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ng and the Apple.

If you could talk to Orville Wright, he’d
tell you the problems he faced as a turn-
of-the-century engineer. You could tell him
all about the technological solutions
available to today's engineer and scientist. ..
particularly a 20th century phenomenon
that tests assumptions and defines models
before a project gets off the ground.

The Apple personal computer.

Computation, calculation,
ana ysxs...the power to
pilot your projects.

With a highly-integrated system from
the extensive Apple personal computer
family, Orville and brother Wilbur would
have increased their productivity. Perhaps
even launched the Kitty Hawk Flyer well
before 1903.

An Apple in their hangar would have
freed them from the time and tedium of
crunching numbers by hand.

An Apple in your lab or office will give
you the problem-solving capabilities you
demand from a big computer... without
the time-consuming problems typical of
remote processing.

But the Apple system solution doesn’t

stop there. It keeps on soaring with proven
performance, power and expandability

Apples existing software library includes
a program that plots the shape of an
airfoil, given its parameters.

that's unparalleled for analyzing alterna-
tive paths of design and modeling a
wide variety of physical processes.

Want more memory? Depending on
your choice of system, Apple has memory
expandable to 64K bytes or 128K bytes.
Prefer wide displays? Choose 40 or 80
characters. Need to control instruments
in the lab? Get on the IEEE 488 bus. Over

100 companies also supply peripherals for
Apple because Apple is the most popular
personal computer with the least com-
plicated interface.

Want an efficient system of data storage
and access? Apple’s 5 %" disk drive not
only offers you increased application
versatility, but high density (143K bytes),
high speed and low cost. You can even add
up to four or more drives to your
Apple system. With
proven reliability,
no wonder it’s the
most popular drive
on the markettoday.

. ~gg» your own
programs, the
Apple also speaks
in languages other
than FORTRAN: Pascal,
BASIC, PILOT and 6502
assembly language.

; Where to learn

& more about Apple,
the small-yet-
serious
solution.

Let your
imagination
soar with
Apple.
Discover the 20th
L 2# T century tool versatile
‘E Nie enough to monitor
$ quality controls and

Wilbur determined that birds didnt bave to constantly flap
their wings to fly. With an Apple, he could've determined the
fixed-wing design of the Kitty Hawk Flyer much faster.

manufacturing sched-
ules, orchestrate
tolerance tests and
determine alternative

FORTRAN that helped
to design a 20th century
flying machine.

Fluent in the same language that helped
to design the 747, Apple FORTRAN lets you
tackle differential equations at the touch of
a key And since more the 170 companies
also offer software for the Apple family,
you can have one of the most impressive
program libraries ever...including vast
subroutine libraries for math, science,
engineering and statistics. When you write

parts selection. Learn why Apple emerges
as the technological leader of reliable
persenal computer products that increase
your productivity.

Let the Apple dealer show you how,
by putting the system of your choice
through its paces. He'll tell you about our
extended warranty, support and service.
And he'll prove that a personal computer
is not just a flight of fancy but a serious
solution. Don’t let history pass you by.
Visit your nearest Apple dealer, or call
800-538-9696. In California,
800-662-9238.

‘Jclpple"computer
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TRS-80% Computer Compatible ...

Quality is the real difference.
Low price is merely a dividend.

High quality.
Competitive pricing.
And a proven track record.

Three reasons why Percom is the industy's

number one independent manufacturer of
mini-disk systems for microcomputers.

And if you're looking at
mini-disk drives, extra sterage
capacity is an added
bonus.

In fact. you store
almost one fifth more
data on Percom
TFD-100" drives and
over two-and-one-fourth
times as much on
TFD-200™ drives.

Besides extra testing
and superior design. you get
free, with each system, & software
patch on minidiskette that not only
upgrades TRSDOS* for operation with
the newer 40- and 77-track drives, but
also deglitches version 2.1.

Available in 1-, 2- and 3-drive
configurations, Percom drives for the
TRS-80* computer start as low as $399.
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The gift of speech

Called
Speak-2-Me-
2'™ this clever
interface
module makes
a Texas
Instruments’
Speak & Spellt the voice of your
computer — announcing, imploring,
commanding with expressions and
sentences created from the Speak &
Spellt vocabulary.

Speech is controlled either at the
keyboard or by your own Level Il
BASIC programs. Or bs; Percom
minidiskette word games
(available soon).

Speak-2-Me-2'™
is installed in the
battery
compartment of
your Speak &
Spellt, and power is
provided from an
ordinary calculator power
pak. Supplied with an
interconnecting cable,
operating software and a
comprehensive users manual,
Speak-2-Me-2"™ costs only =
$69.95. (Speak & Spelf™ not included.)

CIRCLE NO.50 ONFREE INFORMATION CARD

the Separator:"™ End “CRC

error. Track locked out!”
: This plug-in
gy AT % adapter
M Do) virtually

eliminates data
read errors, a
problem that
plagues
TRS-80* computer systems. The
SEPARATOR™ so called, is installed in
the Expansion Interface without
modifying the host system. When
installed, data and clock signals are
reliably separated during playback, an
essential function that the separator
circuitry of the host computer performs
very poorly, Price is only $29.95.

Note. Opening the Expansion Interface
may void the Tandy limited 90-day
warranty.
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211 N,
(214) 272-3421

PERCOM DATA COMPANY, INC
KIRBY GARLAND. TEXAS 75042

0S-80'™ uses Level Il
BASIC commands

With OS-80™ Level Il BASIC
commands are used for DOS and Disk
BASIC functions.

You extend the OS-80™ utility set
indefinitely with your own BASIC
disk-resident utilities.

0OS-80" resides in less than 7-Kbytes
of RAM,

The program is supplied on
minidiskette along with a simple file
manager, BASIC disk utilities and an
0S-80™ “Handbook” that you expand
and maintain.

All are helpful pregramming

examples.
Price, with instruction manual, $29.95.
ye NEW! 0S-80""
\ e Machine Language
S , T SAVE / LOAD
> __ Utility. Only
— $19.95 on

minidiskette  wiinstructions.
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Quality Percom products are available at Percom dealers nationwide.
Call Percom’s toll-free order number, 1-800-527-1592,
for the address of your nearest dealer or to order direct.

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

PERCCM

'™ trademark of Percom Data Campany. Inc
* trademark of Tandy Radio Shack Corporation which has no relatiorship to Peccom Data Company.
+ trademark of Texas Instruments. Inc.
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SC-2 gives
your cartridge
more than
The Finger!

The famous SC-1stylus
brush (standard of the record
and hifi industries) now has a
synergistic fluid called SC-2

SC-2 Fluid enhances and
speeds cleaning and yet
protects diamond adhesives,
cartridge mounting polymers
and fine-metal cantilevers
against the corrosive effects
of many other “cleaners.”

The Discwasher SC-2
System. Stylus care yau can
finger as clearly superior.

discwasher’

PRODUCTS TO CARE FOR YOUR MUSIC

1407 N. Providence Rd
Columbia, Missouri 65201
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Editorial

Electronic Games—The New Wunderkind

It’s expected to be a boom year for

electronic games and toys—a for-
tuitous situation created by the
same electronic technology success-
fully used in calculators, watches
and personal computers.

Whereas the industry started
with TV games, nonvideo electronic
games—especially hand-helds—
have overtaken these in raw number
of units sold. For example, there are
some 130 of these small, relatively
low-cost games on the market.

The talk of the industry is voice,
of course, made possible by speech-
synthesis circuits. The advent of
synthesized speech in consumer
products, in fact, prompted us to
feature a female figure on the front
cover—Fisher-Price’s “Baby Soft
Sounds” talking doll. Movement

and position triggers its electronic
circuitry, which randomly generates
16 different lifelike words and
sounds. Texas Instruments spear-
headed the consumer talking ma-
chine with its educational products.
National Semiconductor and Vor-
tex have been very aggressive in the
field, too.

The Japanese are on the U.S.’s
heels in this area, though, using
Nippon Telegraph and Telephone’s
“Parcor” (partial correlation) sys-
tem. Hitachi, interestingly, used it

for its first electronic speech ma-
chine, an abacus trainer. (Don’t
knock it, as the production rate is
said to be 5,000 per month.)

Our first of a two-part series on
electronic games discusses their be-
ginnings and the role played by inte-
grated circuits. Next month, we will
detail a truckload of games and
compare many of them within their
particular category. In addition,
we’ll present a weighted rating sheet
so that you can compare similar-
type games yourself.
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Miracle Fuzz

NEW INVENTION

A new space-age invention and the same effect

as lightning combine to create the world’s
first home oxygen regeneration system.

The new Energaire ionized oxygen generator
will make a handsome addition to any desk.

You need oxygen to live. You can live
without food for 60 days, without water for
seven days, but without oxygen, you won't
make it past two minutes.

That small piece of fuzz located on top of the
cylinder shown above emits negatively-
charged electrons which attach themselves to
molecules of oxygen, thus creating ionized
oxygen.

You are already familiar with ionized oxygen
if you've smelled the air after a thunderstorm.
You feel great, revitalized, and alert. The light-
ning from the storm adds a small negatively-
charged electron to each oxygen moleculein a
process called ionization.

SCIENTISTS DISCOVER

Scientists discovered that air quality can
actually affect your moods, your feelings and
your sense of well being. Air that is positively
charged caused people to be depressed,
moody and tired. Negatively-charged air made
people feel good. We have all experienced air
that is positively charged in air-conditioned
buildings or in a polluted environment.

Scientists looking for a way to turn positively
charged air into negatively charged air devel-
oped the negative ion generator—a product
that produces negatively charged particles
that attach themselves to air molecules and
thus create the same fresh feeling you get
after a thunderstorm.

The new space-age product shown above is
an ionized oxygen generator called the
Energaire air purifier. The copper mesh fuzz
on top of the unit is one of the secrets of the
system.

Although it has no moving parts, you can
actually feel a wind of ionized oxygen pro-
duced from the fuzz which spreads to fill an
average-sized room in one minute.

CIGARETTE SMOKE TEST

To show the dramatic effect of ionized
oxygen, you can take the Energaire, blow
cigarette smoke into a clear bowl, and hold the
bowl inverted over the system. The smoke will
vanish. The charged oxygen particles appear
to dissolve the smoke particles, precipitating
them from the air.

In a room, the Energaire air purifier sur-
rounds you with these oxygen ions and cleans
and purifies the air so that even in a smoke-
filled room, you will be breathing cleaner,
couhtry-fresh air all day long.

WALL TEST
Take our unit and place it next to a wall. Also

OCTOBER 1980

put a large piece of paper on the wall. Within a
few days notice how black the paper gets.That
black film is finite carbon particulate matter—
the same pollutants you would normally
breathe and that would pass through most air
filters. By placing the unit in the center of a
room or away from a wall, that same matter
falls to the ground as dust.

A trip into the mountains exposes you to
nature’s freshly ionized oxygen. The Ener-
gaire produces this same effect. It will clean
your room of odor-causing bacteria and stale,
musty, or smoky air.

lonized oxygen should not be confused with
ozone. Ozone has a molecular formula of O3,
whereas the molecular formula for ionized
oxygen is O with a negatively-charged ion.

DON'T BE CONFUSED
After we announced the Energaire last year,
many companies came out with their own ion
generators. We purchased a unit from each
company and tested them at an independent
laboratory. The results are shown below:

Name *lons Price
Energaire 438,000 49.95
Omega 700 63,000 245.00
AirCare 72,000 149.95
Modulion 75,000 79.95

*Measurements indicate total number of ions
per cubic centimeter per second at one
meter. These figures may vary by plus or
minus 10%.

Note: One unit not mentioned above pro-
duced no ions and actually produced ozone
or several times the maximum ozone concen-
tration allowed by federal government
standards.

USED IN HOSPITALS

Many hospitals are now using ionized
oxygen systems in their operating rooms and
burn centers. Their units not only purify the air,
but they also eliminate pollen and other
irritants.

Working in a clean air environment, you
think clearer, are more alert, and you function
better. The Energaire is actually a miniature
lightning machine. The minute you plug it in,
energy is converted into ionized oxygen. This
efficient system uses one watt of power or less
than a penny per day to operate, so you leave
it plugged in continuously.

We are so impressed with the pleasant
effect of Energaire that we urge you to per-
sonally test it yourself in your home or office.
Order one at no obligation. Put it by your desk,
or in any room where you spend a great deal of
time. See if it doesn't rid your room of odor-
causing bacteria and stale, musty or smoky
air. Try the smoke and paper tests mentioned
inthis advertisement.

SLEEP FASTER

At home, use the Energaire by your bed and
see how country-fresh air allows you to sleep
easier, deeper, and more relaxed.

You should notice the difference within one
day—especially in a work environment. But
use the Energaire for a full month. Then, if you
do not feel totally convinced of the positive
effects of ionized oxygen, return your unit for a
prompt and courteous refund.

The Energaire is manufactured by the lon
Foundation, aleading ion research and devel-
opment company.

Service should never be required, but if it is,
there's a prompt service-by-mail center as
close as your mailbox. JS&A is America's
largest single source of space-age products—
further assurance that your modest invest-
ment is well protected. The Energaire mea-
sures 9" high by 3" in diameter and weighs 24
ounces.

To order your Energaire ionized oxygen
generator, send $49.95 plus $3.00 for postage
and handling (lllinois residents, please add 6%
sales tax) to the address shown below or credit
card buyers may call our toll-free number
below. We will send your Energaire ion
generator complete with 90-day limited
warranty on the electronics, a five-year
warranty on the fuzz, and complete in-
structions.

Let space-age technology revitalize your life
with the world’s first home ionized oxygen
generator. Order one at no obligation today.

NEW LOW PRICE
0 PRODUCTS
o THAT
e WTHINK

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

©JS&A Group, Inc.,1980
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In 1978 Ohio Scientific introduced ((
a revolutionary new low cost com-
puter — the Superboard II. This
computer provides all important
personal computer features on a ‘

single board at a cost of under $300. The Superboard II received rave
reviews by microcomputer experts such as:

“We can heartily recommend the Superboard II computer system for

the beginner who wants to get into microcomputers with a minimum of

cost. Moreover, this is a ‘'real’ computer with full expandability!’
POPULAR ELECTRONICS MARCH, 1979

“The Superboard II weighs in at $279 and provides a remarkable
amount of computing for this incredible price’’
KILOBAUD MICROCOMPUTING FEBRUARY, 1979

“The Superboard Il and its fully dressed companion the Challenger 1P
series incorporate all the fundamental necessities of a personal com-
puter at a very attractive price. With the expansion capabilities
provided, this series becomes a very formidable competitor in the home
computer area’’' INTERFACE AGE APRIL, 1979

“"The graphics available permit some really dramatic effects and are
relatively simple to program...The fact that the system can be easily
expanded to include a floppy means that while you are starting out with
a low-cost minimal system, you don't have to throw it away when you

are ready to go on to more complex computer functions. At $279,

- Superboard Il is a tough act to follow’’ RADIO ELECTRONICS JUNE, 1979

“The Superboard is an excellent choice for the personal computer
enthusiast on a budget’’ BYTE MAY, 1979

Since the introduction of Super-
board II, the cost of personal com-
puters has actually gone up with
new models by major manufacturers
ranging from $1000 to well over
$4000 due to the general cost of
inflation and the increasing func-
tionality included in these com-
puters. Today Cleveland Consumer
Computers is offering you the orig-
inal Superboard Il at its original
price of just $279. In today's
economy this is by far the best buy

in personal computing ever!

The Superboard II can entertain
your whole family with spectacular
video games and cartoons, made
possible by its ultra high resolution
graphics and super fast BASIC. It
can help you with your personal
finances and budget planning,
made possible by its decimal
arithmetic ability and cassette data
storage capabilities. It can assist you
in school or industry as an ultra

powerful scientific calculator, made
possible by its advanced scientific
math functions and built-in
“immediate’”’ mode which allows
complex problem solving without
programming! This computer can
actually entertain your children
while it educates them in topics
ranging from naming the Presidents
of the United States to tutoring
trigonometry — all possible by its
fast extended BASIC, graphics and
data storage ability.

The machine can be economically
expanded to assist in your business,
remotely control your home, com-
municate with other computers

and perform many other tasks via
the broadest line of expansion
accessories in the microcomputer
industry.

This machine is super easy to use
because it communicates naturally
in BASIC, an English-like program-
ming language. So you can easily
instruct it or program it to do
whatever you want, but you don't
have to. You don't because it comes
with a complete software library on
cassette including programs for
each application stated above. Ohio
Scientific also offers you hundreds
of inexpensive programs on ready-
to-run cassettes. Program it yourself
or just enjoy it; the choice is yours.

The Superboard Il comes fully
assembled and tested. It requires

+ 5V at 3 Amps and a video monitor
or TV with RF converter to be up
and running. $279.00

Standard Features:

e Uses the ultra powerful 6502
Microprocessor.

¢ 8K Microsoft BASIC-in-ROM.
Full feature BASIC runs faster
than currently available personal
computers and all 8080 based
business computers.

¢ 4K static RAM on board expand-
able to 8K.

¢ Full 53-key keyboard with
upper/lower case and user
programmability.

¢ Kansas City standard audio
cassette interface for high
reliability.

¢ Full machine code monitor and

I/O utilities in ROM.
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uting is 5till Here.

Mini-Floppy
Disk Drive

Direct access video display has 1K
of dedicated memory (besides 4K
user memory), features upper
case, lower case, graphics and
gaming characters for an effective
screen resolution of up to 256 x
256 points. Normal TV's with
overscan display about 24 rows of
24 characters without overscan up
to 30 x 30 characters.

Optional Extras:

® Available 610 expander board
features up to 24K static RAM
(additional), dual mini-floppy
interface, and an OSI 48 line
expansion interface.

Assembler/Editor and Extended
Machine Code monitor available.

630 I/O Expander.

RGB color and NTSC composite
color outputs with up to 16 colors,
Dual 8-axis joystick interface, AC
remote control interface which
mates with AC-12P, home security
interface which mates with the
AC-17P, 16-line parallel I/O inter-
face, 16-pin I/O bus interface
which allows the connection of
parallel I/O lines or high speed
analog I/O module, or a PROM
blaster or solderless interface pro-
totyping board, programmable
sound generator and program
selectable modem and high speed
printer ports, and more.

Freight Policies All orders of $100 or more

are shipped freight prepaid. Orders of less
than $100 please add $4.00 to cover shipping
costs. Ohio Residents add 5.5% Sales Tax.

Guaranteed Shipment Cleveland
Consumer Computers & Components
guarantees shipment of computer systems
within 48 hours upon receipt of your order.
Our failure to ship within 48 hours entitles
you to $35 of software, FREE.

Hours:
Call Monday thru Friday
8:00 AMto 5:00PME.D.T.
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Software:

Ohio Scientific and independent suppliers
offer hundreds of programs for the
Superboard 11, in cassette and mini-floppy
form. Here is a sampling of popular Ohio
Scientific programs for the Superboard II.

EDUCATIONAL PROGRAMS SBII&CIP Price
BASIC Tutor Series SCE-336 $35.00
g‘ljock Tutorou ggg-ggg 250 “ ‘
ntinenis Quiz - .50 .
Definite Integral SCE-326 6.50 araware:
French Drill & Tutor SCE-339 6.50
German Tutor & Drill SCE-3;2 g.so Superboard 11
Hangman (8K) SCE-324 .00 as specified in the advertisement.  $279
Loailulorslied SCE341 6.50  gl0Board For use with Superboard Il an
Math Blitz SCE-329 6.50 Chall 1P, 8K static RAM
Math Intro SCE-319 6.50 CUCIEP Uplat SEEIS a¥
Mathink SCE-337 9.00 pandable to 24K or 32K system total.
Matrix Tutors 1-3 SCE-345 6.50 Accepts up to two mini-floppy d:sk
Metric Tutor & Quiz SCE-335 6.50 drives. Requires +S5V@ 4.5amps. 298
Spanish Drill & Tutor SCE-352 6.50 Mini-Flappy Disk Drive
Spelling Quiz SCE;355 550 Includes Ohio Scientific’s PICO
rig Tutor (8K) [ & 11 SCE-318 6.50 DOS sof d 1
BUSINESS PROGRAMS software and connector cable.
Address Book SCB-523 9.00 Compatible with 610 expander
Advertisement Demo SCB-520 6.50 board. Requires +12V@ 1.5 amps
lhr;velntor{ De(g]l‘()) %g-s;u g.so and +5V@ 0.7 amps. 299
ailing List -524 .50 630 Board As specified in the advertisement. 229
Straight & Constant Depreciation  SCB-500 900 RCAP 12" membination black and white
Time Calculator SCB-525 9.00 TViid it 159
PERSONAL PROGRAMS . VD il el
Biorhythm SCP-718 3.00 4K RAM chip set. 79
Calorie Counter SCP-708 6.50  PS-005 5V 4.5 amp power supply for
Checking Account SCP-719 9.00 Superboard II. 35
11506“ F "INE'CIB " gg;‘;}z 2553 PS-003 Mini-floppy power supply. 29
S:"”“" e ncay - . C1P Sams C1P/Superboard Il Manual. 8
vings Account SCP-720 9.00 OS-65D V3.2 Disk ting Syst ith
GAME PROGRAMS g -2 Disk Operating System wi
Basebali | SCG-975 6.50 9-digit extended BASIC, random
Black Jack SCG-955 6.50 access and sequential files. 49
CD:LV'I War ggggﬁ gﬁ CS-600 Metal3case for Superboard 11, 610
stroyer A - and 630 d and two
High Noon SCG-960 6.50 nd 830 board and two power 9
Hocke: SCG-979 6.50 suppies.
Lanicy SCG.a25 6o CS-610  Metal case for single floppy disk
New York Taxi SCG-956 6.50 drive and power supply. 49
Poker SCG-962 6.50 AC-12P  Wireless AC remote control system.
gacer w gggg:; g& Includes control console, two lamp
pace War - 2 modules and two appliance
Star Trek Il perd 82 modules for use with 630 board. 175
T maoToe SCG.945 650 AC-17P  Home security system. Includes
Tiger Tank SCG-950 14.00 console, fire detector, window

protection devices and door unit for

. use with 630 board. 249
| 610 Board CAP Sams C4P Manual. 16
: C3 Sams Challenger 11l Manual. 40

To Order:

Or to get our free catalog CALL 1-800-321-5805 TOLL FREE.
Charge your order to your VISA or MASTER CHARGE ACCOUNT
Ohio Residents Call: ¢216) 464-8047. Or write, including your check
or money order, to the address listed below.

CLEVELAND CONSUMER
Ecompumns & COMPONENTS

P.O. Box 46627
I Cleveland, Ohio 44146

- _— = ————
Order Form: SbEn)u'Eb?E':?scé’EgH!'Bﬁems RO. Box 48827 1ras
O Superboard II $279. (] 630 Board $229.

O 610 Board $298. J AC-3P 12" B-W Monitor $159.
J Mini-Floppy Disk Drive $299. [JCIP Sams Manual $8.
(Attach separate sheet for other items. )

|

|

I

|

I

: NAME:
| ADDRESS:
|

I

|

|

|

[

CITY: STATE: ZIP:
Payment by: VISA: __ MASTER CHARGE: __ MONEY ORDER: _
CreditCard Account #

Expires: : Interbank # (Master Charge)
TOTALCHARGEDORENCLOSED:$____ (OhioResidentsadd5.5% Sales Tax)

All orders shipped insured UFS unless otherwise requested. FOB Cleveland, Ohio.

O —— e — — — W —— — — ——— T — — — —— —— —— —— — — — —
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Full 8-bit paratlel port — Acoustic modem
RS-232-C port (up to 19,200 baud)
TRS-BUS connector for future expan.
Connects directly to the keyboard
Includes terminal software

PET s« $1195.

Send $1. for our complete catalog featuring
HARDWARE/SOFTWARE/BOOKS

FOR THE TRS-80, Apple, Atari and

Pet. You also get a $2. credit toward

your first order.

TO ORDER TOLL FREE

800-258-1790
).
HARDSI |

CIRCLE NO. 27 ON FREE INFORMATION CARD

Letters

A Pat On The Back

Robert Krieger deserves a pat on the
back for his “Audible Logic Probe”
(July 1980). This was one of the fastest
and most satisfying projects I've ever
breadboarded. I recall, however, that
someone once wrote that you should
never waste part of an IC if you can
think of something it can do. With this
in mind, I decided to add a LED visual
indicator to the Audible Probe. As
shown in the schematic, I jumpered the
inputs of JCIC and ICID to the inputs
of IC1A and ICI B, respectively, and ad-
ded pull-up resistors to the outputs of
ICIC and IC1D, whose outputs are then
coupled to a tristate LED via 100-ohm
resistors. The only extra cost here is for
the LED and resistors.—Jim Cox,
Stockton, CA

ik 3 W¥RS
2 Q 9
1000 ) o >
TO PIN 4,
8| rcia
R
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TO PIN 7,
....... Icie
c
oon
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Moped Owner Responds

As a new moped owner, I found “How

Far Did You Cycle Today?” (May

1980) very timely. The odometer project
presented should serve two purposes for
me: to determine fuel consumption and
when to refill my fuel tank. However, |
plan to simplify construction by substi-
tuting an inexpensive Unisonic Model
LC-200 calculator for the digital coun-
ter described.

To utilize the calculator, the wires
from the wheel motion-sensor switch are
connected to the contacts of the calcula-
tor’'s M+ key. Operation is as follows:
turn on the calculator and key in .1, +,
(number of revolutions to travel 1 mile),
=. Then, after each trip, distance trav-
eled can be obtained by pressing the MR
key and reading the display. Since these
calculators usually shut down automati-
cally if no entries are made in an 8-min-
ute period, record the mileage after each
trip. The number of revolutions to travel

a distance of 0.1 mile is 75 for 27"
wheels, 88 for 23" wheels.—Markus
Epstein, Boynton Beach, FL.

Another Way of Doing it

I noted with interest the CMOS coin
tosser circuit in the April 1980 “Project
of the Month” column. A circuit that
works equally well can be built with a
single 4011 or 4001 CMOS IC, half of
either used as the clock, the other half as
a bistable multivibrator, as shown here.

J
95 &

|
1\o.wF

PIN 14 = Vpp
PIN 7 = GND =

(Note that IC pin numbers in the dia-
gram apply for both the 4001 and 4011.)
With this circuit, it is necessary to ad-
just for a 50% clock duty cycle, using the
potentiometer. If you don’t have an os-
cilloscope to do this, simply measure the
direct current flowing through each
LED while adjusting the pot. When the
same current level flows through each
LED, the clock will be adjusted for a
50% duty cycle. —Ed Johnston, Osha-
wa, Ontario, Canada.

The *“Turn/Brake Indicator for Trail-
ers” (July 1980) has an interesting way
of converting the four-circuit wiring
used in newer cars to the three-wire
scheme used in older cars. I've used the
following circuit to accomplish the same

TO
AUTO BRAKE
TO AUTO LIGHTS
LEFT TURN
SIGNAL

TO AUTO
RIGHT TURN
SIGNAL

[]]

DI1-D4=50v, 54
DICDES

TO TRAILER
LEFT TURN
SIGNAL

TO TRAILER
RIGHT TURN
SIGNAL

thing in my Volvo for several years.
Note that my circuit is much simpler
and has the added advantage that it can
be housed inside a compact 35-mm film
container. —Rod Cleckler, Concrete
AFS, ND.

Out of Tune

In “Coupling to TTL Logic” (July
1980, p. 30), load resistor R, is shown
incorrectly connected from the transis-
tor’s emitter to ground. It should be con-
nected from collector to the =+ 20-volt
line, and the emitter should be
grounded.

POPULAR ELECTRONICS



RODUCING
BY-BLOX

The new modular
circuit building
system designe

especially for .
pelectronic hobbyists.

INPUT

use pecause
trer/ number

gystem is easy 1O
\

Until now, YO d to buy "Pro eﬁs'\ona\" soider- The Haobby-Blox
less bre ards for y ur projects and pay the modules are co‘or-ke\;ed dle
‘arofiession A Now ther Haob v-Blox” indexed it's rime-seving. r
a totally new cut “puilding SYS s no solderess t's atible wit DIP's of all sizéS
only econom! ally P iced but offers many mor and a8 wide varevy of discrete C onents
advantages to the hobbyist ou save on becauseé he parts can
Ag the core f the system are two expandab\e reused 892" and ag3
starter P ks (prt under 7 00), one for How fer can you g0 \with the Hobby-Blox
discrete C pone rojects, the other for gystem? Take 8 \ook at the example above.
mtegra\:ed circuit pro'\ects, Ea omes wath 8 Then you'l kncw _why Ne SaY “your only imit
numberd of H“ - X odules l:h‘::\\t fitinco @ is your own '\mag\na:'\on\."
tray anc an ilustrate project ooklet. In
additon the system includes 1L separals For a fred cat.a!og and the name of_vour
e nearest Hobby Blox dealer call toll free

component B cks can pur hase indivdally (8000 321-9668

rerninal distripution anc bu strips, speaker ; .
panels, pinding POStS: €4°- iced from 1.29 Paﬁegt;;c?n\ﬂag& CORPORATED 1980
j¥e] $359 Prices shown are Current suggested u.S. resate.

A P PRODUC
- CTSINC
Paisn?a West Jacksor gtF:PORATED
-2101
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New Products

Additional information on new products

covered in this section is available from the

manufacturers. Either circle the item’s code

number on the Free Information Card

or write o the manufacturer at the
address given.

Luxury-Class Receiver

The Revox Model B780 receiver
teams a sophisticated integrated ster-
eo amplifier with a synthesizer stereo-
FM tuner and microprocessor. The
tuner section permits instant access to
18 user-preset stations (accurate to
within +0.005%) or two-speed manu-
al tuning. Station frequency appears
in a LED numeric display. An inter-
nal battery prevents loss of station
memory when power is turned off.
Tuner specifications: 34.8 dBf sensi-
tivity for 50 dB quieting; 78-dB alter-
nate-channel selectivity; 0.25% stereo
harmonic distortion; 70 dB S/N. The
amplifier, monitored by a sophisti-
cated protection circuit, is rated at 75
watts/channel into 8 ohms, 20 Hz to
20,000 Hz, with no more than 0.04%
THD and IM. Features include three-
way tone controls and capability for
dubbing while listening to a different
source. $2699.
CIRCLE NO. 94 ON FREE INFORMATION CARD

Touch-Switch Multimeter

new 3lh-digit

Nonlinear Systems’
LED “Touch Test 20" multimeter
uses modern touch switches on its
front panel in place of mechanical

switches to control function, range
and power. In addition to traditional
DMM tests, it includes capacitance,
temperature, and conductance meas-
urement capabilities. Test parameters

Regency Programmable
Scanner

8C0EE
8-3EE
. |S[H/HE

8-5E0

Regency Electronics’ Model Touch
M400 is a six-band, 575-channel vhf/
uhf scanner intended for fixed or mo-
bile monitoring of the public-service
bands. A factory-programmed ROM

Double Density for TRS-80

are ac/dc volts from 10 uV to 750
volts rms (1 kV in dc), ac/dc current
from 0.01 A to 10 A, resistance from
10 milliohms to 20 megohms, capaci-
tance from 1 pF to 200 uF, tempera-
ture in both C and F (—40° to
+320°F), audible continuity, con-
ductance from 0.01 to 1.999 nano-
siemens (equivalent to 5 to 100,000
megohms), and diode test. Features
include 0.55"" LEDs, auto polarity
and overload indication, in-circuit test
capabilities, and LED indication of
function in use. Size is only 2.9”" X
6.4"" X 7.5 and weight is less than 3
Ib without batteries. Accessories in-
clude OSHA-style test leads, a tem-
perature probe, and a component test
adapter for radial lead components.
$399 for line operation; $425 with re-
chargeable batteries and charger.
CIRCLE NO. 92 ON FREE INFORMATION CARD

enables the receiver to tune in 545
commonly used PSB channels. An ad-
ditional 30 channels can be pro-
grammed by the user to scan frequen-
cies of special interest. Programming
is performed by means of a 20-ele-
ment, touch-sensitive keypad. En-
tering the BANK SEARCH command
causes the scannér to search ROM
channels across an entire band for a
transmitted signal. Activating the
SEARCH HOLD function allows the user
to retain instant access to a given
ROM channel without having to load
it into one of the 30 user-program-
mable, scanned RAM channels. An
internal NiCd battery maintains the
data stored in the RAM when power
is removed from the scanner, which is
compatible with ac and dc sources. A
seven-segment LED readout displays
either the received frequency or the
time (supplied by an internal clock) at
either of two brightness levels. $379.

CIRCLE NO. 81 ON FREE INFORMATION CARD
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Microprocessor-

Controlled
Darkroom Timer

tem works with 5" drives rated for
double density. The Doubler reads,
writes and formats either single- or
double-density diskettes and allows
the use of TRSDOS, NEWDOS and
Percom OS-80 single-density pro-
grams without hardware or software
modification. The DBLDOS, the dou-
ble-density DOS, is said to be fully
TRSDOS compatible and a utility in
DBLDOS converts files and programs
from single- to double-density format
and vice versa. The Doubler adapter
plugs into the disk controller IC sock-
et of the host controller, and no circuit
modifications are required. The Dou-
bler including DBLDOS and the utili-
ty is $219.95.
CIRCLE NO. 93 ON FREE INFORMATION CARD

Percom’s new Doubler is a double-
density disk controller that enables a
TRS-80 Model I to store up to 354K
formatted bytes on a 5’ minidiskette
(for comparison, a conventional 8"
diskette stores 256K bytes). The sys-

2 E]ll@

The Heathkit PT-1500 Darkroom
Timer features a programmable

10 POPULAR ELECTRONICS



Attractive wood-grain
unit adds to any decor
and will Time Control
your entire home
Measures: 5% "x5% "
x3 118"

In the fall of 1978, an English company,
BSR Electronics introduced a remarkable
new product, the X-10 Space Controller.
The X-10 allowed you to page up to 16 ap-
pliances and lights throughout your house
remotely from any location. It was an
instant Success and rightly so. But the
most vital part of the system was still in
development. Not any more — with Time
Control —the system is complete.

Now you can turn your lights or ap-
pliances on and off anytime, even when
you're on vacation. It can program your TV
or radio to wake you and start your coffee
all before you get out of bed every day.
These are just a few of many things that
Time Control does to increase your securi-
ty and convenience. It can do much more!

IT'S REALLY QUITE SIMPLE

BSR's X-10 Space Controller is really
quite simple. It's made up of a central
transmitter and receivers, all of which are
plugged into your 110 volt wall sockets.
You press a number on the calculator-type
keyboard of the central control and an
electronic signal is transmitted through
your existing house wiring to remote
modules in which lamps and appliances
are plugged.

Simple plug-in
modules. NO wiring
required. Operates
over existing in-
house wiring.

Outside or overhead lights are controll-,

ed by installing a wall switch module that
also receives commands from the central
controlier. Each remote module has a
numbered thumb dial. The digital con-
troller activates only those modules set to
the desired number. You can control one or
up to 16 modules with the system. Time
Control adds the missing dimension to
Space Control.

NOW THERE IS TIME CONTROL

Time Control consists of a computer
memory and digital clock. You can now
program the exact time you want a light or
appliance to turn on or off. One mode
allows you to even produce a random pat-
tern automatically to make your home ap-
pear occupied when you're away.

SPACE AGE ROBOT

Time Control is your own space age
robot with four-in-one modes for up to 16
separate functions in your home. Time
Control will add conveniences and it may
save you thousands of dollars when you're
not at home.
» Security Mode is used primarily when
you're away either one day or the entire
summer. Selected lights and appliances

OCTOBER 1980

TIME
CONTROL

Now, a new computer development lets

you control and time your entire home
even when you’re 1,000 miles away!

are sequenced on and off to give that lived-
in appearance. First, a light in one room
and then another, a radio in a third, plus
the den TV, all can be programmed to fool
any would-be burglar “‘casing” ycur home.
You just select the lights or appliances
and the times youwanteachtobeon.Time
Control can be programmed in minutes us-
ing the calculator type keyboard. One
avoided robbery and Time Control pays for
itself many fold. Think of the increased
peace of mind.

BSA X-10 CONTROL BYSTEM

casy to program Time Control keyboard times
lamps. appliances and even outside or overhead
lights.

e Daily Timer Select any one or all of 8
modules to time daily, then set inany time
you want each to turn on and then off. Pro-
gram your TV or radio to come on to wake
you each morning. Turn the outside lights
on at 7:00 p.m. and off at 6:30 a.m. Timed to
the exact minute of each day automatical-
ly. Turn your coffee pot on each morning
and shower while your coffee is brewing.
Your life may never be the same again.

» Quartz Clock Digital Quartz accuracy in
an attractive wood-grain finish. Attractive
enough to add to the decor of any room.
Accuracy unsurpassed by expensive
chronometers costing $200 or more. With
large easy to read green numbers. May be
worth the price of the unit for this feature
alone.

» Panic Button This bonus feature allows
you to turn on all of your lights from your
bedside to frighten away peeping toms or
intruders. Further peace of mind when
you're away and your spouse is home

alone.
NO WIRES NEEDED

One of the nice features of time control is
that no wires are required. All appliances
and lamp modules simply plug into your
wall sockets. For outside or overhead light
control, you merely change your existing
light switch with BSR's wall switch module.
Time Control takes it from there.
BUILD YOUR OWN PERSONAL SYSTEM

If you already have a BSR X-10 Space
Controller, all you may need is the timer at
$74.99. If not. we recommend a starter kit
at $119.95 consisting of the timer, two
lamp modules and one appliance module.
You save $6. We sell all BSR X-10 Ac-
cessories so0 you can add additional
modules as you need them to Time Control
your entire home.

CIRCLE NO. 38 ON FREE INFORMATION CARD

can. or for any reason. return it to us. We
will promptly refund your purchase price. H<
What have you got to lose?

>

WARRANTED FOR ONE FULL YEAR

Time Control is an all solid state unit. It
should provide you with many years of
trouble-free service. !f in the unlikely event
anything should go wrong during one full
year, it is factory warranted by a sizable
company, BSR.

HURRY! QUANTITIES ARE LIMITED

Whern we were given the opportunity to
introduce Time Control in this country, we
jumped at the chance. We also knew quan-
tites would be limited this year. BSR has
set aside quantities of Time Controls for
us. But there may not be enough. So to be
assured of being one of the first to get your
Time Control—Don’t wait, order now!

TO ORDER your Time Control

Simply fill out the coupon and send it
along with check or money order to the ad-
dress below. For even faster service credit
card customers can call: Toll Free
1-800-527-7066; in Texas call collect:
1-214-349-3120 _
™" MEDIA MARKETING |

10155-9 Plano Road e Dallas. TX 75238
YES! Send me_____Timer(s) only at $74.99,
add $2.50 shipping, handling & insurance.
Save $6.00. Send me Time Control
Kit{s) at $119.95 (includes 1 timer, 2 lamp,
and 1 appliance module). Add $3.50 shipp-
ing, handling & insurance.
Send me the following modules. Add $1.00

shipping & handling.

Lamp Modules at $15.99

Appliance Modules at $15.99
Wall Switch Module at $17.99
Texas residents add 5% sales tax.
Ask for other BSR X-10 Accessory Prices

Name
Address
City
State Zip

"~ Check or money order enclosed.
I Charge to: ["Mastercharge
Acct. #
Expires
Signature
Order Toll Free:
In Texas Call:

Visa

1.800-527-7066
1-214-349-3120 collect




memory that can hold times for up
to nine processing steps and an en-
larger step while an auto-step func-
tion sequences the timer. A 4-digit
LED display times to 99 minutes and
59 seconds or to 999.9 seconds. A
touch-control switch turns off LEDs
and backlighting for complete dark-
ness. Four alarm settings of 1-, 30- or
60-second intervals, selectable in any
combination, are also provided. En-
larger and safelight outlets alternate;
if an optional PTA-1500-3 Auxiliary
OQutlet accessory is used to connect
the timer to an external device (color
drum, etc.), the PT-1500 turns on the
auxiliary outlet during countdowns in
the process mode. The front panel is
impervious to darkroom chemicals.
Remote control of the start or focus is
provided by an optional PTA-1500-1
foot switch, or both controls can be
operated with the optional PTA-1500-
2 foot switch. $119.95.
CIRCLE NO. 90 ON FREE INFORMATION CARD

Panavise Work Station

12

Panavise Products, Inc. has amalga-
mated four of its component prod-
ucts—the Model 300 Standard Base,
the Model 312 Tray Base Mount, the
Model 315 Circuit Board Holder, and
the Model 371 Solder Station—into

dbx Tape Noise Reducer

new products

Graphics Plotter

Strobe’s Model 100 combined alpha-
numerics and graphics plotter is a
drum-type system that uses 4-phase
stepping motors to achieve 0.004-inch
(0.1 mm) motions on each axis. It ac-
cepts any 812" by 11" paper and a
variety of conventional pens. An inter-
active digitizing mode enters pen data

its new Model 324 Panavise Work
Center. The unit simplifies construc-
tion of electronic projects by holding a
circuit board to be worked on at any
convenient angle. The Tray Base
Mount portion of the Panavise Work
Station provides several storage trays
in which hardware and electronic
components can be stored temporari-
ly. The Solder Station includes a heat-
dissipating soldering-iron holder and
a solder-spool holder. $49.95.
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JRC Synthesized
Communications Receiver

Japan Radio Company’s Model
NRD-515 general-coverage commu-
nications receiver tunes continuously
from 100 kHz to 30 MHz in 100-Hz
increments. Its PLL synthesizer is
said to drift less than 50 Hz/hour.
The dual-conversion receiver employs
an upverter (70.455-MHz first i-f),
passband tuning, and a photo-chopper

Model 224 Type 11, a noise-reduction
system from dbx, provides up to 40 dB
increase in usable dynamic range in
tape recording, and can decode dbx-
encoded phonograph discs as well.
Capable of encoding and decoding si-
multaneously, it provides full moni-

toring capability with three-head re-
corders. It can also be used with two-
head decks. A unique rms detector is
said to measure the program’s dy-
namic content and set the gain of a
voltage-controlled amplifier to per-
form compression and expansion dur-
ing recording and playback. Compres-
sion and expansion ratios are 2:1 and
1:2 (fixed), dynamic range is 110 dB,
frequency response is 30 to 20,000 Hz
+1 dB, and THD and IM are typi-
cally 0.5% and 0.2%. $275.
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into the computer. The software pack-
age allows for flexible alphanumeric
generation, variable character sizes,
horizontal and vertical character
strings, 90° character rotation, and
vector plotting. It works with most
versions of BASIC and FORTRAN.
Demonstration software is also pro-
vided. The plotter comes with assem-
bly language support for 8080, 8085,
Z-80 and 6502 machines (source list-
ings and flowcharts are provided) and
the printer requires two 8-bit parallel
ports and one 8-bit input port. Inter-
faces for the TRS-80, Apple II, CBM,
PET, and S-100 machines are avail-
able (RS-232 and IEEE 488 bus sys-
tems in the near future). $680.
CIRCLE NO. 97 ON FREE INFORMATION CARD

tuning dial that’s claimed to eliminate
backlash and “play.” Two tuning
rates are available—10 kHz per rota-
tion of the tuning knob or +200 or
—200 kHz per step by means of an
up/DOWN paddle switch. Included in
the unit are a switchable 10- or 20-dB

r-f attenuator, variable bfo, LSB/
USB/RTTY offsets, four selectivity
positions (two supplied, two optional),
a noise blanker, switchable agc, RIT,
S meter, and a six-digit LED frequen-
cy readout. Rated sensitivity for 10
dB (S+N)/N is 0.5 uV CW/SSB, 2
uV- AM from 1.6 to 30 MHz; 2 uV
CW/SSB, 6 uV AM, from 100 kHz
to 1.6 MHz. Image and i-f rejection is
said to be 70 dB, audio output | watt
into 4 ohms. An optional Model
NDH-515 memory unit makes possi-
ble storage of and quick access to 24
often-monitored frequencies. Other
options include two narrow i-f filters
for CW reception and a matching
speaker. Receiver, $1,395; memory
unit, $250; 300-Hz crystal filter, $70;
600-Hz mechanical filter, $50; and
matching speaker, $42.50. Address:
Gilfer Assoc., Inc., P.O. Box 239,
Park Ridge, NJ 07656.

TV Splitter/Switcher

“The Switcher” from Fidelitone is an
r-f splitter/switcher that provides an
interface between a standard TV re-
ceiver, video cassette recorder (VCR),
and cable/pay TV “premium device.”

POPULAR ELECTRONICS



Beckman brings a True RMS capabilit
new dimension to hand held EL. atfordable price

- - Pe Now you can measure the exact power content
DISItaI Mu“lmeters of any signal — regardless of waveform, Beckman
8 delivers the new TECH™ 330 multimeter with
true RMS capability and many more fine
performance features for just $200.

Unlike the common average responding
multimeters calibrated to measure only sine waves,
the TECH 330 with true RMS capability gives
you accurate readings of both sine and
non-sine waveforms.

True RMS makes a significant difference in
accuracy when measuring switching power
supplies, fiyback power circuits, SCR or TRIAC
controlled power supplies or any other circuit
generating a non-sine signal.

The TECH 330 also accurately measures the
entire audio band up .to 20 kHz. But that’s
not all you can expect from Beckman’s
top-of-the-line multimeter.

Measurement Con:iparison CFart

Avi
| Wavelerms e

Respondin Beckman Correct
(Peak = 1Volt) Morr O | TECH 330 Reading
eter
Sine Wave
/ / 0.707v 0.707v
l 07\ W, / )

Full Wave Rectified Sine Wave
) 12981 0,707V
a’ VA
Halt Wave Rectified Sine Wave
0.500v 0.500v

~ ~ o~ —~ —~
| / . \

Square Wave

1.110V 1000V 1.000V
Triangular Sawtooth Wave

0.545V 0.577v 0.577v
o VVVVAVAN

You also get 0.1% basic dcV accuracy, instant
continuity checks, 10 amp current ranges, a
separate diode test function, 22 megohm dcV input
impedance, and an easy-to-use rotary switch.

With so much capability in hand, you’ll be able
to depend on the TECH 330 for a long time.
That's why Beckman designed it tough enough
to go the distance.

Enclosed in a rugged water-resistant case, the
TECH 330 can take a 6-foot fall onto concrete and
still perform up to spec. And to further ensure
reliable, trouble-free operation, the TECH 330
gives you 1500 Vdc overload protection, RF
shielding, 2000-hour battery life, gold switch
contacts, and fewer electronic components
to worry about.

Add another dimension to your world of
electronics. Visit your Beckman distributor today
for more information on the TECH 330 and
Beckman’s complete line of digital multimeters,
starting at $110.

To find out which of our 500 distributors is
nearest you, call: (714) 993-8803 or write Beckman
Instruments, Inc., Electro-Products Group,

2500 Harbor Boulevard, Fullerton, CA 92634.

BECKMAN
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new products

Using The Switcher, the TV receiver
can be tuned to the output channel of
the VCR, premium TV device, or di-
rectly to the cable system or antenna.
Thus, one can watch one channel on
the receiver while recording another
channel on the VCR. Three r-f cables
are provided with the device to simpli-
fy installation. Specifications: isola-
tion, greater than 50 dB; shielding,
greater than 45 dB; loss between
CATYV connection and CATYV device,
less than 4 dB; loss to VCR and direct
connection to TV receiver, less than 9
dB. Address: Fidelitone Inc., 3001
Malmo Rd., Arlington Heights, IL
60005.

Thorens Belt-Drive
Turntable

A dc-motor/belt-drive system, with
motor mechanically isolated from the
chassis, is featured in Thorens’ new

\" Everythmg

yYou’ll ever need

ina basnc, direct modem.

There’s only one originate/answer
modem that gives you the performance
and reliability of a direct connect
modem with the portability and price
of an acoustic. Novation's new D-Cat.

D-Cat is the only direct modem
that’s FCC approved for handset jack
connection with any modular phone.
Use it at home or at work on a 50-pin,
six line business phone. Talk to
D-Cats, Cats, or any other Bell 103
compatible modem.

D-Cat also has all the features you
want: full duplex capability, voice/data

monitor, up to 20 dB performance’
improvement over acoustic, hold
function, privacy button, self-test,
and a remarkable price. Only $199.

But best of all, it's from Novation.
The recognized world leader in
personal communications.

D-Cat .,
Novation

Call for details:

(800) 423-5410

In California (213) 996-5060

Available at Avnet Electronics, Hamilton Electro, Hamilton Avnet, Kierulff Electronics, Byte Shops,
Computerland, and your local computer store.

Novation, Inc., 18664 Oxnard Street, Yarzana, California 91356

CIRCLE NO. 43 ON FREE INFORMATION CARD

Model TD 115 turntable. A load-
compensating circuit in the motor’s
servo system detects load variations
and compensates to maintain accu-
rate 331/3- or 45-rpm speed. The in-
cluded Model TP 30 tonearm (with
TP 70 cartridge wand) has an anti-
skating force applied with repelling
magnets. Tonearm friction is reduced
to less than 15 mg via jeweled pivot
bearings that are, in turn, protected
by a spring loading system. Shutoff is
automatic at end of play. An “ortho-
inertial” suspension damps external
shocks. Specifications: wow and flut-
ter, approximately 0.05% (DIN
45507); rumble, —48 dB unweighted,
—64 dB weighted (DIN 45539); pitch
control, 6%, effective tonearm
mass, 7.5 grams; cable capacitance,
230 pF +10%; 1.3-kg zinc-alloy turn-
table platter. $435.

CIRCLE NO. 98 ON FREE INFORMATION CARD

RS-232 Data ‘‘Sponge’’

The Micro-Sponge, an RS-232 ver-
sion of the famous Exatron Stringy
Floppy, connects to the RS-232 port
of any computer and can store up to
80 kilobytes on a 75-foot-long stringy
floppy wafer. Baud rates are select-
able between 300 baud and 76.8 kilo-
baud. The software protocol consists
of Read, Write, Go to Beginning of
Tape, and Space File Forward. Re-
wind is unnecessary due to the Wa-
fer’s continuous-loop design. The
sponge buffers up to 1000 bytes in
internal RAM before writing out to
the wafer and requires 4.5 seconds to
transfer 5.3K bytes at 9600 baud, and
24 seconds to locate the beginning of
the tape. $349.

CIRCLE NO. 99 ON FREE INFORMATION CARD

Digital Capacitance
Meter

The Micro-C PROBE from Interna-
tional Instrumentation Inc. is a micro-
processor (6502) based digital capaci-
tance meter having a range from 0.1
pF to over 100 F full scale, a resolu-
tion of 0.1 pF, and a claimed accuracy
of 0.1%. Auto ranging and auto zero
are featured. Readout annunciators
are provided for pF, nF, uF, mF and
F. The display is four-digit LCD. Av-
erage testing time is /10 second, while
maximum time for 100 uF is 310 sec-
ond. An optional multiple-limit com-
parator allows up to 16 sets of limits
to be used. A 16-key keypad is used
for operator control and entry.
$299.95.
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We've got it all
together.

PR wﬂll! i

“ L!lu

Nicholson
Welley, Wiss

Xcelite

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

from Cooper The Toolmalker.

{ 21 The Cooper Group

COOPER | BOKER®CRESCENT*LUFKIN”NICHOLSON® WELLER WISS * XCELITE
INDUSTRIES | 5oy By 728, Apex, North Carolina 27502 Tel: (919) 362-781. Telex: 579497.
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NRI will train you at home
{0 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

(]

Antenna Systems

TV Broadcasting

ﬂd—ﬁ‘

P, “ga\a

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

Learn at Home

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

i

Aircraft Guidance &
Landing Systems

OCTOBER 1980

with night classes. No time or gas
wasted traveling to school...NRI
brings it all to you. You learn with
NRI-pioneered “bite-size” lessons and
proven, practical “power-on” training.
Build Your Own 2-Meter,
Digitally Synthesized

VHF Transceiver

NRI training is “hands-on”
training. You get honest bench ex-
perience as you build and test this
industrial-quality two-way radio and
power supply. You reinforce theory les-
sons as you induce and correct faults,
study individual circuits and learn
how they interface with others. Or,
at your option, you can train with a
fully-assembled forty-channel mobile
CB and base-station power supply
converter.

You also build and keep for use
in your work a transistorized volt-ohm

o el

meter and digital CMOS frequency
counter. NRI even gives you special
lessons to get your Amateur License so

transceiver.
FCC License

or Full Refund
In all, you get 48 lessons, 9
special reference texts, and 10 training
kits. ..the training you need to become
aprofessional. And NRI includes train-

— ing for the required FCC radiotele-

CB Radio

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

Free Catalog,

No Salesman Will Call

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

If the card has been removed,
write to:

NRI Schools
McGraw-Hill Continuing
Jis Education Center
q}. " 3939 Wisconsin Ave.
H¥R|f Washington, D.C. 20016
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Notes on Sound and Hearing

HOW is a high-quality audio com-
ponent to be distinguished from
one that is mediocre? According to
current practice, two methods are
available: (1) Measure its input and
output signals and verify that the rela-
tionship between them is correct or at
least acceptable. (2) Set the compo-
nent up as part of a system and listen
to it, possibly comparing it to another
unit of the same kind.

Though these methods are to a de-
gree complementary, each contribut-
ing information inaccessible to the
other, great controversy has arisen
concerning their relative merits. One
school of thought holds that every
measurable approach to the ideal situ-
ation in which the output signal of a
device is identical to its input (except
possibly for level) constitutes an im-
provement. A second viewpoint con-
siders measurements virtually mean-
ingless, insisting that sensitive and
properly trained ears can make dis-
criminations that test equipment can-
not. Fairly recently, members of the
engineering community have begun to
examine the subjective response scien-
tifically. It is just possible that re-
search of this kind will eventually re-
concile these antagonistic positions.

Objectifying the Subjective. At
the London convention of the Audio
Engineering Society, held in late Feb-
ruary of this year, Stanley P. Lipshitz
and John Vanderkooy of the Universi-

- ty of Waterloo in Canada delivered a
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paper describing some of their re-
search into this subject. They postu-
late that certain conditions must be
met for subjective tests to be mean-
ingful to others: (1) They must be
conducted by technically competent
people who know how to keep external
effects, subtle or obvious, from in-
fluencing the outcome. (2) Linear dif-
ferences (frequency and phase re-
sponse, acoustic polarity, and level)
must be accounted for before conclu-
sions can be reached about nonlinear
differences. (3) The subjective judge-
ment must be simple, as, for example,
distinguishing between two compo-
nents. (4) The test must be blind or,
preferably, double blind. Lipshitz and

By Harold A. Rodgers
Executive Editor

Vanderkooy go on to advocate the use
of A/B switch-boxes, allowing that
the box itself can be tested for intru-
sive effects.

One significant pitfall warned
against by these authors is reliance on
listener preference. It has been ob-
served that, in some circumstances,
listeners asked to choose between two
components will prefer the one with
higher distortion. Reliance on com-
mercially available program material
as a test signal can also lead to false
results. This can be especially true
when qualities such as “ambience”
and “imaging,” which are as much or
more properties of the source material
as are the reproduction equipment un-
der consideration.

In evaluating results, the authors
point out, it is important to distin-
guish between audible and significant
differences. A difference can be
shown to be audible when, after a suf-
ficiently large number of trials, statis-
tical analysis shows that the listeners
participating in the test can make a
discrimination with a frequency bet-
ter than would occur by chance. But
an error that can be easily corrected,
as by equalization, or that would be
likely to go unnoticed outside the lab-
oratory (e.g., a frequency response er-
ror of 0.5 dB) could well be deemed
insignificant.

The conclusion of this paper states
that the authors have not encountered
any audible phenomena for which
they could not measure a possible
cause. Further, they found that they
could easily measure differences that

were not audible. Level differences as
small as 0.2 dB were shown to be
audible if present over a wide enough
bandwidth.

Investigation of the audibility of
nonlinear distortion showed that
crossover distortion in a Class B am-
plifier is not as audible as many
people think. With a sine-wave test
signal, crossover distortion was de-
tectable at a level that averaged about
0.1%. When a music signal was used,
the threshold rose to about 1%. Inter-
estingly, solo piano is most sensitive to
the effects of crossover distortion,
which is heard in this case, as noise
modulation.

Amplifier Clipping. A paper pre-
pared for the same convention by Drs.
P.A. Fryer and Gareth P. Millward of
Rank Hi Fi in England investigated
the matter of amplifier clipping and
offered the surprising conclusion that
it is often more problematic for the
loudspeakers than for the listeners.
Using a test setup that allowed con-
trolled amounts of clipping to be ad-
ded to the program material before it
reached the power amplifier (which
was never permitted to clip), these re-
searchers tested for the audibility of
clipping, using various test signals and
different musical selections played at
sound pressure levels (SPL) from 85
to 105 dBA. Clipping was quantified
according to the fraction of the total
duration of the program segment over
which it occurred. Thus, a clipping
level of 1% for a five-second selection
would denote 50 ms of clipping.

It was found that white noise can be
clipped with little change in perceived
quality other than in level. Sine
waves, on the other hand, show audi-
ble change quite readily. The authors
suggest that the less a signal resem-
bles a sine wave and the more it is like
white noise, the less it will change in
tonal quality when clipped.

On loud classical music, clipping
was just detectable in the range of 1-
4% over the whole passage and 7-15%
on peaks, with the threshold falling as
the level increased. Listeners did not,
however, find the effect seriously ob-
jectionable until levels of 5% on aver-
age and 20% on peaks were exceeded.

With disco music, clipping became
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Six new
Scanners!
New 800 MHZz!

Communications Electronics] the
world’s largest distributor of radio scan-
ners, welcomes the addition of Fanon to
our product line. Fanon introduces two
new high performance hand-held scan-
ners. More importantly, Fanon has a
complete selection of useful accessories
to compliment their Slimline models.

Electra Company, manufacturers of
Bearcat brand scanners introduces three
new scanners including a model that can
monitor the exciting 800 MHz. band. The
new Bearcat models will be available
Fall, 1980, so reserve your scanner now!

A new product made by Electra, the
Freedom Phone®is now available from CE.
This is the ultimate cordless extention
phone that can make and take your calls.

Bearcat$300

The Ultimate Synthesized Scanner!
Allow 90-120 days for delivery after receipt of
order due to the high demand for this product.
List price $519.95/CE price $339.00

4-Band, 50 Channel ® 8ervice S8earch ® No-
crystal scanner ¢ AM Aircraft and Public
Service bands. e Priority Channeil ¢ AC/DC
Bands: 32-50, 118-136 AM, 144-174,421-512 MHz.
The new Bearcat 300 is the most advanced auto-
matic scanning radio that has ever been offered to
the public. The Bearcat 300 uses a bright green
fluorescent digital display, so it's ideal for mobile
applications. The Bearcat 300 now has these
added features: Service Search, Display Intensity
Control, Hold Search and Resume Search keys,
Separate Band keys to permit lock-in/lock-out of
any band for more efficient service search.

Bearcat® 250

List price $419.95/CE price $279.00

50 Channels ® Crystalless ® Searches

Stores © Recalls o Digital clock ® AC/DC
Priority Channel ® 3-Band ® Count Feature.
Frequency rarige 32-50, 146-174, 420-512 MHz

The Bearcat 250 performs any scanning function you
could possibly want. With push button ease you can
program up to 50 channels for automatic monitoring.

Bearcat® 220

List price $419.95/CE price $279.00

Aircraft and public service monitor. Frequency
range 32-50, 118-136 AM, 144-174, 420-512 MHz.
The Bearcat 220 is one scanner which can monitor all
public service bands plus the exciting AM aircraft band
channels. Up to twenty frequencies may be scanned at
the same time.

Bearcat® 211

List price $349.95/CE price $229.00

Frequency range: 32-50, 146-174, 420-512 MHz

The Bearcat 211. It's an evolutionary explosion of
features and function. 18-channel monitoring. With no-
crystal three-band coverage. Dual scan speeds. Color-
coded keyboard. Even a digital clock. All at a modest
price. More scanning excitement than you bargained for.

NEW! Bearcat® 210XL

This is a new model. Shipments will begin in Fall, 1980.
List price $319.95/CE price $219.00

18 Channeis ® 3 Bands ¢ Crystalless
Frequency range: 32-50, 144-174, 421-512 MHz.

The Bearcat 210XL scanning radio is the second gener-
ation of the world's best selling crystalless program-
mable scanner-the Bearcat 210. It has almost twice the
scanning capacity with 18 channels plus dual scanning
speeds and a bright green fluorescent display.

NEW!
Bearcat 160

Bearcat® 210

List price $319.95/CE price $209.00

10 Channelis ® 3 Bands ¢ Crystalless
Frequency range: 32-50, 146-174, 420-512 MHz

Use the simple keyboard to selectthe 10channelstobe
scanned. Automatic search finds new frequencies. The
210 features patented selectable scar delay, push
button lockout, single antenna, patented track tuning,
AC/DC operation. With no crystals to buy. Ever!

NEW! Bearcat® 160

This is a new model. Shipments will begin in Fall, 1980.
List price $279.95/CE price $199.00

16 Channeis ® 3 Bands ® AC only ¢ Priority
Dual Scan 8peeds ¢ Direct Channel Access
Frequency range: 32-40, 144-174, 440-512 MHz.

The Bearcat 160 presents a new dimension in scanning
form and function. The keyboard is smooth. No buttons
to punch. No knobs to turn. Instead, finger-tip pads
provide control of all scanning operations, including
On/Off, Volume and Squelch. Green easy to read
fluorescent display. Requires {2) 9 Volt batteries to
retain memory when disconnected from AC Power.

Bearcat® 12

List price $179.95/CE price $119.00

10 Crystal Channels © 3 Bands ¢ AC or DC
Frequency range: 33-48, 146-174, 450-512 MHz.
More features, more channels, more action. The Bearcat
12 has automatic squelch, individual lockout and more.

NEW:! Bearcat® 5/800 MHz

The world’s first 800 MHz. scanner!

This is a new model. Shipments will begin in Fall, 1980.
List price $179.95/CE price $129.00

8 Crystal Channels © 4 Bands ¢ AC only
Frequency range: 33-50,.144-174, 440-512, 806-870 MHz.
The Bearcat 5/800 MHz is the only scanner on the
market today that offers coverage of the 800 MHz.
public service band and the other public service bands.
Individual channel lockout. Scan Delay. Manual Scan.

Bearcat® 5

List price $129.95/CE price $94.00

8 Crystal Channels © 3 Bands e AC only
Frequency range: 33-50, 146-174, 450-508 MHz.

The Bearcat 5 is avalue-packed crystal scanner built for
the scanning professional — at a price the first-time
buyer can afford. Individual lockout switches.

- - ™
Bearcat® Four-Six ThinScan
List price $179.95/CE price $119.00
Frequency range: 33-47, 152-164, 450-508 MHz.
The incredible, new Bearcat Four-Six Thin Scan” is like
having an information center in your pocket. This three
band, 6 channel crystalcontrolled scannerhas patented
Track Tuning on UHF. Scan Delay and Channel Lockout.
Measures 2% x 6% x 1! Includes rubber ducky antenna.

NEW! Fanon Slimline 6-HLU
List price $169.95/CE price $109.00

Low_cost 6-ch i, 3-band 4

The new Fanon Sllmllne 6-HLU gives you six channels
of crystal controlled excitement. Unique Automatic
Peak Tuning Circuit adjusts the receiver front end for
maximum sensitivity across the entire UHF band. Indi-
vidual channel lockout switches. Frequency range 30-50,
146-175 and 450-512 MHz. Size 2% x6% x 1!' Includes
rubber ducky antenna. Order crystals for each channel.

NEW! Fanon Slimline 6-HL

List price $149.95/CE price $99.00

6-Channel performance at 4-channel cost!
Frequency range: 30-50, 146-175 MHz.

If you don't need the UHF band, get this model and save
money. Same high performance and features as the
model HLU without the UHF band. Order crystal certifi-
cates for each channel.

FANON SCANNER ACCESSORIES
CHB-8 AC Adapter/Battery Charger ...............
CAT-6 Carrying case for Fanon w/Beit Clip........
AUC-3 Auto lighter adaptor/Battery Charger ....... $15.00

OTHER SCANNER ACCESSORIES
SPSOACAdapter...........ooovviiiniiiiiiennnn.n. 2.00
SP51 Battery Charger .

SP58 Carrying Case for Bearcat 4-6 ThinScan™ ...$15.00
FB-E Frequency Directory for Eastern U.S.A. .. ...$15.00
FB-W Frequency Directory for Western U.S.A...... $15.00

FFD Federal Frequency Directory for U.S.A........ $18.00
SM220 Service manual for Bearcat 220........... $15.00
B-4 1.2 VAAANiI-Cad's for ThinScan™ and Fanon .... $15.00
B-5 Replacement memory battery for Bearcat210....$6.00

B-7 1.5 V AAA Alkaline battery (Pack of 4}
B-9 9 V Alkaline battery .................... ..
A-135cc Crystal certificate.......................... $4.0

Add $3.00 shipping for all accessories ordered at the sametime.

INCREASED PERFORMANCE ANTENNAS
If you want the utmost in performance from your
scanner, itis essential that you use an externalantenna.
We have six base and mobile antennas specifically
designed for receiving all bands. Order #AB0 is a
magnet mount mobile antenna. Order #A61 is agutter
clip mobile antenna. Order #A62 is a trunk-lip mobile
antenna. QOrder #A83 is a % inch hole mount. Order
#AB4 is a¥%inch snap-inmount, and #A70is an allband
base station antenna. All antennas are $30.00 and
$3.00 for UPS shipping in the continental United States.

TEST ANY SCANNER FREE
Test any scanner purchased from Communlcations
Electronics™ for 31 days before you decide to keep it. If for
any reason you are not completely satisfied, return it in
originat condition with alt parts in 31 days, for a prompt
refund (less shipping/handling charges and rebate credits).

CIRCLE NO. 1 ON FREE INFORMATION CARD

NEW!Regency® M400

List price $379.95/CE price $259.00

30 Channel © Synthesized © Service Search
Digital clock © Digital timer © M100 styling
8Search/Store ® Priority Channel ©¢ AC/DC
Frequency range: 30-50, 144-174, 440-512 MHz
The new Regency M400 is a compact programmable
FM monitor receiver for use at home or on the road.

OTHER REGENCY® SCANNERS

Aircraft Touch 720-A....................... $229.00
Touch K100 ... ....ioiiiiiiiiiiiiiiiaiaanne. $199.00
Touch M100.......coiiiiiiiiiiiiii e, $199.00

NEW! Telephone Products

Electra’s cordless Freedom Phone does everything
anordinary phone does and more. Becauseitiscordless,
you can take it anywhere, inside or outside—on thée
patio, by the pool, in the garage, inthe workshop...even
next door at the neighbor's.

Model FF-500 has pushbutton dialing. Rechargeable
ni-cad batteries included. Battery low light. Secure
feature. Telescopic antenna. Your cost is $179.00.
Model FF-1500 has the same features as the FF-500
but also includes a charger/cradle that allows the
phone's handset to be recharged away from the base
station. Your cost for this cordless phone is $199.00.
The model FF-3000 has all the standard features
(except charger/cradle) plus interchangeable telescop-
ic and rubber ducky antenna. Redial feature. Belt clip.
Carrying case. Greater range. Your cost is $229.00.

- - ™
World Scanner Association
The WORLD SCANNER ASSOCIATION is spon-
sored as a public service by Communications
Electronics” When you join, you'll receive a
quarterly newsletter with scanner news and fea-
tures. You'll also get a wallet I.D. card, an Official
WSA Membership Certificate, and more. FREE
classified ads for members so you can contact
other scanner owners when you want to sell or buy
a scanner. FREE membership in the WSA Buyer's
Co-op. Your Co-op membership will allowyou to get
special discounts on scanners and scanner related
products. Since the WSA Buyer's Co-op gives you
group purchasing power, you can easily pay for
your membership dues the first time you make a
Co-op purchase. To join, send $12.00 ($17.00
outside U.S.A)) for your membership materials.

BUY WITH CONFIDENCE

To get the fastest delivery from CE of any scanner, send
or phone your order directly to our Scanner Distribution
Center”™ Be sure to calculate your price using the CE prices
in this ad. Michigan residents please add 4% sales tax.
Written puschase orders are accepted from approved gov-
ernment agencies and most well rated fims at a 10%
surcharge for net 30 billing. All sales are subject to availa-
bility. All sales on accessories are final. Prices and specifi-
cations are subject to change without notice. Out of stock
items will be placed on backorder automatically unless CE is
instructed differently. International orders are invited with a
$10.00 surcharge for special handling in addition to ship-
ping charges. All shipments are F.O.B. Ann Arbor, Michigan.
No COD's please. Non-certified and toreign checks require
four weeks bank clearance.

Mail orders to: Communications Electronics;
Box 1002, Ann Arbor, Michigan 48106 U.S.A. Add
$6.00 per scanner or phone product for U.P.S.
ground shipping, or $12.00 for faster U.P.S. air
shipping to some locations. If you have a Master
Charge or Visa card, you may call anytime and
placeacreditcard order. Order toll free in the U.S.A.
800-521-4414. If you are outside the U.S. or in
Michigan, dial 313-994-4444. Dealer inquiries
invited, All order lines at Communications
Electronics™ are staffed 24 hours.

WSA;" Scanner Distribution Center™ and CE logos are
trademarks of Communications Electronics™

tBearcat and Freedom Phone are federally registered
trademarks of Electra Company, a Division of Masco
Corporation of Indiana.

} Regencyisafederally registered trademark of Regency
Electronics Inc.

Copyright®1980 Communications Electronics™

master charge

Tl TEBBARS | ke

™

2 COMMUNICATIONS
ELECTRONICS™

854 Phoenix O Box 1002 O Ann Arbor. Michigan 48106 U.S.A.
Call TOLL-FREE (800} 521-4414 oroutslde LU.S.A.(313)994.4444

We’re first
with the best.”




audio

far more tolerable. Listeners did not
notice it until it reached 6-16% aver-
age and 12-28% on peaks, and were
not disturbed by it until it reached 23-
30% average and 33-36% on peaks.

Since clipping of a signal can raise
the amount of power an amplifier de-
livers, a loudspeaker can be placed at
considerable risk if the higher power
is permitted to occur for a substantial
length of time. The danger is com-
pounded by the fact that listeners may
not detect clipping audibly and may
not reduce the level in time.

Sound Pressure Levels and
Health. Damage to one’s hearing is
not the only risk associated with expo-
sure to high SPLs, according to The
Mind and Sound, a paper written by
Martin Polon of UCLA, also for the
London AES convention. Actually,
the title is somewhat misleading, as
the paper shows many of the effects of
such exposure to be physiological and
not just psychological. In particular,
Polon states that blood levels of hor-
mones associated with stress have
been shown to double or triple after
prolonged exposure to loud sounds.

He cites deleterious effects on the en-
docrine, reproductive, circulatory,
and nervous systems.

The SPLs attributed to concerts of
“new wave” and “punk rock™ music
are surprisingly high, reaching 125-
135 dBA consistently. It is said that,
of 39 concerts surveyed in Los An-
geles over a six-month period, only
two had SPLs below 120 dBA.

Numerous deleterious effects are
associated with such high sound levels
and the physiological stress they
create. Constriction of peripheral
blood vessels with an accompanying
rise in blood pressure and elevated
levels of cholesterol and triglycerides
has been shown to contribute to de-
generation of the arteries and the
heart muscle itself. In other cases,
high levels of epinephrine and norepi-
nephrine due to sonic exposure have
been associated with the onset of psy-
chotic episodes. Neural disturbances
as severe as epilepsy have been shown
to occur in sensitive individuals ex-
posed to bursts of high-level sound.

Sensory dysfunction can occur too.
Audio levels on the order of 130 dBA
have been shown to cause dizziness,

vertigo, and uncontrollable move-
ments of the eyes. Other visual distur-
bances may include narrowing of the
field of vision, loss of visual acuity,
changes in color perception, and re-
duction of night vision. Polon points
out that some people experience these
effects at levels as low as 95-100 dBA
and suggests that driving an automo-
bile with the stereo system producing
SPLs of this order may be questiona-
ble in terms of safety.

Overexposure to loud sound, ac-
cording to the paper can also interfere
with sexual and repreductive func-
tioning. In particular, it has been
shown that stress induced on a preg-
nant woman in this fashion can affect
the developing fetus, often posing con-
siderable risk. As a final point, it is
suggested that changes in brain chem-
istry caused by high SPLs may cause
sleep disturbances if exposure occurs
closg to bedtime.

Certainly, this paper brings to light
some startling facts that should be in-
vestigated further. In the meantime, a
survival kit for discos and rock con-
certs might well include a sound-level
meter and ear protection.
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Audiophile Recordings

By Harold A. Rodgers
Executive Editor

HANDEL: Water Music Suite; Air
from Concerto Grosso Op. 6, No. 12.
J.S. BACH: Air for the G String. Pa.
CHELBEL: Canon in D. Zoltan Rozs-
nyai conducting the Philharmonica
Hungarica. M & K RealTime Re-
cords RT 206 (dbx PS-1007). The
combination of dbx-encoded disc plus
digital master tape is truly amazing—
even to the point of being a little
unsettling at times. There’s a tiny
“thud” as the stylus settles into the
lead-in  groove and then si-
lence . . . then music coming at you
from out of nowhere. At least in the
concert hall there’s a sudden hush
when things are about to get going—
and you can see the conductor.
First-rate playing and ensemble are
in evidence in the Water Music Suite,
with the horns producing an especial-
ly lovely tone. This, however, makes it
all the more frustrating that authen-
ticity is given such short shrift. This
“Water Music” bears only a slight re-
semblance to anything penned by

Handel. Excerpts are taken from
Suite No. 1 in F, rearranged in order
for some reason, and one number
from Suite No. 2 in D is grafted on,
with timpani, which are not in the ori-
ginal, added. (Suite No. 3 in G is
allowed to escape entirely.) The final
lapse is that the harpsichord continuo,
which is de rigeur (Handel would
have conducted from the keyboard) is
omitted. And Bach and Pachelbel fare
no better.

Even granted that this is a “pops”-
type presentation of baroque music,
there is no reason to let performance
practice stray so far afield.

SHosTakOvicH: Festive  Overture,
RAVEL: Bolero; GINASTERA: Estancia
Ballet Suite; WEINBERGER: Polka and
Fugue from “Schwanda”. Morton
Gould conducting the London Sym-
phony Orchestra. Chalfont SDG 301
(dbx PS-1019). This is another
“pops” concert recorded in digital
cum dbx, and the sonic result is equal-
ly amazing—in fact more so, as the
orchestrations are more colorful. The
hit of the disc is, of course, the
redoubtable—if somewhat over-fa-
miliar—Bolero. Gould gives this piece
the “funkiest” performance I've yet
heard, emphasizing jazzlike turns of
phrase and timing. I don’t know what
Ravel would think about this, but it
seems to work very well,

What is particularly interesting
about this reading is that it lets you
hear details of the scoring. Frequent-
ly, the melody is taken by what sounds
like a familiar instrument, but not
quite. On this recording you can hear
the familiar instrument with one of its

overtones doubled softly by another.
The other works also seem well per-

formed. Execution is precise and spir-

ited, with brilliant orchestral color.

W. A. MozarT: Two Concertos for
Flute and Orchestra: G major, KV
313; D Major, KV 314. Andante in C
Major, KV 315. Andris Adorjan,
flute; Hans Stadlmair conducting the
Miinchener Kammerorchester. Denon
PCM OX-7180-ND. According to the
liner notes, Andtds Adorjian studied
with Jean-Pierre Rampal, and his
tone certainly sounds it. He plays with
a big, opulent sound that has a neat
vibrato and just enough edge tone to
stand out over the orchestra. In fact, it
may be just that little touch of bril-
liance that keeps this big tone from
overpowering Mozart’s rather deli-
cate phrasing. And this young flutist
has even risen to the challenge of pre-
paring his own cadenzas.

Stadlmair, for his part, projects a
rather romantic Mozart. Attacks, for
example, are scattered in time by just
enough to sound “softened,” although
without disturbing the rhythmic flow.
This is by no means objectionable, but
for my ear, a little more precision is
called for. Part of the problem may be
that the recording environment is a bit
too reverberant. Nonetheless, these
are pleasing performances by highly
competent personnel.

Remastered Releases:

NEIL DiaMOND: Hot August Night.
Mobile Fidelity MFSL 2-024.

EARL KLUGH: Finger Paintings.
Mobile Fidelity MFSL 1-025.
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ELF Il by Netronics

You'reu

. that riva
Featuring

RCA ::
COSMAC CPU i

Own a powerful home computer system, starting for just $99.95-a price that
gets you up and running the very first night. .. with your own TV lor a video
display. $99.95 ELF If includes RCA 1802 B-bit microprocessor addressable to 64k
bytes with DMA, interrupt, 16 registers, ALU, 256 byte RAM, full hex keyboard,
two digit hex output display, stabfe crystal clock for timing purposes, RCA 1861
video IC to display your programs on any video monitor or TV screen and 5-s/ot
Plug-in expansion bus (less connectors) to expand ELF If into & giant!

ELF il Explodes Into A Giant!

Master ELF II's $99.95 capabilities, then expand with GIANT BOARD .
KLUGE BOARD...4k RAM BOARDS...TINY BASIC...ASCIl KEYBOARD...
LIGHT PEN. .ELF-BUG MONITOR...COLOR GRAPHICS & MUSIC SYSTEM ..
TEXT EOITOR...ASSEMBLER. ..DISASSEMBLER. .. VIOED O0ISPLAY BOARD

.. and, another great reason for getting your ELF now-

BREAKTHROUGH!

Netr proudly d the rel of
the first 1802 FULL BASIC, written by L.
Sandlin, with a hardware floating point RPN
math package (requires 8k RAM plus ASCII and
video display boards), $79.95 plus $2 p&h. Also
available for RCA VIP and other 1802 systems
Board inciudes area for a ROM version.

‘Write and run programs—the
very first night-even if you'’ve
never used a computer before!

p and running with video graphics for just $99.95 —

then use low cost add-ons to create your own personal system

Is home computers sold for 5-times ELF II's low price!
pre-recorded tape cassettes.
ELF Ii Gives You The Power To Make Things Happen!

Expanded, ELF Il can give you more power 10 make things happen in the real
world than beavily advertised home computers Ihat sell for a lot more money.
Thanks 10 an ongoing committment to develop the RCA 1802 for home computer
use, the ELF Il products—being introduced by Netronics—keep you right on the
outer fringe of (oday’s small ‘ it's a perfect for
engineering, business, industrial, scientific and personal applicat:ons.

Plug in the GIANT BOARD to record and play back programs, edit and
debug programs, communicate with remote devices and make (hings happen in
the oulside world. Add Kiuge {protolyping) Board and you can use ELF Il to
solve special problems such as operating a complex alarm system or controlling
a printing press. Add 4k RAM Boards to write longer programs, store more
information and solve more sophisticated problems.

ELF 11 add-ons already inclede the ELF II Light Pen and the amazing ELF-BUG
Monitor -two extremely recent breakthroughs that have not yet been duplicated
by any other manufacturer.

The ELF-BUG Monitor fets you debug programs with lightening speed because
the key to debugging is to know what's inside the registers of the microproces-
sor. And, with the ELF-BUG Monitor, instead of single stepping through your
programs, you can now display the entire contenls of the registers on your TV
screen. You find out immedistely what's going on and can make any necessary
changes.

The incredible ELF Il Light Pen lets you write or draw anything you want on a
TV screen with just a wave of the “magic wand.” Netronics has also introduced
the ELF Il Color Graphics & Music System-more breakthroughs that ELF II
owners were the first 10 enjoy!

ELF Il Tiny BASIC

Master This Computer In A Flash!
Regardless of how minimal your compuler backgreund is now, you can learn
10 program an ELF Il in almnsl no time at all. Qur Slmﬂ L‘wm On Micropro-

Ulti ly, ELF 11 und: ds only machine language-the fundamental coding
required by all computers. But, 10 simplify your relationship with ELF I, we've
introduced an ELF 1 Tiny BASIC that makes communicating with ELF Il a
breeze.

cessor & Computer Prog itten in quides you
through each of the ACA CDSMAC 1802's ilities, s0 vnu‘II

Now Available! Text Editor, Assembler,
Di

everything ELF 1 can do. . .and how to get ELF /f to do it! Qon't worry if you've
been stumped by computer books before. The Shost Course represents a major
advance in fiterary clarity in the computer field. You don’t have to be a computer
engineer in order to understand it. Keyed to ELF 1I, it's foaded with “hands on™
itustrations. When you're finished with the Short Course, neither ELF 1l nor the
RCA 1802 wif hold any mysteries for you.

in lact, not onty will you now be able to use a personal computer creatively,
you'lt also be able to read magazines such as BYTE. . . INTERFACE AGE. . . POPU-
LAR ELECTRONICS and PERSONAL COMPUTING and tully wnderstand the
artictes. And, you'lt understand hqw to expand ELF Il to give you the exact
capabilities you need!

1f you work with large computers, ELF 11 and the Short Course will help you
understand what they're doing.

Get Started For Just $99.95, Complete!

$99.95 ELF tl includes all the hardware and sottware you need to start writing
and running programs at home, displaying video graphics on your TV screen and
designing circuils using a microprocessor ~the very first night—even il you've
never used a computer before.

ELF Il conngcts direclty to the video input of your TV set, withoul any addi-
tional hardware, Or, with an $8.95 RF modulator {see coupon belowl, you can
connect ELF Il to your TV's antenna terminals instead.

ELF Il has been designed to play all the video games you want, including &
fascinating new targetimissile gun game that was developed specitically lor ELF
. But games are only the icing on the cake. The real value of ELF il is that it
gives you a chance ln write machine language programs—and machine language
is the | | tanguage of afl 01 course. machine language is
only a starting point. You can also program ELF Il with assembly languagé and
finy BASIC. 8ut ELF II's machine language capability gives you a chance to
deveiop a working knowledge of computers that you can't get from mnnmg nnly

Netronics R&D Ltd., Dept PE-

333 Litchfield Road, New Milford, CT 06776

bler And A New Video Display Board!

The Text Editor gives you word processing ability and the abitity to edit
programs or text while it is displayed on your video monitor. Lines and charac-
ters may be quickly inserted, deleted e changed. Add a printer and ELF It can
Type fetters lor you-—error Wee—plus print names and addresses trom your

mailing list!
ELF t's A 1 I bly language prog into hexidecimal
machine code for ELF Il use. The A bler features ic abb

rather than numerics so that the instructions on your programs are easier 1o
read -this is a big help in catching errors.

ELF II's Dissssembler takes machine code programs and produces assembly
language source listings. Thes helps you understand the programs you are
working with . .and improve them when required.

The new ELF Il Video Display Board lets you generate a sharp, professionat
32 or 64 character by 16 line upper and lower case display on your TV screen or
video monitor -d ically i 9 your $99.95 ELF II. When you
get into fonger programs, the Vm:n UISﬂIlV Board is a real blessing!

( Now Available!
O A-D/D-A Board Kit includes 1 channel (¢expandable to
4) D-A, A-D converters, $39.95 plus $2 postage & hand-
ling. .

O PILOT Language—A new texi-oriented language that
allows you to write educational programs on ELF II with
speed and ease! Write programs for games. ..unscram-
bling sentences. . .spelling drifls.,.*fill in the missing
word" tests, etc.! PILOT is a must for any ELF 11 owner
with children. PILOT Language on cassette tape, only
$19.95 postpaid!

O Game Package on cassette tape (requires 4k RAM),
$9.95 plus $2 postage & handling.

Clip Here and Attach to Your Order Below!

PHONE ORDERS ACCEPTED!] |

Yes! | want my own computer! Pleasc rush me— Call (203) 354-9375 I
O RCA COSMAC ELF Il 1anguage i s a learning breakinrough lor engineers ang faymen
kil a1 $99 95 plus $3 poslage and abke $5 posipand TotalEnclosed § ____ o I
oo hangling [requires €3 fo 8 voil AC power sDnDelule et C::mel wilh plexiglas dusl cover lo ELF 11 (Cono res add lax)
95 pius $2 50 |
O Pawer Supply trequired) S4 95 pasipans D) 1 am aiso enclosing payment (including poslage & hanging) tor  CHARGE IT! Exp Date ___
{0 RCA 1807 User s Manual $5 posipaxd the ilems checked ne“?m J % 9 DO wsa O Masler Charge

[3 Tom Pitman < Shorl Course On Microprocessor & Compuler
Programming leaches you just aboul everything (here 15 10 know

ahoul ELF 1 or any RCA 1802 computer  Writien in non-lechnical  $3 p&h.

O 1 want my ELF || wired and tesied with power supply.
1802 User's Manual and Short Course—all lor just $149.95 plus

RCA Bankw _ _ _ _}

Account ¥

ALSO AVAILABLE FORELF Il

' J GIANT BOARD™™ kit wilh casselle 1/0 RS 232
C/1TY 170 8 bil P 1/Q decoders for 14 separale 1/0
| nsiruChons ang 3 syslem monior /ediior $39.95 plus
p&h
I O Kiuge 1Prototype) Board accepts up to 36 1C s
$17 00 plus $1 p&h
O 4k Statc RAM kit. Addressable fo any 4k page 10
I 64k $89.95 plus $3 p&h
3 Gol plated 86-pin connectors (one requised lor each
| plug n board) $5.70ea posipad
O Expanston Power Supply Irequired when adding 4k
RAM) $34.95 plus $2 p&h
3 Professional ASCI Keyboard ki winh 128 ASCH
uppet/lower case set 96 prinlable characlers onboard
| regulalor panty Kogic selection and chowce of 4 hand
shaking signals 1o mate with amost any computer
$64 95 plus $2 p&h
I O Deluxe metal cabwned for ASCHl Keyboard. $19.95
plus $2 50 p&h
I O video Dispiay 8oard ki lets you generale a sharp
prolessional 32 o 64 character by 16 ine upper and
l fowet Case dISDlay 0N your Iv SCreen of wideo Moo —
dramalically mmmvm%your unexpanded $99 95 ELF Il
IFis inside ASCIl Keyboard catenel ) $89.95
plus $2 p&i
O ELF ll Tiny BASIC on cassetie 1ape Com-
manas mcluue SAVE WOAD = x.+ ()

OCTOBER 1980

26 vanables A-2 LET IF/THEN INPUT PRINT GO TD
GO SUB RETURN END. REM CLEAR LIST RUN.
PLOT PEEK POKE Comes fully documenied and in-
cludes alphanumernc alor required 10 display
alphanumenic characters direclly on your Iv screen with
out addimonal hardware Also plays Ick-lack loe pius 3
drawing game thal uses ELF Il s hex keyboard a5 a oy
stick 4k memory required $14.95 posipad
O Tom Piman s Short Course on Tiny Basic for ELF i1
$5 posipad
O €LF-8UGT™ Deluxe Syslem Monor on casselle
tape Allows displaying [he conlents of all regisiers on
your tv at any poni n your program  Also displays 24
les ol memory with full addresses bliaking Cursor
and aulo scrolling A must 1o ihe serious programmer”
$14.95 posipad
O Text Editor on casselle tape gives you the abiity lo
wser(. delete o edil lines and words Y10m your programs
while (hey are displayed on your video momifor (Add
ponter and you can use ELE 1l o fype error-iree felters
plus msert names and addresses rom yous mabing hst }
$19.95 posipa
D Assembler on casselle (ape fransiales assembly
?uaqe programs nlo hexidecimal rm')cnme code for
W yse
|mher than numerics} make nlograms easer (o read
and help preveni ercors $19.85 posipa
O Owsassembler on casselte 1ape mes machine Code

programs and produces assembly language source bst-
ngs 13 help you undersiand and Improve your programs
$19.95 on cassette lape
SAVE $9.90—Text Editor. Assembier &

purchased logether only $49.95! (Require Vioeo Dis |

Address

Swae _ ____
— — - DEALER!NOUIRIES INVITED ——

Drsassembler |

play Board plus 4k memory )
O ELF Il Light Pen. assembled & fested $7.95 plus $1
S I

O ELF tl Color Graphics & Music System Board kit
$49.95 plus $2 p8h I
O EL* U connects girecily 10 the video 1npul of your tv

sel without addional hardware To connect ELF Il to
your anlenna lerminals instead. order AF Modulator, |
$8.95 posipawd

Comum Scon: A-0. D-A Converler Controlier Board

ind more'

Priat

|
o |
|
|
|

City R

By Netronics

ASCII/BAUDOT,
STAND ALONE

Computer
Terminal

The Netronics ASC11/BAUDOT Computer Terminal Kit is a
microprocessor-controlled, stand alone keyboard/terminal
requring no computer memory or software. It allows the use of
either a 64 or 32 character by 16 line professional display for-
mat with selectable baud rate, RS232-C or 20 ma. output, full
cursor cantrol and 75 ohm composite video output.

The keyboard follows the standard typewriter configuration
and generates the entire 128 character ASCII upper/lower case
set with 96 printable characters. Features include onboard
regulators, selectable parity, shift lock key, alpha lock jumper,
a drive capability of one TTY load, and the ability to mate
directly with almost any computer, including the new Ex-
plorer/85 and ELF products by Neironics.

The Computer Terminal requires no 1/O mapping and
includes 1k of memory, character generator, 2 key rollover,
processor controlled cursor control, parallel ASC11/BAUDOT
to serial conversion and serial 10 video processing—fully
crystal controlled for superb accuracy. PC boards are the
highest quality glass epoxy for the ultimate in reliability and
long life.

VIDEO DISPLAY SPECIFICATIONS

The heart of the Netronics Computer Terminal is the micro-
processor-controlled Netronics Video Display Board (VID)
which allows the terminal to utilize either a parallet ASCII or
BAUDOT signal source. The VID converts the parallel data to
serial data which is then formatted to either RS232-C or 20 ma.
current loop output, which can be connected to the serial 170
on your computer or other interface, i.e., Modem,

When connected to a computer, the com puter must echo the
character seceived. This data is received by the VID which
processes the information, converting to data to video suitable
to be dlsplayed on a TV set (using an RF modulator) or on a
video monitor. The VID generates the cursor, horizontal and
vertical sync pulses and performs the housekeeping relative to
which character and where it is to be displayed on the screen.
Video Qutput: /.5 P/P into 75 ohm (EIA RS-1704 ® Baud Rate:
110 and 300 ASCII * Outputs: RS232-C or 20 ma. current loop
o ASCII Character Set: /28 printable characters—

afTSeBupvili¥oRo a3 02052 S| 304

18R ()84, -, 701 23456789: ;{(=)"
SABCDEFGHI JKLMNOPQRSTUNRYZ (N1~ _
‘abcdefghuklnnopqrstuwxqz{ b |

\t : I NOPQ
RSTUVWX YZ.- :‘33#(} 9014’57 2/68%
Cursor Modes: Home, Backspace. Honzomal Tab, Llne Feed,
Vertical Tob, Carriage Return. Two special cursor sequences
are provided for absolute and relative X-Y cursor addressing ®
Cursor Control: Erase, End of Line, Erase of Screen, Form
Feed, Delete * Monitor Operation: 50 or 60Hz (jumper
selectable.

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

CALL TOLL FREE 800-243-7428

To Drder From Connecticut Or For Technical

P ™  Assistance, Eic. Call (203) 354-9375 o 1

l Netronics R&D Litd., Dept. PE-10 I
333 Litciafield Road, New Milford, CT 06776

Please send the items checked below—

O Netronics Stand Alone ASCII Keyboard/Computer

I Terminal Kit, $149.95 plus $3.00 postage & handling.
Deluxe Steel Cabinet for Netronics Keyboard/Termi-

I nal In Blue/Black Finish, $19.95 plus $2.50 postage
and handling.

I O Video Display Board Kit alone (less keyboard), $89.95
plus $3 postage & handling.

l O 12" Video Monitor (10 MHz bandwidth) fully assem-

lo

lo

COMPLETE
FORONLY. ..

*149°5

bled and tested, $139.95 plus $5 postage and handling.
RF Modulator Kit (to use your TV set for a monitor),
$8.95 postpaid.
S amp Power Supply Kit In Deluxe Steel Cabinet
(£8VDC @ S amps, plus 6-8 VAC), $39.95 plus 52
postage & handling.
Total Enclosed (Conn. res. add sales tax) $.
By—
O Personal Check
3 Visa
Acct. #
Signature

Print
Name

Address
City

O Cashiers Check/Money Order
O Master Charge (Bank # __ _ ____)

__Exp. Date

State Zip
L mms wms (] Send Me More Information sy mm J
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7 Rrsiamcns  High-Com § Norte Reduction System

Nakamichi High-Com II
Nozse Reductwn System

A sophlstlcated two-band compander system based

on a special integrated circuit from Telefunken

HE Nakamichi High-Com II

noise-reduction system is a con-
sumer versionn of the professional
High-Com system developed in West
Germany by AEG-Telefunken. Built
by Nakamichi under license, it incor-
porates a special integrated ‘circuit de-
veloped by Telefunken. In many re-
spects High-Com bridges the gap be-
tween the ubiquitous Dolby B system
and the professional Dolby A noise re-
duction system used on virtually all
master tapes.

Operating in two frequency bands
(in contrast to the single-band Dolby
B and the four-band Dolby A), High-
Com 1II is said to provide at least 12
dB more noise reduction than Dolby
B, plus additional high-frequency
headroom on the tape. According to
Nakamichi, the total dynamic-range
advantage over Dolby B is approxi-
mately 20 dB.

At present, the Nakamichi High-
Com I is available only as an ‘“add-
on” accessory that connects between
the tape deck and the associated am-
plifier. It is a low-profile, all-black
package measuring 19”"W X 1053"'D
X 3V4"H and is fitted with “ears” for
mounting in a standard EIA rack.
High-Com II weighs 11 1b (5 kg). Its
suggested retail price is $420.

General
circuit

Description. While no
details of the Nakamichi

High-Com II are available, its block
diagram and operating controls show
both its similarity to and differences
from the Dolby Noise reduction sys-
tems. Like Dolby, it is level sensitive,
and a “0 dB” operating reference is
established by an internally generated
calibration tone.

In use, High-Com II takes over the
recording and playback level control
functions from the recorder, whose
controls should be set to maximum
gain. A 400-Hz reference tone is re-
corded on the tape at a level of 0 dB as
indicated on the recorder’s meters (it
simultaneously reads 0 dB on High-
Com’s two level meters, which are
peak reading and have a 50-dB
range). Recording level is calibrated
with two back-panel knobs.

With the MODE switch of High-
Com II set to PLAY, the tape is played
back and the input calibration knobs
in the rear of the unit are adjusted for
0-dB readings on its meters. All sub-
sequent level adjustments are made
from the front panel of High-Com II
with its OUTPUT control and three REC
LEVEL controls (individual channel
controls and a MASTER gain knob).

According to the markings on the
meters of the High-Com II, their O-
dB level corresponds to a tape flux of
200 nWb/m (standard Dolby level).
Not all tape decks calibrate their me-
ters this way, but this is not a rigorous

requirement if the High-Com II has
been set correctly for the recorder.

Recording levels are set on the re-
corder’s meters, using the High-
Com’s controls. (High-Com’s own
meters react to the unprocessed input
signal,) Lacking separate recording
and playback electronics, High-Com
IT must be switched between PLAY
and REC by its MODE switch. Also, a
second High-Com II unit would be re-
quired to monitor the playback output
of a three-head deck while recording.
A PASS position on the MODE switch
bypasses the noise-reducing circuits.

Like Dolby, High-Com II can be
affected by leakage of the 19-kHz
multiplex pilot carrier into an FM
program being recorded. It therefore
incorporates a switchable 19-kHz re-
Jection filter. Unlike the Dolby B sys-
tem, which operates only at high fre-
quencies and is not affected by low-
frequency noise, the Nakamichi
High-Com II processes the entire au-
dio range. Therefore, a suBsoNic fil-
ter cutting off sharply below 30 Hz is
included. The FILTER switch can be
set to OFF, SUBSONIC, MPX, or a combi-
nation of the two. The filters also
work in the PASS mode. Nakamichi’s
High-Com II compresses and expands
the low and high frequencies sepa-
rately, using appropriate attack and
release times for each band in order to
suppress audible side effects, such as
“breathing.” While Dolby operates
only on signals below a certain thresh-
old, High-Com 1I affects signals only
above a threshold level.

The compression slope is 2:1, so
that for signals above the threshold

POPULAR ELECTRONICS



IMMORTAL MUSIC SHOULDN'T
BE KEPT ON MORTALTAPE.

Good music never dies. Unfortunately, a lot of cassette tapes do.

At Maxell, we've designed our cassettes to be as enduring as
your music. Unlike ordinary cassettes, they’re made with special
anti-jamming ribs that help prevent tape from sticking, stretching
and tearing.

And Maxell cassettes come with something else you won't find
on most others. An unconditional lifetime
warranty.

So if you'd like to preserve your old
favorites for the years to come, keep them in
a safe place. On one of our cassettes.

Moaxall Corporation of America, 60 Oxtord Dnive, Moonachie, N.J. 07072 IT S ' » ORPH IT

CIRCLE NO. 36 ON FREE INFORMATION CARD
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Frequency response curves with the filters off is flat within
+0.6 dB from 5 to 20,000 Hz. The subsonic filter cuts off
below 30 Hz, and the MPX filter notches at 19 kHz.

level (—25 to —45 dB, depending on
frequency) a 2-dB level change in the
signal appears at the recorder inputs
as a 1-dB change. In playback, the
inverse operation restores the original
dynamic range. The compression
range extends above 0 dB (up to at
least + 10 dB), which has the effect of
increasing system headroom, particu-
larly at high frequencies.

Below the compression threshold
High-Com Il acts as a linear (1:1)
amplifier. This is said to provide fur-
ther assurance against modulation of
background noise by program-level
variations. In addition, the separate
processing of low and high frequen-
cies minimizes modulation of hiss by
low-frequency amplitude envelopes.

Laboratory Measurements. Al-
though we were unable to measure the
dynamic operation of the unit (which
would have required access to its in-
ternal circuits) we did measure static
transfer characteristics over a wide
range of amplitudes at frequencies of
100 Hz, 1 kHz, and 10 kHz. The
results generally confirmed the some-
what idealized plot of encoding and
decoding characteristics presented by
Nakamichi.

The cAL tone output level was 0.61
volts, and a playback signal of 60 mil-
livolts was sufficient to calibrate the
meters of the High-Com II to their 0-
dB points. Frequency response and fil-
ter characteristics were measured in
the pASS mode, bypassing the expan-
sion and compression circuits. With

the filters OFF, response was flat with-
in +0.5 dB from $ to 20,000 Hz, fall-
ing off to —5 dB at 30,000 Hz. Leav-
ing 30 Hz umaffected, the suBsoNIC
filter cutoff very sharply below that
point, reaching about —37 dB at 10
Hz and below. The Mpx filter had no
effect at 16 kHz or below, but notched
the 19-kHz response to —32 dB, re-
turning to — 19 dB at 30 kHz.

The composite spectrum-analyzer
photograph made with a high-quality
cassette deck and linear scan from 0
to 20,000 Hz shows the smoothed
noise output from a blank but biased
TDK SA tape. The upper trace was

MPX

10K 100¢.

made with no noise reduction, the
middle trace with Dolby B, and the
lower trace with the High-Com II set
to pLAY (the absalute levels are purely
arbitrary). The reduction of the noise
level with High-Com II operating is
an almost constant 20 dB across the
audio range. The 12-dB improvement
of High-Com II over Dolby is clearly
visible, as is the fact that the Dolby is
reducing noise by 9 to 10 dB.
Conventional meter noise measure-
ments using CCIR/ARM weighting
do not show such a dramatic differ-
ence between High-Com II and Dol-
by, presumably because the CCIR

Compcsite spectrum-analyzer photograph of response from

0 to 2G,000 Hz with no noise reduction (top), with

Dolby B (center) and with High-Com Il (bottomn).

Dolby B reduces noise by 9 to 10 dB, High-Corm by about 12 dB mors.

POPULAR ELECTRONICS



fact:

a Shure stylus
1S a sound
Investment

A new stylus (needle) can actually save you
money. Even a precision crafted diamond
stylus eventually wears out, and a worn or
broken stylus tip can damage your records
in a single play! Protect your records by
checking your stylus at least once a year.
Your Shure dealer can inspect it, and if
necessary, replace your stylus with a
Genuine Shure replacement stylus that will
bring your cartridge right back to its
original specifications.

. ‘A ¢
@ CR” ese (\e\\ e e O o
3 Oq d\so\ \\({\“g ¢ de(. me% a\\io 5. .
QN\EJ\‘S\ 2% SO o o0 TR <1 GENUINE
0 (N cOVYL 59 ® ®
e“o 0\)‘ (\d G
Foothbaon® <] SHURE

e Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204

InCanada: A. C. Simmonds & Sons Limited Outside the U.S. or Canada, write to Shure Brothers Inc., Attn: Dept. J6 for information on your local Shure distributor.
Manufacturers of high fidelity components, microphones, sound systems and related circuitry.
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Static input-to-output transfer characteristics of High-Com Il showing
compression and expansion at frequencies of 100 Hz, 1 kHz, and 10 kHz.

weighting  discriminates  heavily
against frequencies below 2 kHz. This,
by eliminating hum and rumble,
shows the Dolby system to best advan-
tage. High-Com II works at low fre-
quencies too. The weighting clearly
diminishes the effect of low-frequency
noise reduction performed by High-
Com. Even so, the weighted effect of
High-Com was 14 dB, 5 dB more than
that of Dolby.

User Comment. The real proof of
performance of a noise reduction sys-
tem is its subjective effectiveness, and
particularly its freedom from un-
wanted side effects. High-Com II
passed that test with flying colors,
eliminating audible noise, for all prac-
tical purposes. The total effect is less
impressive when FM broadcasts or
phonograph records (which may al-
ready be contaminated with noise) are
used as program sources than with a
blank cassette. In the absence of a
recorded signal, playback hiss will al-
ways be audible if the gain is set high

enough. Dolby B will reduce the hiss,
perhaps eliminating it at usual listen-
ing levels, but at high gain settings it
will be audible. High-Com II will re-
move it almost entirely, except possi-
bly at very high volume levels. In ad-
dition, within the range of listening
tests we were able to apply, we found
no evidence of audible side effects.

An accessory as costly and sophisti-

Devecloect_

cated as this will be most in its ele-
ment extracting the ultimate perform-
ance from a top-quality cassette deck,
especially when using metal tape (in
which case the high-frequency head-
room can be used to full advantage).
Even with ferric tapes, however, the
unit will be very effective. Yet, unless
the program material is wide in dy-
namic range and utilizes this perform-
ance, it is unlikely that the benefits of
High-Com II will be worth their cost.

To demonstrate the effectiveness
and potential of High-Com II, Na-
kamichi has produced an encoded
phonograph record sampler for play-
back through a High-Com II decoder.
To call the sound spectacular would
be an understatement! The dynamics,
total absence of noise, and lack of
“fuzz” or other noise modulation ef-
fects are extremely convincing.

On the negative side, the need to
manually switch the High-Com II be-
tween REC and PLAY modes is annoy-
ing, as is the inability to monitor the
recording from a three-head machine
without a second High-Com I1. Final-
ly, the rear-mounted REC and PLAY
calibration knobs do the opposite of
what one would expect (clockwise ro-
tation decreases gain) with no hint of
this given in the instruction manual or
on the unit itself. Apparently, the de-
signers, anticipating the need to see
the front-panel meter while making
the rear-panel adjustments, assumed
that the user would reach across the
unit to gain access to the knobs. They
therefore arranged the controls to ro-
tate as they would on the front panel.

Among noise reduction devices,
High-Com II has clear advantages
over Dolby B, but there are other pay-
ments to be made for this in addition
to the cost of the product. First, High-
Com 1II is compatible with no other
noise-reduction system, not even other
variants of High-Com. Second, unde-
coded playback is considerably less
tolerable with High-Com II than with
Dolby B. Yet, when used as its design-
ers intended, the system works so well
that many serious recordists will con-
sider these drawbacks minor in-
deed.—Julian D. Hirsch.

CIRCLE NO. 101 ON FREE INFORMATION CARD

POPULAR ELECTRONICS



HEAR
WHAT YOU’VE BEEN
MISSING!

Listen with an 801 Omnisonic Imager,”
a quantum leap forward in sound reproduction!

OCTOBER 1980

OMNISONIC IMAGERY™ IS HERE!

Our innovative state-o*the-zrt electranics
restore the acoustical time-field charzecteristics
and angular sonic positioning of the original
recorded signal. The €01 aralyzes th2 nput
signal and determines relative positions of
instruments and vocals on tae original soursce.
They are then placed about -he listen n3 space
creating the physiological sensation of three-
dimensional sound - what we call omnisanic
imagery” - using only two speakers!*

Sound appears to come from many sources
within the listening space. A commonr reaction
is to look about for other speakers. Ana you
don’t have to sit rigidly fixed at a focal point
between the speakers %o enjcy the 807!

*2 or more speakers!

LIFETIME WARRANTY!

You get a lifetime warranty on the active
circuitry and one year on all other components
(case and line cord exc uded] providedyour 801
is used as specified.

Now that you’ve read all about our

801 Omnisonic Imager™, den't you think ;
it's time to hear one? If we have
stimulated your interest in %

seeking the finest sound -
reproduction in the pu-est 4"
sense, please ask your dealer

for a live demonstration. If youa

have any questions, or need

to know the name of the dealer

nearest you, call or write to:

CQOMNISONIX,LTD.

P.O. Box 430
Northford CT U.S.A. 06472
(203) 239-6213

Omnisonic Imager™, Omnison ¢ Imagery™, Omnisosic
Dimensional Sound™, and HBX™ are tmademarks of
Omnisonix, Ltd. All rights reserved.

© 1980 OMNISONIX, LTD.

NEW DIMENSIONS IN STEREO AND MONO!

Stereo with an 801 Omnisonic Imager™ cxeates
a vivid feeling of “being ther2". Depending
upon the source, the system and tke listener,
sound appears to sarround you; emanating from
well beyond the speakers, above and below,
near and far. The music is soalive it envelopes
you. itis the sound of the fulure!

From mono, the 801 creates omnisonic
dimensional sound.” You can input an AM or
TV source (from th= earphone jack ¢n your set)
via the 801 and into your stereo system. The
result is a “live” scund with depth and clarity,
as well as separation. Televis on sound isvastly
improvad with the 301!

RETROFITS TO MOST STEREO SYSTEMS!

Any system with an internal tape locp can
connect to the 801. Component systems can
insert the 801 between pre-amp, other
accessories, and the amplifie-. There's a built-in.
tape monitor button on the 821, so you don’t
lose your existing tape monitor facility. The
801 works on any stereo or mono saurce- FM,
tapes, records, AM, TV. You can record
selections via the 801 and replay them on
conventional home-use stereo equipment.

] =
Srmisome Macep

Q"’“Sou..m

DON'T MISS.
Highway HifFi Imegery
With The
801-A Auto Urit
Coming Soor!
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Heath/Zenith Instruments:

30

New 10 Hz-225 MHz
Frequency Counter

*159%

® 10 mV typical sensitivity

*® Single input gives entire range
¢ Crystal-controlled time base

¢ 0.1,1.0 second dual time gates
* Full voltage protection

¢ Easy-to-read 8-Digit display
®3.38"Hx7.25"Wx9.0"D

SM-2410 ........ .. R 159.95
($2.30 shipping & handling)
SMA-2400-1,Antenna ............ 9.95
($1.60 shipping & handling)

Heath/Zenith instruments are
professional units that give you
good value for your money.
Awide selection to let you choose
the unit with the features you
need — without paying for a lot
of bells and whistles you don't.
Manufactured to strict Heath/
Zenith standards. Inspected at
every step of assembly to assure
performance to specifications.
They re built to last; built to give

New 5 Hz-512 MHz
Frequency Counter

$29995

¢ Ideal for 2-way UHF work

® Ovenized, high-stability,
crystal timebase

¢ 8-Digit resolution

¢ 10 mV typical sensitivity

® .01,.1,1,10 second gate times
to fit your needs

¢ Trigger level control

® Frequency ratio function

¢ Period function

®4.25"Hx10.0"Wx13.0"D

SM:2420 cuwnte dbl auuese angan 299.95
($2.75 shipping & handling)
SMA-2400-1,Antenna ............ 9.95
($1.60 shipping & handling)

you reliable service. 61 U.S. and
Canadian locations offer service,
should it ever be necessary.
Whether you need a test instru-
ment for electronics service
work, manufacturing and design,
or serious hobby applications,
Heath/Zenith instruments are

a good choice. The selection
offered here is just part of our
total instrument line. Order
TOLL FREE 800-253-0570.

New Hand-held
512 MHz Counter

1179%

Hand-held Multimeter gives 0.1% accuracy

$12995

® Measure voltage, current, resistance
¢ Easy-to-read Liquid Crystal Display
® Five DC voltage ranges — 200mV-1000V

¢ Five AC voltage ranges — 200mV-750Vrms

¢ Four DC current ranges — 2mA-2000mA
¢ Four AC current ranges — 2mA-2000mA
® Six resistance ranges — 200 Q-20M{}

® Uses one 9V battery or 120/240 VAC
®2.0"Hx3.5"Wx75"D

SM-2215 . ... ... ............... 129.95
($1.75 shipping & handling)
IMA-2215-1 Leather Carrying Case ..14.95
($1.60 shipping & handling)
PS5-2350 120VAC Battery Eliminator . .4.95
($1.60 shipping & handling)
PS5-2450 240VAC Battery Eliminator . . 14.95
($1.60 shipping & handling)

¢ Easy-to-read 7-digit display

® 10 mV typical sensitivity

¢ Includes nickel-cadmium batteries

® AC or battery operation

¢ .1second and 1 second time gates
with automatic decimal point
placement

¢ Leading zero blanking

® Crystal-controlled time base

¢ Full voltage protection

®2.0"Hx3.38"Wx8.25"D

SM=2400 . sis Jus p x'mins nitlss 405 179.95
($1.90 shipping & handling)

PS5-2404 120V Battery Eliminator/
Charger (required) ............... 4.95
($1.60 shipping & handling)

PS-2405 240V Battery Eliminator/

Charger (required) ... ........... 12.95
($1.60 shipping & handling)

SMA-2400-1 Telescopic

Antenna ........................ 9.95

($1.60 shipping & handling)
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professional quality; excellent value

Sine-square wave
Audio Generator

General-purpose
Power Supply

Tri-Power Supply

5210 "185%

® Fixed 5 VDC at 1.5A and two contin-

¢ Supplies B +,C— and filament ‘uously-adjustable 0-20 VDC at 500mA sl 8 5 00
voltages ¢ Interconnect outputs in any
® 0-400 VDC output at 0-100 mA combination
c°“ﬁ““°“§ (1:25 mA intermittent) ¢ Clutch-coupled 20 VDC supplies for ¢ 1 Hz-100 kHz frequency range
® OQutput variation less than 1% from dual-tracking operation * 0.003-10 Vrms sine wave output
no load to full load for 100-400VDC e All outputs short-circuit proof (10k © load)
* Ripple less than 10 mVrms ¢ Ripple and noise less than 5 mVrms * 0.003-1V sine wave output
¢ Output impedance 10() from * Load or live regulation provides (600 Qload)
DC-1 MHz less than 0.1% (20 mV) variation on e Meter calibrated in volts and dB
® C- Voltage 0 to —100 VDC at 1mA 20V supplies and less than 2% e —62to +22 dB ranges
¢ Filament voltage 6.3 VAC at4 amp. variation on 5V supply 0 0:1°10 sunareaavaautout
® 5.5"Hx13.38"Wx11.25"D ®4.5"Hx10.75"Wx9.0"D (.'E.OOOQlcgd) P
SP-2717 cjarasascengaing::corems 210.00 SP=2718' s ¢ 1o in0um » 5l b bt % 185.00 ¢ 50 nanosecond risetime
($4.40 shipping & handling) ($3.15 shipping & handling) ©5.13"Hx13.25"Wx7.0"D
SG-5218 5. gus ¢opend - pe- @0A 6 2o 185.00
Dual-trace DC-10 MHz ($2.85 shipping & handling)
Oscilloscope

Combination x1, x10
Scope Probe

$2995

%650

¢ Two vertical input channels with
10 mV/cm sensitivity

® 11-step attenuator for 10mV/cm
to 20V/cm deflection factors

¢ 19-step horizontal time base from
0.2 sec/cm to 0.2 usec/cm

® Vertical accuracy within 3%

¢ X5 horizontal expansion

® Calibrated 1V peak-to-peak square
wave signal

¢ Switch-selectable x1 and x10 atten-
uation at probe tip

¢ Center (ground) switch position
allows quick zero level check

® DC to 15 MHz (x1) and DC to 80 MHz
(x10) bandwidths

® 35 ns vertical rise time ® 4.0 nS (x10) rise time

® Automatic triggering ¢ Insulating tip, BNC tip adapter,

® 120/240 VAC, switch-selectable IC tip,insulated compensation
®6.9"Hx12.9"Wx19.3"D capacitor adjustment tool, vinyl case
SO-4550 s i v e bin e a0 ddh e 650.00 I pkwaos ..................... 29.95

($5.50 shipping & handling) ($1.60 shipping & handling)

Order TOLL-FREE: HEATH |
S00-253-0570 27 | hstruments

8:00 AM to 8:00 PM Eastern Time M-F Sorry. toll-free service not For information on other Heath/Zenith Instruments write:
available in Alaska, Hawaii or Michigan. Call 616-982-3411, 24 hours g;"" JIpA0E AB et Hatb o M AST 20
a day, seven days a week. TLX: 72-9421 23683

To receive your order faster, charge it! 61 Service locations

Use your Visa, MasterCard or Heath Revolving Charge. throughout the United
Please have your card or account number handy when you call. States and Canada

m Heathkit Electronic Centers
WEATY in the U.5* and Canada are
N listed in phone directory
master charge. chqrg.q.klt white pages.
Tne imTEABANE CARD. o “Uni .
% & Units of Veritechnology
M Electronics Corporation.
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Color TV

44 OMETHING old, something

new, something borrowed,
something blue” (the latter being cir-
cuit boards) probably describes Syl-
vania’s new E51/E53 chassis even
better than it does many of today’s
bridal outfits. Drop in a bevy of mod-
ern features and functions, such as a
circuit to adjust color and contrast as
room lighting changes and a six-inch
oval speaker with tone control, and
you have Sylvania’s deluxe color chas-
sis for 1981. Particularly noteworthy
in the E51/E53 series are discrete
four-stage video i-f strips and better-
than-average serviceability in the
home or shop.

The set we tested and will analyze
here was the Model CX0178WR,
complete with 100° 19" in-line pic-
ture tube with 29-mm neck, E53 alu-
minum chassis, and one minor and

32

three major pluggable circuit boards.
It comes in a high-impact plastic cabi-
net with walnut-grain finish and mea-
sures 16 34" H X 26 34" W X 17 34"
D. All integrated circuits mounted
on the boards are in sockets for easy
access and substitution. Even the re-
designed flyback transformer with its
internal high-voltage diodes is screw-
removable, and all tuners and remote
receivers are conveniently plug-con-
nected. Only the CRT board, which
contains the final RGB amplifiers, is
hard-wired into the chassis.

This is one of the few modern sets
available that can be easily sweep-
aligned without removing anything
but the protective back cover. Though
most TV manufacturers claim that a
combination of low impedances and
ac coupling and loading make mixer
tuner coils and i-f alignments unnec-

essary, a sharper picture can always
be obtained with tuners and i-f cir-
cuits connected during any swept,
tuned-circuit alignment. Further-
more, when parts are changed in such
r-f/i-f circuits, bandpass reshaping is
more the rule than the exception.

Frequency Synthesis Tun-
ing. Like other leading U.S. TV
manufacturers, Sylvania is adopting
frequency synthesis for its tuning volt-
ages and crystal-controlled phase-
locked loop (PLL) for its Varactor
uhf/vhf tuners. In dealing with non-
standard or offset-carrier CATYV,
MATYV, and video games systems, au-
tomatic fine tuning (aft) is also in-
cluded to capture signals within 1
MHz of normal frequency after an in-
ternal delay of 92 milliseconds. Stan-
dard receiver and remote tuning sys-

(Continued on page 38)




“There has never b
with these features

$1,000.”

“In fact,” he said, “most of what the
industry calls “Money Watches™-
watches as thin as this—sell for
$1,000.00 to $7,000.00. This one’s a
real breakthrough!”

| could hardly believe my good luck This was
exactly what | had come to New York to look for.
But | hadn't expected to find it at a price so
incredibly low.

Thinner than even the batteries in other
electronic watches.

At an incredible 3.9 millimeters thin, this
watch definitely falls into the category of what
the watch industry calls a “Money Watch.” My
assignment was to find a watch like this that

Roy Thomas & Associates might offer to
customers at a price of no more than $249.95
—hopefully, as low as $199.95.

With most Money Watches starting at
$1,000.00 and ranging up to $7,000.00, that
seemed like a tall order. You can imagine my
astonishment when | discovered this
remarkable timepiece at this unusual price.

Compare it with the
Concord Royal Mariner.

A recent ad for the Concord Royal Mariner—
unquestionably an extremely fine timepiece—
boastsathinness of “4 millimeters, case and all”
and an accuracy “to within 60 seconds a year.”

Compare this with the thinness and accuracy
of this Criterion LCD Quartz Alarm/
Chronograph. And compare the price . . .

FEATURE| CONCORD CRITERION
Thinness | 4 mm. 3.9 mm.
Accuracy | To 60 sec/yr. | To 45 sec./yr.
Price $1,390.00 $ 99.95

What'’s the difference? It’s a matter of %old.

We've all seen some of the things that have
happened to precious metals in the last year or
s0. In today’s market, a substance such as gold
must be looked on primarily as an investment.

So why wear an investment on your wrist?
There's no longer any need. This Criterion LCD
Quartz Alarm/Chronograph puts all of the other
Money Watch features on your wrist for only
$99.95—s0 you can leave your gold inthe bank
vault where it belongs.

A remarkable wedding of science and art

I'd like you to wear a Criterion Alarmy/
Chronograph for 15 days. When you do | know
the first thing to strike you will be its incredible
beauty.

Truly, this newly-developed, ultra-thin design
makes your Criterion not just a watch but a
masterpiece of the jeweler's an. Its characteris
one of refinement, elegance, taste, a reflection
of graceful fiving. From the unobtrusive
activator buttons to the handsome bracelet
with infinite setting adjustment, this is a
timepiece to take its place among the very
finest.

39MM DL N -
ACTUAL S NN
SIZE AR SGER N

een a watch
for less than

The remarkable ultra-thin-design Criterion LCD Quartz Alarm/Chronograph.

We'd thought $199.95 would be rock bottom.
It's a pleasure to be able to offer it for this
astonishingly low price.

Try the features that ought to cost you
hundreds—even thousands—more!

There isn't room in an advertisement this size
to completely describe everything your
Criterion Alarm/Chronograph can do to make
timekeeping so much simpler and more
convenient. That's why | want you to put it on
your wrist and wear it for 15 days.

Let me at least touch on some of the features
I'd like you to try during your 15 days . .

e Basic Timekeeping ..

fleeting glance, any time of day,
tells you hours, minutes, seconds.
o Instant Calendar. .. Touch a
button and get weekday, month

| and date.

o Full Memory Alarm...
Quickly set to the exact hour and
minute you want. Uses a back
mounted piezo ceramic
transducer for versatility in case
design.

o 1/10 Second Chronograph
... Records elapsed time up to 23
hrs., 59 mins., 59 secs.

e 12- or 24-Hour Format.. . For multi-
purpose timekeeping.

e Stainless Steel Back On Bracelet... For
corrosion-free comfort.

o Brilliant Back Light. .. llluminates face
display in the dark—quick as a wink!

e Mineral-Harderied Crystal. .. Rugged,
tough, scratch-resistant and extra durable.

Plus an important feature that’s an industry
secret!

To a layman, it doesn’'t mean much. But, to
someone in the watch industry, it's one of the
first things 'to look for—especially in a “Money
Watch!” It's a 4-screw back

9 5 plus $3.95
shipping and handling

When you're holding your Criterion Alarm/
Chronograph in your hand, turn it over and see.
Instead of the usual “pry-it-off” watch back,
you'll see that yours is firmly screwed in place
with four tiny screws—one in each corner. Ask a
watch expertand he'lltell you that this feature is
an immediate indication of the very finest
craftsmanship.

Would you prefer %old tone or silver tone?
When you call, just tell the operator your
choice. Here's the number . . .

CALL TOLL-FREE
800-621-5839

(In IHinois, call 800-972-5858)

Forfaster service, give this number 50-3600
as soon as the operator answers. Lines are
open 24 hours, 7 days a week

If you're using your credit card, use our toll-
free number. If you prefer, send a check to Roy
Thomas & Associates, Inc. at the address
below. (lllinois residents add 6% sales tax.)

Use it risk free for 15 da;

You must be completely satisfied. If, for any
reason, you're not happy with your Cntenon
Alarm/Chronograph simply return it within 15
days for a full refund. No questions asked. Use
the carton it comes in to retum it.

Whatever you decide, | know you'll
thoroughly enjoy wearing this watch for 15

days Order it now.
ROY THOMAS

' “ & ASSOCIATES INC.

733 Lee Street, Dept. 50-3600
Des Plaines, IL 60016
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When you do.you’ll probably pick CIFE.

You can’t afford to settle for
less when it comes to something like

electronics training that could
affect your whole life.
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hen you shop around for

tires, you look for a bargain.

After all, if it’s the same brand,
better price—why not save money?

Education’s different. There’s
no such thing as ‘‘same brand}’ No
two schools are alike. And, once
you’ve made your choice, the
training you get stays with you for
the rest of your life.

So, shop around for your
training. Not for the bargain.
For the best. Thorough, profes-
sional training to help give you
pride and confidence.

* * *

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

Why you should shop
around yourself.

We hope you’ll shop around.
Because, frankly, CIE isn’t for
everyone.

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

what we’ve planned for you at CIE.

What you should
look for first.

Part of what makes elec-
tronics so interesting is it’s
based on scientific discover-
ies—on ideas! So the first
thing to look foris a
program that starts with
ideas and builds on them!

That’s what happens
with CIE’s Auto-Programmed®
Lessons. Each lesson takes one
or two principles and helps you
master them—before you start
using them!

How practical
is the training?

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

Here are ways some
of CIE’s trouble-
shooting programs
help you
get your
“hands-on”’ ..
training...

With CIE’s
Personal
Training Ll
Laboratory... ™

=

you learn and review the basics—
perform dozens of experiments.
Plus, you use a 3-in-1 precision
Multimeter to learn testing,
checking, analyzing!

When you build your own
5 MHz Triggered-Sweep,
Solid-State Oscilloscope
you take your first real professional
step. You use it as a doctor uses an
X-ray machine— to ‘‘read”’
waveform patterns...
lock them in...study, understand

-and interpret them!

When you get your
Digital Learning
Laboratory you’ll be into
digital theory—essential
training today for anyone

who wants to keep pace
with the state of the art of
electronics in the eighties. With
CIE’s Digital Lab, you’ll be
applying in dozens of fascinating
ways the theory you’ve learned. For
example, you’ll compare analog
and digital devices. You’ll learn to
make binary to decimal conversions
and to work with semiconductor
devices and circuits. You’ll see how
digital equipment is vital in today’s
exciting, growing fields such as
security where digital
theory provides the
brains for space-age
alarm and protective
devices.

Of course, CIE
offers even more

advanced training

programs, too. But the
main point is simply this:

All this training takes effort.
But you’ll enjoy it. And it’s a real
plus for a troubleshooting career!

Do you prepare for
your FCC License?

Avoid regrets later. Check this
out before you enroll in any
program.

More than half of CIE’s
courses prepare you for the
government-administered FCC
License exam. In continuing
surveys, nearly 4 out of 5 CIE
graduates who take the exam get
their Licenses!

Associate Degree

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

Shop around...but send
for CIE’s free school
catalog first!

Mail the card. If it’s gone, cut
out and mail the coupon. If you
prefer to write, mention the name
and date of this magazine. We’ll
send you a copy of CIE’s FREE
school catalog—plus a complete
package of independent home study
information! For your convenience,
we’ll try to have a representative
contact you to answer your
questions. Mail the card or

coupon—or write:
CIE, 1776 East 17th St.,
Cleveland, OH 44114.

r Il N N D I N S .
Cleveland Institute

. CI of Electronics, Inc.
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Fig. 1. Input and
phase-locked loop
portion of keyboard and

remote tuning controls.

MHPART OF SYNHESIZER I.C.

tems without channel scan have 10
keyboard command buttons for se-
lecting any vhf or uhf channel. (Sin-
gle-digit channel numbers must be
keyed in preceded by zero, such as
02,03,04, etc.) Receivers with up/
down channel scan have 12 buttons.
Neither type of channel-selection sys-
tem has receiver or remote program-
ming for channel scan; stations must
be sequenced in strict up or down nu-
merical order.

Like competing PLL systems, this
one has a divide-by-256 counter, 4-
MHz crystal oscillator with divide-
by-1024-counter, phase detector oper-
ating at 3.90625 kHz, control logic,
read-only memory, and numeric LED
channel-number display. Scan rate is
1.5 channels per second. A simplified
block diagram of the frequency syn-
thesizer (PLL) portion of the tuner is
shown in Fig.1.

The low-pass filter (LPF) smooths
the output of the phase detector into
an error voltage that causes the volt-
age-controlled oscillator (VCO) to op-
erate as a very stable local oscillator.
The remote-controlled transmitter
consists of three infrared diodes, re-

+24V

mote encoder, and oscillator modula-
tors, all operating on a 9-volt battery.

I-t Amplifiers. Sylvania’s i-f ampli-
fier system is unique. It consists of
four stages of video i-f, conjugate tun-
er and i-f impedance coupling, simple
diode envelope detector, several series
interstage inductors, and i-f emitter
back-bias agc control (Fig.2). Resur-

11

. . . four-stage i-f
strips offers
increased reliability
and additional gain.”

AMPS

rected from proven solid-state Sylvan-
ia sets of the past, such as the Ell, the
first, third, and fourth stages are com-
mon-emitter amplifiers. The second
stage is a common-base, high-voltage-
gain amplifier that is biased directly
from the + 24-volt supply.

Input signals between —76 and
—48 dBm are handled by agc action

+24v

on the first i-f, while information
above —48 dBm causes r-f tuner agc
to become increasingly active, with i-f
agc increasing by only a few millivolts
at best. Measurements up to —20
dBm reveal that r-f agc swings from
+4.7 V to +9.07 V as the input sig-
nal increases.

This unusual i-f arrangement was
designed for better signal amplifica-
tion, maximum first i-f voltage swing
with little agc loading, minimum
overall agc interference, and a clever
split in sound and aft takeoffs shared
between the third and fourth i-f
stages. Ordinarily, in a three-stage i-f,
the third amplifier carries both sound
and aft loads and is usually the first
semiconductor to fail in the i-f strip.
This four-stage arrangement offers a
considerable increase in reliability
and some additional gain.

Hot Chassis. Like many other con-
temporary table model receivers, this
19" set has a combination hot/cold
chassis and a switching low-voltage
regulator (Fig.3). A four-diode bridge
rectifier passes current from the ac
line to a switching regulator that de-
velops 110 V for the 19" (112 V for
the 25'") models. All other operating
voltages are isolated from the line by
the flyback transformer. Consequent-
ly, only the low-voitage and horizontal
output stages actually occupy the Iso-
Ground hot portion of the chassis.
(Oscilloscope measurements must be
referenced accordingly.)

Startup begins with bridge-recti-
fied voltage being applied through
predriver and regulator driver switch-
ing regulator output via 7502 and two
transistors called the ‘“startup
switch.” Outputs from this switch go
to the horizontal/vertical processor
and horizontal coupling driver. This
turns on the horizontal output, which
delivers current to the flyback trans-
former for the high-voltage and
—40-, +19-, +25-, +110-, and
+220-volt supplies. Feedback from

TO AFT

3 7‘0’3’0“‘"—_ I viD|
£0
3RO (—‘ DETECTOR
I-F
PO 4
T ;
iy 1
—y H
+24v 1 :{
—'I" +24v 3 B
— — = ‘= T0 =" —
- - S = AuDIO - -

Fig. 2. Partial schematic of the automatic gain control

circuit and four-stage video i-f strip.
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Fig. 3. Block diagram of the power supply system
showing how two ground points (hot and chassis) are used.
the horizontal output stage keeps the transients. Conventional peaking

switching regulator operating at
15.734 kHz. A reference voltage ap-
plied to the base of a feedback ampli-
fier permits more or less current flow
from the switching regulator through
the primary of 7502, to deliver a 110/
112-volt regulated output.

Protection for these circuits is sup-
plied by a pair of silicon-controlled
rectifiers (SCRs), one for low voltage
and the other for high voltage. The
low-voltage overcurrent SCR fires
when hot chassis currents cause a ref-
erence resistor drop in excess of 0.8 V
dc, turning off the entire set. A second
SCR continuously monitors the
+220-volt output from the flyback in
the cold chassis section. Should the
potential of the 220-volt supply ex-
ceed 242 volts, the SCR conducts and
removes horizontal drive, shutting
down the entire high-voltage subsys-
tem. Startup switch transistors may
also be affected by the overvoltage
condition since the zener-regulated
12-volt source at this point is shunted
to ground.

Video/Chrema Processor. The
most interesting circuit in this receiv-
er (Fig.4) is 1C900. A carefully select-
ed RLC network allows delayed and
undelayed video to enter /C900 in the
dc control and aperture corrector sec-
tion. The term “aperture” comes from
transmitter terminology, where such a
circuit is used to correct spot scanning
sizes in studio camera tubes. Since
overcorrection increases receiver pic-
ture tube noise resulting from large
high-frequency components, Sylvania
has developed this IC to produce
equal preshoots and overshoots and
thus faster rise and fall times for video

OCTOBER 1980

comes from a front-panel sharpness
control that is part of an RC network
that rolls off high frequencies.
Luminance information from the
video amplifier and dc control atten-
uator is routed to a black level clamp-
er that samples outgoing video and re-
turns it to /C900. The result is that
overshoots into the black portion of
any video waveform cannot be de-

sm\npnzss%
NTROL

CONTROI E

tected by the black level circuit. A dc
voltage and manual brightness (ac-
tually black level) control are in this
loop to permit dc levels to be operator
adjustable to suit viewer preferences.

Nominal vertical pulse serrations
are eliminated by additional vertical
blanking out of the vertical/horizon-
tal blanking section. This vertical/
horizontal portion of /C900 receives
horizontal blanking and composite
sync pulses from the usual sources to
develop a pedestal for the video signal
applied to the black level clamper.
Consequently, the video signal is nor-
mally blanked by vertical and hori-
zontal blanking pulses. Slight adjust-
ments of the horizontal pulse width
and phase and the black level control
alter blanking pedestal height. After
the IC, a special horizontal blanking
transistor (not shown) eliminates the
11.1-us horizontal retrace interval via
a pulse from the primary of the fly-
back transformer.

According to Sylvania, peaking
currents in /C900 are not blanked
and, therefore, the video driver has a
special vertical circuit connected to it
to turn off this discrete transistor dur-
ing the 1.4-ms vertical blanking inter-
val so that VIRS and VITS reference
impulses do not appear as disturbing
images in the final video outputs.

A white peaking detector draws
samples from the emitter of the video
driver and returns certain control to
the video amplifier dc control atten-
uator in the video/chroma processor
IC. Sylvania states that, when the
combined currents of the red, green,
and blue (RGB) output stages at its

VIDEO
DRIVER

FROM
VIOEO I
AMP -
[ I -——"
| - : |
| DC CONTROL AUTOMATIC |
1 APERTURE PEAX |
| CORRECTOR DETECTOR I
I | | i
= | I 4 | +2v
FROM VERT. BLANK -
8 COMPOSITE SYNC ———— vERTICAL VIDEQ AMP. l
FROM HORIZ. SYNC ————tj—#] HORIZONTAL DC CONTROL !
FROM HORIZ. BLANK —————=1  BLANKER ATT =t B oNTRoL”
| |
| [ —
I -
| AUTOMATIC i I l
COLOR
I | COLOR
| |
TO
lzesoo  } __ _} __ _ __ _ __ ] —] CHROMA
COLOR PROCESSOR
CONTROL
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AMPLIFIER

PEAK
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Fig. 4. Diagram showing operation of the IC900, the video
clamp/processor and color amplitude noise limiter.
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Fig. 5. Block diagram of IC600, an RCA CA3126Q chip
which makes up the complex chroma processor circuit.

base exceed the emitter voltage, this
transistor conducts and the drop in
collector voltage reduces IC900’s
gain, producing less output current.
This results in a constant peak white
level that is influenced by the bright-
ness control’s setting and a black level
that is not upset by noise. The auto
color-level circuit includes a peak de-
tector and noise gate to keep chroma
gain constant during noise pulses.
Color threshold and color control po-
tentiometers permit manual adjust-
ment of chroma amplitudes prior to
demodulation.

Chroma Processing. Sylvania
uses an RCA CA3126Q in its chro-
ma-processing circuits. While not
new, this IC is a key part of several
two-IC processor-demodulation sys-
tems and deserves special recognition.

A fairly detailed block diagram
from RCA (Fig.5) illustrates signifi-
cant signal flow and circuit operation.
Burst and chroma signals enter the
CA3126Q processor through an RCL
network (the inductor is not shown in
Fig.5) at the input chroma amplifier.
Gain in this amplifier is influenced by
an automatic chroma control (ACC)
loop, with unbalance translator and
delay bias sections providing a control

signal. Output from the first chroma
amplifier goes to the automatic fre-
quency and phase control detector
(AFPC), the automatic chroma con-
trol detector (ACC), and the second
chroma amplifier through a 12-dB at-
tenuator. The AFPC and ACC cir-
cuits are doubly balanced synchro-
nous detectors that deliver keyed
burst to a pair of sample-and-hold cir-
cuits. The ACC circuit detects in-
phase components of the burst signal.
Each of these two circuits produces
pulses that are proportional to the am-
plitude of the burst. One sample-and-
hold circuit in the AFPC section ad-
mits detected information during ho-
rizontal keying and stores any peak
error signal in an external capacitor.
The other produces a quiescent refer-
ence level during horizontal line scan-
ning. Differences in sampling poten-
tial are passed to the dc control bal-
ance phase shifter for frequency ad-
justment of the VCO. The sample-
and-hold circuits in the ACC section
generate a control signal for balance-
unbalance translator.

In the second chroma amplifier, the
burst component is horizontally
blanked so that only chroma contin-
ues through the system. A chroma-
gain control on the receiver’s front

:1:33DF
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panel permits manual control of bias
for the second amplifier.

Although it is initially crystal-con-
trolled, the VCO can drift slightly. A
dc control voltage from the phase
shifter produces sufficient correction
to return it to the 3.579545-MHz sub-
carrier frequency for the following
amplifier, which generates the carrier
output, the amplifier feedback limit-
er, and a true signal for the —=/4
(—45°) and +=n/4 (+45°) phase
shifters at the AFPC and ACC detec-
tor circuits.

Operation of the second chroma
amplifier is interrupted when the
color killer threshold, which is lower
than that of the ACC loop, turns on
the color killer and prevents further
output. When the color killer oper-
ates, feedback from the second chro-
ma circuit prevents the final video
stages from being driven into visible
saturation. An internal reference and
a coupling network provide inputs to
an overload detector for purposes of
comparison and chroma threshold
control. A linear relationship is main-
tained between manual chroma ad-
justments and chroma output.

Comments. The 50% light emissiv-
ity dark CRT faceplate on this receiv-
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TUNE IN

AMERICA'S
) SEA AND AIR
SCANNER.

The incredible, no-crystal
Bearcat 220 Scanner tunes in
all the real excitement of
AM aircraft communications
plus FM public service
frequencies, with pushbutton

Tunein all the
real excitement of
the wild biue yonder, at
the touch of a button.

The no-crystal Bearcat 220
Scanner searches and tunes in aircraft
communications. Jets at 30,000 feet. All the tense
towertalk. Everything is pre-programmed in space-
age memory banks.

The 7-band Bearcat 220 Scanner also brings
home public service frequencies, too. Pre-
programmed Marine frequencies. Police action.
Fire calls. Weather warnings. You name it.

The Bearcat 220 has all the features and

quality Bearcat Scanners are famous for. Track
tuning. Decimal display readout. Automatic air-
craft and marine search. Selective Scan Delay. ®
Automatic squelch and lockout. Priority. And much,
much more.
After all, Bearcat invented Scanning. And we'l

stop at nothing to bring you all the excitement— =
ofland, sea, and air. The number one way to real excitement.

Ele(@ Copyright 1980 Electra Company e Division of Masco Corp. of Indiana ¢ 300 East County Line Road. Cumberland, Indiana 46229
CIRCLE NO.21 ON FREE INFORMATION CARD




Fig. 6B. Swept chroma frequencies
of 3.02, 3.56, and 4.08 MHz at

the video detector output (top)

and at the CRT (bottom), with
vector representation between.

Fig. 6A. At top is multiburst

Bottom trace shows that
luminance bandpass allows
only 3 MHz to reach the CRT.

MODEL CX0178WR RECEIVER
LABORATORY DATA

at the video detector’s output.

Parameter

Measurement

Tuner/receiver sensitivity
(min. signal for snow-free picture):

Voltage regulation

(line varied from 105 to 130 V}:
Luminance bandpass at CRT:
S/N at CRT:
Horizontal overscan:
Agc response:
Audio bandpass (3 dB down):
Auxiliary audio output impedancec

Chassis power requirement
(signal applied):

42

vht (Ch. 3) —54 dBm
uht (Ch. 40) —50 dBm

Low voltage: 25-V supply (95.6%)
110-V supply (96%)

High voltage: 27 kV (96%)

3 MHz

34 dB

12%

>45 dB

100 Hz to 9.8 kHz

16 ohms

115 W (incl. remote)

er, which Sylvania has been featuring
for several years, is favored by those
who dislike glare and scattered reflec-
tions. It does suggest a more distinct
picture by sharply contrasting dark
and light colors. No amount of screen
filtering, however, will take the place
of maximum horizontal resolution
and definition, which this set does not
reach. While you can see 4-MHz mul-
tiburst at the video detector’s output
(Fig.6A), low-frequency rolloff oc-
curs during the horizontal-pulse tran-
sition. (Also, i-f alignment could be
touched up a bit to center the 3.56-
MHz multiburst.) Thus, only 3 MHz
is available at the cathode ray tube.

This receiver is doing the best it can
without a synchronous video detector
or a luminance/chroma comb filter.
The 4.08-MHz bar (third from left in
Fig.6B) at the video detector is down
in amplitude somewhat, but that’s not
unusual. However, we found some
amplitude modulation on all three
swept chroma frequencies out of the
video detector. A little of it also
showed up around 3.02 MHz at the
CRT, even though the 4.08-MHz por-
tion was clean. The diagonal between
the two, by way of explanation, was
derived from a specially phased 3.56-
MHz signal generator waveform that
excites only the blue gun, providing
what can be considered a simple sine
wave of color. The vector representa-
tion between the two chroma swept
frequencies reveals some phase cross-
over and could be improved by either
a little closer channel tuning or a
somewhat cleaner bandpass amplifier
response, probably the latter.

As for tuning control, both tuner
keyboard and remote transmitter
didn’t always precisely tune selected
channels on the first-production-run
receiver we tested. We expect this
anomaly to be cleaned up in full pro-
duction models, given the quartz-
locked circuit used.

It is a pleasure to have in this Syl-
vania receiver a flat chassis layout, re-
placeable module boards, and all ICs
in sturdy sockets. Sylvania has cer-
tainly designed this chassis for easy
home/shop servicing. Furthermore,
we observed no CB interference, even
on channel 2, and its 1.9-V auxiliary
audio output amplitude had an exact
16-ohm impedance.

The Laboratory Data gives the re-
sults of our lab tests for important
receiver parameters. Not reflected in
this table are conclusions reached for
nonmeasureable parameters. For ex-
ample, under actual viewing condi-
tions, we would estimate convergence
in this receiver at about 95%, dc cou-
pling/restoration at better than 80%,
and color response at 90%. These esti-
mates reflect our opinion of how close
the receiver’s performance comes to
expectations. —Stan Prentiss

CIRCLE NO. 102 ON FREE INFORMATION CARD.
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The computer that
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Heath takes the headache out of buying a balanced com-
puter system. The H89 All-In-One Computer includes
Z80 CPU'’s, smart terminal, disk storage, keyboard and
keypad in one compact unit. We keep it simple.

The H89 All-In-One gives you fast relief with a wide selec-
tion of easy-to-use software. Hundreds of programs for
business, home and family are available from Heath
User’s Group. Also word processing and Microsoft™
BASIC and FORTRAN. And more programs are being
developed all the time to give you efficient solutions to
your processing needs.

The Heathkit Catalog even offers self-study programs for
businessmen and hobbyists that show how to get the
most from computers. Language programming courses
are available for BASIC, COBOL and Assembly.

Visit your Heathkit Store

In the U.S. and Canada visit your
nearby Heathkit Electronic Center”
where Heathkit products are dis-
played, sold and serviced. See the
white pages of your phone book for
location nearest you.

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

ST

givesyou
fastrelief

And no one supports you like Heath. Thorough, reli-
able documentation of hardware and software makes
the H89 easy to operate. Relief is always just a phone
call away, and service, if needed, is available at 55 loca-
tions throughout the US.

Complete details and prices on the Heath H89 All-In-
One Computer are in the new, free Heathkit Catalog.
Write for yours today or pick one up at your nearby
Heathkit Electronics Center.

B o - ®

Send for

FREE
CATALOG

»  Write to Heath Company,
Dept. 010-704,
Benton Harbor, M1 49022.

Complete
support, so

i you're never left
y

1 out in the cold.

(= —

CP-189

CIRCLE NO. 28 ON FREE INFORMATION CARD



44

=

Computer Bits

By Carl Warren

Low-Cost Machine Spells Communication

HE system about which there
have been rumors for months has
finally been announced. Dubbed the
TRS-80 Videotex, Radio Shack’s la-
test marvel is based on the Motorola
6809 microprocessor, has a built-in
modem, and incorporates the
MC6847 video display generator
along with 16K bytes of internal
RAM memory. What makes the $399
machine exciting are its many fea-
tures, which include:
® The unit exhibits color graphics
generated by the Motorola MC6847
VDG IC. This chip permits a picture

element display (pixel) of 256 X 192
in 8 colors. The alphanumeric display
is 32 characters by 16 lines. This
character display is a function of the
characteristics of the video generator
IC and of a standard television set.
The standard TV has a bandwidth of
about 3 to 4 MHz and, consequently,
inhibits the number of characters that
can be displayed with clarity. Howev-
er, the MC6847 takes this into ac-
count and displays a 5 X 7 font char-
acterin an 8 X 12 box.

® Videotex takes advantage of the
two most powerful data processing
and communication devices you own:
your television receiver and telephone.
The unit plugs into both with, at most,
the help of a screwdriver.

e Videotex has a built-in keyboard
and is small enough to fit into a stan-
dard-size attaché case.

S

Radio Shack's TRS-80 Videotex displays color graphics.

® The unit is easy to use since the
assumption was made that the buyver
would not necessarily be inclined to
learn how to program a computer.

® Videotex is more than a machine.
It implies a complete communication
philosophy. This communication fea-
ture is enhanced by an agreement be-
tween Compuserve (see “Computer
Bits,” PE June) and Radio Shack for
a low-cost timesharing system. To ful-
ly support the communication concept
for Videotex and the total TRS-80
line of computers, Radio Shack is of-
fering a communication package that

includes: required protocol software,
Compuserve password and one hour
of free time. All of this is priced at
$29.95 and is available from any Ra-
dio Shack store.

Although Radio Shack mainly
markets its own, and supporting,
products, it is also planning to offer
the communication software for the
Apple, Atari and PET microcomput-
ers. The purpose of this is to provide
maximum support for the age of elec-
tronic mail.

Further enhancing the communica-
tion concept, Radio Shack will be of-
fering a 16-channel multiplexer for
the company’s Model II. This, accord-
ing to Charles Philips, senior vice
president of USA operations, will per-
mit companies to set up their own
communication systems. The multi-
plexer will allow up to 16 calls at a
time and the Model II has the func-
tional ability to store and forward
messages. This, tied into the use of
Videotex, will make it easier for field
personnel to communicate vital infor-
mation to their home offices, asserts
Philips.

Videotex is available now in limited
quantities, but by the first quarter of
1981, it is expected to be available in
all Radio Shack stores.

The Compuserve connection is of
vital importance to the success of the
Videotex concept. The Compuserve
people currently market the Micronet
system and, as mentioned last month,
began altering the system so that it
would be more *“people’ oriented. Ac-
cording to Compuserve’s director of
corporate  communication, John
Meier, in order to fully support the
color graphics functions of Videotex,
they are developing very special user
software and some exciting surprises.
Some of the latter include the AP
news wire service and full news from
more than 10 newspapers nationwide.

More Printers. Both Okidata and
Epson have printers that should inter-
est personal computerists. Although

The Videotex can be plugged easily into
your television receiver and telephone.
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Start learning and computing for only $129.95 with a Netronics 8085-based
computer kit. Then expand it in low-cost steps to a business/development system
with 64k or more RAM, 8" floppy disk drives, hard disks and multi- terminal I/O.

THE NEW EXPLORER/8S SYSTEM

Special! Full 8” floppy, 64k system for less than the price of a mini! Only $1499.95!

(Also available wired & tested. $1799.95)

Imagine — for only $129.95 you can own the starting
level of Explorer/85. a computer that's expandable into
full business/development capabilities — a computer
that can be your begmner system. an OEM controller.

or an {BM- ¥ormalled 8" disk small business system.

From the first day you own Explorer/85, you begin
computing on a significant level, and applying princi-
ples discussed in leading computer magazines. Ex-
plorer/85 features the advanced Intel 8085 cpu, which
is 100% compatible with the older 8080A. It offers on-
board S-100 bus expansion, Microsoft BASIC in ROM,

plus instant conversion to mass storage disk memory
with standard IBM-formatted 8" dlsﬁs All for onl

nal 256 bytes located in the 8155A). The static RAM
can be located anywheré from #é#0 lo EFFF in 4k
blocks.

LEVEL “E” SPECIFICATIONS

Level "E" adds sockets for 8k of EPROM to use the

popular Intel 2716 or the TI 2516. It includes all sockets,

power supply regulator. heat sink, filtering and decou-

pling components. Sockets may also be used for 2k x 8

RAM IC's (allowing for up to 12k of onboard RAM).

DISK DRIVE SPECIFICATIONS

e 8"CONTROLDATACORP. e Datacapacity: 401.016 bytes
professional drive. (SD). 802.032 bytes (DD).

® LSl controller. unformatted.

® Write protect. ° Anmssllme 25ms (one

$129.95, plus the cost of power supply. keyboard/
terminal and RF modulator llf?oou don't have them (see
our remarkable prices below for these and other, ac-
cessories). With a Hex Keypad/display front panel,

Full 8" disk system for less than the price of a mini (shown with
Netronics Explorer/85 computer and new terminol). System features
floppy drive from Control Data Corp., world's largest maker of

® Single or double density.
DISK CONTROLLER/ l/O BOARD
SPECIFICATIONS

S

Level "A" can be programmed with no need for a ter-
minal. ideal for a controller, OEM, or a real low-cost

Level "A" is a
complete operating
system, perfect for

.« beginners, hobbyists,
industrial controller
use. $129.95

LEVEL “A” SPECIFICATIONS

Explorer/85's Level A" system features the advanced

Intel 8085 cpu. an 8355 ROM with 2k deluxe monitor/
rating system, and an advanced 8155 RAM 1/O . ..

all on a single matherboard with room for RAM/ROM/

PROM/EPROM and $-100 expansion. plus generous

prototyping space.

PC Board: Glass epoxy. plated through holes with
solder mask. « 1/O: Provisions for 25-pin (DB25) con-
nector for terminal serial 1/0. which can also support a
paper tape reader . . . cassette tape recorder input and
output . .. cassette lape control output . . . LED output
indicator on SOD (serial output) line . . . printer inter-
face (less drivers) . . . total of four 8-bit plus one 6-bit
1/O ports. - Crystal Frequency: 6.144 MHz. - Control
Switches: Reset and user (RST 7.5) interrupt . . . addi-
tional provisions for RST 5.5, 6.5 and TRAP interrupts
onboard. - Counter/Timer: Programmable, 14-bit bi
nary. - System RAM: 256 bytes located at F800, ideal
for smaller systems and for use as an isolated stack
area in expanded systems . . . RAM expandable to 64K
via §-100 bus or 4k on motherboard.

System Monitor (Terminal Version): 2k bytes of
deluxe syslem monitor ROM located at F##Q. leaving
#090 free for user RAM/ROM. Fealures include tape
load with labeling ... examine/change contents of
memory . . . insert data. .. warmstart. . . examine and
change all’ registers . single step with register display
at each break point, a debuggi raining feature . . . go
to execution address . . . move blocks of memory from
one location to another . . . fill blocks of memory with a
constant . .. display blocks of memory . .. automatic
baud rate selection to 9600 baud .. . variable dis lay
line length control (1-255 characlelsllme) gan-
nelized [/O monitor routine with 8-bit parallel output
for high-speed printer . . . serial console in and console
out channel so thal moniltor can communicate with 1/0
ports.

System Monitor {Hex Keypad/Display Version):
Tape load with labeling . .. tape dump with labeling

.. examine/change conlents of memory . . . inser! data
.. warmstari . . . examine and change all registers . . .

O Disk Controller Board With 1/0 Ports. . .

Please send the items checked below:

O Explorer/85 Level “A” it Terminal Version). . . §120.95 plus
$3 post. & insur.

O Explorer/85 Level “A” kit (Hex Keypad/Display Version).. ...
§129.95 plus $3 posl. & insur.

0O 8k Microsoft Con casselle lape. $64.95 poslpand

u] Bk Mlcroson BASIC in ROM kit (requires Levels -

E™). .. §08.95 plus $2 posl. & insur.

O Level “B” (S-100) kit. . . $40.95 plus $2 posi. & insur.

O Level “C* (5-100 6-card expander) kit. .. $39.95 plus 2 posl.
& insur.

O Level “D (4k RAM) kit . . $68.95 plus S2 posl. & insur.

O Levet “E” (EPROM/ROM) kit . . . §5.95 plus 50¢ p&h.

O Deluxe Steel Cabinet for Explorer/85 . . . $49.95 plus $3 posl.
& insur.

O Fan For Cabinel . . . $15.00 plus $1.50 posi. & insur.

0O ASCll Keyboard/Computer Terminal kit: features a full 128
character sel. u&l case: full cursor conirol: 75 ohm video
oulpul: convertible 1o baudot oulput: selectable baud rate.
RS232-C or 20 ma. 1/O. 32 or 64 characier by 16 line formats.
and can he used wilh either a CRT monitoror a TV sel (if you
have an RF modulator) . . . $149.95 plus $3.00 post. & insur.
O DeLuxe Steel Cabinet for ASCIl keyboard/terminal . ..

$§19.95 plus $2.50 posl. & insur.

O New! mnﬂnnlllvlonllor:(See photo) Same: features as above.
excepl 12" monitor wilh keyboard and \erminal is in deluxe
single cabinel: kil . .. $§399.95 plus $7 posl. & insur.

O Hazeltine terminals: Our prices too low o quole — CALL US

O Lear-Sigler terminals/printers: Our prices oo low lo quate.
CALL

us
O Hex Keypad/Display kit . . .

D" and

$69.95 plus $2 post. & insur.

memory storage systems (not a hobby brand!}
o ]

Level “A"
With Hex

single step with register display at each break point . . .
go lo execution address. Level “A" in this version
makes a perfect controller for induslirial applications.
and is programmed using the Netronics Hex Keypad/
Display. It is low cost. perfect for heginners.
HEX KEYPAD/DISPLAY SPECIFICATIONS
Calculator lype keypad with 24 srslem-('efmed and 16
user-defined keys. Six digit calculator-type display.
that displays Tull address plus data as we! {l as regisler
and status information.
LEVEL “B" SPECIFICATIONS
Level "B provides the S-100 signals plus buffers/
drivers |n support up o six $-100 bus boards. and in-
cludes: address decoding for onboard 4k RAM expan-
sion selectahle in 4k blocks . . . address decoding for
onboard 8k EPROM expansion seleclable in 8k blocks
.. address and data bus drivers for onboard expansion
. . wail state generator (jumper seleclable), lo allow the
use of slower memories . . . lwo separale 5 volt regula-
lors.
LEVEL "C" SPECIFICATIONS
Level "C" expands Explorer/85's motherboard with a
card cage. allowing you to plug up to six S-100 cards
directly inla the motherboard. Both cage and card are
neally contained inside Explorer's deluxe sleel

cabinel. Level "C" includes a sheel metal superstruc-

lure. a 5-card. gold plated S-100 extension PC hoard

that plugs into the motherboard. just add required
ber of S-100 ),

Explorer/85

With Level “C"
e Card Cage.

o

LEVEL “D" SPECIFICATIONS

Level "D provides 4k of RAM, power supply regula-
tion. filtering decoupling components and sockets lo
expand your Explorer/85 memory to 4k (plus the origi-

O AP- 1 Power Supply Kil +8V @ 5 amps) in deluxe sieel cabinet
... §39.95 plus §2 posl. & insur.
O Gold Plated S-100 Bus Conneclors . . . $4.85 cach. posipaid.
O RF Modutator Id(éallnws you to use your TV setas a monilor)
.. 88.

95 postpal
8] IGI( RAM kit (S-100 board expands 1o 64k) . . . $198.95 plus §2

posl. & insur.
0O 32k RAM Kit . . . §290.95 plus $2 posl. & nsor.
O 48k RAM kit . . . §390.95 plus $2 post. & insur.
O 64k RAM kit . . . $490.95 plus $2 posl. & insur.

O 16k RAM Expanslon kit {lo expand any of Ihe: above in 18k
blocks up to 64k) . .. $90.85 plus $2 pusl. & insur. each.

O Intel 8085 cpu Users’ Manual . . . §7.50 postpaid.

0O 12" Viden Monitor (10MHz bandwidih) . .. §139.95 plus $&

»sl. & insur.

o} nnes’s Pak (see ahove) §169.95 plus $4 pasl. & insur.

] Experimenter’s Pak (see above) . .. §219.95 plus $6 post. &
insur.

O Special Microsoft BASIC Pak Wilhout Terminal (see above) . .
§329.95 plus $7 past. & insur. .

O Same as above. plus ASCIHI Keyboard Terminal With Cabinet,
Get Free RF Modulator (sce above) . .. $498.95 plus $10 posL.
& insur.

O Special 8 Disk Edition Explorer/85 (scv: abave) . . . $1498.95
plus $26 posl. & insur.
O Wired & Tested . . . §1789.95 plus $26 posl. & insur.

O Extra 8" CDC noppy Drives. . 199.95 plus $12 posl. & insur.
O Cabipet & PowerSupp|yl-‘or Drive.. $§60.95 plus $3 posl. &

insur.
O Drive Cabie Set-up For Two Drives . . .
insur.

Keypad/Display.

® Cont.olsuptofour 8" drives. e 2716 PROM socket included

® 1771A LS1(SD) floppy disk for use in custom
controller. applications.

® Onboard data separator © Onboard crystal controiled.
{IBM compatible). ® Onboard 1/0 baud rate

® 2 Serial /O ports nerators 109600 baud.

® Autoboot to disk sysiem ° uble-uded PC board
when system reset.

DISK DRIVE CABINET/POWER SUPPLY

® Deluxe steel cabinet with individual power supply for max-
imum reliability and stability.

ORDER A COORDINATED
EXPLORER/85 APPLICATIONS

PAK!
Beginner’'s Pak (Save $26.00!) — Buy Level "A"" (Ter-
minal Version) with Monitor Source Listing and AP-1
5-amp Power Supply: (regular price $199.95). now at
SPECIAL PRICE: $169.95 plus post. & insur.
Experimenter’s Pak II (Save $53.40!) — Buy Level
“A" (Hex Keypad/Display Version) with Hex
Keypad/Display. Intel 8085 User Manual, Level "A"
Hex Monitor Source Listing, and AP-1 5-amp Power
Supply: (regular price $279.35). all at SPECIAL
PRICE: $219.95 plus post. & insur.
Special Microsoft BASIC Pak (Save $103.00!) — In-
cludes. Level "A" (Terminal Version). Level "B",
Level "D" (4k RAM), Level "E". 8k Microsoft in
ROM, Intel 8085 User Manual, Level A" Momlor
Source Listing. and AP-15-amp Power Supply: (reg
lar price $439.70), now yours ‘at SPECIAL PR]CE
$329.95 plus post. & insur.
ADD A TERMINAL WITH CABINET,
GET A FREE RF MODULATOR: Save
over $114 at this SPECIAL PRICE: $499.95
plus post. & insur.
Special 8" Disk Edition Explorer/85 (Save over $104!)
— Includes disk-version Level A", Level "B". two
5-100 connectors and brackets, disk controller. 64k
RAM, AP-15-amp power supply. Explorer/85 deluxe
steel cabinet, cabinet fan, 8'* SD/DD disk drive from
famous CONTROL DATA CORP. (nol a hobby
brand!). drive cabinet with power supply. and drive
cable set-up for two drives. This pacEage includes
everything but terminal and printers (see coupon for
them). Regular price $1630.30, all yours in kit at
SPECIAL PRICE: $1499.95 plus post, & insur. Wired
and tested. only $1799.95.
Special! Complete Business Software Pak (Save
$625.001) — Includes CP/M 2.0. Microsoft BASIC.
General Ledger. Accounts Receivable. Accounts
Payable. Payroll Package: (regular price $1325). yours

O Special: Complete Business Software Pak (sce above) ...

O Intei 8085 cpu User Manual . .
O Level “A” Monitor Source Listing . .

‘ CALL TOLL FREE: 800-243-7428 .

Total Enclosed (Conn res. add sales lax) $
Paid By:
O Personal Check O Cashier's Check/Money Order
O VIsA
Accl. No.
Signature
Print
Name
Address
Cily.
State
$25 plus $1.50 post. & n NETRONICS Research & Development Ltd.
M 333 Litchfield Road, New Milford, CT 06776

now at SPECIAL PRICE: $699.95.

$199.95 plus $2 post.
& insur.

$609.96 postpaid.
SOLD SEPARATELY:
OCPM L.4. .. §100 poslpaid.
O CP/M 20. .. $150 postpaid.
O Microsoft BASIC. .. $325 posipaid.
. $7.50 postpaid.
. 825 postpaid.

Continendal US.A. Credit Card Buyers Oulside Connecticut

To Order From Connecticut Or For Technical
Assislance. call (203) 354-9375

O Master Charge {BankNo. _ _ __ __ )
Exp. Date

Zip.




forms as wide as 15 inches, and oper-
ates at 120 char/s. All three units
print condensed, double width, and
enhanced characters as well as graph-
ics characters.

As an enhancement to the Micro-
line 80, Asent Computer Services has
developed a $74.95 set of software
products for the Apple computer. This
software is extremely powerful and
dumps every point on the Hi-Res Ap-
ple screen. If you want to get an idea
of how powerful this software is, send
a self-addressed, stamped envelope to
Tim Dysert, National Sales Manager,
Asent Computer Services, and ask for
a Microline 80 dump of Donald Duck.

980 REM #ws SPIRAL PATTERN ##» DEMO PROGRAM 7450 SET(X,Y) Offering similar features as the Mi-
1210 L0 m=0-ne o N croline 80 is the Epson Model TX-80
1020 KEV=0:K=10 3480 * dot-matrix printer, priced at $799.
1030 G=0:R=0 3438 GOTO 3360 : ; f
1040 CLS 3500 LPRINT FF$: _PRINT GGS: Th‘s, printer has .PET-type .graphxcs
1061 As="" LPRINT mms: LPRINT GG% and is designed to interface directly to
1850 FF$="WELLCOME TO THE OKIDATA BOOTH, * 3510 LPRINT IIs a TRS-80. However, for an additional
10E® GGs=" * 3520 LPRINT GG% . ah J= i
1070 HH$="OKIDATA EXHIBITS 3IS30 LPRINT JJs $55, you can obtain the serial inter-
MICRO LINE PRINTER FAMILY #*= 3540 LPRINY rK$ 1 1
1BE0] 1Tt 'SP bl T Toa Seh Lm face, which allows you to use either
1098 JJ$="X=MwR¥COS () +E4" TSE@ LPRINT GG$: LPRINT GO$: LPRINT GGS: RS-232C or 20-mA current loop.
iy Jone A iy gl reyy SORINT GOS: LPRINT GGs Should you want to use the TX-80
1 =nQ=LaT, 1570 GOSUE 5000 - : ith 9 ill
1120 Mris=rx Mk IS P OF x X x » 358G FOR LCo: 10 S with a Heath/Zenith H-89, you wi
1130 NNs="# N » IS AMP OF # Yy % 3590 LPRINT GG® 1al 1
1140 PP$="w L % IS STEP IN DEGREE, * T eaNNER T, peed the ser.xal interface, .conﬁgured
Z10@ PRINT FF$ 3E@1 LPRINT “THIS GRAPHIC PATTEAN wRS PRINVED in the followmg manner. FlrSt, mount

2110 PRINT GG%

2120 PRINT HHs

2130 PRINT GGS$

2140 INPUT "PLS KEY IN (1) ONLY KEY= “:;KEY
2150 IF KEY=1 THEN GOTOD 2170
216@ GOTO 2140

2179 CLS

3200 PRINT IIs

321@ PRINT JJs

3220 PRINT KKs

3230 PRINT LLS®

324@ PRINT GG$%

3250 PRINT mMMs

J2E@ PRINT NN$

3270 PRINT PPs

3280 PRINT GG%

3290 *

Oh A MICROL.INE 8@ PRINTER CONMNECTED TO A
TRS-8@ PERSONAL COMPUTER wWIVHOLT EXPAN
SI0ON INTERFACE. USE RADIO SHACK
CRELE 26-1411,

3605 FOR LC=1 TO 10

ZE@E LPRINT GG

3607 NEXT

TE1@ GOTO1200

4282 REM +OUTER FRAME +#

4210 CLS

4320 A=0:E=0

4@ID FOR X=2 TO 127

40ul SETIX, 0

the unit in the printer box, as shown in
the manual. Next, set the word length
to 8 bits rather than the factory-set 7
bits. Disable parity and enable serial
data entry by cutting the jumper
marked JNOR. (There is an error in
the documentation at this point, so in
most cases this jumper will need to be
gl B i) cut.) Also, solder in a jumper at
oo R o JREV; this will set the reverse chan-
4070 SET(127. V) nel = MARK, and TTY-TXD =

: : : e
3300 INPUT “LS KEY IN * M= "0 o e e SPACE. This last jumper is impor-
3310 PRINT GG$ 4100 X=127-A 3 3 E .
3520 INPUT "PLS K€Y In x N= " arepiggiaTea tant since it makes the interface com

patible with Heath software. You will
also find that it is necessary to put
together a connection cable with male
DB-25 connectors on both ends to al-
low for proper system connection.

Those of you that have or plan to
buy an Apple computer will require
the Apple interface for the TX-80.
This unit is priced at $99. The card is
designed to sit in the first slot of the
Apple motherboard and can handle
the correct electrical and software
protocols with no modifications.

The TX-80 is a strong, consistent
printer and, according to Epson’s
marketing manager, Chris Rutowski,
PET owners are finding the unit a
flexible and excellent addition to their
systems.

4120 NEXT

4130 FOR B=2 TO 47

41640 Y=u7-B

4159 SET(2.Y)

G1E@ NEXT

4170 RETURN

S00Q FOR J=@ TO 15 { As=""

5210 FOR I=0 TO €3

5020 A$=AS+CHRS (PEEAC1SIER~T+(Ba*T))) :
NEXT & ¢ LPRINT ASINEXT J

S@3® RETURN

3340 INPUT “PLS hEY IN * .= "j
3350 GOSUE 4200

IIEQ R=LxT.14/1E80

II78 X=M*R+CO5(Q)+E4

3780 Y=N#RASIN(I)+2a4

3398

T4Q0 IF X> 127
3410 IF X<(@
3420 IF Y)a7
3430 IF Y<(@
3440

THEN GOTO 3500
THEN GOTO 3500
THEN GOTO 3500
THEN GOTO 3500

Okidata’s Microline 80 printer can print graphics such as the above.
The software, also shown, is straightforward and requires no special routines.

they are not letter-quality printers,
they are good for first-draft material.
Okidata’s printers, which are fairly
new, include the Microline 80 for
$800. This model is designed specifi-
cally to work with units like the TRS-

The Epson Model TX-80 dot-matrix printer
interfaces directly to a TRS-80.

80 and can print graphics, as illus-
trated. Notice that the software (for
the TRS-80) is straightforward and
requires no special routines to accom-
modate the printer.

Okidata also offers mid-range
printers that feature better print qual-
ity, bidirectional printing and forms
control. The Microline 82 is priced at
$895 and is an 80-column unit, while
the Microline 83 at $1195 is a 136-
column unit. The latter can handle

Want to Ring Your Chimes? If
you are not familiar with Epson as a
printer company, you probably have
heard of its melody ICs. The latest
7910 series offers renditions of
“Greensleeves,” “Home On The
Range,” and “Mary Had a Little
Lamb.” It can also operate as a door
chime or a beeping alarm.

The board, which includes the mel-
ody chip, but without battery or
speaker, costs $14. The little unit is
great for that special music box you

POPYLAR ELECTRONIC
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a Micro Price

The [Microfcel - a new generation of

miniature computers

A COMPLETE COMPUTER
for $149.00 for 1K Kit

Post and Packing FREE
{Add 6% Tax for Shipments inside California}

Fbne
¥

o s

T A
"u

The unique

and valuable ® PEEK and POKE enable entry of machine code RAM (expandable to 2K on board) is roughly
components of the MicroAce instructions, USR causes jump 1o a user's equivalent to 4K bytes in a conventional computer

The MicroAce is not just another personal . r:_a(;]hme Ilanguage subr;'rounnej.h = o - typn’:allyI ston'nglmg Ilne)s of BASIC. (Key words
computer. Quite apart from its exceptionally low igh-resolution  graphics - wit standard  cccupy only a single byte. )

f . . graphic symbols. The display shows 32 characters by 24 lines.
price, the MicroAce has two uniquely advanced ® Al h intablel i And Benchmark how that the MicroAce is
components: the powerful BASIC interpreter, and I ¢ aractersI printable in reverse under ; n ; nc"maL tests sl 0\|/v at the MicroAce |
the simple teach yourself BASIC manual. program control. aster than all other personal computers. )

® Lines of unlimited length. No other personal computer offers this unique

The unique versatile BASIC interpreter offers
remarkable programming advantages: ‘Excellent value’ indeed!
® Unique ‘one-touch’ key word entry: the
MicroAce eliminates a great deal of
tiresome typing. Key words (RUN, PRINT,
LIST, etc.) have their own single-key entry.

® Unique syntax check. Only lines with correct
syntax are accepted into programs., A cursor
identifies errors immediately. This prevents
entry of long and complicated programs with
faults only discovered when you try to run
them.

® Excellent string-handling capability — takes up
to 26 string variables of any length. All strings
can undergo all relational tests (e.g.
comparison). The MicroAce also has string
input — to request a line of text when
necessary. Strings do not need to be

combination of high capability and low price.

For just $149.00 {excluding handling charge) you n
get everything you need to build a personal The MicroAce teaCh'yourself
computer at home... PCB, with IC sockets for all BASIC manual.

ICs; case; leads for direct connection to a cassette If the features of the BASIC interpreter mean
recorder and television (black and white or color);  Jistle 1o vou-don’t worry. They're all explained in the
everything! specially-written book free with every kit! The book

Yet the MicroAce really is a complete, powerful,  makes learning easy, exciting and enjoyable, and
full-facility computer, matching or surpassing other  represents a complete course in BASIC
personal computers at several times tne price. programming-from first principles to complex

The MicroAce is programmed in BASIC, and you  programs. (Available separately-purchase price
can use it to do quite literally anything, from playing  refunded if you buy a MicroAce later.)
chess to managing a business. A hardware manual is also included with every kit.

The MicroAce is pleasantly straightforward to
assemble, using a fine-tipped soldering iron. It .
immediately proves what a good job you’ve done: The MicroAce Kit:

Fifensioned. connect it t,o your TV ... link it to the mains adaptor $149_00 with 1K COMPLETE
® Up to 26 single dimension arrays. .- and you're ready to go. $169.00 with 2K
2 el Fewer chips, compact design, . . \icoace is very high: use th
r n . H emand for the MicroAce 1s ver igh: use the
® BASIC language also handles full Boolean volume production-more power coupon to order today for the eyar|i§st possible
arithmetic, conditional expressions, etc. per Dollar! delivery. All orders will be despatched in strict
® Exceptionally powerful edit facilities, allows The MicroAce owes its remarkable low price toits  rotation. If you are unsuccessful in constructing
modification of existing program lines. remarkable design: the whole system is packed on  your kit, we will repair it for afee of $20.00, post and

® Randomise function, useful for games and to fewer, newer, more powerful and advanced LS| packing FREE. Of course, you may return your
secret codes, as well as more serious chips. A single SUPER ROM, for instance, contains ~ MicroAce as received within 14 days for a full
applications the BASIC mterpreter, the character set, operating refund. We want you to be satisfied beyond all

@ Timer under program control system, and monitor. And the MicroAce 1K byte doubt — and we have no doubt thatyou will be.

Z80 A microprocessor Sockets for Your MicroAce kit L]
chip, widely recognised TV, cassette =
as the best ever made. recorder, contains... JOIN THE REVOLUTION DON T GET LEFT'
{o}
Expanision Su,‘:ﬁ;‘ ® Printed circuit board, with BEHIND = ORDIER YOUR Mlcno ACE Now
Connector UHF TV SUPER IC sockets for all ICs.
modulator ROM. ® Complete components set, L rrr r & . E_ R _BR_B_B B
Rugged, including all |Cs-all l Send Check, Money Order or quote your Credit Card No. to: I
flush, manufactured by selected MicroAce 1348 East Edinger, Santa Ana, California, Zip Code 92705.
Keyboard world-leading suppliers. I or phone (714) 547 2526 quoting your Credit Card Number. I
® New rugged keyboard,
touch-sensitive, wipe-clean. l Quantity __Description Unit Price TOTAL Amex l
@ Ready-moulded case. - - i
e Leads and plugs for MicroAce Kit 1K | $149.00 glr:\:crs
connection to domestic TV MicroAce Kit 2K | $169.00 Money O I
y Order
and cassette recorder. Master Charge
{Programs can be SAVEd I Manual $10.00 Viea J l
i
and LOADed on 10 a 1K Upgrade Kit | $29.00
® portable cassette recorder.} l : Card No. I
X i Shipments instde California
F ‘ ® Mains adapto_r of 600 mA 20 6% TAX TOTAL
3 S at 9VDC nominal Exp. Date
e A, A et sk : unregulated.
® FREE course in BASIC Name
EeassssS anms programming and user I o l
ERSRSREEEE ol ;
hity State - Zip J
¥ X 3. & ¢ & & _ B _§B B _§B |
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Even after 100 plays
your records will sound

BETTER THAN NEW
with Lifesaver!

Introducing LIFESAVER™ with
DiscProtec™ formula, the multi-
purpose record treatment from
Audio-Technica. It’s a long-
term antistatic agent which lasts
100 plays or more. And a record
preservative which protects
against environmental attack
and jmproves the effectiveness
of any wet or dry record cleaner.

But LIFESAVER is also a dry
lubricant which sharply reduces
record-stylus friction. Tests*
prove lower harmonic distortion
from a disc treated with
LIFESAVER after 100 plays
than from the first play of an
identical untreated record!

Your records will sound cleaner
and quieter from the very first
play with LIFESAVER. And 50
or even 100 plays later they’ll
still sound better than new. Just
one easy application protects
your library for years.

Enjoy better sound today and
tomorrow with LIFESAVER!
See dramatic proof at your
Audio-Technica dealer today.
Audio-Technica U.S., Inc.,

1221 Commerce Drive, Stow,
Ohio 44224. Dept. 100P. In
Canada: Audio Specialists, Inc.,
Montreal, P.Q.

* From independent lab tests reported
by Len Feldman in Audio Magazine,
February, 1980. Write for your
free reprint.
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Harmonic distortlon of an
untreated disc during first playing.

b
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Harmonic distortion of an identical
disc. first playing after LIFESAVER
treatment. Distortion is
immediately reduced.

R .

Harmonic distortion of an
untreated disc after 100 playings.

8t

N

Harmonic distortion ot a
LIFESAVER-treated disc after 100
playings. Distortion remalns lower
than a new, untreated disc.

LIFESAVER LS-1
with DiscProtec™
formula. Treats
60 sides. $12.95

LIFESAVE

Record Preservative with Disc Protec Flusd

audio—technicab

INNOVATION 0 PRECISION O INTEGRITY

——  romputers______

AUDIO TECHNICA PROFESSIONAL AND HOME PRODUCTS FOR BETTER SOUND

TONE ARMS.

VECTOR AUGNED™
PHONO CARTRIDGES

AND ACCESSORIES

AUDIOPHILE RECOAD CARE STEREQOPHONES
RECORDS PRODUCTS

MICROPHONES

want to make for your little girl; or, if
you're really inventive, a special func-
tion alarm or audible reminder in the
darkroom.

If you live in Illinois and like deal-
ing with a timesharing computer sys-
tem, do the following three things:
First purchase your favorite micro
system. Then contact Universal Data
Systems and order a model UDS 103
LP data Modem. This is a 300-bps,
full-duplex unit for $195 that’s de-
signed to connect directly to the tele-

ir

Iy
'

Epson’s melody evaluation board
provides a choice of four tunes.

phone. Once you have everything to-
gether, wait-until the first Friday of
the month. Then, in Illinois, dial 312-
726-8260 and watch the screen of
your system respond with the lobby of
the Gamemaster’s house.

The Gamemaster is a unique com-
munication system with a number of
games, mail, technical data and so on.
Basically, the system has a $50 sign-
up fee and costs about $2.75/hr con-
nect time. If you want more informa-
tion, either wait for the free time from
10 a.m. to 10 p.m. on the first Friday
of the month or contact them on the
24-hour hotline. O

MORE INFORMATION
For additional information about prod:
ucts mentioned, contact the compa-
nies directly.

Asent Computer Services
RR 3

Columbia City, IN 46725
219-625-3600

Epson America Inc.
23844 Hawthorne
Torrance, CA 90505
213-378-2220

Gamemaster

P.O. Box 1483
Evanston, IL 60204
312-236-7522

Okidata Corp.
111 Gaither Dr.
Mt. Laurel, NJ 08054
609-235-2600

Radio Shack
1400 One Tandy Center
Fort Worth, TX 76102

Universal Data Systems
4000 Bradford Dr.
Huntsville, AL 35805
205-837-8100
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Computer
Sources

By Leslie Solomon
Senior Technical Editor

Hardware

TRS-80 Memory Expansion. The
MT-32 Printer/Memory expansion
module for the TRS-80 will add 16 or
32K of RAM to a basic 16K machine.
The module also drives a Microtek
MT-80P dot-matrix or any Centron-
ics-compatible printer. No hardware
modification is required, simply plug
it in the TRS-80 bus connector. With-
out RAM, MT-32K kit is $79.50;
MT-32A assembled is $99.50; MT-
32B, with 16K of RAM, assembled is
$159.50; and MT-32C, with 32K of
RAM, assembled is $199.50. Ad-
dress: Microtek Inc., 9514 Chesa-
peake Drive, San Diego, CA 92123
(Tel: 714-278-0633).

80-Coiumn Apple Board. The
Sup’R’Terminal from M&R Enter-
prises plugs directly into an Apple II

and provides 80 columns by 24 lines,
upper and lower case on a 5 X 8 dot
matrix. Connection to the video moni-
tor is via an on-board jack. The 2K of
firmware includes upper/lower case
shift, cursor movement, cursor and
scrolling modes, clearing and linefeed
functions, variable scrolling window,
and character definition. The user can
define his own characters and switch
back and forth among up to 10 differ-
ent character sets including different
alphabets, scientific notation, graphic
symbols, etc. These user-defined char-
acters can be printed with a user-pro-
grammable dot matrix printer. $395.
Contact your local Apple dealer.

AlM Programmer/Editor. The
CO-ED A65-901 module features a
PROM programmer and code editor
in a single plug-in for the AIM-65 and
SYSTEM-65 machines. The module
provides PROM check, read, and ver-
ify in addition to programming. Data
load, verify, and dump, each with off-
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set, and an object code editor are ad-
ditional features. The latter controls
the editor program pointer and can
search, disassemble, and modify
R6500 object-code programs. The
module includes 1K byte of RAM,
which, when used with the 4K RAM
AIM-65, allows single-pass program-
ming of 4K > 8 PROMs. It includes
logic to select 2758, 2716, 2732, TMS
2508, 2516, or 2532 PROMs without
switch or jumper changes. $265. Ad-
dress: Electronic Devices Div., Rock-
well Intl., Box 3669, Anaheim, CA
92803 (Tel: 714-632-3729).

Atarl Expansion. This new kit en-
larges any Atari 8K RAM board to
16K to provide more space for high-
resolution (GR 7) graphics and allows

access to higher-resolution (GR 8)
320 X 192 graphics. $79.95. Address:
Mosaic Electronics, Box 748, Qregon
City, OR 97045.

British S-100. The Tuscan S-100 is
a Z80-based computer using the
IEEE standard S-100'bus. Five S-100
cards can be plugged into the bus. The
Tuscan has powerful 1/O capabilities
and is ready for immediate expansion.
Both BASIC and PASCAL are avail-
able. Address: Transam, 12 Chapel
St., London, NW1 5DH, England.

Apple NTSC. The Adwar Apple
Proc Mod device is a plug-in circuit
board which converts the nonstandard
Apple video output into a format suf-
ficiently close to NTSC standards to
permit using a conventional video
tape recorder. $800. Address: Adwar
Video, 100 Fifth Ave.,, New York,
NY 10011 (Tel: 212-691-0976).

Six Monitors on One Printer.
The PC-1 Printer Controller pro-
vides means to hard copy the output
of up to six CRT monitors on one
printer. The PC-1 connects to any
RS-232 printer and contains six chan-
nels that remain operative even if one
or more of the monitors is down or off.
A pushbutton allows the operator of
any terminal to access the printer.
When printing is finished, another
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push of the button frees the printer for
selection by any other operator. The
small unit has a built-in power supply
and no adjustments are needed. $375.
TC-20 cables are $65 and the CP-15
Controller-Printer cable is $35. Ad-
dress: Teleray, Box 24064, Minneapo-
lis, MN 55424 (Tel: 612-941-3300).

AIM-65 Auto Vector. The model
AV65, for use with the Rockwell
AIM-65 computer, passes program
control from the AIM monitor to
user-written code. Thus, when the
computer is turned on, user programs
are automatically executed while re-
taining access to the Rockwell moni-
tor. No modification of AIM hard-
ware is required. $29.95. Address:
Cubit, 2267 Old Middlefield Way,
Mountain View, CA 94043 (Tel: 415-
962-8237).

Low-Cost Modem. The D-CAT
modem is FCC approved for handset
jack connection with any modular
phone, and the Bell 103 compatible
unit works with a single line or 50-pin,

six-line business phone. It features a
separate power supply and a mode
switch that allows the user to monitor
whether voice or data is being trans-

mitted. $199. Address: Novation,
18664 Oxnard St., Tarzana, CA
91356.

H8 Prototype Board. The HKB-1
is a prototyping board for the Heath
H8 computer. It features a hooded 44-
pin edge/cable connector opposite the
bus connector and 0.042"" diameter
plated-through holes on 0.1’ centers.
Locations are provided for three 5-
volt regulators along the mounting
bracket/heat sink. There is also space
for two filter capacitors, and extra
holes are grouped near the + 16-volt
bus connectors for additional regula-
tors. $46. Address: Mullen Computer
Products, Box 6214, Hayward, CA
94544 (Tel: 415-783-2866).

Apple Data Acquisition. Three
different components and an Apple
interface board make the miniMUX
800 Series components suitable for
use in almost any area of data aquisi-
tion and control. A starter kit consist-
ing of an RS-232-C or Apple II inter-
face, one miniMUX 801 1/O terminal
having eight discrete inputs and seven
discrete outputs, one miniMUX 802
analog terminal with one input of
eight bits resolution and seven dis-

crete outputs is available for $895.
Address: American Multiplex Sys-
tems, Inc., 1148 E.Elm Ave., Fuller-
ton, CA 92801 (Tel: 714-870-5821).

Software

CP/M Word Processor. To use
the VTS /80 word processor that runs
under CP/M, keytops of the terminal
keyboard are replaced with custom
keytops that are color coded by func-
tion and have the function written on
the side of the key. It can be made
available for 1802, 9900, 6800, and
8086 in PL /M. The processor is avail-
able in English, Spanish, German,
Italian, and French. Four function
keys allow insertion, erase, cut, and
paste; there is automatic word wrap-
around; functions are by character,
paragraph, word, page, sentence,
screen, line, or variable; and five dif-
ferent tab stops are provided. Other
functions include global find and sub-
stitute, phrases and cuts stored on
disk, and automatic indenting. $549.
Address: Micro Software Producers,
3169 Filmore St., San Francisco, CA
94123 (Tel: 415-346-7025).

O0S PASCAL. This UCSD PAS-
CAL system operates on Ohio Scien-
tific computers having 48K of RAM,
and two disk drives. The package has
its own operating system an includes
a screen-oriented text editor, a PAS-
CAL compiler, and FORTRAN
based on a subset of ANSI 77 stan-
dard FORTRAN. A compatible as-
sembler and run-time linker, utilities
for file maintenance, diskette initiali-
zation, and duplicating are also pro-
vided. The package includes several
diskettes, a PASCAL primer, and
PASCAL and FORTRAN user man-
uals. $450. Address: Ohio Scientific,
1333 South Chillicothe Rd., Aurora,
OH 44202 (Tel: 1-800-321-6850).

TRS-80 Sequential Access.
KFS-80 is an indexed sequential ac-
cess method for a TRS-80. It provides
keyed and sequential access to multi-
ple files, with records of up to 240
bytes. Features a relatively constant
number of disk accesses to reach a
record no matter how large the file
grows. A sector buffering mechanism
minimizes disk accesses by ‘“remem-
bering” which sectors are in memory.
The program is designed for invento-
ry, accounts payable or receivable, or
any application where direct record
access is needed. Requires less than
8K bytes and a 2-drive 32K Model I
or Model II system. $49.95 for Model
I and $79.95 for Model II. Address:
Automated Resource Management
Inc., Box 4353, Irvine, CA 92716.

Apple Pie. Apple Computer Inc. re-
cently introduced three new items.
The first, called Apple Plot, enables
users to create, revise, and print de-
tailed charts and graphs quickly and
easily. The user enters up to 100 data
points and selects the format. The fin-
ished chart is then produced automat-
ically. The six graphic formats are
line, multiline, bar, multibar, bar with
line overlay, and scattergraph. The
user can label axes and plots, auto-
matically center labels, extend grid
lines, change graph color, and selec-
tively insert and delete x and y values.
Graph parameters can be changed.
This software provides high-resolu-
tion video and hard-copy graphics.
Requires 48K Apple II Plus and disk.
$70. The second is DOS 3.3, an im-
proved operating system for Disk II.
It uses a 16-sector capacity format
that increases diskette capacity to
143K bytes and can copy a program
from one diskette to another using a
single drive. It also includes a pro-
gram that converts existing libraries
and data files in 13-sector format to
run under DOS 3.3. $60. Thirdly, Ap-
ple pilot, a high-level language for
educators and CAI, has two modes:
Author and Lesson. In Author, les-
sons are created using one of the four
editors. Text, pictures, sound or for-
eign language characters can be used.
Students use the Lesson mode. Re-
quires Apple II with 48K and two
disk drives. $150.

APF Space Destroyer. Pitting
three space destroyers against a wall
of phasor-firing aliens, this APF pro-
gram for the Imagination Machine
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can be used by two players. This game
is similar to the arcade version cur-
rently available. $19.95. Available
from APF dealers.

Hard Disk Reclaiming. Winches-
ter hard-disk media cannot be re-
placed like a floppy if a track or two
becomes unreliable. The Reclaim
CP/M2 utility program tests floppy
and hard disk systems for error-prone
tracks and allocates those parts to
files that are “invisible” to the user.
Tests are made with or without disk
data files and during operation, the
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program continuously displays its progress as it examines
each track and sector. At the completion of the program, it
announces the number of blocks hidden from the file system.
$80. Address: Lifeboat Associates, 1651 Third Ave., New
York, NY 10028 (Tel: 212-860-0300).

Small-C for CP/M. A Small-C Compiler is now available
to CP/M users on a single-density 8-inch diskette. The com-
piler supports a subset of the C Programming Language, and
provides interface to assembly language with its
“#asm. . .#endasm” feature. The diskette includes a Small-C
compiler, run-time support library, CP/M 1/O functions, the
source code for Small-C, and a demo program written in
Small-C. $15. Address: The Code Works, Box 550, Goleta,
CA 93017 (Tel: 805-967-0905).

Measurement / Control BASIC. XYBASIC offers
all the standard features of regular BASIC plus ROM-
ability, machine-language linkage, debugging commands,
software interrupts, control commands, and a number
of bit-manipulation commands. Versions are available for
SBC/80, CP/M, INTELLEC 8 MOD 80, and MDS-800 sys-
tems. Nonstandard versions with patchable 1/O are available
for 8080, Z80, or 8085 systems. XYBASIC is available in
integer (7K) or extended (14K) forms and provides the speed
of integer arithmetic operations combined with full floating
point and string functions. The Run-Time/Compiler package
compresses the code and reduces execution time. Manual is
$20. XYBASIC is $350. Address: Mark Williams Co., 1430
W. Wrightwood Ave., Chicago, IL 60604 (Tel: 312-472—
6659).

North Star FORTH. OmniFORTH, modelled after fig-
FORTH is now available for the North Star computer.
FORTH combines structured programming, stack organiza-
tion, virtual memory, compiler, assembler, and file system
into an extensible macro-language. Organized as a dictionary
of words, FORTH allows defining new words that extend the
vocabulary to suit any application. Words are compiled on
entry into code ready for immediate use and execute ten times
faster than BASIC. It also supports coding time-critical out-
lines in assembler for fastest response. Requires 24K and NS
DOS. $49.95. Introduction to FORTH manual is $15. Ad-
dress: Interactive Computer Systems, Inc., 6403 DiMarco
Rd., Tampa, FL 33614 (Tel: 813-884-5270).

TRS-80 Symbolic Math. Written in muSIMP, a superset
of LISP, muMATH provides facilities to do algebra, trigon-
ometry, calculus, integration, differentiation, and other sym-
bolic math operations on a TRS-80 having 32K of RAM and
a single disk drive. To take advantage of all the capabilities of
muMATH, including exact rational arithmetic and automat-
ic algebraic simplification, requires 48K. The user can control
such transformations as expanding powers of polynomials and
placing expressions over a common denominator. Other capa-
bilities include trigonometric and logarithmic simplifications
and symbolic differentiation and integration. All operations
are to 611 digits. $74.95. Address: Microsoft Consumer Prod-
ucts, 10800 Northeast Eighth, Suite 507, Bellevue, WA
98004 (Tel: 206-454-1315).

Monopoly. “Monty Plays Monopoly,” for the Apple II or
TRS-80 Level I1, is a computer opponent program designed to
be used with a standard Monopoly game in accordance with
the official rules. In essence, Monty acts as another player.
Each human player can communicate with Monty via the
game paddles.Comes as cassette or disk. Address: Ritam
Corp., Box 921, Fairfield, IA 52556 (Tel: 515-472-8262).
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Wire Wrapping Kit

Model WK-3 is a uamique new Wire #Wrapping Kit that
contains a ccmplete range of toola and parts for prototype
and hobby app-ications, all conveniently packaged in a
handy, duradle Hlastic carrying case.

The kit incluies Model BW-630 battery wire wrapping tool
complete with tit and sleeve; Modal WEU-30,aremarksble
new hand wirs-wrapping/unwraoping/stripping tool; a
universal PCboard; ar- edge connector with wire-wrapring
terminals, 3 et of PC card guides and brackets; a
mini-shear with sa’ety clip; industrial quality 14, 18, 24
and 40 pin DIF 3ockets; an assortmer-t of wire-wrapping
terminals; a D_P inserter; a DIP extractor and a unique
3-color wire disper-ser complete with 60 feet each of red,
white and blue Eyrar® insulated, silver plated sol:d AWG

30 copper wire.
$74-95°

OK Machine & Tool Corporation
3455 Connar St., Bronx, N.Y. 10475 U.B.A.
Tel.(2LR) 994-6600 Telex 125091

*Minimunbiliings $25.00,add shipptng charge $2.00
New Yicrk 3.ateresidents add apolicab.e tax

® Pennwalt
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SinciE=ir— Multimeters

Repeatable Quality at Unrepeatable Prices!

Take advantage of this super special offer of
professional quality DMMs.

PDM35

Hand-held 3.2 digit LED Multimeter

295 1% basic DCV Accuracy
16 ranges: DC/AC Volts. DC Current, Ohms,
Resolution 1mV / 0.1nA / Tohm
Ranges to 1000V / 100mA / 10M
Battety operated {(PP3) or AC Adaptot
Complete with test leads and carrying pouch

DM235

Bench/Portable 3% digit LED Multimeter
0.5% basic DCV Accuracy $69
21 ranges: DC and AC Volts and Current, Ohms =95
Resolution 1TmV / 1uA / 1ohm

Ranges to 1000V / 1A / 20M

Battery operated (4 'C’ cells) or AC Adaptor

Complete with test leads

DM350

Bench/Portable 3% digit LED Multimeter

0.1% basic DCV Accuracy

34 ranges: DC and AC Volts and Current, Ohms
Resolution 100pV / 1nA / 0.1ohms

Ranges to 1200V / 10A / 20M

Battery operated (4 'C’ cells) or AC Adaptor
Complete with test leads

DM450

Bench/Portable 4% digit LED Multimeter $ 1 29
0.05% basic DCV Accuracy 295
34 ranges: DC and AC Volts and Current, Ohms,

Resolution 10pV / 0.1nA / 0.01 ohms

Ranges to 1200V / 10A / 20M

Battery operated (4 'C’ cells) or AC Adaptor

Complete with test leads
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[ ] please send me .......... | enclose .......... »
] PDM35 Hand-held DMM @ $39.95each:$ OCheck  [JMoney Order [OMaster Charge [?Visa ]
[ __ DM235 Bench/Portable DMM @ $69.95 each : $ (Allow 2 - 3 weeks clearance time for personal checks 1
1 DM350 Bench/Portable DMM @ $99.95 each : $ Credit Card No. Exp. Date ]
DM450 Bench/Portable DMM @ $128.95 each : $§ NAME
1 _ AC Adaptor for PDM35 @ $4.95each:$ |
] AC Adaptor for DM235 @ $4.95each:$ STREET i
__ AC Adaptor for DM350 @ $4.95each:$
i - AC Adaptor for DM450 @ $4.95each:$ cary . STATE 7P !
1 Shipping/Handling at single rate per order :$ 5.00* (]
New Jersey residents add appropriate Sales tax: $ SEND TO: NJS Technology Inc. PE '
| P.0. Box 8247
] TOTAL : $ Haledon ]
1 = New Jersey ]
“Continental USA only 07538 Tel.(201) 790 3141
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JOMNES

BY JERRY AND ERIC EIMBINDER

and
Nnthe
begnning..

HECKERS was invented by a

Greek during the Trojan War.
Chess originated in India. The Romans
gambled with dice. Board games were
played in ancient Crete. The advent of
the electronic game, however, brought a
whole new dimension to the art and
science of games. For the first time, the
opponent could be a computer program
and the game could be played at a pre-

MQNJ:“‘“-

SPACE-AGE
LEISURE
ACTIVITY

PART 1

selected level of difficulty. integrated
circuits made it economically possible to
create new concepts in visual and sound
effects, and microprocessors permitted
continuous change and advancement.

There were many pioneers in elec-
tronic games. Let’s look back to see how
it all started.

In 1962, a graduate student at the
Massachusetts Institute of Technology
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electronic
games..

named Steve Russell wrote a computer
program for a game called “Spacewar.”
Research buffs estimate that Russell’s
ingenuity cost’ companies possessing
computers several million dollars during
the following four or five years because
many employees, enthralled by the
game, used computer time to guide
rocket ships across computer displays.

“Spacewar” continued to be popular
through the late 1960s. At this time, two
students who learned the game on col-
lege campuses were Nolan Bushnell at
the University of Utah and Bill Pitts at
Stanford University’s Artificial Intelli-
gence Center.

Both Bushnell and Pitts set out inde-
pendently to develop commercial ver-
sions of “Spacewar.” Bushnell’s model,
“Computer Space,” was finished first,
in 1970. It used the raster monitor from
a 19" G.E. television set and 185 com-
mercially available integrated circuits,
mostly transistor-transistor logic (TTL)
devices.

Although Bushnell didn't actually
produce the game (the rights were sold
to another company), he learned much
about user interest from studying reac-
tions to “Computer Space” in the mar-
ketplace. The game wasn’t a successful
financial venture, though, because it
was too complicated for most players.
Not giving up, Bushnell developed an
easy-to-play electronic game for the
company he founded in 1972—Atari.

Bushnell installed a coin-operated ta-
ble-tennis game, ‘“Pong,” in a bar in
Sunnyvale, CA, called Andy Capp’s.
The machine ceased working after two
days and he stopped by to see what was
wrong. A complete check of its TTL
logic circuitry uncovered nothing wrong
and, finally, Bushnell checked the coin
box. It was jammed to capacity! Bush-
nell then knew that he had a winner.

Meanwhile, Pitts completed a proto-
type unit in 1971 and followed with a
second model called “Galaxy Game” a
year later. He placed it in the Tressider
Union Coffeehouse at Stanford, a few
miles from where Bushnell’s ‘“Pong”
game was under evaluation at Andy
Capp’s. Pitts’ game, employing a Digital
Equipment Corp. PDP-11 computer,
challenged some and discouraged many.
The machine still stands there today. No
more have ever been built.
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The score in electronic game evolu-
tion at this time was one successful idea
(“Pong”) and two failures (“‘Computer
Space” and “Galaxy Game”). The
“Pong” paddle game survived and pros-
pered. (Eventually, space war games, in
simplified versions, would also capture
the public’s fancy.) Nolan Bushnell
went on to build Atari into a major fac-
tor in the electronic games industry. Be-
sides producing coin-operated machines,
he moved Atari into the home videa
game business in 1975, marketing
“Pong” through Sears and Roebuck
stores. By the end of 1976, there were
some 70 companies in the TV-game
business. Atari was then sold to Warner
Communications for a reported price of
$28 million.

The Thomas Edison of the home TV
game was Ralph Baer. In 1966, as man-
ager of the equipment design division of
Sanders Associates, Manchester, NH,
supervising a staff of up to 500 engi-
neers and technicians, Baer was in a po-
sition to authorize work on TV games.
He built a couple of symbol generators
and soon had two spots chasing each
other around the screen of a black-and-
white TV set. Having convinced himself
that the concept was feasible, he hired
Bill Harrison to begin full-time work on
TV-game development. Shortly after-
wards, he also added engineer Bill
Rusch to the project.

A 17-inch RCA color-TV set was
purchased and, by early 1967, Baer,
Harrison and Rusch were playing table
tennis against a green background and
hockey against a background of blue ice.
Color signal generation was handled
very simply. The parts used were a 61/2¢
transistor, two diodes, a few resistors
and capacitors, a 3.58-MHz chroma
crystal, and a 15¢ oscillator tank coil.
With these parts, they built the chroma
oscillator and, through the use of the
center-tapped secondary on the tank
coil, they obtained two 3.58-MHz sig-
nals 180° out of phase with each other.
Taking an output from one side of the
secondary and gating it into video with
horizontal sync pulses produced an ade-
quate approximation of a color burst
reference signal. Next, an RC phase-
shift network was connected across the
outer terminals of the secondary, using a
potentiometer as a resistor, so that the
phase at the junction of the resistor and
capacitor could be varied from 0 to 180°
with respect to the color burst reference
phase. Horizontal sync was used to gate
out the new phase signal via one of the
3¢ diodes, again into video, and back-
ground color was produced.

The project was a closely guarded se-
cret. Harrison and Rusch worked in an
enclosed 10-by-15-foot office containing

two desks, a workbench and support
electronic equipment. The door was kept
locked at all times; only Baer, Harrison
and Rusch had keys. Despite secrecy of
these measures, the area was referred to
as “The Game Room.” Because Harri-
son and Rusch had a habit of playing
recorded guitar music while working,
most of their fellow employees assumed
that the room was being used to develop
an electronic guitar.

A working multi-game . model was
completed in mid-1967 and Sanders As-
sociates began looking for licensees.
Demonstrations for potential customers
continued through 1969, when, after a
deal with RCA fell through at the last
minute, an agreement with Magnavox
was arranged. Magnavox modified the
design for high-volume production and
demonstrated the game to the press in
May 1972. By summer, the game, called
“Odyssey,” was on the production line.
Nearly 100,000 Odyssey games were
sold that year!

The original Odyssey contained ap-
proximately 305 discrete parts in its
master control unit and hand controls.
Overlays for the television screens were
supplied with Odyssey to simulate field
backgrounds. The Odyssey package also
included dice, play money, card decks
and game boards. Twelve games, some
very similar, were offered.

The first version of Odyssey was man-
ufactured until 1975, when large-scale-
integration (LSI) parts became avail-
able. Nine complex integrated circuits
were designed for use in Odyssey. The
use of these chips cut the total number
of parts needed to approximately 200
and reduced both cost and assembly
time. Several advanced technologies
were employed in the nine chips, includ-
ing newly developed integrated injection
logic (I2L). Electronics also produced
the TV-screen backgrounds, so overlays
were no longer needed.

Not all nine chips were necessarily
used in a particular model of Odyssey.
By appropriate selection from the mas-
ter set of nine chips, 18 possible combi-
nations of chips were possible.

the front cover

The first of a new generation of elec-
tronic talking dolls, '‘Baby Soft
Sounds' by Fisher Price, is shown.
Behind it is a wafer of hundreds of
speech-synthesis chips made for the
doll by Precision Monolithics, Inc. Sil-
tronics then dices the wafer to pro-
duce the chips.



Subsequently, in 1976, Magnavox
further cut the number of components
needed to build a video game to 75 by
introducing a single-chip LSI system.
The chip contained all of the spot gener-
ator, logic, sync, multitone sound and
digital scoring circuitry, but offered less
flexibility than provided by the multi-
chip system.

Gl's 6-in-1 TV=Game Chip. Prior to
the development of one-chip game sys-
tems, a number of companies were test-
ing the marketplace for TV games with
models using TTL circuitry. One of
these companies was First Dimension
Corp., founded in mid-1975 in Nashville
by Norvell L. Olive. First Dimension
manufactured 7,000 games in time to
ship for the Christmas 1975 season.
Next, preparing for mass-volume pro-
duction of its $129 game in 1976, it pur-
chased $1.5 million worth of parts.

But in early 1976, General Instru-
ment introduced the product that
changed the nature of the video games
industry. General Instrument put most
of the circuitry needed for designing a
video game on a single chip, the
AY38500. The game designer was pro-
vided with one chip that provided four
paddle games and two different rifle
games. In addition, capability for fast
ball and slow ball, steep angle and shal-
low angle, and long paddle and short
paddle operation was offered.

For companies thinking about going
into the TV-game business, the GI chip
was the convincer. For First Dimension,
sitting with a huge inventory of discrete
parts, it was a crushing blow.

The cost of the GI chip ranged from
$5 to $6, depending on the volume in-
volved. It promised total system costs of
$25 to $30 and retail prices in the $60 to
$75 range. Development of the chip had
been initiated for Salora OY in Finland
for use in a television set; subsequently,
Telefunken GmbH and Loew-Opta
GmbH in West Germany and Vanguard
S.A. in Spain had also ordered the de-
vice. In order to market the IC in the
U.S., General Instrument’s Hicksville,

NY plant developed a 525-line, 60 half-
frames-per-second NTSC system ver-
sion of the original chip, designed for
625-line, 50 half-frames-per-second
PAL systems in GI's Glenrothes, Scot-
land plant.

The GI chip made it possible for com-
panies to establish simplified production
lines and build lower-cost games.

Hard times loomed ahead for many
video game builders, however. Many
small-games companies found they
couldn’t get parts unless they paid in
advance. Delays were encountered in
getting FCC Class-I-device approval.
Others learned, sometimes belatedly,
that the demand for the GI chip far
exceeded the supply and other inte-
grated-circuit suppliers weren’t ready to
fill the void. For example, Lloyd’s Elec-
tronics said it received only 20% of the
chips it had ordered from General In-
strument for games planned for the
Christmas 1976 season. As readers
might recall, the supply of games ran
out during the Christmas 1976 season in
many parts of the United States.

-Coleco was the first major customer
for General Instrument’s industry-revo-
lutionizing game chip and, as a result,
received early delivery of the part. Ap-
proval for its game also came early from
the FCC and, by May 1976, many stores
had sufficient stock to meet Father’s
Day demands. Reorders poured in, en-
couraging Coleco to build up heavy pro-
duction capability. Coleco president Ar-
nold Greenberg estimated that his com-
pany’s 1976 game sales exceeded $110
million. Sales for TV games during the
Christmas 1976 season lifted the indus-
try into the big business category.

The first home TV-game system to
accommodate replaceable cartridges
was introduced by Fairchild Camera
and Instrument in August 1976. The
unit had hockey and tennis built-in. The
key to its versatility, of course, was its
capability to accept a never-ending
number of new cartridges as they were
developed—blackjack, baseball, tank
battle, etc.

Each Videocart cartridge contained a
semiconductor memory programmed to
reproduce specific games on the televi-
sion screen in full color. The game con-
sole used a Fairchild F8 microprocessor
and four semiconductor random-access
memories to provide the basiz game sys-
tem elect-onics. For sports the score
and elapsed time were displayed contin-
uously at the bottom of the screen.

As 1977 began, RCA followed Fair-
child into the plug-in-game business us-
ing its 1892 integrated circuit in a mi-
croprocessor-based, black-and-white
video-game system. The RCA unit com-
bined kevboard console control with

read-only-memory cartridge game in-
puts. Bowling was among the games of-
fered by RCA.

The outlook for video games was nev-
er brighter. National Semiconductor
had sold over 200,000 Adversary video
games in 1976, containing built-in hock-
ey, tennis and handball. A newer model -
adding soccer, pinball and a game called
“Wipeout” was being readied for June
delivery. Fairchild had been back-
ordered since it started delivering lim-
ited quantities of its Video Entertain-
ment System the previous August. Al-
though delays in getting approval for its
system from the FCC had set back its
time-table, in January 1977, it doubled
the cartridges in its line from three to six
and announced that it would bring out a
new cartridge every month.

Also in January 1977, General In-
strument shipped its seven-millionth 6-
in-1 TV-game chip (the AY38500) and
announced that a series of new chips,
providing racing and combat games,
would soon be available.

Magnavox, planning to use the new
GI chips, announced that it would sup-
ply a 24-game, 4-player video system in
September priced under $100. A back-
gammon game, in pilot production by
Allied Leisure, was heralded as the be-
ginning of the next evolution of electron-
ic games. At least as impressive was a
chess-playing game designed by Mostek
that not only permitted playing against
the computer, but let the player select
the skill level at which the computer
would operate. Mostek offered to pro-
vide the software for the game to any
manufacturer who would build the
game with Mostek microprocessors.
Connected to a TV set, the control unit
was used for entering moves. The board
and the pieces were displayed on the
screen. It was an exciting time. Few
realized that the Camelot era of video
games was about to end.

Despite the shortage of TV games
during the Christmas 1976 season, the
market collapsed in 1977. Allied Leisure
went bankrupt before it could deliver its
backgammon games. National Semi-
conductor stopped development of its
improved version of Adversary; Magna-
vox cancelled its top-of-the-line 24-
game system. Atari, thanks to a fresh
infusion of money by Warner Commu-
nications, hung in. So did Coleco, some-
how surviving losses of $30 million for
1977. One by one, most of the video
game manufacturers dropped out. The
casualties included the three semicon-
ductor companies who were building
games with their own chips: Fairchild,
National Semiconductor, and RCA.

But as one electronic game industry
suffered, another was being born.

{Continued overleaf)
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Hand-Held Games. Until Texas In-
struments introduced the hand-held
learning aid called “Little Professor” in
1976, all of the activity in electronic
games involved TV games. Another in-
dication of what was soon to come took
place late the same year when Mattel
brought out two hand-held games,
“Football” and *“Auto Race,” both con-
trolled by Rockwell PPS-4 4-bit micro-
processors. The Mattel games retailed in
the $25 to $35 range.

At least 20 semicorductor companies
had the technology in 1977 for massive
penetration of the toy industry, but Tex-
as Instruments moved the quickest. It
explained to toy manufacturers that the
same chip used in the *“Little Professor,”
through appropriate  programming,
could play many other roles.

In designing the “Little Professor” as
4 learning aid for children five years or
older, TI had combined electronics with
an old educational practice, flash cards.
The game generated a sequence of pre-
programmed problenis in addition, sub-
traction, multiplication and division;
more than 16,000 individual problems
could be presented. After the child se-
lected one of four levels of difficulty, the
“Little Professor” asked questions and
the child replied. Answers were
“graded” and a score was displayed.

According to a TI spokesman, the
“Little Professor” may have been the
best semiconductor salesman in the in-
dustry’s history. TI's four-bit microcom-
puter caught on fast and in the three-
year period which followed, it won over
toy company after toy company. Today
it is by far the most popular IC in the
U.S. hand-held electronic-game market.

As the TMS 1000 began to catch on in
1977, TI's own consumer products oper-
ation and the company’s customers con-
veniently moved in different directions.
TI continued to develop educational
aids, while its customers concentrated
on games of fun, chance, and skill. But
TI’s next learning aid, like the *Little
Professor,” also demonstrated features
that the toy industry could appreciate.

The product was called “Data Man.”
It introduced a *“beat-the-clock” timing
feature and rewarded winners with
“whiz-bang,” a highly visual action-
packed display styled after the “home
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run” antics provided by some stadium
scoreboards. It also provided suitable
commentary for errors (although Fair-
child’s ““You lose, turkey,” was probably
the best of all display messages to los-
ers). “Data Man” was a calculator-
based learning aid like the “Little Pro-
fessor,” but it was more sophisticated
and it included math strategy problems.

Many of the hand-held electronic
games on the market are controlled by
TI's TMS1000. Some of these games
use only the TMS1000 for all functions,
including memory and sound genera-
tion. Others have supplementary chips
to expand memory capability or enhance
sound effects. At the present time, Tex-
as Instruments produces 27 different
versions of the TMS1000 microcomput-
er chip.

First of the ‘‘Talkies.’’ Encouraged
by the success of the “Little Professor”
and “Data Man,” in late 1977, Texas
Instruments decided to build a learning
aid that could speak electronically, but
with human inflection and fidelity. A
massive research study was made to see
if a market for such a product existed.

The conclusions reached were that
the concept was viable, that a neutral,
masculine voice was more acceptable
than an unusual or artificial voice, and
that the public would accept a $55 retail
selling price (the price rose to $64.95 by
Christmas 1979 and increased to $74.95
in mid-1980).

TI, after deciding that the talking aid
would have to speak at least 200 words,
consulted educators and selected words
commonly misspelled for the product’s
vocabulary. At this point responsibility
for development of the product was as-
signed to Paul Breedlove.

Breedlove found that he could gener-
ate audible speech from coded digital in-
formation for the desired 200 words
through the use of four chips. One of
these chips, obviously, would be the
TMS 1000, which was assigned to han-
dle all of the control functions. Two of
the chips were 128K-bit TMCO0280
read-only memories, already designed
by TI. The fourtb chip, however, a
speech synthesis integrated circuit,
would have to be developed.

The job of designing the speech chip,
designated the TMC0350, went to Lar-
ry Brantingham and Richard Wiggins.
They decided, in effect, to develop an
electronic model of the vocal tract. Just
as human speech is created by air im-
pelled through the vocal tract, synthetic
speech would be generated by process-
ing pulses through a rapidly changing
electronic filter.

The concept was based on converting

speech into frames of 12 digital codes,
each at the rate of 40 frames per second.
As each frame of a motion picture stops
the action for that instant of time, each
frame of speech “stops the action” of the
vocal tract for 1/40th of a second. This
action is then converted into twelve
codes that represent the pitch for that
instant. Thus, to artificially produce
speech, the microcomputer recalls
speech frames from the memory. The
pitch characteristic for each frame de-
termines if the electronic impulse will be
a vowel or a hard consonant sound.

The sound is combined with a loud-
ness level characteristic to determine
how loud it should be, and it is then pro-
cessed through a 10-stage lattice filter
where it is combined with the 10 vocal
tract characteristics. In effect, this filter
acts on the electronic signal to accom-
plish what the vocal tract does to the air
signals from the lungs. Next, the signal
is passed through a digital-to-analog
converter to a small loudspeaker.

‘‘Speak and Spell.”’ The new prod-
uct was named “Speak and Spell.” It
was introduced to buyers in June 1978
at the Consumer Electronics Show.

Operation of Speak & Spell is simple.
A child presses a button and is asked to
spell a word. As the child presses each
letter, the machine announces the letter.
When the child has finished spelling the
word, he presses “Enter,” and the ma-
chine replies “That is correct,” or
“Wrong. Try again.” After ten words,
the learning aid plays a tune, and says,
“Here is your score.” If all ten words
have been spelled correctly, it congratu-
lates the player.

“Speak & Spell” was joined by two
more TI learning products in 1979,
“Spelling B” and “Mr. Challenger.”
Recently T1 added an ear phone, an ac
adapter plug and automatic powerdown
(after five minutes of nonuse) to *‘Speak
and Spell.” It also brought out a plug-in
module that converts the unit into a Jap-
anese-speaking model. And, by Christ-
mas 1980, it will market two advanced
versions, “‘Speak & Read,” and “Speak
& Math.”

Sometimes the requirements of an
electronic game can’t be satisfied by
configuring the metalization layer of a
microprocessor to correctly link up each
individual IC element. In this case, the
IC manufacturer will retain much of the
microcomputer circuitry while replacing
unneeded portions with specific circuits
designed to answer the customer’s
needs. American Microsystems, Inc.
used this approach in modifying its
S$2150 microcomputer for use in Parker
Brothers’ pinball game, “Wildfire.”

POPULAR ELECTRONICS
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Nnew chips
are
changing
the name

of the
game

HE 4-bit microcomputer, heart of

the hand-held electronic game
since 1977, is expected to remain popu-
lar for several years.

In January 1978, Joseph W. Will-
hide, a leading electronic-game design
consultant, was invited to choose and de-
scribe the semiconductor industry’s best
microcomputers for hand-held games
(at a “Gametronics” seminar in San
Francisco). Willhide selected the follow-
ing seven 4-bit microcomputers:

Microcomputer Manufacturer
SX2000 American Micro-
systems
SX200 Essex Group
COPS-MM5799 National Semiconductor
uCOM-44 NEC Microcomputers
MN 1400 Panasonic (Matsushita)
PPS-4/1-MM76E  Rockwell intemational
TMS 1000 Texas Instruments

He praised the SX2000 for off-chip
expandability and a counter designed
for timing applications; he criticized the
S$X200 and the MN 1400 for being less
efficient than the other devices with re-
spect to addressing instructions (such as
jumps, branches and subroutine calls).
He applauded the MN1400 for being
the only one of the seven microcomput-
ers to directly address RAM registers
without using data pointers, and he
commended the SX 2000 for its speed.

Willhide concluded that the group of
seven devices didn’t contain a clear-cut
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winner and that the specific needs would
dictate the right device to use. He even
speculated that an 8-bit microcomputer
might put all of the seven devices out of
contention.

Yet, Texas Instruments was clearly
the winner of the game-chip business
competition by the end of 1978. Its tri-
umphs were strongly attributed to mar-
keting strategy coupled with low price
quotations, high-volume production ca-
pabilities and the impressive success of
its “Little Professor” learning aid.

The field of contenders hasn’t
changed greatly since Willhide com-
posed his original list. Today it reads:

Microcomputer Manufacturer
S$2000 American Micro-
systems

COPS-l National Semiconductor

uCOM-44/45 NEC Microcomputers
MN 1400, MN1500 Panasonic (Matsushita)
PPS-4/1 Rockwell International
TMS 1000 Texas Instruments
1872/2272 Westem Digital

As the foregoing list suggests, the
“new” microcomputer chips for hand-
held games are actually improved ver-
sions of the previous chips; advance-
ments are in expanded memories, faster
speeds, reduced power requirements,
and added functions. The present state
of the 4-bit microcomputer art is sum-
marized up as follows.

TMS1000. It is estimated that Texas
Instruments shipped at least 20 million
TMS1000s in 1979. TI has added cost-
saving features to its basic chip, such as
triac output drives and an analog-to-dig-
ital converter. It also supplies a comple-
mentary-symmetry metal-oxide semi-
conductor version of the TMSI1000
which has a 6-microsecond instruction
execution time (compared to 15 micro-
seconds for the basic TMS1000) and a
“halt” reduced power mode that drops
power to 500 microwatts. (Motorola is a
second source for the CMOS microcom-
puter chip.)

The basic TMS1000 is a 4-bit p-chan-
nel MOS calculator-type microcomput-
er. The chip executes 43 instructions
and includes a 64-by-4-bit data random-
access memory, a 1K-by-8-bit instruc-
tion read-only memory, four keyboard
inputs and eight segment-driver outputs
with 11 strobe multiplex outputs.

PPS-4. An early version of Rock-
well’s PPS-4 was one of the industry’s
first two commercially available micro-
processors. The other was Intel’s 4004;
both were announced in 1971.

The PPS-4 was the first microcom-
puter to be used in hand-held games.

Mattel used it in “Football” and *“‘Auto
Racing,” both designed in 1976, and is
still using it today.

The PPS-4, a p-channel MOS device,
employs split-memory architecture; it
uses 8-bit instruction words and 4-bit
data words, and it can provide up to
2048 bits of ROM and up to 128 bits of
RAM. Its set of 50 instructions includes
instructions for moving strings of 4-bit
words for multiple precision operations.
A special version, the MM78, has a 2-
channel 8-bit A/D converter.

COPS-11. National Semiconductor’s
original p-channel COPS line has been
redesigned in n-channel MOS and
CMOS versions; both of these families
provide faster speed than offered by p-
channel MOS devices.

Two new COPS-II versions, designed
in 1980, are the 444L with a 128-by-4
RAM, and the 420C with low-battery
drain and an “asleep” operating mode.
Like Rockwell’'s PPS-4, the COPS-II
uses split-memory architecture (8-bit in-
struction and 4-bit data words).

S52000. American Microsystems has
added the S$2200 to its n-channel S2000
family and expects to complete designs
of two more microcomputers, the S2210
and the S2400, by late 1980.

The S2200 has an 8-channel, 8-bit
analog-to-digital converter, three fast-
acting interrupts and a more complex
timer. It also has 12 new instructions.
The S2400 will have all of the S2200’s
features but double its ROM memory
(4K-by-8 vs. 2K-by-8). The S2210 will
be a CMOS version of the S2200. Pre-
viously available S2000 devices have a
51-instruction set and up to 80-by-4
RAM and 1.5K-by-8 ROM. The three
new 63-instruction devices have 128-by-
4 RAM.

Western Digital was recently licensed
by National Semiconductor to make
COPS devices; this could influence it to
phase out its less powerful 1872/2272
family of n-channel devices.

It can be concluded from this discus-
sion that the current 4-bit microcomput-
er, although refined, improved and ex-
panded, is still very similar to its 1977
counterpart.

How then will games change?

It is likely that the next wave of hand-
held electronic games will differ more
from existing games in voice and sound
capabilities than in any other respect. A
fiercely competitive battle similar to the
1977 microcomputer war is shaping up
for 1981 among semiconductor sup-
pliers. This time, however, the comba-
tants will be vying for the speech synthe-
sis chip business. .

Again, Texas Instruments is a prime
contender and its close ties with the
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game industry are certain to help. This
time, “Speak & Spell” could be called
upon to play the same role performed
four years ago by the “Little Professor.”

Three different techniques are used
by semiconductor manufacturers to syn-
thesize human speech. They are formant
synthesis (also known as terminal ana-
log synthesis), linear-predictive coding,
and waveform digitization systems with
compression.

Formant synthesis, the least expen-
sive of the three approaches, is used in
“Baby Soft Sounds,” Fisher-Price’s new
talking ‘doll. In this appreach, formant
frequencies are generated that corre-
spond to the natural resonances created
during speech. A modulated signal with
controlled amplitude is generated and
passed through two levels of filtering
creating an analog of the corresponding
mouth resonance. The center frequen-
cies of the signal shift with time in
accordance with changing resonances of
the voice.

Coefficients for the filters are stored
in ROM. Studies by the Bell System
indicate that approximately 400 bits of
memory are required to store a second of
speech in a formant synthesis system.

Baby Soft Sounds uses two chips: a
formant-synthesis speech chip and a
controller/memory chip. The speech
synthesis chip contains a pitch oscillator,
a gain control, two formant filters, and
an output amplifier, capable of directly
driving a speaker.

Although the doll speaks 16 words,
cries and hiccups, only eight words are
contained in the memory; the additional
words are created through speaking the
same eight words at a different speed.
Motion and position trigger the doll to
talk; it contains no on/off switch. If the
doll is laid down to sleep, it cries for
awhile and goes to sleep; at this time the
circuitry is powered down to only a few
microamperes of current.

Ti's Talking-Chip Set. Texas Instru-
ments based its speech synthesis system
on a voice-compression technique called
linear predictive coding (LPC). LPC is
based on a linear equation which formu-
lates a mathematical model of the hu-
man vocal tract in order to predict a
speech sample based on previous ones.
TI combined a pipeline multiplier, an
adder/subtracter and delay circuits on a
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chip to simulate a 10-stage filter. Codes
for 12 synthesis parameters (10 filter
coefficients, pitch and energy) serve as
inputs to the synthesizer chip.
Processing of signals by the chip is
depicted in Fig. 1. The input signal may
be either periodic impulses or pseudo-
random noise. The periodic inputs are
used to reproduce voiced sounds that

PERIDDIC
SEQUENCE
| OF PULSES |

FILTER
COEFFICIENTS

have a definite pitch such as vowel
sounds or voiced consonants such as Z,
B or D. A random input models un-
voiced sounds such as S, F, T and SH.
A separate read-only memory
(ROM) chip stores the coded digital
data needed to specify the type of input
signal, degree of amplification, and a set
of filter coefficients. Pitch bits vary the

SYNTHETIC
SPEECH
SIGNAL

Fig. 1. The excitation signal for Texas Instruments’
speech synthesizer system can be periodic impulses for
voiced sounds or pseudorandom white noise for
unvoiced sounds. Data needed to select type of
excitation, determine degree of amplification,

and specify filter coefficients is stored in ROM.

Ki-KIO

 PIFELINE
MULTIPLIER

EXCITATION

DATA BUS

SHIFT-REGISTER

DIGITAL-TO-
ANALOG
CONVERTER

o

Fig. 2. In the 10-stage filter on TI's speech
synthesizer chip, the pipeline multiplier performs
all 20 of the multiplications required. It receives
data and coefficients from the k stack of shift
registers through the data lines and initiates

a different multiplication operation every

5 microseconds. The multiplier’s output
consists of 13 data and one sign bits in parallel.
Output of the adder/subtracter is also 14
parallel bits, but is delayed one time period
before being stored in the shift register.
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frequency of the periodic impulses being
supplied or, if all are zero, select random
data to excite the multi-stage filter.

The rate at which the memory de-
livers updating filter coefficient data de-
termines the quality of the created
speech. However, while increasing the
rate improves the quality of the speech,
it also adds to the amount of memory
needed to store this data. For its system,
TI decided that updating the filter coef-
ficients every 20 milliseconds would pro-
vide good speech quality without requir-
ing heavy storage.

Each stage of the 10-stage filter (ex-
cept the last one) carries out two multi-
plications and two additions on its two
digital inputs before moving the results
back and forth to adjoining stages. The
operations of the 10 stages take place
sequentially, as do the four operations
within each stage.

The pipeline multiplier carries out all
20 of the multiplications required by the
lattice filter. A different multiplication
operation starts every five microseconds.
There are eight stages in the multiplier
and, thus, eight multiplications, in vari-
ous stages of completion, are taking
place at any one time. The output from
the multiplier is one of two inputs fed to
the adder/subtracter circuit. The other
input is controlled by digital switches
and, at various times, arrives from the
adder, multiplier or latch memory. The

output from the adder/subtracter is de-
layed one time period and stored in one
of 13 shift registers, each of which has
eight stages. See Fig. 2.

The chip contains an 8-bit digital-to-
analog converter that transforms the
digital information processed through
the filter into synthetic speech. The con-
verter has an accuracy of one-half of the
least-significant bit and the ability to
drive a 200-milliwatt speaker.

The speech synthesizer is teamed with
a read-only memory (a 131,072-bit,
p-channel metal-oxide-semiconductor
memory) and a controller chip, the
TMCO0270 (actually it is a custom
TMS1000) in Speak & Spell. The
TMCO0350 ROM can accommodate ap-
proximately 165 words or 115 seconds of
speech plus pitch, amplitude and filter
parameter data.

In April 1980, Texas Instruments an-
nounced the availability of the
TMS5000 single-chip synthesizer and
the TMS6100 ROM, updated versions
of the Speak & Spell chips, at $13 a set
in production quantities.

Who Is the Competition? National
Semiconductor and General Instrument
are also sampling speech synthesis chips.
National’s SPC uses the waveform digi-
tization with compression technique
(Fig. 3); General Instrument’s LISP-
0256 uses a technique similar to TI’s.

SPEECH
= AT
' MULTIPLEXER ADDRESS

START
ADDRESS
SPEECH
ROM DATA
CONTROL-WORD

REGISTER
INTERRUPT
START
S CONTROL
COMMAND LOGIC
SPEECH

CHIP SELECT

AMPLITUDE
_AND
FREQUENCY
REGISTER

.4

a‘scnkl.arm

ND
FREQUENCY
GENERATOR

SPEECH
OUTPUT

ROGRAMMABLE
GAIN AMPLIFIER

Fig. 3. In National Semiconductor's speech processor chip
each block of data has a control word that provides

a complete description of how to process the data.

It gives frequency and amplitude information for

recreating natural inflection; specifies ROM location,

type of waveform to be generated, and number of times

to repeat it; and indicates if it is the last control word.
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Waveform digitization with compres-
sion was the first of the three speech
synthesis techniques to be developed.
With this system, the input signal is
sampled and digitized at twice the high-
est frequency of concern (known as the
Nyquist rate). The speech data is then
compressed significantly to reduce stor-
age requirements. Later, on a command
from a microcomputer, the speech pro-
cessor recreates the original signals from
the compressed data.

Several game manufacturers are eval-
uating National Semiconductor’s SPC
two-chip set. Introduced in June 1980,
the set consists of the speech-processor
chip and a 16K-bit ROM, capable of
storing 25 words; for larger vocabular-
ies, the speech-processor chip can ad-
dress up to 128K of ROM directly or,
with the aid of almost any microproces-
sor, up to two megabits of ROM.

The speech data is created by simply
talking into a microphone to produce the
analog signals that represent the basic
speech information. Next, these signals
are passed through a differentiator to
retain the higher frequency components.
The differentiated waveform 1is then
sampled and digitized. The ROM com-
presses the frequency and amplitude in-
formation as well as the speech data by
employing three different compression
techniques. One removes redundant
pitch periods, portions of pitch periods,
and redundant phonemes.

The second compression technique,
known as adaptive delta modulation, op-
erates on the speech waveform. Because
this waveform is relatively smooth, the
difference in amplitude between two
successive digitizations is generally
small. Less information has to be stored
if the difference in amplitude between
successive digitizations is used instead of
the actual amplitudes. The third com-
pression operates on the direction com-
ponent of a speech waveform.

After digitization, compression and
re-creation, using the National chips,
speech is not only intelligent, but the
voice of the speaker, male or female, can
be clearly identified. Male voices re-
quire about 1,000 bits to store a word of
speech; the female voice requires a larg-
er number of bits per second because of
its higher frequency.

National sells the two-chip set for $10
to $12 in quantities of 25,000.

General Instrument’s LISP-0256
contains 16K bits of on-chip ROM and
can handle up to 60 seconds of “comput-
er-like” speech or four to ten seconds of
specific voice emulation (depending on
whether you’d rather have a talking ro-
bot or Humphrey Bogart).

Next month:
Comparing Electronic Games.
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74L5123 276-1926 1.49 & .
745151 | 2761929 | 1.09 Speaker Terminals | Opto Devices Yellow 0.3"
7415157 276-1930 1.19
745161 | 276-1931 | 159 New! Eow As LED Readout
74LS164 | 276-1932 1.59 ew: 89¢ -
74L5175 | 276-1934 | 1.39 @ New!
74L5193 276-1936 1.69 99 99
74LS367 276-1835 1.59 l 1
[} i
TTL DIgIta' LXW 69¢ [4] Emitter/Detector Pair. LED Pkg. of 2
ICs S Just right for hi-fi, instrument or PA infrared source. Sensitive photo-
speakers. Push-terminals accept transistor detector. Right hand decimal, 3.0V/
Type Cat. No. Each up to 16-ga. wire. Also has 2- 2642 | it 13 200K Satk 1.99 segment @ 20 mA. Com-
7400 276-1801 69 conductor Y4" phone jack with seal- Phototransistor, Sensitive, fast mon cathode.
7402 276-1811 79 ing plug. 274-624 ..., .. ... 1.99 response silicon. 276-130 . .. .89¢ 276-067 ... ... . Pair/1.99
7404 276-1802 .79
P -l Cases and Cabinet TV RF Modulator Board
7448 276-1816 1.29 Up %
7473 276-1803 79 Save v 33 s
7474 276-1818 99 ave
7475 276-1806 1.09 29°/°
7476 276-1813 .89
7490 276-1808 1.09
7492 276-1819 1.19 Req. 16.
74154 276-1834 1.49 Aoy 16595
74192 | 276-1831 | 159 1195
| 74193 276-1820 | 1.49 }
. Deluxe “Wood L
AlI 100% Prime from Ma- | Sailas'saes™ Coinet Mo sioecoussuiber oot | Etone, diteq s aveied oG bord win e
jor Manufacturers_ Specs (8] Readout. Holdsfouros or elghto 3" readouts. Removable bracket. :x.?ch Cr:"g"é‘,i%’fﬁ L:ig‘é:é::::gr;, or
; q 19ex37ax4780 270-285 ... ... ... ... ..., (Reg. 3.95) Sale 2.95 8 1
and P|n Out Dlagram |n_ 9. b&w video, 30-15,000 Hz hi-ti sound. With
/ ; [€] Clock. For MA-1003 car clock Blue lens. Accepts 3 swilches (not instructions. Parts extra,
cluded with Each Device. incl.). Bracket, 3%2x2Vex2’ 270-303 .. ... ... .. (Reg. 5.95) Sale 3.95 2774122 ... .. Sale 11.95

16-Pin DIP Jumper

AC Cooling Fan | Regulated 12VDC Supply
Cable

2995

Quiet, Efficient

99 1 495 Circuit
Breaker
. ; Ideal for cooling hi-fi and ham Protestad
Two 16-pin DIP plugs connected by an equipment, power supplies, com- : i
18" color-indexed ribbon cable. Simpli- puters. 70 CFM. For 120VAC. Just e e e giiﬂ‘,’,’{.’nu
fies linking up dlgntal circuits. 4.63x4.63x2.47" overall. ous, 5A surge, 2‘/»(4'/2;(53/4 u.L. I|s(ed

276-1976 ... .. ... ... ... ... 3.99 273-241 .. ... ... ..... 1495 22-124

Prices may vary at individual stores and dealers
NEW 1981 Catalog Available Now! Come in Rad Io ’ haek
for Your FREE Copy! (None Sent by Mail).
A DIVISION OF TANDY CORPORATION - FORT WORTH, TEXAS 76102

OVER 7000 LOCATIONS IN 40 COUNTRIES
60 POPULAR ELECTRONICS






