISOLATOR.

Protection .

1SO-17MAGNUM

¥
HIGH TECH EQUIPMENT!!
MicroComputers, VTR,

' PAT. #4,259,705 5
WARNING! ,

Hi-Fi,
Spectrometers are often damaged or dis-
rupted due to Power Pollution.

Lasers,

High Tech components may interact!

ISOLATORS eliminate
interaction, curb damaging
Power Line Spikes, Tame Lightning bursts
& clean up interference.

Isolated 3-prong sockets; integral Spike/
Lightning Suppressor. 125V, 15 A, 1876 W
Total, 1 KW per socket.

3 Isolated Sockets;

Quality Spike Suppression; Basic
............. $69.95

ISO-3 SUPER-ISOLATOR. 3 DUAL Iso-
lated Sockets; Suppressor Com-
mercial Protection ... ... $104.95

ISOLATOR. 4 QUAD
Isolated Skts; Suppressor; Labora-
tory Grade Protection . . . .
Master-Charge, Visa, American Express
TOLL FREE ORDER DESK 1-800-225-4876
AK, HI, MA, PR & Canada)

SATISFACTION GUARANTEED!

$181.95

Electronic Specialists, Inc.

171 South Main Street. Natick. MA 01760
Technical & Non-800: 1-617-655-1532
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120VAC VARIABLE STROBE LIGHT KIT
varabie rate strobe bght kil

D'G!ed board J'l 2w

FASCINATION SYAR KI‘
S

oup of
Ights unth the ouler edge ol The star h
lery  CA432

SOUND EFFECTS GENERATOR KIT

simple programming of the qmmlu
lrom 9V hlllt Size of boar 25«
ca22 2 s

process (hen reverses tself Operates m
$10.95

ELECTRONIC WHEEL OF FORTUNE KiT

Push Ihe slart button and a bright red ball ILEDS)

3ppear 1o Spin around ten numbers When you release
the buTion (he eiectronic Dall appears 1o Slow down

and hinally comes to a $top on ane number As Ine S
SpInS a small speaker emuts a tiching sound n svncmnnualm« um
Opefates from 9V battery Swe of bodard 29 k26

Complete. t produces b n ;
lant vusm ot ont Ouvms iom standarc

120VAC Rehabie design — Inousands ol these are

n use theoughou! Ihe won; Qverall size of com.

3VDC ELECTAONIC WARNING FLASHER KIT

This portadle battery operated device continuously

emits bursts of iniense tight al 2 fived -mmm o

mz Ca be seen lor great distances making i ;i
ety device Features xenon flashiube Ouuus

nn Jvm: (;wo 1 9¥ Battenesi Swe of board 27 Lk 2W

loding star  wisual effect using 25 - N
? center LED lughts hrs! ihen o
the next gre DS ught and then another satof

wp The T i
9V bat 1

@

Exciting sound effects kit uses Ihe poputar TI76477 o
chip 10 deveiop Dhasor locomotive siren tweeting (;J
m organ Modei T etc sounds Lises dig swilch
[N C}

g neuma y‘
o

ICHANNEL COLOR ORGAN

Very popular J channel Color Drgan Causes kghts of your choice to
Hash to beat of music Features devel control and 3

separate AC outiels lo connect Chingtmas hghts.

<
lamps et Operates from 120VAC Sue ol board Q
3% Ci530 5850 & ';‘JJ

POPULAR ITEMS
GREEN NEONS (same as NE2 but
glows bright green)
Ca551 8:51.00

3 750mi SDLAR CELL
C4637

3 6V 100ma NICAD (removed Irom
new equipment}
C4665 $2.50

KESTER 60 40 PC SOLDER 6 co
C4a56 $1.00

C10681 SCR 200V 4A
Ca426 .89

100WS ROUND FLASHTUBE
C4666 $7.95

PC T0 PC SYNC CORD
C4667 $2.00

......... En
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LED STEREO POWER METER KIT
Fealures attractve  moving  [umbo
LED display with 20 LEDS (10 per
channel} indi

cating AMS output
of ampiiher Con- .l ’... '
nects lo speaker XY o
leads Can be used '-Q P‘
with any amphter ltom | 1o 200
walls Sue 2v 1 6 . Requres $
8VDC at 500 ma
C4662 $17.95

DUAL VOLTAGE POWER SUPPLY KIT
Power supply for above kit Quiput
4 8 VOC at 500 ma-input 120 VAC

¢ Sae 27 x 2
s\h.__ C4663 $5.95

Combination ol both kits
Cd664  $22.95

solid-state developments

particular forward voltage. Here's the
program listing:

01 LBL "LEDR"
02 “"FORWARD v?"
03 PROMPT

04 ENTER

05 “LED V7"
06 PROMPT

07 -

08 “LED 1?7

09 PROMPT
10/

11 “LED R=""
12 ACRL X

13 AVIEW

14 BEEP

15 PSE

16 PSE

17 GTO "LEDR"
18 END

This program is assigned to the RTN
key on my HP-41. Here's a typical
exchange after the new LEDR key (RTN
in USER mode) has been pressed:

HP-41: FORWARD V?

USER: 5 (press R/S)

HP-41: LED V? (LED voltage drop)

USER: 1.7 (press R/S)

HP-41: LED 1?7 (desired LED forward current
in amperes)

USER: 0.020 (press R/S)

HP-41: (BEEP) LED R = 165.00 (ohms)

After a second or so, the answer is
replaced by the FORWARD v? prompt.
The program can be adapted for use
with a printer by replacing the PSE
(pause) statements with a single PRX
(print X register) instruction. Many
other variations are also possible since
editing HP-41 programs is exceptionally
easy. The calculator can even be pro-
grammed to turn itself off after it has
processed a program. The results can be
printed, or stored in the machine’s con-
tinuous memory for later readout.

Is the HP-41 an advanced program-
mable calculator or a handheld comput-
er? Though the HP-41 doesn't under-
stand BASIC or other higher level lan-
guages, it does have many features char-
acteristic of computers. I like to think of
it as a hand-held computer with an
advanced calculator-style language.

Of course, for those who prefer BA-
SIC, true handheld computers are now
available. If it took only a decade for the
first scientific calculator to evolve into
the handheld computer, think what the
next decade might bring. It doesn’t take
much imagination to envision pocket
computers with large-area liquid-crystal
displays that show several program lines
or graphics. Of course, large amounts of
self-contained memory will be a stan-
dard feature,

The New Solid-State Relays. SCR
and triac circuits billed as solid-state
relays have never managed to match the
very low contact resistance of conven-
tional electromagnetic relays. However,
a new kind of solid-state relay is going to
rectify this situation.

o Do diollict ~am

The new relays use power FETs in
their output stages having an on resis-
tance as low as 0.3 Q. This ultra-low
resistance is made possible by the incor-
poration of many thousands of identical,
parallel-connected FETs onto the sur-
face of a single silicon chip.

A development of Teledyne Relays
(12525 Daphne Ave., Hawthorne, CA
90250), the new relays are far more
than simple FET switches. They also
include a CMOS compatible input
Schmitt trigger that increases noise im-
munity. An optoisolator protects the in-
put from output transients of up to
1,000 V. The relays also incorporate cir-
cuitry to eliminate or greatly reduce the
noise spikes that are characteristic of
conventional SCR and triac relays. This
is accomplished by controlling the
switching time of the output FET.

The circuits which provide these fea-
tures are hybridized on a tiny pair of
stacked boards and housed in a hermeti-
cally sealed, square can that measures
only 0.37 x 0.37 x 0.23 inch. An alter-
nate, DIP compatible package option
measures 0.5 x 0.9 x 0.2 inch.

Don’t expect to rush out and buy one
of these new solid-state relays just yet.
The cost of one model, the 690-1, is $41
each in lots of 100.

The good news, of course, is that the
availabity of low on-resistance, power
FETS means budget-minded experi-
menters, technicians and engineers can
design and make their own FET solid-
state relays.

High Speed Logic. Emitter-coupled
logic (ECL) is considerably faster than
standard transistor-transistor  logic
(TTL). Motorola (Box 20912, Phoenix,
AZ 85036) has recently added an even
faster line of ICs to its MECL family.

Designated the MECL 10KH series,
the new chips provide a 100% improve-
ment in propagation delay over the stan-
dard MECL family, with no increase in
power consumption

The gate propagation delay for the
MECL 10KH series is only one nano-
second. The improvement in rise and fall
times over the standard MECL 10K line
is shown clearly in scope photographs
reproduced on the data sheets for the
new chips. For example, here are the
rise and fall times for the NOR outputs
of the 10K and 10K H versions of Motor-
ola’s MECL triple line receiver:

MC10K116 MC10KH116

Rise Time 1.86 1.12
Fall Time 1.74 1.08

{Times shown are n nanoseconds.)

Other chips in this new family include
the MCI0KH104 quad two-input AND
gate, the MCI10KH107 triple two-input

Exclusive  OR/NOR  gate, the
MCI10KH 109 dual four-five input OR/
NOR gate and the MCIO0KHI131

dual D Master-Slave flip-flop.

Because of their ultra-fast switching
times, ECL chips require special atten-
tion to lead dress. For some basic oper-
ating tips about how to use ECL chips,
see ‘“‘Experimenter’s Corner” in the
October, 1981 issue of this magazine.O
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CORNER

By Forrest M. Mims

A Single-Channel Infrared Remote-Control System

EAR-INFRARED radiation is well suited for use as a
carrier of trigger signals in miniature remote-control
applications. No governmental rules or regulations apply to
remote-control systems triggered by radiation from near-
infrared emitting diodes. Such systems are less susceptible to
false signals than similar systems using ultrasonic sound. Fur-
thermore, infrared transmitters can be very compact in size.
However, a 100-mW radio remote-control system does have
some advantages. For instance, it can broadcast through
obstacles such as foliage, haze, and walls; and its omnidi-
rectional range may easily exceed a city block. Though near-
infrared cannot penetrate such obstacles, the use of small
lenses at the transmitter and receiver can extend the range of
the system to many hundreds of feet. In some applications the
pointing problems associated with the narrow beam of such a
system are a distinct disadvantage. In applications requiring a
high degree of security, however, a narrow beam can be a
major asset.

In most cases, radio edges out near-infrared long-range
remote-control systems. Infrared, however, can be the clear
winner in applications where the distance is under a few tens
of feet. Typical applications include remote-controlled garage
door openers, TV sets, toys, lamps, and various other devices
and appliances.

Single-Channel Remote Control Systems. There are
several approaches to single-channel remote control. The
most common is the analog of the momentary-contact, push-
button switch. The controlled device is actuated only when the
transmitted signal is being received. When the transmitted
signal is absent, the controlled device is no longer actuated.

Another, less common approach resembles the mechanical
push on/push off switch. In this method the controlled device
is actuated when a signal, however brief, is received. It
remains actuated until another signal pulse is received.

For the purpose of this column, let’s designate the first
remote-control method Actuated when Pushed or AP for
short. We'll call the second method Push On/Push Off or sim-
ply PO/PO.

Figure 1 illustrates in block diagram form how both these
methods can be implemented. Note that both systems can use
the same tone-modulated transmitter. Also note the receivers

TRANSMITTER D 2

PREAMP TONE heg
DECOOER (

FRONT END

Power
AMP

for both methods share a common detection-preamplification-
tone decoding front end.

A simple power amplifier that drives a relay, lamp, or other
device completes the receiver that uses the AP approach. The
PO/PO receiver requirements are more complex since false
signals from inadvertent mutiple input signals must be
ignored. This problem is analogous to the well-known contact
bounce phenomenon that accompanies the opening and clos-
ing of most mechanical switches.

Referring again to Fig. 1, the output from the tone decoder
is fed into a one-shot multivibrator that effectively stretches
the incoming tone burst from the transmitter into a logic pulse
having a duration of several seconds. This pulse sets the flip-
flop.

During its timing cycle, the one-shot ignores subsequent
input signals from the transmitter. When the timing cycle is
complete, the one shot will trigger on the next arriving pulse
and, in turn, reset the flip-flop. The set-reset cycle of the flip-
flop provides the desired PO/PO action.

Tone-Modulated Transmitters. Figure 2 shows a simple
tone-modulated, near-infrared transmitter suitable for short-
range, remote-control applications. When S/ is pressed,
LEDI! emits a train of pulses at a frequency determined by
RI’s setting.

Resistor R3 limits the current through LEDI. Its resistance
can be reduced for more current per pulse, hence higher
infrared output, as long as the LED’s peak current rating is
not exceeded. If the LED’s forward voltage is 1.5 V, a value
typical of some gallium-arsenide devices, then the peak cur-
rent is given by

I =(V, — 1.5) / (R3 + Rpg)

where V, is the power supply voltage and R is the drain-
source on resistance of Q.

The Rg of the VNIOKM specified in Fig. 2 is about 5
ohms. Therefore, the peak current through LEDI in Fig 2 is
(9-1.5)/(100+5) or 71 mA. This is wel/l within the safe oper-
ating range for pulsed operation of most near-infrared LEDs.
Many LEDs can be driven to a couple of amperes by micro-
second pulses as long as a high duty cycle is avoided to prevent
excessive heating.
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Fig. 1. Block diagram
of a single-channel
remote-control system.
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