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You can wait for industry siandards 
to mandate improved performance. 

Or you can have it now on Maxell. 
The Gold Standard. 

The refinements of The Gold Standard, from 
oxide particles to lubricant to jacket, are uniquely 
Maxell. And therefore, so are the benefits. 
Our unique, uniform crystals assure dense a 
oxide packing. So you begin with an origi- 
nal signal of extraordinary fidelity. A signal 
we safeguard in ways that leave industry 
standards in our wake. 
An advanced binder bonds oxides 
to the base material preventing time 
and money- wasting dropouts. 
Calendering then smooths the sur- 
face for a read /write signal that stays 

clear and accurate. And lubricants reduce fric- 
tion between head and disk for a longer media 

and head life. To house it, we then 
constructed a new jacket heat - 

resistant to 140° F to withstand drive 
heat without warp or wear. And 

created the floppy disk that 
leads the industry in error -free 
performance and durability. 

All industry standards exist to 
assure reliable performance. 
The Gold Standard expresses 

a higher aim: perfection. 

mexeII. 
IT'S WORTH IT 

Computer Products Division, Maxell Corporation of America, 60 Oxford Drive, Moonachie, N.J. 07074 201 -440 -8020 
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the KLH Solo 
Price Slashed 

List Price $199- Suggested Retail $169 
January 1983 Dealer Cost $106 

NOW $68 
It's been killing us. We bought these KLH stereos in April, 

but we agreed not to sell them till June. You see, the local 
KLH dealers still had lots of them in stock. Most were selling 
the Solo for $169 (the very cheapest discount ad we've seen 
was $129). And, the dealers had to have time to sell out their 
stock before our ads hit. So, we've been raring to go since 
April, while we've sat on DAK's best buy ever. 

The KLH Solo was built to sell for $169 to $199 and to 
wholesale for $106. It represents the very top end, state of 
the art in electronics. It's the audiophile's choice in personal 
stereos. But, unfortunately because of our last recession 
there just haven't been as many rich audiophiles around. So 
KLH ended up with 14,000 of these remarkable stereos. 

DAK bought them all for cold hard cash. So if you're into 
absolutely the best sound in cassettes, complete with auto - 
reverse, dual flywheel anti -rolling design, and if you'd like 
incomparable FM reception from the included FM stereo 
tuner pack, the KLH Solo is for you. 

And don't worry. All of our KLH Solos are brand new fac- 
tory sealed direct from the manufacturer. 
The KLH Solo will make the sound of your cassettes and FM stereo explode with life. It gives 
you auto- reverse. The sound is simply breathtaking, and so is the incredible $68 price. 

It's vibrant. And, the sound seems to other high end personal stereo. super stability with other top of the line 
be alive. The KLH Solo brings thun- Then, when you've left them in the stereos, then you'll really appreciate the 
deringly powerful realism to personal dust, do the same test against the tuner achievement that the Solo represents. 
stereo. And frankly for its $169 price in your own stereo system. You might The Solo is only 1/4" wider than a 
tag, it had better sound great. just be in for a very big surprise. cassette box (4Yz" X 31/2" X 1 Y2 "). It oper- 

In a market flooded with cheap Hong The FM tuner pack simply fits into the ates on only two AA batteries (not in- 
Kong imports, the KLH stands out as the Solo like a cassette. And retracting pins cluded). And,it's backed by a limited 90 
Audiophile's choice. And even though direct -connect it with the Solo. day warranty by KLH. 
DAK is able to offer the KLH Solo to you The FM signal goes directly into the TRY THE KLH SOLO 
for just $68 (a $101 saving), let's look at amplifier, not through the head and it RISK FREE 

works off the deck's power. It uses the Take the Solo on walks, as you corn- 
headphone cable as a super antenna. mute to work, while you work or relax. 

There's no tape /tuner switch because Don't put it away when you get home 
the KLH Solo is intelligent enough to or to the office. With our optional cable, 
know when its tuner pack is inserted. 

But, all of the above wouldn't mean 
anything if it weren't for the incredibly 
sensitive FM tuner circuit. It utilizes a 
sophisticated 20 pin integrated circuit 
to produce dramatically alive FM sound. 

ALL THE BELLS AND WHISTLES 
The Solo comes with a heavy duty pro- 

tective leatherette case, a matching case 
that holds 3 cassettes, a shoulder strap 
and a removable wrist strap. 

You can attach the case to your belt or 
look at this, there's a 'screw -on' living 
hinge belt or waist band clip too. 

So many features. There's a metal/ 
normal equalization switch. The Solo 
reverses automatically plus even its re- 
verse button is power assisted. 

There are 2 LED arrows to show tape 
direction. And while we're on the sub- 
ject of 2s, there are 2 headphone jacks 
and 2 volume controls. 

Along with the 2 stability flywheels, 
there are 2 capstans. There's only one 
mute button. But, it cuts off the sound on 
2 channels to hear the outside world. 

The stereophones are the latest Sam- 
arium Cobalt mylar® diaphragm type that 
deliver earth shaking thunderous sound 
with such precise definition and detail, 
that music is almost three dimentional. 

BUT IT'S THE SOUND 
Take the KLH Solo to your local HiFi 

store. Compare its dramatic sound and 
Circle No. 67 on Free information Card 

what has made it worth $169. v u ñ -ñ 
DEALER PRICE SCHEDULE 

EFFECTIVE JANUARY I. 19E3 

5 200 no 99 95 1.19995. 110E. 00 

AUTO REVERSE 
The anti -rolling transport of this deck 

is incredibly stable. It uses twin match- 
ed stabilization flywheels in conjunction 
with a specially designed motor to give 
you rock stable bi- directional play. 

With auto reverse, your cassette need 
never stop. It just plays back and forth 
over and over again. It makes listening 
while you're on the run a real pleasure. 

And, at home or in the office, with our 
optional home stereo cable you can plug 
this auto -reversing deck into any 'aux' 
jacks on your stereo system for an eve- 
ning or a day of uninterrupted music. 

Wait till you hear the quality of the 
sound from this audiophile cassette deck. 
And, while this deck is plugged into your 
stereo system, you can copy cassettes 
by playing them on the Solo and copying 
them on your home cassette deck. 

FABULOUS FM STEREO TOO 
Here's where you can really hear the 

difference. The Solo provides FM recep- 
tion that is incredible. We think you'll 
get more and cleaner FM stations than 
with any other personal stereo. 

But don't take our word for it. Test it 
yourself. Start at the bottom of the dial 
and compare station to station with any 

you can plug into your home or office 
stereo system for continuous nonstop 
p ay of your favorite cassettes. Here's a 
stereo you can use all the time. 

If you aren't 100% satisfied, simply 
return it to DAK in its original box within 
30 days for a courteous refund. 

To order your KLH Solo with FM Tuner 
Pack risk free with your credit card, call 
toll free or send your check not for the 
the $169 suggested retail price or even 
the $103 Jan 1 983 dealer cost. Send just 
$68 plus $3 for postage and handling. 
Order No. 9683. CA res add 6% tax. 

And there's more. We have a bonus 
cable that you plug into an earphone 
jack on the Solo and into any stereo 'aux' 
inputs on your home stereo. Just add $4 
($1 P&H) Order No. 9200. 

Never buy batteries bonus. We'll in- 
clude a charger and 4 nicad batteries 
(that's two in and two charging) so you'll 
always have music. It's a $24.65 retail 
value, but it's yours for just$12.99 ($1.50 
PEtH) Order Number 9206. 

DAK 
INDUSTRIES INCORPORATED 

TOLL -FREE 1- 800 -423 -2636 
f busy, after hours, on weekends or in CA 

CALL TOLL -FREE ...1- 800 -228 -1234 
10845 Vanowen St., N. Hollywood CA 91605 
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IF PERSONAL COMPUTERS 
ARE FOR EVERYBODY, 

HOW COME THEY'RE PRICED 
R OBO? 

A personal computer 
is supposed to be a 
computer for persons. 
Not just wealthy 
persons.Or whiz -kid 
persons. Or privileged 
persons. 

But person persons. 
In other words, all the persons whom 

Apple, IBM, and Radio Shack seem to 
have forgotten about (including, most 
likely, you). 

But that's okay. Because now you can 
get a high -powered home computer 
without taking out a second mortgage 
on your home. 

It's the Commodore 64. We're not 
talking about a low- priced computer that 
can barely retain a phone number. 
We're talking about a memory of 64K. 
Which means it can perform tasks most 

will be far more 
..ß,t,.4, challenging than 

those you could 
ever play on a * game machine alone. 

And as great as all 
this sounds, what's 
even greater -sounding 

is the orice. Its hundreds of dollars less 
than that of our nearest competitor. 

So while other companies are trying 
to take advantage of the computer 
revolution, it seems to us they're really 
taking advantage of something else: 

Their customers. 
*Manufacturers' suggested list prices as of March 20. 1983. 
Monitor included with TRS-80 Ill only. Commodore Business 
Machines. PO Box 50CR, Conshohocken. PA 19428; 
Canada -3370 Pharmacy Avenue, Agincourt. Ont.. Can. M1W 2K4. 

$1395" 5999` $135 
APPLE® Ile 64K TRS-80' III 16K IBW PC 64K 

other home computers can't. Including 
some of those that cost a lot more. 
(Take another look at the three comput- 
ers above.) 

By itself, the Commodore 64 is all 
the computer you'll ever need. Yet, if 
you do want to expand its capabilities 
some day, you can do so by adding a 
full complement of Commodore pe- 
ripherals Such as disk drives. Modems. 
And printers. 

You can also play terrific games on 
the Commodore 64. Many of which 

Apple is a registered trademark of Apple Computer. Inc. 
TRS -80 is a registered trademark of Tandy Corp IBM is a registered trademark of International Business Machines Corp. 

Cr. commodore 
COMPUTER 

COMMODORE 64. UÑDER $600. 
cenirt buy a better computer at twice the price 

Circle No. 29 on Fr ttormatio-t Card 



EDITORIAL 

Friendly Computers 

ARE computers "friendly "? I suppose if 
I asked that question of 100 people, 99 
would probably respond with a re- 
sounding "No!" But what is a friendly 
computer anyway? Let's dodge the 
question for a bit, and examine some 
other supposedly friendly machines. 

The first one to come to mind is the 
television receiver. Is it truly friendly? 
Consider TV's purpose: to bring enter- 
tainment and information into the 
home. Now how much effort does it 
take to accomplish this purpose? Just 
turn on a switch -very friendly. How- 
ever, think back to the time when you 
first bought the TV. If it had a mechani- 
cal tuner, you just plugged it in, turned 
it on, and selected a channel. But if it 
had pushbutton electronic tuning, you 
had to set (or fine tune) the desired sta- 

tions before the TV progressed into its 
friendly mode. 

How about an electronic typewriter? 
Usually it's a cinch to slide paper into 
the machine, turn it on, and produce 
hard copy. Truly a friendly machine 
you might say. But how about when you 
try to take advantage of some of its spe- 
cial features, such as automatic tabs and 
error correcting -or what about the ba- 
sics such as setting margins and center- 
ing copy? Does a typewriter seem a little 
less friendly now? Let's also mention 
that both the TV and the typewriter are 
"dedicated" machines, meant to do one 
specific job. 

Before we return to our original ques- 
tion, let's look at the computer in con- 
trast to the other machines. Firstly, the 
computer is not a dedicated machine. It 
can handle a wide variety of tasks as we 
all know. Secondly, when a computer is 
used to accomplish a task, the user usu- 
ally wants it to perform many sophisti- 
cated functions. Take word processing 
as an example. We are not satisfied to 
place a sheet of paper in a printer and 
use the computer's keyboard to produce 
hard copy. We want the computer to do 
all the normal tasks like setting mar- 
gins, centering, etc. We also want it to 
check spelling, move paragraphs 
around, add footnotes, and maybe even 
suggest (thesaurus -like) possible alter- 
nate words to use. No wonder it seems 
unfriendly at times! 

But hardware manufacturers and 
software authors are really striving to 
make the computer more friendly. In 
the hardware area, we are seeing prod- 

ucts like the mouse, touch pad, light 
pen, and touch -sensitive video screen. 
In the software area, authors are using 
metaphors and icons, and, in general, a 
more graphic approach to the interface 
between man and machine. 

Machines such as Apple's Lisa have 
taken a giant step in the direction of the 
friendly computer. Of the less- expensive 
machines, Epson's QX -10 and Radio 
Shack's Model 100 appear to be moving 
in the right direction with important ap- 
plications packages built in. Current 
machines such as the IBM Personal 
Computer and the Commodore 64 will 
become more friendly with the addition 
of software such as VisiCorp's VisiOn, 
which is an easy -to -use window- orient- 
ed software system, and Commodore's 
Magic Desk, which uses pictorial im- 
ages to convey information to the user. 

Are computers friendly? The answer 
right now is no. Will they be more 
friendly in the future? Yes, definitely. 
Will they ever be friendly in the same 
sense as a TV or typewriter? Probably 
not. But then again, you can never hope 
to accomplish with a TV, typewriter, or 
any other dedicated and "dumb" ma- 
chine the same things you can accom- 
plish with a computer. 
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Wabash 
diskettes 
$1.29 each: 
Now get Wabash Quality at a CE Price 
For over 17 years, Wabash has been making high quality 
and dependable computer products. Wabash diskettes 
are made to provide error -free performance on your com- 
puter system because every diskette has been totally and 
hypercritically tested. Since you can now buy Wabash 
computer products directly from CE, the world's largest 
distributor of magnetic media, you can now get maximum 
savings on every order. You can even order toll -free. 

New Wabash Six Year Warranty 
The quality of Wabash diskettes is stressed throughout 
the entire manufacturing process. Aftercoating, all Wabash 
diskettes go through a unique burnishing process that 
gives each diskette a mirror -smooth appearance. Wabash 
then carefully applies a lubricant that is specially form- 
ulated to increase diskette life. Then, to keep out foreign 
particles, a unique heat seal bonds the jacket and liner 
together to help prevent contamination. After 100% hyper- 
critical testing and certification, Wabash then packages 
each diskette, (except bulk pack) in a super strong and 
tear resistant Tyvek° evelope. The final Wabash product is 
then shrink -wrapped to insure cleanliness and reduce 
contamination during shipment. Wabash diskettes are so 
very reliable that Wabash now offers a six year warranty in 
case of defects in materials orworkmanship on all diskettes 
purchased directly from Communications Electronics. 
New...Wabash Diskette Duplication Services 
Communications Electronics has teamed up with Wabash to 
provide a single- source solution for the diskette duplication 
requirements of software developers, OEM's and distributors. 
All service is in- house, to give you fast, dependable service. In 
most cases, delivery can be completed in five days. Whether 
you require 100, 1,000, or 10,000 copies per week, call CE 
first for a no obligation price quote. For additional information, 
please write us on your letterhead with your requirements. 

CE quant. 
SAVE ON WABASH DISKETTES 100 price 

Product Description Part # per disk (S) 

8" SSSD IBM Compatible (128 B /S, 26 Sectors) 
8" SSSD Shugart Compatible, 32 Hard Sector 
8" SSDD IBM Compatible (128 B /S, 26 Sectors) 
8" DSDD Soft Sector (Unformatted) 
8" DSDD Soft Sector (256 B /S, 26 Sectors) 
8" DSDD Soft Sector (512 B /S, 15 Sectors) 
8" DSDD Soft Sector (1024 B /S, 8 Sectors) 
51/4" SSSD Soft Sector w /Hub Ring 
5'/4" Same as above, but bulk pack w/o envelope 
51/4" SSSD 10 Hard Sector w /Hub Ring 
5'/4" SSSD 16 Hard Sector w /Hub Ring 
51/4" SSDD Soft Sector w /Hub Ring 
5'/4" Same as above, but bulk pack w/o envelope 
5'/4" SSDD 10 Hard Sector w /Hub Ring 
51/4" SSDD 16 Hard Sector w /Hub Ring 
51/4" DSDD Soft Sector w /Hub Ring 
5'/4" Same as above, but bulk pack w/o envelope 
5'/4" DSDD 10 Hard Sector w /Hub Ring 
51/4" DSDD 16 Hard Sector w /Hub Ring 
51/4" SSQD Soft Sector w /Hub Ring (96 TPI) 
51/4" DSQD Soft Sector w /Hub Ring (96 TPI) 
51/4" Tyvek Diskette Envelopes - Price per 100 Pack 

F111 
F31 A 
F131 
F14A 
F144 
F145 
F147 

M1 1 A 
M11 AB 
M41 A 

M51A 
M13A 
M13AB 
M43A 
M53A 
M14A 

M14AB 
M44A 
M54A 
M15A 
M16A 
TE5 

1.89 
1.89 
2.39 
2.99 
2.99 
2.99 
2.99 
1.49 
1.29 
1.49 
1.49 
1.79 
1.59 
1.79 
1.79 
2.69 
2.49 
2.69 
2.69 
2.59 
3.69 
12.00 

Quantity Discounts Available 
Wabash diskettes are packed 10 
disks to a carton and 10 cartons 
to a case. The economy bulk 
pack is packaged 100 disks to a 
case without envelopes or labels. 
Please order only in increments 
of 100 units for quantity 100 
pricing. With the exception of 
bulk pack, we are also willing to 
accommodate your smaller or- 
ders. Quantities less than 100 
units are available in increments 
of 10 units at a 20% surcharge 
above our 100 unit price. Quan- 
tity discounts are also available. 
Order500 or more disks at the same time and deduct 1%; 1,000 or 
more saves you 2 %; 2,000 or more saves 3%; 5,000 or more saves 
4%; 10,000 or more saves 5 %; 25,000 or more saves 6 %; 50,000 
or more saves 7 %, 100,000 or more saves 8 %, 500,000 or more 
saves 9% and 1,000,000 or more disks earns you a 10% discount 
off our super low quantity 100 price. Almost all Wabash diskettes 
are immediately available from CE. Our efficient warehouse 
facilities are equipped to help us get you the quality product you 
need, when you need ill. If you need further assistance to find the 
flexible disk that's right for you, call the Wabash compatibility 
hotline. Dial toll-free 800-323-9868 and ask for your compatibility 
representative. In Illinois or outside the U.S. dial 312 -593 -6363 
between 9 AM to 4 PM Central time. 

Buy Wabash Diskettes with Confidence 
To get the fastest delivery from CE of your Wabash computer 
products, we recommend you phone your order directly to our 
Computer Products Division and charge it to your credit card. Be 
sure to calculate your price using the CE prices in this ad. Written 
purchase orders are accepted from approved government agen- 
cies and most well rated firms at a 30% surcharge for net 30 
billing. For maximum savings, your order should be prepaid. All 
sales are subject to availability, acceptance and verification. All 
sales are final. All prices are in U.S. dollars. Prices, terms and 
specifications are subject to change without notice. Out of stock 
items will be be placed on backorder automatically unless CE is 
instructed differently. Minimum prepaid order is $50.00. Mini- 
mum purchase order$200.00. All shipments are F.O.B. Ann Arbor, 
Michigan U.S.A. No COD's please. Non -certified and foreign 
checks require bank clearance. 

For shipping charges add $8.00 per case or partial 
case of 100 8 -inch flexible disks or $6.00 per case or 
partial case of 100 51/4 -inch mini -diskettes for U.P.S. 
ground shipping and handling in the continental U.S.A. 

Mail orders to: Communications Electronics, Box 1002, 
Ann Arbor, Michigan 48106 U.S.A. If you have a Visa 
or Master Card, you may call and place a credit card order. 
Order toll -free in the U.S. Dial 800 -521 -4414. In Canada, 
order toll -free by calling 800 -265 -4828. If you are outside 
the U.S. or in Michigan dial 313- 994 -4444. Telex anytime 
810 -223 -2422. Order your Wabash diskettes today. 
Copyright E1983 Communications Electronics" Ad #U12483 

Mastercard u MEMBER 

DIRECT MAIL 
MARKETING ASSOCIATION 

OrderToll-Free! wabash 
800 -521 -4414 error -free 

In Michigan 313 -994 -4444 diskettes 
TM 

/COMMUNICATIONS 
ELECTRON ICSTM 

Computer Products Division 
SSSD = Single Sided Single Density; SSDD = Single Sided Double Density; 
DSDD= Double Sided Double Density; SSQD= Single Sided Quad Density; 818 Phoenix Box 1002 Ann Arbor, Michigan 48106 U.S.A. 
DSQD = Double Sided Quad Density; TPI = Tracks per inch. Order TOLL -FREE 800- 521 -4414 or outside U.S.A. 313 -994 -4444 
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NEW PRODUCTS 

RCA ALL -PURPOSE TERMINALS 
RCA's line of all- purpose terminals (APT) for multi- database timesharing 
and dedicated, direct computer- connected applications have either full - 
stroke or membrane keys and come with or without a 12" terminal. Features 
include menu -controlled operation; programmable "personality" to match 
communication requirements for each database; built -in, direct -connect 
300 -baud modem; tone or pulse auto -dialing of up to 26 stored phone num- 
bers; and automatic log -on. Standard 60 -key alphanumeric keyboard in- 
cludes two user selectable keys and there is also a 16 -key calculator pad. 
Full- keystroke with terminal (shown): $598. 

Circle No. 83 on Free Information Card 
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FULL LOGIC REVERSE 
MAINTENANCE MONITOR 

CAR AUDIO CASSETTE RECEIVER 
The YCR -900 cassette receiver from Yamaha features 18 

W /channel output into 4 ohms, both channels driven. It also has 
electronic synthesizer tuning, automatic reversing, and a bot- 
tom- loading tape transport with full logic control. Tuner section 
has automatic "seek" and manual tuning in both directions, 6 

AM and 6 FM illuminated station presets, Yamaha's FM Auto- 
matic Noise Control, and adjustable muting threshold. Specs: 
sensitivity, 17.3 dBf; 50-dB quieting, 20.7 dBf; alternate channel 
selectivity, 80 dB; S/N, 65 dB; frequency response, 30- 15,000 
Hz. $550. 
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BRIEFCASE COMPUTER WITH DISK DRIVE 
The Pied Piper has a full ASCII keyboard, is built around the 
Z80A CPU, and has an integral slim -line minifloppy disk 
drive with 748K bytes (formatted) and accommodations for a 
second 748K -byte floppy drive. The STM Electronics Corp. 
computer has 64K RAM, 4K ROM, 2K video display buffer, 
and 2K ROM for character generation. A 5M- or 10M -byte 
hard -disk subsystem can be added. It can interface a standard 
CRT monitor providing a 24 -line by 80- character format. An 
r -f modulator is also available. For hard -copy printout, there 
is a parallel port for Centronics /Epson -style printers. The 
Pied Piper operates on CP /M 2.2 and the Perfect Software 
package (word processing, spelling dictionary, electronic 
spreadsheet, and data filing /merging system) is included. Di- 
mensions:4" X 20" X 11 "; weight: 12.5 lb. $1299. 
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NETWORK CAPABILITY IN PORTABLE 
COMPUTER 
TeleTote I, from TeleVideo Systems Inc, is claimed to be the 
first portable computer with the capability of being connect- 
ed to a network. An optional RS -422 port enables it to be 
linked to a TeleVideo network for access to shared files, print- 
ers, and electronic mail. Weighing 25 lb, it has a 9" display 
screen with 640 by 240 graphics resolution. Display is 24 lines 
by 80 characters. It has a Z80A CPU, 64K RAM, expandable 
to 128K, a 368.6K (formatted) 51/4" floppy -disk drive, a 

SuperMouse port for cursor manipulation, and two RS232 
printer /modem ports. $1499. 
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LOW -COST DOT -MATRIX "BANANA" 
The Gorilla / "Banana" dot -matrix printer, features 50 cps print 
speed, dot -addressable graphics, 5 X 7 dot matrix, tractor paper 
feed, self -inking ribbon cassette, parallel or serial interface, and 10" 
carriage. From Leading Edge Products, it can print either 10 or 5 
cpi, the former providing 80 columns. Printhead pressure is adjusted 
with a 7- position switch. Four special character sets are included for 
US, UK, Germany, and Sweden. Has rotating thumbwheel advance 
and single- hammer construction. Weighs 10 lb. $249.95. 
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TELEVISION WATCH 
Claiming it to be the first television watch, Seiko has 
introduced a digital wristwatch that also contains a 
1.2" LCD TV screen and weighs less than 2 oz. Ac- 
companying the wrist unit are a pocket -size power - 
pack /tuner and stereo headphones (which also con- 
tain the antenna). The set will receive all 82 vhf and 
uhf channels and FM stereo radio. The display has 
31,920 elements. $495. 
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16K TIMEX SINCLAIR 1500 
The Timex Sinclair 1500 features 16K RAM (expandable 
to 32K), extended BASIC, and 40 moveable keys. Each 
key can perform as many as six functions including key- 
word entry. The 1500 is said to be compatible with all of 
the peripherals and software available for the TS1000. 
Additionally, instant -load software cartridges can be in- 
serted into a low -cost interface that plugs into the com- 
puter. $79.95. 
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PORTABLE COMPUTER IS 
IBM -PC COMPATIBLE 
The Columbia VP is an 8088 -based microcomputer said to provide 
IBM compatibility in a portable package. It features a 9" video moni- 
tor, two 5 i/a" half -high floppy -disk drives, IBM -standard keyboard, 
128K RAM (expandable to 256K), an RS232 interface, and parallel 
printer interface. Video display is 600 X 200 or 320 X 200 pixels. 
Disk drives are 320K double -sided, double- density. Dimensions: 18" 
X 14" X 8 "; weight: 32 lb. $2995. 
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ENHANCED 
DAISY -WHEEL PRINTER 
Smith -Corona's TP -II has a dual interface for RS232 or Centronics op- 
eration; a 10/12 -pitch ASCII 93- character printwheel; panel switches 
for form fed, line feed, and self test; interior switches for baud rate, pari- 
ty, and character length, and for foreign languages; automatic under- 
score; programmable margins and tabs; and 256- character buffer. Print 
speed is 12 cps. $895. Optional tractor feed, $149. 
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"I built this 16 -bit 
computer and saved money. 

Learned a lot, too:' 
Save now by building the Heathkit H -100 
ycurself. Save later because your computer 
investment won't become obsolete for 
many years to come. 
Save by bui ding it yourself. You can save hundreds of 
dollars over assembled prices when you choose the new 
I- -100 16 -Bit /8 -Bit Computer Kit money you can use 
to buy the peripherals and software of your choice. 

H -100 SERIES COMPUTER SPECIFICATIONS: 
USER MEMOFY: DIAGNOSTICS: 
128K -768K bytes Memory self -test 

MICROPROCESSORS: 
16 -bit: 8088 
8 -tit: 8085 

DISK STORAGE: 
Built -in standErd 
5,25 disk drive, 
320K bytes,disk 
KEYBOARD: 
Typewriter -style, 
95 keys.13 
furction keys, 
18 -key numeric pad 

GRAPHICS: 
Always in gray hics mode 
640h 225v resolution: 
up to eight colas 
are available 

COMMUNICATIONS: 
Two RS -232C Serial 
Interface Ports and 
oie parallel pert 

on power -up 
AVAILABLE SOFTWARE: 
Z -DOS (MS -DOS) 
CP M -85 
Z -BASIC Language 
Microsoft BASIC 
Multiplan 
SuperCalc 
WordStar 
MailMerge 
Data Base 
Manager 
Most standard 
8 -bit CP; M 

Software 

'23K bytes standard. Optional. 

ipassMAtilir 

The H -100 is easy to build the step -by -step Heathkit 
manual shows you how. And every step of the way. you 
have our pledge "We won't let you fail:' Help is as close 
as your phone, or the nearest Heathkit Electronic Center. 

And what better way to learn state -of- the -art computing 
techniques than to build the world's only 16-bit 8-bit 
computer kit? To run today's higher- speed. higher -per- 
formance 16 -bit software, you need an H -100. It makes a 

significant difference by processing more information at 
faster speeds. 
Dual microprocessors for power and compatibility. The 
H -100 handles both high -performance 16 -bit software 
and most current Heath Zenith 8 -bit software. 

Want room to grow? The H -100 s standard 128K byte 
Random Access Memory complement can be expanded 
to 768K bytes - compared to a 64K standard for many 
desktop computers. 

And the industry- standard S -100 card slots support 
memory expansion and additional peripheral devices . 

increasing future upgradability of the H -100. 

High -capacity disk storage, too. The H -100 s 5.25" floppy 
disk drive can store 320K bytes on a single disk. The 
computer also supports an optional second 5.25 "' and 
external 8 floppy disk drives. And an optional multi - 

megabyte internal Winchester disk drive 
will be available in the near future. 

The H -100 gives me the most 
for my computer dollar! 

. ; _. i 



Critical circuits ere pre -assembled, making the H -100 
easier and faster to build! 

Want beautiful high- resolution graphics? You can create 
extensive charts, drawings, graphs and symbols to meet 
your needs - using the H -100 's bit - mapped graphics 
and its 640 x 225 pixel video display. 

The H -100 gives you total communications flexibility. 
Three interface ports let you plug in dot -matrix and 
letter -c uality printers, as well as other periphera s. 

Compare the H -100's exceptional capabilities 
with other desktop computers: 

IBM 

Heathkit Personal 
H -100 Computer COMPUTE- 

apple 
III 

MICROPROCESSORS: 
16 -bit. 8088 8088 - 

8 -bit: 8085 6502 

RANDOM ACCESS MEMCRY 
Minimum: 128KB 16KB 128KB 

Maximum 768KB 576KB 256KB 

FLOPPY D SK STORAGE 

Per Disket e. 320KB 320KB 140KB 

Maximum nternal 640KB 640KB 140KB 

8 Floppy Support: Standard - - 
EXPANSIOI4 SLOTS: Five S -100 Five (three Eight 

(four availatlet available) 

LO PORTS 

Parallel: 
Serial: 

VIDEO DIS'LAY: 

Line Columns 
Pixels Colcrs 

1 Optional 
2 Optional 1 

25 x 80 25 x 80 

640 x 225 640 x 200 

(8 colors) (2 colors) 
320 x 200 
(4 colors) 

OPERATING SYSTEMS: CP M -85. CP M -86 
2 -DOS (MS -D3E) PC -DOS (MS -DOS) 

UCSD P- System 

Information current as or 8,31182. - E xternal disk storage available soon. 

24 

56) x 192 

(16 colors) 

Aprle SOS 

Learn by building. When you build and operate the -1 -100. 
you learn more about this sophisticated computer sys- 
tem and its unit ue 16 -bit :8 -bit software capabilities. 

Learn from outstanding documentation. One of the most 
important parts of any computer system is documen- 
tation - and Heathkit documentation is among the in- 
dustry's best. Our instruction and operating manuals are 
fully detailed, in tie world -famous Heathkit tradition. 

Learn Ly doing. Many of our software programs come 
with a complete set -up and operating manual. More 
complete than most other software documentation each 
manual not only tells you what the program will do - it 

shows you the easiest way to accomplish each task. 
We bac you all the way. With Heathkit computer prod- 
ucts, technical assistance and expertise is as close as 
your to ephone - or the nearest Heathkit Electronic 
Center.- Comple-e -echnical assistance and service is 
available at over 60 locations nationwide. 
Buy from a leader. When you ct-oose a Heathkit com- 
puter, you get the backing and reliability of the world's 
leader in quality electronic kits for over 50 years! You 
can court on us for quality service, reliability and value 
at kit pries that give you more computer for your dollar! 

See the H -100 in 3c-ion. Visit your nearby Heathkit Elec- 
tronic Center. which 
has the world's first 
16 -biti8 -bit computer 
kit, peripherals and 
software programs on 
display. See your tele- 
phone white pages for 
the nearest store loca- 
tion. Or mail the cou- 
pon today for a FREE. 
full -color Heathkit 
computer catalog. Always i i graphics mede, you 

can control each of the H- 1100's 

144.000 screen dots! (Colo - 
graphics optional) 

r 
CLIP COUPON AND MAIL TODAY TO: 
Heath Company, Dept 310 -084 
Benton Harbor, MI 49022 
Please send my FREE Computer Catalog, with details on 
the nee 16-bit/8-b t H -100 Computer <it, today! 

Name 

Address 

City -_ 

CP -218R1 

L 

State 

Zip 

Heathkit Electronic Centers are units of Veritechnology Electronics Corporation. 
Heath Company and Veritechnclogy Electronics Corporation are subsidiaries of 
Zenith Rad o Corporatioi. Prices, product ava lability and specifications are 
subject to change withou- no:ice. 

ea 
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COMPUTER VIDEO GAMES 

Hands -On Reviews 
of Recently 
Released 
Game Software 
ONE of the more intriguing develop- 
ments for what are traditionally home - 
type computers is the rash of "serious 
software" products coming out for such 
machines as the Atari 800 and the Corn - 
modore VIC -20. Foremost as members 
of this group are the several word -pro- 
cessing programs we've seen -some 
fairly venerable, others brand new. 

Atari has had its own WP for quite a 
while; and though it is more complex 
than most, it comes with a tutorial tape 
cassette that helps make life easier for 
the complete neophyte. Atari also re- 
ports a new, improved WP program. 
We haven't seen it yet, but it's supposed 
to be extra -easy to learn. 

One that's been out for a while and 
that we found especially easy and quick 
to learn is DataSoft's "Text Wizard." 
The various command functions are a 
breeze to assimilate, and the supplier 
has thoughtfully provided a quick- refer- 
ence crib card -something that would 
be very helpful from every software sup- 
plier. Maybe they did it this way be- 
cause they're primarily a game vendor 
and used to putting concise instructions 
on a card in the package. 

A brand new one is the "Bank Street 
Writer," just landed from Broderbund 
Software. It comes with a tutorial on the 
reverse side of the diskette. To retrieve 
the tutorial, play the diskette upside - 
down-a feat that's possible with the 
Atari disk drive. Unlike most other low - 
cost WP programs, Bank Street Writer 
presents the screen display the way it 
will appear on the printed page instead 
of jumbling it all together in one mish- 
mash. This is a definite plus, and the de- 
signers are to be congratulated on their 
thoughtfulness and thoroughness in 
putting this package together. 

For the VIC -20, we have two entries 
of import: the Quick Brown Fox and 
Wordcraft 20. They're both on plug -in 
ROM cartridges. The Q.B.F. is super - 
cheap (about $65), a price probably 
made possible by the fact that it's been 
around for a while and just recently sur- 
faced in a VIC version. In its unexpand- 
ed version, the ROM cart provides 
about 2K of space for creating files. 
Adding memory expansion is a big help 
here. Like most such programs, it relies 
heavily on your willingness to save the 
goodies on a cassette tape at your earli- 
est convenience. All the usual features 
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are there: variable page parameters, 
rapid scroll, find and replace, etc. And 
it's easy to use. 

The principal problem with the 
Q.B.F. -as with most anything you run 
on the VIC -20-is the fact that the com- 
puter has a nonstandard printer output 
and you need a special interface con- 
verter such as the one from Cardco 
(about $79) that lets the computer run 
with any parallel printer. It is a cheap 
and quick way to get word processing 
on a low -cost computer. 

Another VIC -20 entry, Wordcraft 20 
from U.M.I. (another game house), 
costs a bit more (about $150), but has 
some additional features that make up 
for the higher price tag. For one thing, it 
doesn't require that special interface to 
run the printer. Instead, it has specific 
programming addresses built in so it 
will drive just about any parallel printer 
right from the VIC's user port. 

Also, the Wordcraft has a 40- column 
screen display converter built into its 
circuitry, which makes the VIC some- 
what more feasible as a word processor 
than does its normal 23- column display. 
You do need a special connecting cable 
for most typical printer hookups, but 
any good computer store will make this 
up for you. When you compare 
Wordcraft with Q.B.F., neither one 
comes off with a particular price edge, 
since the Wordcraft has features built in 
that are otherwise available only with 
additional hardware when you use the 
Q.B.F. But the latter system has a big 
attraction -the low initial cost, which 
makes it painless to buy and add to 
later. 

One thing about all these word 
processors -whether they're for the 
Atari or the VIC -a decent -quality 
monochrome monitor is important in 
order to read print on the screen easily. 
Substituting an excellent amber -and- 
black- screen monitor for a color -TV set 
made an enormous difference! Both the 
VIC and the Atari have a composite vid- 
eo output at a five -pin DIN connector, 
so attaching the monitor was no prob- 
lem at all. All that was needed was a $5 
DIN -to -RCA adapter. 

ARCHON 
Diskette for Atari 400/800 
Electronic Arts, 2755 Campus Drive, 

San Mateo, CA 94403, 415 -571 -7171. 
$40.00 

Graphics * * ** 
Gameplay * * ** 
Sustained interest **** 
Type: Joystick strategy /adventure 

game 
Memory Required: 32K 

Once in a while, we come across a 
new company with some really brilliant 
computer game concepts. This is one of 
those rare cases. The emergence of Elec- 
tronic Arts with its line of "thinking" 
computer games may show the way for 
a lot of successful entries in the future. 
We've had a peek at some of the other 
games to come from this company, and 
we think they'll be real winners. 

Archon is a combination of several 

types of games. It starts out looking 
something like a chess board, except the 
players are mostly fantasy -allegorical 
characters such as the wizard, sorceress, 
unicorn, phoenix, shapechanger, and 
others. Each playing piece, called an 
"icon," has particular move limits that 
it can make on the board; and each has 
its own special way of doing battle. 

This is best played as a two -player 
game, although you may elect to play 
against the computer -in which case, 
you may not stand a chance. Each icon 
has a specific battle weapon, and you 
engage an enemy piece by trying to oc- 
cupy the same square on the chessboard 
that the enemy is on. When you press 
your fire button to "engage," the screen 
changes, and the two of you square off 
on a field of battle that has many trees 
and shrubs to act as obstacles and 
shields. 

Some pieces, like the knights and gob- 
lins, are sword -swingers and club wield- 
ers, so their range of effectiveness is lim- 
ited. But when you play against the 
computer, watch out for those lowly 
goblins; they're fast and mean! Other 
icons have long -range weapons such as 
fireballs, lightning bolts and arrows. 
The phoenix has a field of fire, while the 
wizard and sorceress (on opposing 
teams) can throw fireballs. They can 
also cast a number of very useful spells 
such as teleport, heal, revive (a dead 
icon), summon an element (wind, water, 
fire, etc. to act as combatants), imprison 
(a troublesome opposing icon), or re- 
verse time. Each spell can be used just 
once during a game, and it's important 
to remember what you have left and to 

(Continued on page 16) 
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A flawless future is in sight with 3M diskettes. 
When it comes to keeping track of precious data, predictable 
means reliable. Being able to count on every diskette, every time. 
At 3M, reliability is built into every diskette. We've been in the 
computer media business for over 30 years. And we've never settled 
in. We're constantly improving and perfecting our product line, 
from computer tape and data cartridges to floppy disks. 
3M diskettes are made at 3M. That way, we have complete control 
over the entire manufacturing process. And you can have complete 
confidence in the reliability of every 3M diskette you buy. 
Look in the Yellow Pages under Computer Supplies and Parts for 
the 3M distributor nearest you. In Canada, write 3M Canada, Inc., 
London, Ontario. If it's worth remembering, it's worth 3M diskettes. 

3M hears you.... 
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How to quickly re 
If you'd like to turn the agony 

of small business bookkeeping 
into the ecstasy of total control, 
you've come to the right place. 

Because even if you're starting 
with a shoe box full of invoices 
or a pile of checks hiding under a 
pile of deposit slips, we can tell 
you how to centralize, organize 
and monitor all that information, 
and manipulate it in ways that 
will make your business a 

pleasure -all with an Apples III 
Personal Computer. 

Attain instant 
financial status. 

An Apple III, teamed with the 
BPI General Accounting Package, 
can put every basic accounting 
function right at 
your fingertips. 

Technically, 
that means 

General Ledger, Accounts 
Payable, Accounts Receivable 
and Payroll -all in one package. 

Meaningfully, that means you 
can turn numbers into answers. 

With BPI, your Apple III can 
give you a snapshot of your 
company's financial condition, 

an up-to-the -instant 
balance sheet. It 

can also generate 
instant and 

detailed 
reports 9 a")/,,,,e 
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gain your balance. 
on your customers and vendors. 

So you know who owes whom, 
how much, and how come. 

And just how well your cash 
flow is flowing. 

And where to give credit where 
credit is due (a customer inquiry 

Ichiban Fish Supply Company 

Consolidated Income Statement 

Current Comparative 

Periods Ending May 31, 1983 and May 31, 1982 

May 31. 1983 t May 31, 1982 % 

Income 

Contract Sales 52.818.82 91.3 44,176 52 92 7 

Retail Sales 5816.88 8 7 3,588.88 7 3 

Total Income 57,834 96 188 8 47,676 52 188 6 

Cost of Sales 

Cost of Contract Sales 37,338 88 64 6 31,886 55 66 7 

Cost Of Retail Sales 4,879 85 8 4 3,409 35 7 2 

Total Cost of Sales 42,289 85 73 8 35,215 98 73 9 

Cross Profit 15,625 RS 27 8 12,468 62 26 1 

Your Apple can generate instant income statements 
(with expense ratios) or balance sheets, and let you 
compare them to last month's or year's, then print 
them out to suit your banker. 

feature allows you to make credit 
decisions based on the most 

current information). 
You can also list your 

purchases by discount 
dates. And take advantage of 
them in no uncertain net terms. 
You can even keep payroll records 
without paying more, because it's 
part of the same package. 

Profit from history. 
In business as in life, 

experience is the best 
teacher. And the Apple /BPI 
system can provide you with 
instant comparisons of 

this- month- this -year vs. 
this- month -last -year, or 

this- year -to -date vs. 
last -year -to -date. 

So you can quickly 
spot changing expense 

ratios and make decisions with 
20/20 foresight. 

The BPI General Accounting 
Package also lets your income 
statements be coded by location, 
department or product line. So 
you know where your money's 
coming from. 

And where it's not. 

Ichiban Fish Supply Company 

Me-chandise Purchased By Du? Date 

As Of 85 31 83 

tendon Invoice Acct 

Date No Name Number No Detail 

851283 1 Herring World 35278532 5818 -81 

Due 86,03,83 

8515,83 2 Consolidated Cod 

Due 8645í83 

8585,83 3 Levy Sushi Farm 

Due 86'85/83 

85,8583 4 Mussel Ben, Inc. 

Due 0685/83 

Total 

4562 5818 -81 

212 5818 -81 

657 5818 -81 

Net Amt 

581.23 

209.36 

459 08 

68 26 

1,237 85 

It can also allow you to take full advantage of 
merchandise discounts. So you'll know whom to pay 
when to pay, how much to pay- and save a lot of 
clams in the process. 

Make a timely 
statement. 

Add an Apple Dot Matrix or 
Daisywheel printer to your Apple 
III, and you can print out your 
entire balance sheet in minutes. 

Or any number of reports, from 
cash receipts to payroll ledger to 
income. You can even print 
checks and customer statements. 

The impressively professional 

results will make an important 
statement to everyone you deal 
with - Including your banker. 

More ways Apples pay. 
There are more people in more 

places doing more things with 

Asf 
15,31o8; 

Customer 

No Name 

Ichiban Posh Supply Company 

Accounts Receivable Ledger Page I 

Balance Current 
Folio Forward Month Balance 

1 Poser's Sols Food 

Invoice 124 

Invoice 199 

Invoice .326 

05'15,83 

IR 

CÁ 

892 79 

212 23 

156 56 

828.08 

250 80- 

1,831 58 

To avoid fishy transactions, you can instantly 
display customer's payments, charges and current 
balance. In this case, a few more cans of tuna 
would put Mr Moser over his $2,000 limit. 

Apples than with any other 
personal computer in the world. 

Because for one thing, there's 
more software for Apples than 
for any other personal computer 
in the world. So the same Apple 
that handles all your accounting 
needs can also handle financial 
spreadsheets, word processing 
and electronic filing. 

You'll also find programs that 
are designed specifically for your 
kind of business. Be it dentistry, 
architecture or swine herding. 

Of course, the best way to learn 
all the ways Apples can help you 
make better business decisions 
is to visit any one of over 1500 
authorized Apple dealers. 

So drop in. For a full account. 

apple 
The most personal computer. 

Call (800) 538 -9696 for the location of the authorized Apple dealer nearest you, or for information regarding our National Account Program. 
Or write Apple Computer Inc., Advertising Department, 20525 Mariani Avenue, Cupertino, CA 95014. © 1983 Apple Computer Inc. 
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...COMPUTER GAMES 

use them before you lose the game. 
When you lose your Wizard (or Sorcer- 
ess) the game is over just as a chess 
game ends when your King is 
checkmated. 

There are so many built -in, adven- 
ture -like variations and combinations 
that it's really impossible to do them 
justice in a short review. The game rates 
extra high on the scales. 

ZAXXON 
Cassette or Diskette for Atari 400/800 
DataSoft, Inc., 9421 Winnetka Ave., 

Chatsworth, CA 91311; 213 -701 -5161. 
$39.95 

Graphics ** ** 
Gameplay **** 
Sustained interest ** ** 
Type: Joystick action game 
Memory Required: 16K cassette; 16K or 

32K diskette 

Zaxxon is already enshrined among 
those favorite arcade games that we'd 
like to be able to bring home, and 
DataSoft has finally made it possible. 
The game is currently available in three 
versions: a 16K cassette and a diskette 
with both 16K and 32K versions (one 
on each side) for the Atari computer 
and a 48K disk for the Apple. 

The game presents a three- dimen- 
sional scene as you pilot your attack jet 
fighter through four different screens 
attacking first the enemy's floating for- 
tress complete with walls, laser barriers, 
anti -aircraft cannon, and the hazard of 
crashing into the very objects you want 
to blast to smithereens. Your view of the 
screen is at an angle so you can watch 
the three -dimensional scenario. You 
move your fighter up and down and 
from side to side; your control is com- 
plete, but you can easily get blasted. 

Finish the first screen (fortress) and 
you face an armada of defending enemy 
jet fighters. Screen three is a much more 
difficult fortress with really difficult la- 
ser barriers. This is where some fancy 
flying comes in handy. As with the ar- 
cade version, about the only way to 
gauge your altitude properly for squeez- 
ing safely through these barriers is to 
shoot at the wall and see where your 
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cannon shells explode. Then gauge your 
approach altitude accordingly. 

If you succeed in getting through this 
screen, you face the deadliest challenge 
of all -the armored robot. I haven't 
succeeded in getting this far yet, but the 
game is exciting and an unbelievable 
grabber. Just when I thought I had fi- 
nally outgrown all of those outer -space 
type shoot -em -ups, this one had to come 
along! It's actually kept me up later than 
some of my all -time favorites, which I 
won't mention here. 

Like so many computer games, skill 
develops with time and practice. Unlike 
many such games, smaller memory ver- 
sions are missing some of the refine- 
ments. The 16K version, for example, 
has no surface -to -air missiles defending 
the enemy fortress. Also, you can't 
change your ship's altitude during the 
outer -space dogfight with the enemy 
fighters. 

If you have a choice, and especially 
since the price is the same for all ver- 
sions, don't get the cassette; it takes for- 
ever to load into the computer. When 
using the diskette version, start with the 
16K game and play it until you get more 
proficient. Then switch to the 32K side 
of the diskette. Also, if you have a 
printer /modem interface for your 
Atari, make sure it's turned off before 
loading, or you'll find the game erasing 
from RAM each time you lose your 
third attack fighter. 

ANDROID 
Diskette for Atari 400/800 
PDI (Program Design, Inc.), 95 East 

Putman Ave., Greenwich, CT 06830; 
203 -661 -8799. $29.95 

Graphics * * ** 
Gameplay**** 
Sustained Interest *** 
Type: Joystick maze and action game 
Memory Required: 40K + Atari BASIC 

cartridge 

Maze lovers will jump into this disk 
with both feet. According to the direc- 
tions, it's really two different games: 
"Android" and "Captivity" -but in re- 
ality, it's just two different kinds of 
maze games with the same basic 
diskette. 

Like PDI's earlier release, "Moon - 
base IO ", this disk is accompanied by a 
voice -track cassette that plays through 
your Atari's cassette recorder, if you 
have one. Unlike Moonbase IO, playing 
the cassette isn't really necessary; it con- 
tains no control tracks for the game - 
play, but the sound track definitely 
makes the game more interesting. It 
supplies the robot -like voice of your re- 
mote- controlled Android which has 

traveled to the black asteroid beyond 
Jupiter's orbit. The android tries to 
seize treasures hidden in the labyrinth 
beneath the asteroid's surface. 

The sound track is ingenious and 
amusing, containing the android's 
mechanized voice reporting on various 
status elements -such as, "Radioactiv- 
ity present, earthquake potential," and 
"Coke machine operational" (Coke ma- 
chine???). You find out that it's a real 
Coke machine, as the android dumps 
some change into it and then says, 
"Darn it, I just lost my quarter." Ap- 
parently soda is a lot cheaper once you 
enter the dark asteroid's labyrinthine 
treasure house. 

The treasures are guarded by armed 
robots, and you need to retrieve keys to 
get from one level to the next. There are 
two screens -an overall view of the 
maze from the top, showing your 
location -and an eye -level three -di- 
mensional view of the maze from the 
top, showing your location -and an 
eye -level three -dimensional view with 
excellent graphics. In Version 1, a com- 
pass pointer indicates which direction 
you're traveling with the overview of 
the maze as your map vantage point. 
Version 2 eliminates the compass and is 
therefore much harder. 

There are natural hazards -such as 
absorbing too much radioactivity, or 
getting hit by a blast from a robot 
guardian. A time bomb can also explode 
catching your android in its blast, and 
there's an engulfing slime which is very 
dangerous. Earthquakes come and go at 
random, knocking down walls and 
blocking corridors -often the very ones 
you wanted to explore. Also, your an- 
droid can simply run out of energy -in 
all of these cases, the game ends when 
your android is destroyed. If you can't 
complete the tasks, you can at least go 
for points when new at the game. 

The Captivity version is a straight 
maze /escape game in which you have to 
find your way out of the maze in a given 
time period. There are 10 versions with 
a compass and 10 versions without. Ev- 
ery timeyou take a peek at the overhead 
view, it costs you points. 
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After you ask 
what it can clo for 
you now ask what 
it d0 for you 
If you're about to buy 
a personal corn - 
puter, you need to 
consider two basic 
issues: What your needs are now, and what 
they're likely to be a few years from now. 

That's why the HP -86 has to be your best 
choice. It's got the software and the hardware 
to go the distance. 

Software for today and tomorrow. 
Save $255* on the Personal Productivity Pac. Here's 

a good way to get started. With software 
that, if bought separately, would cost you 
$750 ** We're offering it at the reduced 
price of $495** You'll get VisiCalc® PLUS, 
the world- famous electronic spreadsheet 

for "what -if" planning. (The "PLUS" is 
a Hewlett -Packard bonus: extra programs 

to quickly turn your spreadsheet into bar graphs, line 
graphs, or pie charts.) Plus WORD /80, for word process- 
ing. And FILE /80, for record keeping without paperwork. 
CP /M`k Buy this plug -in module, and you'll extend your 
HP -86 system to accept many popular programs writ- 
ten under the CP /M operating system - programs such 
as WordStar'M and dBASE II.' 
Graphics Presentations. When combined with the 
HP 7470A plotter, our graphics software lets you produce 
professional -quality pie and bar charts, line graphs, text 
pages, and overhead transparencies. And you can do it all 
in color. 

Data Communications. If you decide you want it, an 
optional accessory lets you access The Source, the 

í 

Dow Jones/ 
News Retrieval ,_ Service, or a num- m""ri o ber of other nation - 

r t t . t , 

wide information sources. 
When the time comes for more, 

- ccnsult our 450 -page software catalog. 

The HP- 86 Chances are, you'll find what you're 

Personal Computer. 
looking for. 

'Software savings are based on suggested U.S. list pries and may vary. 

Suggested retad price. May vary outside U.S. 
VisiCalc is a registered trademark of VisiCorp. 
CP /M is a registered trademark of Digital Research, Inc. 
WordStar is a registered trademark of MicroPro. 
dBASE 11 is a registered trademark of Ashton -Tate. 

PG02320 209D 

Hardware that expands with your needs. 
While your computer's ability to expand depends largely 
on software, naturally, the hardware must keep up. 
That's why the HP -86 system has a modular design. So 
you can add a printer or plotter as easily as you hook 
up a tape deck to your stereo. And operate up to 14 peri- 
pherals at once, if you wish. 

When you find yourself facing lengthy problems or 
spreadsheet analyses, simply add more memory - up to 
640K bytes. 

As you demand more of your HP -86, you'll find that 
it keeps up. Whether you need a broad range of hardware, 
software, or peripherals, the HP -86 makes expansion 
easy, giving you a hard -working system tailored to help 
solve your specific problems. 

If you need more good news, try this: The basic system 
is only $2820 ** (128K computer /keyboard, 12" monitor 
and single 31/2" disc drive). 

Get a hands -on demonstration of the system that works 
for you now, and will still be working for you later. 

For the authorized HP dealer or HP sales office nearest 
you, call TOLL-FREE 800 -547 -3400 and ask for operator 
96. M -F, 6 a.m. -6 p.m. PST. 

Personal computers & calculators 
for professionals on the move. 

Circle No. 65 on Free Information Card 

HEWLETT 
PACKARD 



The future belongs to the creative electronics technician. 

NEW FROM NRI., 
DE GN TECHNO 

Be prepared to grow with the world's biggest 
growth industry. Enroll now in this exciting 

career program from the leader in 
electronics training. 

There are a lot of good jobs out 

there in electronics. But the best jobs go to 

the people who can think and work crea- 

tively. Those who can conceive and design 

circuits and equipment... those who can 

initiate ideas and carry them through... 
those who can turn theoretical concepts 

into reality. These are the people com- 

manding up to $18,000 as starting 
salaries, earning $30,000 or more with 

experience and ability. And NRI can help 

you join their company. 

The First Complete 
Program of Its Kind 
Now, for the first time in the history 

of home study, NRI offers you a new and 
exciting course in Electronic Design 

lbchnology. A course that starts with the 

fundamentals and builds from there to 
18 

prepare you for an electronic career where 

the growth is. You're trained for exciting 

jobs in the creation of communications 
equipment, computers, consumer prod- 

ucts, anything that needs electronic 

circuits. 
Only NRI gives you such complete 

and concentrated training in the design 

of electronic circuits. And you learn at 

home in your spare time, without quitting 

your job or wasting time, travel, and gas 

going to night school. You learn with NRI - 

developed training methods that combine 

knowledge with practical experience. 

NRI Circuit Designer Gives 
Hands -On Experience 

You learn by doing. No ivory- tower, 

strictly theoretical course here. You actu- 

ally design and build modern electronic 

circuits, run tests, and verify specs. You 

learn how various systems interact, design 

your own circuits to perform specific tasks, 

31/2 Digit Liquid 
Crystal Display 

4 Functions, 
13 Ranges 

Sliding Range 
2000 -Hour Bat - and Function 
tery Operation Switches 
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.ELECTRONIC 
LOGY TRAINING 
Multiple Power 

Supplies Variable Signal 
Generator 

get the famous Texas 

Instruments TI -30 
Logic engineering cal- 

Switches culator to speed and 
simplify circuit analysis 
and design. It's a true 

engineering instru- 
ment that includes 

trigonometric 
functions as well 

as square root, 
logarithms, and 8 -Digit LED 

memory. Together 
with your Circuit De- 

signer, they work to 

give you a sound basis of 
practical experience. 

NRI Fast -Track 
Training 

Although the NRI Elec- 

tronic Design technology program carries 
you through advanced electronics, the 

unique NRI lesson concept simplifies 
and speeds learning. Especially written 

for individual instruction, each lesson 

covers its subject fully and thoroughly. But 

extraneous material is eliminated, lan- 
guage is clear and to the point, organi- 

zation is logical and effective. 

You'll start with subjects like Fun- 
damentals of Electronic Circuits, progress 

rapidly through Circuit Theory to Solid - 

State Electronics and on to Digital Elec- 

tronics, Computers, and Microprocessors. 

Hand in hand with your theory will be 

practical Design Lab experiments, circuit 
demonstrations, and test/measurement 
procedures that make it all come to life. 

No Experience Necessary 
You need absolutely no electronic 

experience to be successful with this mod- 
ern course. If you're a high school 
graduate with some algebra, you should 
handle it without any trouble. We even 

include, at no extra charge, the NRI Math 

LED Logic 
Indicators 

Solderless 
Breadboard 
Connector 

learn to look for better ways and new ideas. 

The NRI Circuit Designer is a totally 

unique instrument with full breadboard- 
ing capability, built -in multiple power 

supplies and a multi -function signal 
generator for circuit testing. Fast, simple 

connections let you build up prototype 
circuits, immediately check them out for 

function or faults. It handles both linear 
and digital integrated circuits as well as 

discrete components such as transistors 
and diodes. Six practical lab units carry 
you through both the theoretical and prac- 

tical world of electronic circuit design. 

Professional Working 
Instruments 

Your course also includes the profes- 

sional multimeter with 3V2 -digit liquid 
crystal display to give you fast, accurate 
readings of voltage, current, and resis- 

tance. Slide switches let you select range 
and function quickly and easily. You also 
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Refresher Module, designed to help you 

brush up on your math and teach you any 

new concepts you may need from basic 
algebra through phasors and circuit 

analysis. 

Free Catalog, 
No Salesman Will Call 

There's so much to tell you about 

this exciting new course for the electronic 
80's, we can't do it all here. Send the 

Trig and Log 
Functions 

Battery 
or AC 

y',( ),x` 
v- ,7r,K, 
and more 

Memory 
Registers 

postage -paid card for our free, 100 -page 

catalog with all the facts about this and 
other NRI electronics courses. We'll rush it 

right to you without obligation. Look it 

over and discover for yourself why only 

NRI can prepare you so well for your 
future. If card has been removed, please 

write to us. 

R I 
NRI SCHOOIS 
McGraw -Hill Continuing 

Education Center 

w!I 3939 Wisconsin Ave. 

Washington, D.C. 20016 

We'll give you tomorrow. 
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LES SOLOMON ON COMPUTER HARDWARE 

A "truly portable" 
Sinclair /Timex 
WOULDN'T it be nice to be able to enter 
a program in your Sinclair /Timex corn - 
puter and, when you remove the ac 
power, have the program remain in 
memory? This, of course, makes the 
Sinclair /Timex a truly portable corn - 
puter that can be carried from video ter- 
minal to video terminal (or TV receiver 
to TV receiver). I'd like to tell you how 
you can do it by building a very simple 
add -on circuit for your computer. I'll 
also show you a simple little circuit that 
will reset your T1000 when you want to 
"start over." 

Even you are not interested in porta- 
bility, the circuit to be discussed adds 
one other very useful feature -it pro- 
vides an uninterruptable power supply 
that maintains the computer's data in- 
tegrity if it is connected to the wall sock- 
et and commercial power fails. 

The circuit (Fig. 1) is a basic diode 
switcher that has been around for many 
years. When the power supply is deliv- 
ering a voltage higher than that of the 
battery, silicon diode Dl is forward -bi- 
ased (acts like a closed switch), while 
silicon diode D2 is reverse -biased (acts 
like an open switch). This effectively 

WALL SOCKET 
POWER SUPPLY 

r 

isolates the battery from the system. 
Thus, the line- operated power supply 
runs the computer. If the line- operated 
supply is removed -either by physically 
unplugging the supply from the wall 
socket or if power fails for any 
reason -D2 becomes forward- biased, 
Dl becomes reverse -biased, and the bat- 
tery supplies power to the computer. 
Battery power cannot be fed back to the 
wall unit (a possible discharge path) 
since, under these conditions, reverse - 
biased Dl acts as an open switch. 

Now, which battery to use? A con- 
ventional 9 -V transistor radio type will 
run a minimum computer, but since its 
9 V is higher than the approximate 7 V 
supplied by the wall -supply that comes 
with the computer, it will soon run 
down to 7 V -a waste of power. Besides, 
a conventional 9 -V radio battery is lim- 
ited as to how much current it can deliv- 
er over a long period. When RAM or a 
printer is added to the basic computer, 
the power demands increase rapidly. 

There is one battery that works very 
well, and best of all, you can get it free. 
And this battery can deliver 6 V with a 
lot of current for quite a long time. 

I'm talking about the flat battery that 
comes in Polariod film packs. If you 
know anyone with a Polariod camera, 
ask him to save you the plastic frame 
that is left after all the film has been 
used up. (The frame is usually thrown 
away.) Break open the plastic enclosure 
and you will find a flat, very thin battery 
about 2" by 3 ". Electrical connections 
are made via a pair of metallic contacts 
on one side. You can determine, and 
mark, the polarity of the two contacts. 

If you are into hardware experimen- 
tation, get a couple of these special bat- 
teries and use low -value (high wattage) 
resistors as a load while monitoring 
voltage across it. You will be surprised 
at the amount of power. 

DI 
1N400 POWER 

ON 

D2 
IN4001 

POLAROID 
BATTERY 

L J 

TO 
COMPUTER 

POWER 
CONNECTOR 

In the circuit shown here, the two di- 
odes, the Polariod battery, and the 
physically small POWER switch were fit- 
ted together and covered with a layer of 
black electrical tape. A connector was 
used to interface to the plug at the end of 
the wall- mounted supply, and a small 
cable terminated with a suitable plug 
was used to connect the package with 
the computer's power input receptacle. 
Since solder doesn't adhere very well to 
the two electrical contacts on the bat- 
tery, I used a pair of "bobby" pins that 
were scraped to make good contact. 

The taped package can be mounted to 
the top surface of the computer using 
double -sided adhesive tape, with the 
output cable plugged into the computer 
input receptacle. When the wall supply 
is plugged into the battery package, and 
the POWER switch turned on, the system 
works as normal. When the wall supply 
connector is removed (or wall power 
fails), the battery runs the system. 
When the battery runs down, simply slit 
the tape, and wire in a new battery. 

Adding a Reset Switch. One of the 
small "goodies" not included on the 
Sinclair Timex T1000 computer is a "re- 
set" switch to be used when things real- 
ly go berserk. If you do any program- 
ming, you know what that means. To 
add a reset switch to these machines, 
connect one end of a slender insulated 
lead to pin 26 of IC3 (Z80) or to the 
junction of R15 and C5 as shown in Fig. 
2. Connect one end of a similar slim lead 
to any ground pad. Connect the free 
ends of these two leads to the connec- 
tors of a physically small, normally 
open pushbutton switch (makes no dif- 
ference which lead goes where). Mount 
the pushbutton switch as desired on the 
plastic enclosure and mark it RESET. 
Now, when the screen goes blank at any 
time, depress this switch for a restart. O 

Fig. 1. At left is a circuit using a 
Polaroid battery to power your computer. 

Fig. 2. Below is a circuit for adding 
a reset button for starting over. 

+5V 

R15 
220K 

RESET 
CµF J 

L 

26 

GND 

IC3 
Z80 

zx81/T1000j 
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THE MOST COMPLETE COMPUTER INFORMATION RESOURCE 

11,-; ENCYCL'PEOIA IF 
COMPUTER SCIENCE AND 
ENGINE I ft-4"""ftr 
IS YOURS 

WHEN YOU JO THE LIBRARY OF COMPUTER 
AND INFORMATION SCIENCES 
You simply agree to buy 3 more hocks - at handsome discounts - 
within the next 12 months. 

This up -to -date Second Edition contains: 
Over 1,670 pages of revised, expanded, and updated text 
550 articles on virtually every aspect of the computer sciences 
Written by 301 distinguished authorities 
Profusely illustrated with over 500 photos, and over 250 
diagrams, graphs and charts 

Just published, the ENCYCLOPEDIA 
OF COMPUTER SCIENCE AND EN- 
GINEERING. Indispensable to con- 

sultants, business people, data processing 
professionals, and enthusiasts, it is a veri- 
table data base of information on: 

Hardware 
Software 
Programming languages 
Artificial intelligence 
Computer applications 
Personal computing 
and much more! 

The Encyclopedia is organized to make 
finding and using its wealth of information 
an ease. Articles are alphabetically ar- 
ranged and are cross -referenced to related 
articles and to specific subject matter. The 
clear and expanded appendices include 
abbreviations, acronyms, special notation 
and terminology, as well as numerical 
tables, the mainstay of applied technolo- 
gies. A complete 5,000 -term index contains 
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references to sub -categories, doubles as a 
computer science dictionary, and is an 
invaluable tool for locating specific in- 
formation. 

Praise For the First Edition: 
Called 'Impressive. .. comprehensive.. . 

well done" by Datamation, and "...a real 
treasure cache" by Business Management, 
the new Second Edition promises to 
eclipse Computer Management's statement 
on the original of "There isn't another book 
like it." Send for your free 10 -day trial. 

The Library of Computer and Informatiion 
Sciences is the oldest and largest book 
club especially designed for the computer 
professional. In the incredibly fast -moving 
world of data processing, where up -to -date 
knowledge is essential, we make it easy for 
you to keep totally informed on all areas of 
the information sciences. In addition, 
books are offered at discounts up to 30% off 
publishers' prices. Begin enjoying the 
club's benefits today! 

MEMBERSHIP BENEFITS: In addition to getting the ALL 
NEW Encyclopedia o` Computer Science and Engineenng 
for only $2.95, when you loin, you keep saving substantially 
on the books you buy. Also you will immediately became 
eligible to participate in our Bonus Book Plan, with savings 
of up to 70% off the publishers' prices. At 3 -4 week intervals 
(16 times per year) you will receive the Book Club News, 
describing the coming Main Selection and Alternate Selec- 
tions, together with a dated reply card. If you want the Main 
Selection. do nothing and it will be sent to you automat - 
icaliy. If you prefer another selection, or no book at all, 
simply indicate your choice on the card, and return it by the 
date specified. You will have at least 10 days to decide- If, 

because of late mail delivery of the News, you should 
receive a book you do not want, we guarantee return 
postage. 

The Library of Computer and 
Information Sciences 7 -BY5 
)the oldest and mosr respected computer 
book club in the world) 

Riverside, New Jersey 08075 

Please accept my application for trial membership 
and send me the ALL NEW Encyclopedia of Computer 
Science and Engineering (44904) for $2.95. This 
1,670 page volume contains 550 articles and over 
700 charts and photos. I agree to purchase at least 
three additional Selections or Alternates over the next 
12 months. Savings range up to 30% and occasion- 
ally even more. My membership is cancelable any 
time after I buy these three books. A shipping and 
handling charge is added to all shipments. 
No -Risk Guarantee: If you are not satisfied -for any 
reason -you may return the Encyclopedia within 10 
days and your membership will be canceled and you 
will owe nothing. 

Name 

Name of Firm 
ill you want subscription sent to your office) 

Address Apt 

City 

State Zip 
(Offer good in Continental U.S. and Canada only. Prices 
slightly higher in Canada.) Computer 8 Electronics 8/831 
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COMPUTER SOURCES 

Hardware 

IBM Autodialer Modem. The PC2 1 2A 
is a Bell- compatible 212A modem that 
fits into any slot in the IBM -PC. It can 
store up to 10 telephone numbers, oper- 
ates to 300 bps asynchronously in low 
speed, and 1200 bps synchronously in 
high speed. It also features an RS232C 
asynchronous serial port with an inter- 
nal microprocessor allowing control, 
operation, and optioning of the modem 
from the IBM -PC keyboard. A "Help" 
list of commands is provided, and the 
modem features auto /manual dial, auto 
dial next number if first number is busy, 
instant re -dial once or until answered, 
and single keystroke dialing of last num- 
ber dialed even if it was not one of the 10 

stored. Battery protection is provided. 
$495. Address: Rixon Inc., 2120 Indus- 
trial Pkwy., Silver Spring, MD 20904 
(301- 622- 2121). 

TRS -80 Multi- Function Board. The 
CMJ -IF is a multi- function subsystem 
for the TRS -80 Color Computer and the 
TDP -100 Personal Computer, that 
plugs into the cartridge port and pro- 
vides speech synthesis accessed from 
BASIC, two parallel ports allowing the 
use of a parallel printer, two counter/ 

timers for use as a real -time clock, a se- 
rial communications port for serial 
printers or modems, and an extender 
port that enables the user to access a 
disk controller or I;tOMpack. 4K or 8K 
bytes of EPROM /ROM space is also 
provided. Under $200. Address: Mag- 
num Distributing Inc., 1000 S. Dixie 
HY #3, Pompano Beach, FL 33060 
(305- 785 -2002). 

Floppy Protection. The Infoguard is a 
magnetically shielded floppy -disk en- 
closure that protects the diskette 
against X -rays or magnetic damage dur- 
ing shipping. These include accidental 
exposure to magnetic environments due 
to lightning storms, passing nearby ra- 
diating electric /electronic equipment, 

power generating equipment, careless 
handling, or deliberate vandalism via 
permanent magnets. $9.50 for 51/4 " size, 
and $14.50 for the 8" version. Address: 
Ad -Vance Magnetics, Inc., 625 Monroe 
St., Rochester, NY 46975 (219 -223- 
3158). 

Apple EPROM Programmer. The 
Model 2300 EPROM Programmer for 
the Apple II can handle TI 2516 and 
2532; Intel 2716, 2732, 2732A, 2764, 
27128, and 2816; and SEEQ 5213 and 
5213H. The modes of operation include 
EPROM to disk file, EPROM to memo- 
ry buffer, read /print contents of 
EPROM, verify erasure of EPROM, 
load and program disk file into 
EPROM, program memory buffer con- 
tents into EPROM, read /print memory 
buffer contents, modify contents of 
memory buffer from keyboard, and pro- 
gram EPROM addresses directly from 
keyboard. $429. Address: Software Spe- 
cialties Inc., 305 Larchway Dr., Spring- 
board, OH 45066 (513- 748 -0471). 

Hard Disk for TI 99/4. The WDS /100 
Disk and Controller System allows up 
to 10M bytes hard disk to connect to the 
TI Peripheral Expansion System in a TI 
99/4A or 99/4 computer. The Unix -like 
Directory Management System is resi- 
dent on both the utility diskette and the 
Personality Card ROM. The WD /100- 
5 stores 5M bytes while the WD- 100 -10 
stores 10M bytes. Cost is $2599 and 
$2999 respectively. There is a clock op- 
tion available for $50. Address: Myarc, 
Inc., PO Box 140, Basking Ridge, NJ 
07920 (210-766-1700). 

IBM Winchester. The Interface Series 
of Winchester drives for the IBM -PC is 
available with 5.3M bytes ($1695), 
10.6M bytes ($1995), and 15.9M bytes 
($2295) of formatted storage. Each sys- 
tem includes all pertinent hardware and 
software (JEL) for 1.1 DOS. There are 
345 tracks /inch. Track -to -track access 
time is 2 ms, and average access time is 
85 ms. Other features include a 512 -byte 
full sector buffer, a 32 -bit ECC, and 
automatic interleaving capabilities. Op- 
eration is also provided on 220/240 
volts at 50 Hz. Address: Interface Inc., 
7630 Alabama Ave., Canoga Park, CA 
91304 (213-341-7914). 

System Controller. This 4" by 41fí" 
controller on a board features a Z8671 
that contains a Tiny -BASIC interpret- 
er, up to 6K bytes of RAM and 
EPROM, an RS232 serial interface with 
selectable baud rates, and two parallel 
ports. The system is expandable to 

124K bytes and is optimized as a dedi- 
cated controller. Connecting a CRT ter- 
minal allows immediate BASIC or ma- 
chine- language programming. Pro- 
grams can be transferred to 2732 
EPROMs for autostart applications. 
$199. Address: The Micromint, Inc., 
561 Willow Ave., Cedarhurst, NY 
11516(516- 374 -6793). 

VIC Tape Interface. The Vik- Dubber 
cassette interface allows VIC -20/64 us- 
ers to save and load data using a stan- 
dard cassette tape recorder. It also al- 
lows connecting two cassette recorders 
at the same time to make backups. An 

VIK 
DUBBER 
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indicator is provided to help adjust the 
cassette controls for proper operation. 
Power comes from the computer so no 
batteries are required. $34.95. Address: 
Bytesize Micro Technology, PO Box 
21123, Seattle, WA 98111 (206 -236- 
2983). 

Apple Remote Control. The PC -1 

plugs into any I/O slot on an Apple II 
or II + and provides control of up to 
256 Leviton /BSR remote control de- 
vices via the normal household power 
line. The device both sends and receives 
digital commands at the line carrier fre- 
quency of 121 kHz. Included on the 
board is a bi- directional carrier inter- 
face, a CMOS real -time clock with bat- 
tery backup of two months life and full 
recharge capability, and switch - 
selectable interrupts of one hour, one 
minute, one second, and 1024 Hz. Dem- 
onstration software is provided on disk. 
On -board firmware (2K of ROM) holds 
all system software, no additional mem- 
ory is required. $265. Address: Bi- 
Comm Systems, Inc., 10 Yorkton In- 
dustrial Court, St. Paul, MN 55117 
(612- 481 -0775). 

TTL Pinouts. The MicroChart # 6 cov- 
ers pinouts for virtually all 54/7400 
TTL ICs on its two -sided, two -color, 
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full -page plastic sheet. The data covers 
the part number, family type, descrip- 
tion, and pin out. The data is reduced 
from some 500 pages of data books. 
$5.95. Address: Micro Logic Corp., PO 
Box 174, 100 2nd St., Hackensack, NJ 
07602 (201-342-6518). 

Sinclair /Timex Analog Interface. 
The high -speed analog interface board 
features eight channels of A/D and 
eight channels of D/A for the Sin- 
clair /Timex machines. The board plugs 
into the rear expansion connector, and 
on -board jumpers and switches permit 
maximum versatility. Sequential A/D 
conversions can occur at 200K samples 
per second. The electrical specifications 
include 1.6 -µs A /D. conversion time 
with 100 -ns sample- and -hold window; 
1 -µs D/A settling time with 0.13 V /µs 
slew rate; 2.5- or 5 -volt full -scale option; 
and eight bits resolution and accuracy. 
$195 with manual. Box and cable is $15. 
Address: Computer Continuum, 301 
16th Ave., San Francisco, CA 94118 
(415- 752 -6294). 

IBM Telecommunications. The 
PConnection is a plug -in for the IBM - 
PC that contains a direct -connect 
modem, a real -time clock, and an addi- 
tional serial I/O port. The modem is 
Bell 103/113 compatible and provides 
autodial (Touch Tone or pulse dialing), 
and autoanswer in both answer and 
originate modes. The asynchronous 
card also contains an additional RS232 
port. A firmware timer manages dialer 
routines, and an autodisconnect is pro- 
vided in case of failure or carrier loss. 
The real -time clock allows the board to 
autoanswer the telephone or autodial 
predetermined telephone numbers at a 
preset time. $375. Address: Micro - 
peripheral Corp., 2565 152nd Ave., NE, 
Redmond, WA 98052 (206- 881- 7544). 

Software 
Terminal Program Operates up to 
9600 Baud. MicroTerm, a new termi- 
nal program for TRS -80, II3M, Zenith, 
and Apple computers, features both 
standard ASCII and error -free, direct - 
line transmissions. It has a function that 
allows the operator to have up to 10 

user -defined keys that transmit up to 63 
characters at a single stroke. The pro- 
gram will adjust video width, turn on 
the printer, open the buffer and do 
many other things before returning to 
the terminal mode without missing any 
information. It can emulate any kind of 
terminal hardware and auto dial up to 
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The Safe 
Video Head ------- 

Cleaner 
[dfper 

is Dry. 
Yes, dry! 

The Discwasher® Video Head Cleaner 
is the only truly nonabrasive dry head 
cleaner on the market today. 
Its superior cleaning action is the 
result of its textured fabric matrix, not 
the result of abrasive properties (like 
those often utilized in aluminum oxide 
cleaners). This exclusive matrix safely 
cleans not only the video heads, but 
the audio and sync heads as well. 

The Discwasher Video Head Cleaner is 
less abrasive than both the video head 
and video drum. In fact, it's even less 
abrasive than vídeo tapes themselves. 
And best ofall...itworks. Easily, safely, 
and quickly. 

The graph below represents approxi- 
mate hardness ratings of individual 
VCR components and various tapes 
and cleaners using the Temper scale, 
developed by industry to measure 
materials. A diamond, one of the hard- 
est materials known, rates T -10. 
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ATARI 800 

m Compute $47995 481 RAM 

ATARI COMPUTERS 
ATARI 400 1149.95 
ATARI 1240XL 1E411 1499,95 

ATAR HARDWARE 
ATARI Program Recorder, '79.95 
ATARI 810 Cask ONO '429.95 
ATARI 8301ACOUSIIC MOCIeml '14995 
ATAN 850 anerface Module, '169.95 
TARA 032,3íK Board, 59.95 
ALIEN GROUP 11L5003 Nolte Box 111'99.95 
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ATARI SOFTWARE 
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-5048 PAINT '3495 
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ITISH .9 Cassette, '24.90 

suPERCIAIES A SUP '2495 
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Robe+mMO SOFTWARE 
STAR MA2Af '2495 
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ACME SOFTWARE 
401004 '29.90 

P '39.95 
WIZARD AND PRIIWISS '26.90 

COMPUTER Boots 
KKR e THE ATAN '17.95 
RIDS 6 THE APPLE 117.95 
1005 THE V K 16.95 
MARI SOLAD 4 GRAPHICS '10.95 
1001 THNGS To DO WITH YOUR 

PERSONAL COAPUTER '995 

SONY WM5 í00s S[le01 '77 
SONY WM7 ASR Cass Stereo, '119.95 
SANYO 1109 ,Cass Stereo' 129.95 
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COMPUTER 

TIMER SAM HARDWARE 
TIMER SN0AR 1000 '4495 
TIMEX TSI500116KCOmDutM '6495 
TIMER 1016116K RAM EXDanden +12.95 
TIMEX SR0C0AR PRINTER 2040 '8995 
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ECH 068 ego for Tlme4 +4495 
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SHARP COMPUTERS 
SHARP PC-1500 '199.95 
PG.12501Pocket Computer, '99.95 
CE-122 Printer/12111 '59.95 
08150 Printer for PC.15031 '17495 
178151 (4K RAM EXDam,onl 49.95 
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COMMODORE 64 

COMMODORE RAM 1229.95 
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10 preset numbers at the touch of a key. 
It fully supports most major brands of 
modems. Spooled printer output allows 
even slow printers to stay on line with 
the MicroTerm system. $70 for any ver- 
sion. Address: Micro -Systems Software 
Inc., 4301 -18 Oak Circle, Boca Raton, 
FL 33431 (800- 327 -8724). 

Circuit Analysis Program. ACNAP 
is an ac circuit analysis program avail- 
able for 8" or 5'/4" CP /M machines, or 
TRS -80 Model I /III with TRSDOS. It 
is designed to analyze circuits consist- 
ing of resistors, capacitors, inductors, a 
voltage source, and controlled current 
sources. It can calculate a 5 -node circuit 
in 0.8 seconds. It also works with com- 
ponent tolerances to provide worst -case 
and Monte Carlo analysis. It calculates 
the minimum, maximum, mean, and 
three sigma points of a circuit's gain and 
phase response to any frequency input 
including linear or logarithmic frequen- 
cy sweeps. It can also calculate the cir- 
cuit's noise -equivalent bandwidth. Oth- 
er design utilities are also provided. 
$39.95. Address: BV Engineering, PO 
Box 3351, Riverside, CA 92519 (Tel: 
714- 781 -0252). 

Language Teacher. Using the Hang- 
man format, and designed for the TRS - 
80 Model I, III, and 4 computers, these 
programs are available in Spanish, 
French, and Latin. Other programs 
cover literature, word power, and Ger- 
man and Russian practice. $29.95 per 
program. Address: George Earl, 1302 
South General McMullen, San Anto- 
nio, TX 78237. 

Numismatics. The Coin Collector for 
the Apple II series consists of six pro- 
grams in which collection information 
can be entered, deleted, changed, 
searched, sorted, and printed. It cata- 
logs foreign or domestic lists by denomi- 
nation, country, description, year, val- 
ue, or source. A Meeting List allows 
sorting and selecting meetings by date 
and location, a Source List gives sources 
for coins, supplies, and information on 
trades and liquidations. The File Trans- 
fer utility allows transferring data to 
other computer via phone links. $49. 
Address: Andent, Inc., 1000 North 
Ave., Waukegan, IL 60085 (Tel: 312- 
223- 5077). 

IBM -PC Communications. RELAY 
enables one IBM PC to link to another, 
act as a TTY, an APL terminal, or a 
3270 device. It provides full error detec- 
tion and correction while transferring 
data in both directions at the same time. 

Features include full support for 
autodial and autoanswer modems, si- 
multaneous exchange of files and mes- 
sages between PCs while printing and 
editing locally, split screen communica- 
tion between PCs, directory of frequent- 
ly used services, support for APL with a 
substitution character set, 3270 emula- 
tion on VM /370, full screen editor, and 
an unattended mode for sending and re- 
ceiving files without an operator. $149. 
Address: VM Personal Computing, 60 
E. 42nd St., NY, NY 10165 (Tel: 212- 
697- 4747). 

Casino Blackjack. Casino Blackjack 
Counter /Tutor for the TRS -80 Models 
I and III teaches play strategy as well as 
point counting. The program will sug- 
gest the best possible play for any hand. 
Five hands are shown with the comput- 
er playing the first two hands, the player 
the middle hand, and the computer the 
last two hands. All cards are played face 
up to facilitate point counting. Three 
dealing speeds are provided, and with 
each bet opportunity, the program will 
show the correct count is requested and 

make a recommendation on the size of 
the bet. The player can play against one 
to six decks. Requires a TRS -80 Model I 
or III, 32/48K disk system. $21.95. Ad- 
dress: Manhattan Software, PO Box 
1063, Woodland Hills, CA 91365 (Tel: 
213 -453- 6943). 

Commodore 64 Programs. DIARY 
64 keeps track of phone numbers, birth- 
days, appointments, etc., and files by 
dates or page number. $59.95. CHECK- 
BOOK MANAGER has a capacity of 
250 checks, 100 deposits, and 50 ac- 
count charges. It has built -in password 
security. $39.95 for disk, $34.95 for cas- 
sette version. 64 MAILING LIST holds 
250 names and addresses per file and 
features full screen editing, and sort. 
$34.95 for disk, $29.95 for cassette. VA- 
NILLA PLOT features 19 editing com- 
mands for Turtle Graphics to change di- 
rections and draw lines of any length. 
The Turtle has a pallette of 16 colors. 
Sound is also available. $29.95 for disk 
or cassette. Address: Computer Market- 
ing Svcs., 300 W. Marlton Pike, Cherry 
Hill, NJ 08002 (Tel: 609 -795- 9480). O 

Logic Design. Micro -Logic enables en- 
gineers to draw logic diagrams directly 
on a CRT screen. The net list required 
for simulation is automatically generat- 
ed from the diagram, or may be directly 
typed in. A timing -level simulation can 
be performed to evaluate design before 
building hardware. The system will 
handle 500 to 2000 gates with all gates 

user -programmable as to delay, truth 
table, and input /output clocking. The 
system also handles macros of up to 16 
pins enabling direct modelling of 16 -pin 
MSI functions. Currently available for 
IBM -PC with Apple II coming soon. 
$450. Address: Spectrum Software, 690 
W. Fremont Ave., Suite 11, Sunnyvale, 
CA 94087 (Tel: 408 -738 -4387). 
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No wonder they call it the SUPERFONE! 

At Last -a Cordless Phone 
with TWICE the Range, Sound 
Fidelity to Rival Phones with 
Cords, and a Privacy Code 
System-All This in a Phone 
Less Than an Inch Thick! 
The Super Fone is less than I" thick. The hase unit has a built -in speaker phone, 

a fully independent intercom and is 110 volt -220 volt switchable. 

Until now, cordless phones have 
given you wonderful convenience. But 
they've had two problems: 

1. The range is limited to 600 to 700 
feet. 

2. Some of them sound as though 
you're talking inside a barrel. 

As cordless phones have become 
enormously popular, another problem 
has arisen: two people, living near each 
other, can have the same channel. Not 
only is there line confusion, but someone 
else can literally make a long distance call 
on your phone. 

No more. Never again. 

Range: 1500 Feet OR MORE! 
The SuperFone 650 uses state -of- 

the -art electronics to bring you the 
ultimate cordless phone. Sound quality is 
superb - and it stays superb, 1500 feet or 
more from the base station. That's more 
than twice the distance of standard 
cordless phones. 

Only SuperFone 650 has a secret 
code system to prevent interference and 
false operation of the phone. You choose 
from 512 possible "code" combinations. 
Both the base unit and the phone are 
locked onto that code, which you can 
change when you want to. 

No other phone can interfere. No 
other unit can share the signal. No one 
else can hear or speak on your carrier - 
wave. 

Enormous Range 
We say the SuperFone 650 has a 

range of 1500 feet. 
Notice we didn't say "up to" or "as far 

as" 1500 feet. There's no hedging, 
because this seems to be the minimum, 
not the maximum range. 

Users report 1800 and 2000 feet. 
That's nearly half a mile. SuperFone 650 is 
a radiophone, not a toy, and that's why its 
signal doesn't break up or start hissing or 
crackling when you get half a block away. 

You can tell when you heft it. It's a 
Little Giant. You can feel the power inside. 
What a marvel of electronic engineering it 

is! And its tough, too. It fits into your shirt 
pocket, and you can bounce it around all 
day without damaging it. 

Speakerphone, Intercom - 
Everything! 

SuperFone 650 is The Everything 
Phone. Anything any phone can do, it can 
do. 

First, the base station is a speaker 
phone. Touch a button and you can have 
a hands -free conference conversation in 
the room in which the base station sits. 

Next, it's an intercom. You can page 
the handset from the base unit and have a 
private conversation. You have a true 
wireless intercom, not just a signal. 

Third, you have a privacy button. 
Push that button and you'll still be able to 
hear anything the other party says, but he 
or she won't be able to hear you until you 
take the button off "hold." 

Fourth, you have an automatic redial. 
Touch the key and the SuperFone will 
redial the last complete number. 

What else? A security switch which 
makes it impossible for anyone to call out 
on the remote phone, without changing 
the ability to receive calls. A volume 
control for the speaker on the base unit. A 
call button to page the base from the 
cordless phone. THIS PHONE HAS 
EVERYTHING! 

30- Second Installation 
Plug your SuperFone 650 into any 

wall AC outlet. Push its standard modular 
terminal into the telephone plug. You're in 
business. 

Every component is heavy -duty, 
from the built -in condenser microphone 
(with automatic gain control) to the LED 
indicator lights. This phone is designed for 
hard use. 

The SuperFone 650 is yours for 
$249.95 in regular pulse -dial version, 
$269.95 in Touch Tone *. If you want the 
SuperAntenna with it, giving you a range 
of a mile - or even more - you can have 
both for $319.95 (rotary pulse) or 
$339.95 (Touch Tone). Or you can get the 
SuperAntenna alone for $79.95. 

We Absolutely Guarantee! 
Use the SuperFone 650 (or any 

electronic instrument you acquire from 
us) for up to 30 days. If for any reason you 
decide not to keep it, return it for a 100% 
refund. 

The SuperFone 650, 
rotary pulse dial - $249.95 
phone and SuperAntenna - $319.95. 
The SuperFone 650, 

Touch Tone dial - $269.95 
phone and SuperAntenna - $339.95. 
The SuperAntenna, 

no phone included - $79.95. 
Multi -Line Adapter, lets you plug several 

lines into one SuperFone - $39.95. 
Add $4.50 per total order for shipping. 

Circle No. 17 on Free Information Card 

Rotary Phone or Touch Tone R ? 
SUPERFONE 

Is Available For Either! 
Most cordless phones work on "pulse" 

(rotary) only. You can't use them for MCI, 
Sprint, or any of the other systems requiring 
TouchTone - including talking to a computer. 

The SuperFone 650 now has a Touch 
Tone model, so you can have the unmatched 
double convenience of a cordless phone and 
tone dialer! 

(Touch Tone model slightly higher.) 

TRIPLE THE RANGE 
OF ANY CORDLESS PHONE! 

The SuperAntenna will give your 
cordless phone, regardless of make or 
model, three times the range it has now. 

If the range is 700 feet, it'll leap to 
over 2,000. If it's 1500 feet, it could be as 
far as one mile! 

Easy to install. Only $79.95 
complete. Add $4.50 for shipping. 

For instant service, if you have a VISA 
or MasterCard, call toll -free 24 hours 

a day, seven days a week: 

1- 800 -824-7888 
Ask for Operator 551. 

(in California: 1- 800-852 -7777) 

NEW HORIZONS 
Dept. CE8, 1 Penn Plaza. Suite 100 

New York, NY 10119 
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For everyone who's tried 
to top the MX -80, bad news. 

We just did. 

Epson. 
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The Epson MX -80 is the best - selling dot 
matrix impact printer in the world. It has 
been since its introduction. And despite the 
host of imitators it spawned, no one has 
been able to top it. Until now. 
FX -80: Son of a legend. 
The new Epson FX -80 is far more than just 
doo -dads added on to last year's model. It's 
the most astonishing collection of features 
ever assembled in a personal printer. 

For starters, it's fast: 160 CPS. And clean. 
All the print quality Epson is famous for in a 
tack -sharp 9x9 matrix. 

But that hardly scratches the surface. 
Create your own alphabet. 
With the new FX -80, you aren't limited to 
ASCII characters. You can create your own. 
Any character or symbol that can be defined 
in a 9x11 matrix can be added to the FX -80's 
already impressive library of type styles and 
stored in its integral 2K RAM. 

So you can create "Sally's Gothic" or 
"Tom's Roman" just by downloading and 
modifying standard characters. Or you can 
create a custom set from scratch. Either way, 
you can store up to 256 new characters. And 
if you don't need a new alphabet, the RAM 
functions as a 2K data input buffer. 
Who knows graphics better than Epson? 
Nobody, that's who. And if you don't 
believe it, witness the FX -80. 

With a 12K ROM capacity, the FX -80 gives 
you a few things the others don't. For exam- 
ple, not one, not two, but seven different dot 
addressable graphic modes are program 

The New 
Epson FX -80. 
See it at your 

dealer now. 

August 1983 

selectable. And can be mixed in the same 
print line. Everything from 72 DPI (dots - 
per -inch) Plotter Graphics to the 640 dots 
per line resolution designed to match the 
remarkable monitor clarity of the Epson 
QX -10 personal computer. 

And that is in addition to an astonishing 
array of 136 different user - selectable type 
styles including Proportional, Elite and Italic 
as well as the more conventional faces you 
get on other printers. 
Hard -to -beat hardware. 
The FX -80 has all the hardware features 
you've come to know and love on the MX 
Series: logic seeking, bidirectional printing, 
the by- now -famous disposable printhead, 
and more. 

The FX -80 features an adjustable pin 
platen or optional friction /tractor feed, so 
you can use fanfold, roll or sheet paper ... 
backwards or forwards. The FX -80 even 
gives you reverse paper feed. 

And if you're printing forms, the FX -80 
has a feature you're gonna love: a function 
that allows you to tear off the paper within 
one inch of the last print position. 
Be the first on your block. 
We'd be willing to bet that the FX -80 - like 
the MX -80 - will have its share of imitators. 
Don't be fooled. To make sure you get the 
genuine article, rush down to your local 
computer store right now and let them show 
you everything the FX -80 can do. 

And while you're there ... ask them to 
show you how it works with our computers. 

Circle No. 25 on Free Information Card 

EPSON 
EPSON AMERICA, INC. 

COMPUTER PRODUCTS DIVISION 

3415 Kashiwa Street 
Torrance, California 90505 
(213) 539-9140. 
Outside California, phone 
(800) 421 -5426 for the 
Epson dealer nearest you. 
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PERSONALCOMPUTERS 
Intel's 68 -pin iAPX -188 ccmbines an enhanced 

8088 16 -bit CPU and up to 20 support ICs in 
a single package for double the performance 
and much lower device and assembly costs 

By Tony Zingale 

MICROPROCESSORS represent a great 
advance in electronics owing to their 
small size, programmability, and low 
cost. Developing them is as much an art 
as it is a science since considerations ex- 
tend beyond performance and reliabil- 
ity. Production cost, peripheral avail- 
ability and cost, and software availabil- 
ity are important factors, too. The sum 
can determine the success of the CPU in 
the marketplace -how many comput- 
ers will be designed around it. 

Since the introduction of the micro- 
processor in the mid -1970s with Intel 
Corporation's 16 -pin 4004 CPU, lead- 
ing to the 40 -pin bug -like package of the 
8080 CPU and others, there has been a 
swift evolution in the design of these 
"computers on a chip." Zilog, for exam- 
ple, quickly followed with its Z80 CPU, 
which is much like an 8080 that com- 
bines a clock generator and a systems 
controller into one IC instead of having 
three separate devices. Other micro- 
processor makers followed suit with 
their designs, each playing "can you top 
this" with new products. This lead to 
the development of 16 -bit CPUs - 
Zilog's Z -8000, Motorola's 68000, and 
Intel's 8088, among them. Their larger 
word size makes them more powerful 
than the 8 -bit CPUs. 

The beat goes on with the announce- 
ment of a next -generation CPU in 
Intel's advanced processor family -the 
iAPX 188. It shows great promise in be- 
coming a very popular nucleus for per- 
sonal and small- business computers for 
a host of reasons. With a square shape 
and 68 -pin package, it's apparent that 
this is a different type of CPU than the 
ordinary one. Actually, the single chip 
incorporates a number of ICs, combin- 
ing up to 20 equivalent chips that con- 
stitute essential microprocessor build- 
ing blocks that are ordinarily separate 
support chips. 

The CPU partition itself is really an 

enhanced 8088 microprocessor, the 
same one used in the IBM -PC and simi- 
lar machines. Although the two chips 
are object -code compatible, 10 more in- 
structions have been added. The logic 
within the iAPX 188 is shown in Fig. 1. 

Physically, the iAPX 188 is not com- 
patible with the 8088 since its JEDEC 
Type A, 68 -pin, leadless package has 17 
pins on each of its four sides, as shown 
in Fig. 2. It does directly address 1 

megabyte of memory, is compatible 
with 8282/83/86/87, 8288 and 8289 
bus support components, and requires a 
single 5 -volt power supply. 

Since the data path is only 8 bits wide, 
there is a saving in parts, and a reduc- 
tion of board space of about 1/S can be 
realized over a 16 -bit approach. Direct 
peripheral interfacing is also easier 
since most reasonably priced periph- 
erals handle data 8 -bits at a time. With 
an 8 -bit system requiring eight 64K -bit 
memory chips for each 64K -byte block, 
this is cheaper than going to 16 -bit wide 
memory. Since the iAPX 188 (80188 is 
the part number) combines high- perfor- 
mance 16 -bit internal architecture with 
an 8 -bit bus interface, this allows 20- 
megabyte addressing and 64K -bytes of 
I/O addressability, which is becoming a 
"standard" in modem microcomputers. 
In performance, the 80188 can provide 
up to 65% to 95% of the performance of 
its 16 -bit relatives while retaining the in- 
terface advantages of the 8 -bit data bus. 

Besides the CPU, several functions 
have been integrated on the 80188. One 
of these is the clock generator that pro- 
vides an 8 -MHz system clock. Other 
functions include two 16 -bit program- 
mable timer /counters for implementing 
baud -rate generation, real -time clocks, 
and delay counters, with a third counter 
(not externally connected) used to im- 
plement time delays and which can be 
used as a prescaler. 

Also included are two high -speed, in- 
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dependently programmable DMA 
channels to provide data transfers be- 
tween system memory and I/O devices. 
DMA transfers can occur between 
memory and I/O or within the same 
space (M -M, or I /O -I /O). Each DMA 
channel maintains two 20 -bit source 
and destination pointers that can be in- 
cremented, decremented, or left un- 
changed after each transfer. Data trans- 
fers occur a byte at a time, and can be 
anywhere within the 1- megabyte ad- 
dressable memory space. This allows a 
maximum transfer rate of 1 Mb /s. The 
user can specify several different modes 
of operation via the on -chip DMA 
channel control word. 

A multi -level programmable inter- 
rupt controller that can resolve priority 
among up to five external interrupts 
plus interrupts from the five internal 
sources (timer, DMA, etc.) is also pro- 
vided in the chip. Each interrupt has a 
programmable priority level and a pre- 
assigned interrupt vector type used to 
derive an address to a table in memory 
where the interrupt service routines are 
stored. This enhancement makes the 
iAPX 188 interrupt response time about 
50% faster than the 8088. Multiple 

Fig. 2. The 68 -pin, leadless package 
has 17 pins on each side. 

Computers & Electronics 



8259A's can be cascaded to provide up 
to 128 external interrupts. 

Integrated programmable memory 
and peripheral chip -selects, plus a pro- 
grammable ready generator, replace 
many of the conventional TTL devices 
required to interface system memory 
and I/O devices to the CPU. The wait - 
state generator is necessary so that the 
CPU can interface to memory and I/O 
devices of varying speeds. The result of 
the integrated logic eliminates external 
propagation delays, thus speeding up 
the data flow. Three memory ranges 
(lower, middle, upper) can be pro- 
grammed to variable lengths (1K, 2K, 
4K, ... 256K) so that a variety of mem- 
ory chip sizes can be used. Also, any- 
where from zero to three wait states can 
be programmed so either high -speed or 
low -cost and slower memories can be 
used. 

The added functionality of the 80188 
(i.e., timers, DMA, interrupt controller, 
chip selects), uses on -chip 16 -bit regis- 
ters for each integrated device con- 
tained in a 256 -byte control block. This 
logic is shown in Fig. 3. The control reg- 
ister block may be I/O or memory 
mapped based on initialization for a 
new control block pointer in the CPU. 
Except for these additions, the register 
architecture of the 80188 is identical to 
the 8086/8088. 

A local bus controller provides the re- 
quired address, data, and control sig- 
nals to the local system bus. The pipe - 
lined architecture of the 80188 allows 
savings in memory cost since instruc- 
tions are prefetched into a 4 -byte execu- 
tion queue, high performance can be 
maintained while using slower (thus less 
expensive) memory. Other cost savings 
come from the use of an 8 -bit rather 
than ad6 -bit external data bus. A typical 
iAPX 188 computer is shown in Fig. 4. 

Since the iAPX 188 is software com- 
patible with the 8086 and 8088 CPU's, 
compilers, operating systems, and ap- 
plication programs written for the 
8086/8088 will run on systems using the 
new CPU. Current operating systems 
include Intel's iRMX 86/88; Digital 
Research's CP /M -86, and CP /NET; 
and Microsoft's MS -DOS and Xenix (a 
Unix implementation). All popular pro- 
gramming languages are available, in- 
cluding BASIC, Fortran, Pascal, Cobol, 

Fig. 3. Block diagrams of the 
DMA control logic (top), three timer 

circuits (center), and 
interrupt controller (bottom). 

On -chip 16 -bit registers are used 
for each integrated device. 

August1983 

20 BF ADDER; SUBTRACTOR 

20 

1 j 
TRANSFER COUNTER CH. 1 

DEST. ADRS. POINTER CH. 1 

SRC. ADRS. POINTER CH. 1 

TRANSFER COUNTER CH. 0 

DEST ADRS. POINTER CH. O 

SRC. ADRS. POINTER CH. 0 

ADDER CONTROL 
LC G IC 

DMA 
CONTROL 

LOGIC 

TIMER REQUEST 

aEQUEST 
SELECTION 

LOGIC 

CHANNEL CON -RDL WORD 

CHANNEL CON -ROL WDRD O 

DRQ1 

INTERRUPT 
REQUEST 

INTERNAL ADCRESS /DATA BUS 

DRQO 

TIMER TIMER TIMER 2 DMA DMA 
0 1 2 0 

TIMER 
CONTROL REG. 
IMP 'VP 

DMA 0 
CONTROL REG. 

DMA 1 

CONTROL REG. 

EXT. INPUT 0 
CONTROL REG. 

INTO 

o 
INT' IHT2 INTS NMI Q( 

INTERRJPT 
PRI DIRT.' 

RESOLVER 

INTERRUPT 
REQUEST REG. 

INTERRUPT 
MASK REG. 

IN- SERVICE 
REG. 

Mr- PRIOR. LEV. 
. MASK REG. 

EXT. INPUT 1 

CONTROL REG. 

EXT INPUT 2 
CONTROL REG. 

EXT. INPUT 3 
CONTROL REG. 

INTERRUPT 
STATUS REG. 

INTERRUPT 
REQUEST TO 
PROCESSOR 

VECTOR 
GENERA- 

TION 
LOGIC 

INTERNAL ADDRESS/DATA BUS 



-- 111Sunclex - 
f08 PAYING BILLS... 
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designed to take over tedious bill 
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Personal Payables:M 
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due 
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regular payments 
keeps continuous, accurate 
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handles up to 10 checking 
accounts 

And We've Taken the Fear Out of 
Trying ... our easy -English manual 
and on- screen instructions make it 
easy for anyone in the family to 
do it. 
Start now to write off writing checks! 
To Try It -send $19.95 for 
full use of program (limited to 
writing 8 checks). When you're 
ready to buy it, call us toll free for 
the access code and we'll bill you 
for the balance ($80.00). To Buy It 

NOW -send $99.95 and never 
write another check 

7 Yes, I want to take advantage 
of your TRIAL OFFER- $19.95 
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Apple Ile 

Payment: Check VISA CMasterCard 
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Fig. 4. Block diagram of a typical way in which 
the 80188 (iAPX 188) could be used in a computer. 

PL /M, and C. And applications pro- 
grams that can run on computers based 
on the iAPX 188 already abound. 

As previously mentioned, new in- 
struction types have been implemented 
on the new CPU. These include a block 
move, push or pop all registers, 
rotate /shift immediate, and multiply 
immediate. These new instructions not 
only increase the raw computing speed 
of the CPU, but they also apply to high - 
level languages and multitasking 
implementations. 

The iAPX 188 delivers about twice 
the performance of the 5 -MHz 8086/ 
8088. This is attributed to some hard- 
ware enhancements. For instance, effec- 
tive address (EA) calculation typically 
involving the addition of a segment reg- 
ister plus a displacement and some in- 
dex value to a given segment is per- 
formed by an on -chip microcode 
sequence in the 8086/8088. In the 
80188, this calculation is performed by 
a dedicated hardware adder in the Bus 

Interface Unit (BIU) of the CPU. Addi- 
tionally, the 80188 executes many in- 
structions in fewer clocks than the 
8086/8088. 

The use of the 8087 Numeric Proces- 
sor Extension allows operations such as 
arithmetic, trigonometric, exponential, 
and logarithmic instructions to show an 
increase in speed of some two orders of 
magnitude. Other chips, such as the 
82720 GDC, 82730 Text Coprocessor, 
and the 82586 Ethernet Controller are 
also compatible with the iAPX 188. 

In sum, the iAPX 188 represents an- 
other evolutionary step forward in 
microprocessors. Its performance is 
said to double that of its 8088 cousin, 
while cost is half as much. Moreover, 
software compatibility with the 8088 is 
maintained. You can expect to see com- 
puters incorporating this chip in the 
very near future. The next move is up to 
competitive processor makers, who will 
likely follow with their new -generation 
CPUs. 
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Learning 
electronics 
is no picnic. 

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



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

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

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

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

Why electronics training? 
Today the world depends on 

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

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

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

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

Many people can be taught 
electronics. 

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

CIE specializes exclusively in 
electronics. 

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

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

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

Programmed learning. 
That's exactly what happens with 

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

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

Experienced specialists work 
closely with you. 

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

answer your question in terms you can 
understand. 

CIE prepares you for your FCC 
License. 

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

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

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

Associate Degree 
Now, CIE offers an Associate in 

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

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

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

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

Pattern shown on 
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Radial tracking system 
of the Philips Compact 
Disc Audio System. 
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COMPACT DISC 
DIGITAL AUDIO SYSTEMS 

How the new digital audio 
4.7 -inch playback record system works 

By David Ranada 

COMPACT Disc players -the hottest 
new products to appear on the audio 
scene in quite some time -are probably 
the most complex and sophisticated 
electronic devices for the home ever of- 
fered to the consumer. They are de- 
signed to play back, with extraordinari- 
ly high audio fidelity, up to 75 minutes 
of music recorded on mirror -finish 12- 
centimeter (4.7 ") acrylic discs. The sys- 
tem does not wear out or damage the 
discs while it is playing them since only 
a light beam contacts the disc to read it 
out; that light comes from a semicon- 
ductor laser. 

CD players combine aspects of a 
home computer's disc drives (in the 
player's disc -drive and laser- tracking 
servos), a specially programmed micro- 
processor (to handle a player's control 
functions), a digital signal processor (to 
decode and correct the digital -audio bit 
stream), and a high -quality, high- preci- 
sion digital -to- analog conversion sys- 
tem (to change the digital audio data 
into normal audio signals of high sonic 
quality). How do all these systems inter- 
act to make a CD player work? 

Digital Audio Basics. A digital -audio 
recording/playback system converts a 
smoothly changing, analog waveform 
into a series of binary numbers describ- 
ing the waveform, records those num- 
bers as pulses on a suitable medium 
(magnetic tape or the master disc for 
Compact Disc pressings), plays back 
those pulses, converts them into num- 
bers, and finally reconverts the numbers 
into a smoothly varying analog wave- 
form (Fig. 1). How can such a system 
provide the high audio quality claimed 
by advocates of digital audio? After all, 
typical Compact Disc player specifica- 
tions claim a dynamic range of more 
than 90 dB, flat (±0.2 dB) frequency re- 
sponse to 20,000 Hz, distortion of less 
than 0.01 %, and no wow or flutter. 

The answer lies in the way the two ba- 
sic operations of digital audio are per- 
formed. The first operation is called 
sampling. If the amplitude of a 
waveform -any waveform -is some- 
how captured or frozen at regular, 

closely spaced intervals, the waveform 
is said to be sampled. The waveform in 
Fig. lA gets sampled in Fig. 1B, the 
samples being the points at the ends of 
the vertical lines. Mathematical models 
of this activity say that as long as sam- 
ples are made at least twice as frequent- 
ly as the highest frequency contained in 
the signal being sampled, no informa- 
tion is lost. From the information con- 
tained in the samples the waveform can 
be exactly reconstructed, as long as the 
waveform did not contain any frequen- 
cies greater than the sampling rate. The 
Compact Disc system's designers want- 
ed it to have a frequency response ex- 
tending to 20,000 Hz, so the audio sig- 
nal for Compact Disc master tapes is 
sampled 44,100 times per second. The 
sampling rate is 44.1 kHz, more than 
twice the highest frequency desired by a 
slight margin. 

Quantization -the second basic oper- 
ation of digital audio -is shown in Fig. 
1B and 1C. It is simply the measure- 
ment of the amplitude of the samples, 
the results of which are shown here in 
arbitrary numerical units in both deci- 
mal and binary representation. Binary 
representation is used by analog -to -digi- 
tal converter (ADC) circuits in digital - 
audio equipment. 

Note that the measurements are not 
infinitely precise; there is some "round- 
ing off" to the closest integer value. 
Making an infinitely precise measure- 
ment would generate a number with an 
infinite number of digits (or bits); there 
has to be a practical limit imposed to the 
resolution of the measurement. This 
limitation creates noise and distortion in 
the reproduced signal, but the noise and 
distortion can be reduced to any level by 
increasing resolution of the ADCs. 

In the Compact Disc system, audio is 
encoded with 16 bits of resolution, 
meaning that the ADCs used in Com- 
pact Disc mastering can distinguish 
changes in voltage levels of 1 in 2' °. This 
translates to 1 in 65,536 or the equiva- 
lent of 1" in about 1 mile. With this de- 
gree of resolution, the signal -to -noise 
ratio or dynamic range of the CD sys- 
tem can be greater than 90 dB, the theo- 
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retical limit being a little better than 97 
dB. Since quantization error is also re- 
sponsible for nearly all the distortion in 
the digital audio process, it too is re- 
duced to very low levels with 16 -bit 
encoding. 

The digital numbers from the ADC 
are converted into a pulse train (Fig. 
1D) for recording on tape or on a Com- 
pact Disc master. Since it has only two 
possible values (high and low, corre- 
sponding to 1 and 0), this waveform is 
far more immune to distortion and noise 
in the recording and playback process 
than the original analog waveform. Dis- 
tortions that can and do occur in the 
data -storage media (tape or optical disc) 
only rarely change the recorded pulse 
train enough to confuse the decoding 
circuitry as to whether a high or low 
value was intended. 

In playback -this is where a CD 
player comes in -the original pulse 
waveform is recovered from the record- 
ed waveform (Fig. 1E). After it is con- 
verted into the original numerical se- 
quence (Fig. 1F) the series of digits is 
fed into a digital -to- analog converter 
(DAC) which changes them into dis- 
crete voltage levels (Fig. 1G). Because 
the numbers are clocked into the DAC 
at the same rate as they were generated 
at the ADC during the recording pro- 
cess, variations in the speed of the play- 
back medium do not affect the repro- 
duced waveform. Therefore, wow and 
flutter are eliminated! 

An output- smoothing circuit re- 
moves the inaudible ultrasonic compo- 
nents that give the staircase waveform 
it's disjointed character. The filtered 
waveform makes up the output of the 
digital audio system, an output that is a 
very high -fidelity replica of the original 
input signal. 

The Compact Disc and Player. Be- 
fore exploring some of the processing 
that goes on inside a Compact Disc 
player let's take a look at what a CD 
player has to play, the Compact Disc it- 
self. Audio information is recorded on a 
CD pressing in a track of microscopic 
"pits" on the surface of a transparent 
acrylic disc 12 centimeters in diameter, 
as shown in an accompanying photo. 
These pits average slightly less than 1 

micrometer in length; each revolution 
of the track is 1.6 micrometers away 
from the next. Data is contained in the 
length and spacing of the pits and the 
spaces ( "lands ") between them. 

A cross -section of a CD pressing is 

shown in Fig. 2A. In it you can see that, 
though the pits (P) are made as indenta- 
tions, they appear as "bumps" to the 
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Fig. 1. Basic operations of digital audio: sampling (B); quatization (C); 
recover of data (E,F); and reconversion of data into an audio signal (GH). 

scanning laser beam. It comes up 
through the bottom of the disc, hits the 
aluminized signal surface (AL), and is 
reflected out again. Changes in the in- 
tensity of reflected light are detected 
(Fig. 2B) and converted to a digital bit 
stream (Fig. 2C). The pits are protected 
on one side by the bulk of the disc's plas- 
tic substrate (S), and on the other by a 
tough lacquer coating and a label (PR). 

A typical mechanical arrangement of 
a Compact Disc player is shown in Fig. 

3 and the ikustration on page 40. It con- 
sists of an optical scanner, containing a 
semiconducter laser and a photodiode, 
mounted on a tracking device that al- 
lows the scanner to move across the face 
of the spinning disc. The disc spins 
counterclockwise in relation to the laser 
beam and the track of pits starts toward 
the center of the disc and moves toward 
the outside edge, both movements being 
opposite to those with analog (black - 
disc) records. The speed of rotation 
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slows down between the start of a disc 
and its finish. 
- It starts out spinning at around 500 
rpm and ends up spinning at about 200 
rpm if the program extends close to the 
edge of the record. The speed is con- 
trolled by servo networks so that the 
track is always passing over the laser at 
between 1.2 and 1.4 meters per second. 
The steady decrease in rotation speed 
increases the amount of information 
that can be held on the disc. If the rota- 
tion rate were constant, the pits and al- 
ternating lands near the start of the disc 
would be unnecessarily large. 

Data on Disc. It would be a stupendous 
and misleading oversimplification to 
say that digital -audio data gets recorded 
on a Compact Disc exactly as it 
emerged from the digital -audio master 
recorder. There is a good deal of digital 
signal manipulation on the audio data 
before it finds itself on the signal -surface 
of a Compact Disc. Most of this pro- 
cessing is undone by a CD player in its 
operations to recover the original digi- 
tal- audio. Then why is all the processing 
necessary? The three main reasons are: 
to increase the playing time of a CD, to 
make it audibly immune to disc damage 
(scratches, fingerprints, small pressing 
defects), and to provide special digital 
control and data signals for advanced 
Compact Disc applications. 

Figure 4, as complicated as it appears 
at first glance, summarizes all the main 
digital operations performed to a digi- 
tal -audio signal on its way to the master 
Compact Disc. The digital data on a CD 
is gathered into units called frames and 
the diagram depicts the encoding pro- 
cess for one frame (which takes only 
about 136 microseconds to be scanned 
by a CD player's laser). 

The digital -audio signal content of a 
CD frame consists of enough informa- 
tion to make up six sampling periods 
(Fig. 4A). Since there are 32 bits gener- 
ated in one sampling period (16 bits per 
stereo audio channel every 22.68 micro- 
seconds) there are 32 X 6 = 192 audio - 
data bits per frame (Fig. 4B). Each 16- 

bit sample is broken down the middle 
into two 8 -bit bytes, called symbols in 
CD terminology (Fig. 4C). One symbol 
contains the 8 most significant bits of 
the sample, the other contains the 8 

least significant bits. This repartitioning 
of the data yields 24 symbols containing 
only digital -audio data per frame. 

The first major signal -processing op- 
eration on the audio data during the en- 
coding process is depicted in Fig. 4D 
and E. These two lines depict the func- 
tions that make the data stream immune 
to transmission errors due to disc de- 
fects or damage. 

They start with the generation of re- 
dundant data that a CD player will use 

Disc 

Magnet 

Collimator lens 

Objective lens 

Focus coil 

Photo detector 

Fig. 3. Cross section of a laser 
scanner showing how servo 

signals pull on a magnet 
attached to the focusing lens. 

(Courtesy Philips) 

44 

PR 

AL 

s 

TIME 
C 0001 oo I 0000, 0°000'1 oo'l 000'i 00000'l oo'l o 

Fig. 2. A 1.2 -mm thick Compact Disc 
(A) consists of three layers: an 

acrylic substrate (S), an aluminized 
reflecting "signal surface" (AL), 

and a lacquer coating and label (PR). 
The pits (P) are pressed from above 

but the laser beam scans from below. 
The reflected intensity of the beam 

varies as the pits pass by (B) and these 
variations hold the digital -audio data (C). 

o detect and correct for any errors in 
the data stream as read by its laser (see 
box on page 45). Simply put, the redun- 
dant data is a mathematical summary of 
the digital -audio data contained in the 
frame and is a special form of parity - 
check code (for those of you familiar 
with digital data transmission). The 
first error -correction symbols to be gen- 
erated are the four Q symbols which 
find their places in the middle of the 
frame. 

Next comes interleaving, a process 
for making the recorded signal immune 
to disc scratches and other relatively 
large -scale defects (see accompanying 
box). Interleaving scrambles the sym- 
bols from a large number of frames pre- 
ceding and following the one being en- 
coded in the diagram. This scrambling 
(depicted by the arrows between Fig. 
4D and E) is performed in a very strictly 
defined way, which moves originally 
consecutive symbols to distantly sepa- 
rated frames, and which moves symbols 
from distant frames into the one under 
construction. The Q -parity symbols 
also undergo this shuffling process. No 
data is left out or repeated -the number 
of digital -audio symbols per frame is 
still 24, the number of Q -parity symbols 
is still 4 -its just that 28 previously con- 
secutive symbols find themselves strewn 
over about 40 different frames in a very 
regular, and undoable pattern. 

After interleaving, four P- parity er- 
ror- detection /correction symbols are 
calculated from the 24 audio and 4 Q- 
parity symbols now in the frame. This 
additional parity data is tacked onto the 
end of the frame. The whole parity/ 
interleaving scheme is called CIRC 
(Cross -Interleave Reed -Solomon Code). 
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To the start of the frame is added one 
8 -bit symbol containing control and dis- 
play (C &D) bits. At present this symbol 
is used only to hold data about the 
timings of each musical selection on a 

Compact Disc, and data signalling 
where each selection begins and ends. 
This information is used by a CD player 
to cue up individual selections. 

Future applications of the C &D sym- 
bol include text data for lyrics; graphics 
data for computer -type displays on 
TV's and monitors; and ultimately vid- 
eo data in conjunction with a video 
frame -store system. The C &D symbol 
can also be made to carry a telephone - 
quality digitally encoded voice signal 

for sing- or play -along recordings. 
(Since the C &D symbols contain 8 bits 
and occur 7,350 times per second once 
per frame -a voice signal with a signal - 
to -noise ratio of about 45 dB and a fre- 
quency range up to about 3,500 Hz can 
be carried.) 

Players for all these advanced func- 
tions have not yet been issued. In fact, 
some or the most technically complex 
options, like computer graphics and 
video, are still in the planning stages. 

Modulations. At this stage (Fig. 4E), 
the frame consists of 33 8 -bit symbols of 
digital -audio (24 symbols), parity -check 
(8 symbols), and control /display data (1 

symbol). This symbol sequence is then 
fed into a digital modulation circuit 
which converts, via a read- only -memo- 
ry look -up table, each 8 -bit symbol into 
a 14 -bit word in a process called EFM 
(Eight -to- Fourteen Modulation). Es- 
sentially the 8 -bit symbols modulate a 
bit pattern 14 bits wide (Fig. 4F and G). 
Why is this done? 

The full answer to that question is 
rather complex, but it boils down to the 
fact that about 25 per cent more infor- 
mation can be stored on a Compact Disc 
if the 8 -bit symbols are converted to 14- 
bit words with certain special proper- 
ties. To the CD user this increase of "in- 
formation density" means longer 

Analog stylus -in -a- groove recordings 
are very susceptible to all sorts of sonic 
degradations from defects in the manufac- 
turing process or damage inflicted by the 
user. What record buyer hasn't had the un- 
pleasant experience of a bad pressing or 
hasn't heard the noise added by finger- 
prints or scratches on an analog disc's sur- 
face. Digital audio offers salvation from 
these problems since specially encoded 
digital signals can be made immune to 
what are called "transmission errors." By 
the incorporation in the pit /land track on a 
CD of extra information which is mathe- 
matically redundant to the original digital - 
audio signal, a Compact Disc player can 
eliminate to a substantial degree the sonic 
side effects of even gross disc damage 
like scratches and fingerprints. 

The theory of error -correction coding 
can get extremely involved, mathematical- 
ly speaking, but the basic principles of how 
error correction is applied in the CD sys- 
tem can be illustrated by a simple analogy. 
Figure A illustrates what is called a magic 
square. As you might recall from grade - 
school arithmetic, a magic square is an ar- 
ray of numbers, the rows, columns, and di- 
agonals of which all add up to the same 
number. In this case each row, column, or 
diagonal adds up to 15. If you were to 
transmit the numbers contained in the 
magic square along with the sum of any 
row or column, and if one of the numbers 
were to be incorrectly received, you would 
still be able to regenerate the magic 
square completely and exactly. Why? Be- 
cause you know that each row or column 
or diagonal adds up to 15. If an incorrect 
number is received as in Fig. B, the rows, 
columns, and diagonals will not add up 
correctly. The offending number can be 
easily located and corrected. The location 
is at the intersection of the row and column 
which do not add up correctly; the correct 
value is that number which makes the sum 
come out correctly. 

By transmitting the sum value along with 
the numbers in the magic square you were 

ERROR CORRECTION 
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Figs. A and B. Magic squares with 
and without the correct numbers. 

ransmitting redundant information, a 
mathematical summary of the numbers 
contained in the square. The receiver is 
able, using this redundant information, to 
calculate and correct more than one trans- 
mission error even if one o; the errors oc- 
curs with the sum value. Of course, cor- 
recting the sum value isn't helpful if all you 
are interested in is the magic square's 
numbers, but at least that this example 
shows that the transmission of redundant 
information makes the detection and cor- 
rection of transmission errors much easier. 

The Compact Disc system makes use of 
a similar, but much more complex, process 
to protect the digital -audio data from trans- 
mission errors. About 25 per cent of all the 
data encoded on a Compact Disc is math- 
ematically redundant to the digital -audio 
information. These error -correction sym- 
bols are derived by binary computation in 
much the same way the sums for the mag- 
ic square's rows and columns were ob- 
tained. Naturally the numerical data on a 
CD is not placed in magic squares - 
digitally encoded music doesn't create se- 
quences of numbers that are easily fitted 
into magic squares. Instead, the CD en- 
coding system creates unique patterns of 
bits which are hard to confuse with one an- 
other without being able to find and correct 
for errors. 

No error correction system is perfect, 
however. Eventually enough errors can 
occur that exact reconstruction of the 
transmitted signal is impossible. In the 
magic square example, for instance, if four 
or more numbers were altered in transmis- 
sion there would be no unique solution to 
the square. There may be seven) different 
arrays of numbers which will make up a 
valid magic square. Likewise with the 
Compact Disc system. Eventually there 
may be so many errors in the data stream, 
due to extensive disc damage, that exact 
correction of the digital -audio data cannot 
be performed. A CD player will then inter- 
polate the correct data from valid data by 
taking an average of the number before 
the erroneous digits and the number after 
them. 

In the CD system, if one out of every 
thousand data bits were incorrect (giving a 
bit error rate or BER of 10-3), interpolation 
will be performed about 1,000 times per 
minute. A BER of 10-3 corresponds to a 
very well scratched disc. If only 1 out of ev- 
ery 10,000 bits is in error (BER = 10-4), a 
typical value for an undamaged CD press- 
ing), the interpolation rate drops to about 
one 16 -bit sample in every 10 hours of 
playing time. 

There is a very small possibility that an 
undetected error will sneak through the 
CD error -correction system. With the mag- 
ic square this would mean that several 
numbers were changed in such a way that 
the square is still "magic" but not the same 
one as transmitted. In digital audio, an un- 
detected error can lead to a "click" in the 
reproduced sound. The CD error correc- 
tion system will produce fewer than one 
click for every 750 hours of playing time 
with a disc having a BER of 10 -9. In prac- 
tical terms this means that a reason- 
ably well cared for Compact Disc press- 
ing will never generate clicks or pops in 
playback. The listener is spared from 
these by the actions of the Compact Disc 
error- correction system on the data 
stream. O 
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playing times. Accompanying this in- 
crease of playing time, EFM decreases 
the CD system's sensitivity to disc and 
optical- system defects and production 
tolerance variations. 

The signal created in a CD player's 
photodiode detector circuitry by the 
EFM sequence of pits and lands has two 
more important properties: it has low dc 
(0 -Hz) content and it is "self- clocking ". 
Low dc content is important because 
the servo systems which keep a CD 
player's laser "on track" utilize low -fre- 
quency control and feedback signals. 
Any dc content in the signal from the 
photodiode detector can throw off the 
tracking of the laser. (Think of a very 
long pit or land as having substantially 
higher dc content than rapidly alternat- 
ing, small pits and lands.) EFM has very 
little 0 -Hz in its waveforms since the 
spacing and lengths of pits and lands is 
strictly controlled. 

A CD player must synchronize its op- 
eration with the data coming from the 
disc and must also synchronize the rota- 
tion rate of the disc with the operation 
of the CD- decoding circuits. EFM has 
self -clocking properties allowing a CD 
player to determine which bit belongs to 

which symbol during decoding. 
While the 8 -bit symbols are converted 

into 14 -bit EFM words, three additional 
bits are added to each word. These 
"merging bits" are calculated to further 
reduce the dc content of the signal. Fi- 
nally, the end of the frame is marked by 
a sync signal of 24 -bits length together 
with three merging bits. In all, a frame 
which started out as 192 audio bits now 
contains 588 channel bits. These are re- 
corded onto a Compact Disc so that a 1 

in the channel -bit sequence turns into 
the edge of a pit. A CD player's decoder 
circuits really don't care if they are 
scanning pits or lands; the circuits are 
sensitive to pit edges. It makes no differ- 
ence whether a logic "1" is encoded as a 
pit or a land. 

Inside a CD Player. A Compact Disc 
player has to undo all the encoding steps 
just described in order to recover the 
original 16 -bit digital audio samples. 
The process, very simply described, fol- 
lows this sequence: 

1. Light from the player's semicon- 
ductor laser is focussed through a 
prism /lens optical system onto the sur- 
face of the spinning disc. 
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Fig. 4. Read from top to bottom, this chart summarizes the operations applied 
to a digital audio signal before it gets on a Compact Disc. Read from bottom 

up, it summarizes the CD player recovery process. 
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2. The reflected laser beam returns 
through the same optical system but is 
diverted to a light- sensitive detector (a 
photodiode array). 

3. The photodiode output, after am- 
plification and filtering, is converted 
into a squared -off pulse train by the use 
of comparator circuitry. 

4. The pulse train of zeros and ones 
(corresponding to Fig. 4H) is demodu- 
lated according to the rules of EFM into 
8 -bit symbols carrying audio data, pari- 
ty -check information, and C&D data. 

5. Data control /error -detection- 
correction /memory circuits de- inter- 
leave and correct the data using the 
CIRC decoding rules. 

6. Sixteen -bit digital -audio samples 
are assembled from the error -corrected 
symbols and sent to the 16 -bit digital -to- 
analog converters where they are con- 
verted into analog voltages. 

7. The staircase -shaped DAC out- 
puts are smoothed by sharp -cutoff 
lowpass filters and the resulting analog 
signals make up a CD player's audio 
output. 

This brief summary pays short shrift 
to the complexity and sophistication of 
the operations and circuitry involved. 
Semiconductor lasers are not universal- 
ly used components, let alone in mass - 
market consumer products like CD 
players. Steps 4 and 5 make use of com- 
plex LSI chips, without which the build- 
ing of a practical and affordable CD 
player would be impossible. For exam- 
ple, the three Sony -developed chips per- 
forming steps 4 and 5 and used by them 
and several other companies in their 
first CD players contain the equivalent 
of about 7,500 gates, not including a 16 
kilobit RAM necessary for the process- 
ing. Sixteen -bit DACs weren't even 
available in low -cost monolithic form 
five years ago. 

Tracking. That short list of CD- player 
functions also glosses over two of the 
most fascinating applications of servo - 
loop techniques: the turning of the disc 
and the tracking of the track of pits 
by the laser /optical system. These two 
operations are controlled by digital/ 
analog /electromechanical servo loops 
of fascinating complexity. They are so 
intricate, in fact, that only a very broad 
description of them can be given here. 

As mentioned before, the rotation 
rate of the disc is locked to the frame 
rate, which itself is determined by char- 
acteristics of the disc's data stream. 
Phase -lock techniques are used to keep 
the rate of disc rotation generally syn- 
chronized with the frame rate. Exact 
synchrony is not necessary because of 
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PRICE STANDARD 

Now. Tektronix 60 MHz Performance 
is just a free phone call away! 

Wide -range ve-ti- 
cal sensitivity: 
Scale factors from 
100 V /div (10X 
probe) to 2 mV /div 
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to *3 %.Acor cc 
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magnification. 

Delayed sweep 
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time -base 2215. 

Complete trigger 
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vertical mode, and 
automatic; internal, 
external and line 
sources; variable 
holdoff. 

Probes included. 
High -performance, 
positive attachment 
10 -14 pF and 60 
MHz at the probe 
tip. 

ièktronix :,:'1 

These easy to order scopes are 
proof that it's not expensive to 
have advanced, 60 MHz perform- 
ance from Tektronix on your 
bench. It's just practical! Feature 
for feature, the Tek 2213 and 2215 
set a price /performance standard 
unmatched among portable scopes. 
And are backed by the industry's 
first three -year warranty on all labor 
and parts, including the CRT. 

So advanced they cost you 
less: $1200* for the 2213! $1450* 
for the dual time base 2215! 
These low costs are the result of a 
new design concept that utilizes 

fewer mechanical parts than any 
other scope. 

Yet there's no scrimping on per- 
formance and reliability. You have 
the bandwidth for digital and analog 
circuits. The sensitivity for low signal 
measurements. The sweep speeds 
for fast logic families. And delayed 
sweep for fast, accurate timing 
measurements. 

Scope. Three -year warranty." 
Probes and expert advice. One 
free call gets it all! You can order, 
or obtain literature, through the 
Tektronix National Marketing Center. 
Technical personnel, expert in oscil- 

loscope applications, will answer 
your questions and can expedite 
delivery. Direct orders include 
probes, operating manuals, 15 -day 
return policy, full Tektronix warranty 
and worldwide service back -up. 

Order toll -free: 
1- 800 -426 -2200 
Extension 55 
In Oregon call collect: 
(503) 627 -9000 Ext. 55 

'Price FO.B. Beaverton. OR Price subject to change. 
**Three -year warranty applies to 2000 Family oscilloscopes 

purchased after 1 -1 -83. 
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...CD DIGITAL AUDIO 

the self -clocking nature of the data 
modulation scheme; EFM demodula- 
tion chips can determine where each bit 
belongs from the signal itself. 

Servo -loop feedback techniques also 
keep the laser trained and focussed on 
the pit track. The precision of the servos 

systems that accomplish this is very 
high. Taking tracking as an example, 
the laser system must be guided over a 
spiral of pits with a pitch of only 1.6 
micrometers. Disc eccentricity and 
player tolerance may cause the track to 
swing from side to side; the maximum 
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Fig. A. An interleaving scheme like that 
shown here is used by the CD system 
to reduce effects of large -scale 
disc damage. 
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Interleaving is a process used in the en- 
coding of Compact Disc data that reduces 
the system's susceptibility to what are 
called "burst errors." These are errors in 

the data stream which occur to many bits 
in succession. They can result from inter- 
ference to the scanning laser caused by 
relatively large disc damage (fingerprints, 
long scratches). 

A simple example can easily demon- 
strate the effectiveness of interleaving 
(Fig. A). Suppose you transmitted the mes- 
sage LOW- DISTORTION -AND -LOW- 
NOISE, but a burst error of six characters 
occured during reception. The receiver 
would then have a hard time figuring out 
what was meant by LOW- NOISE- A92277- 
DISTORTION (Figure Al). You could have 
made the transmission more immune to 
the loss of several consecutive characters 
by first arranging them in columns, then 
transmitting them by rows (Figure A4). The 
transmitted signal is thus a regularly 
scrambled -interleaved- version of the 
original signal. If six successive characters 
are now obliterated, the receiver can dein- 

terleave the message by rearranging it in 
rows and reading it out by columns (Fig. A5 
and 6). The result is a much more intelligi- 
ble signal; the burst error has been dis- 
persed into separated "random" errors 
(Fig. A7). 

Just as these random errors are much 
more easily handled by readers of English, 
they are more easily handled by a CD play- 
er's error -correction circuitry. In fact, read- 
ers of English supply a "context" to the re- 
ceived message to make it intelligible. 
Generally speaking, a CD player does the 
same thing with the redundant error -cor- 
rection data placed on the disc. The redun- 
dant data provides a mathematically de- 
fined and standardized "context" in which 
to interpret random errors in the data 
stream. 

In the CD encoding process interleaving 
is accomplished by writing the audio data 
into a digital memory and then reading it 

out in a different order -the equivalent to 
the row /column changeover in the exam- 
ple. A CD player performs the opposite op- 
eration in the de- interleaving process. O 
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permitted swing is 300 micrometers. 
Yet for accurate decoding, the tracking 
servo must allow the laser beam to fol- 
low the pits to with 0.01 micrometers 
and also must absorb the effects of vi- 
brations and jolts applied to the player 
chassis. 

When it comes to focussing the laser 
beam onto a CD's inner signal surface, 
the focus servo must be able to cope 
with disc warps of up to 1 millimeter. 
The focussing system, however, must 
maintain focus on the signal surface to 
tolerances 1,000 times smaller: ±1 
micrometer. 

A CD player performs such feats of 
electromechanical precision by moni- 
toring the shape and /or intensity of the 
laser beam after it is reflected off the sig- 
nal surface and back into the optical sys- 
tem. Deviations in the shape or intensity 
of the beam as detected by a photodiode 
array are used to move the optical sys- 
tem's objective lens nearer or farther 
from the disc surface to cope with focus- 
sing errors), or to move the optical sys- 
tem as a whole across the surface of the 
disc (to correct for tracking error). 

What's Next. Even though the 
Philips /Sony Compact Disc is a tre- 
mendous engineering achievement, it is 
only part of the start of what will proba- 
bly be a revolution in information -stor- 
age technology: the optical age. In its 
present form, a Compact Disc can hold 
about 16 gigabits of raw data. If the 
EFM modulation system is used to store 
computer data, a CD will hold about 
9.14 gigabits or 1.14 gigabytes. If half of 
that capacity is used as redundant data 
for error detection and correction, one 
Compact Disc could hold about 570 
megabytes of digital data, about 1,000 
times the amount of a high- density flop- 
py disc. (The error- correction system 
for the audio CD, as good as it is, still 
lets through too many interpolated and 
undetected errors to be tolerated in 
data -only applications, thus the very 
conservative assumption of 50 percent 
data redundancy.) 

Since its small size increases produc- 
tion yields and lowers production costs 
over its larger (12 ") LaserVision video- 
disc counterpart, don't be surprised if 
the high information capacity of the CD 
system becomes a standard medium for 
mass distribution of software and data 
bases. The enormously larger data -car- 
rying capacity of the 12" LaserVision 
system can even make it impractical for 
mass distribution purposes; who needs 
all that data anyway? 

Software distribution won't be the 
only data application of the Compact 
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Every Maxell video tape is destined to become an old -- 
favorite. tRis 

Because as well as delivering a great performance 
Maxell video tapes are designed to give you a lasting one. m axe 

So try Maxell VHS or Beta. The video tape you'll 
appreciate more and more... as time goes by. 
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Disc system. Efforts are being made at a 
number of companies to come up with a 
practical, inexpensive method of record- 
ing on Compact Discs and optical 
videodiscs. Not only will home digital - 
audio disc recorders become possible 
with the development of such technol- 
ogy but home computers could easily 
use a recordable CD for storage of large 
amounts of information. Even an 
unerasable CD recording system could 
be useful. 

At present, research efforts are being 
directed towards a suitable 
laser /recording substrate combination. 
The semiconductor lasers used in audio 
CD players are too weak to directly 
"write" on Compact Discs. 

All that relates to developments five 
to ten years away from reaching com- 
mercial reality. Much closer to appear- 
ing on your electronics dealer's shelves 

is a digital signal processor for audio 
signals. Already, relatively slow micro- 
computers in typical home computers 
are being put to good use in audio via 
specialized Fast -Fourier -Transform 
measurement system (like the IQS sys- 
tem Julian Hirsch uses in testing audio 
equipment). Now under development 
are ultra -fast, special -purpose 
arithmetic processors which, under 
control of a microprocessor, can be 
made to perform such audio tricks as fil- 
tering, reverberation simulation, com- 
pression, expansion, click and pop re- 
moval, and sound synthesis and mixing 
while an audio signal is still in digital 
form. Among the many advantages that 
all -digital signal processing promises 
are no audible degradation in signal to 
noise ratio or distortion levels, the capa- 
bility of extraordinarily complex 
realtime operations on an audio signal, 

and, last but certainly not least, soft- 
ware based processing. 

Imagine an audio component looking 
much like a popular video -game con- 
sole. Just plug in a cartridge and the sys- 
tem becomes a digital ambience synthe- 
sizer, or a digital multi -band equalizer, 
or a tick /pop remover for playing these 
old- fashioned stylus /groove recordings. 
Technologically such a system is possi- 
ble today; a commercial system may see 
the light of day as soon as two years 
from now. By then CD players will be 
supplied with direct digital -audio data 
outputs so a direct link from recording 
studio to a home stereo system's power 
amplifier will be possible. The CD play- 
ers and recordings available today are 
the start of our digital audio future, a fu- 
ture which promises extraordinary op- 
erating flexibility, convenience, 
and -above all -sound quality. 0 

A Hands -On Look at Magnavox's 
FD1000SL Compact Disc Player 

MANUFACTURED by the parent compa- 
ny, Philips of Holland, the Magnavox 
Model FD 1000SL is the simplest, most 
compact, and least expensive of the 
"first generation" of CD (Compact 
Disc) players to reach the United States 
market. It resembles a small, top -load- 
ing cassette deck, with a hinged clear - 
plastic compartment cover that swings 
up for loading and removing discs. The 
sloping upper -front portion of the case 
contains several pushbutton operating 
controls. The machine is enclosed in a 
satin -silver -colored polystyrene case 
that measures 12%" W x 101/2" D x 
2W' H and weighs approximately 11 lb. 
Suggested retail price is $800. 

General Description. The CD is the 
long awaited "digital disc," about 

which we have heard so much in recent 
years. Analog programs are sampled at 
a 44.1 -kHz rate and converted to 16 -bit 
digital form. The digital information 
controls a laser beam that burns micro- 
scopic pits into a master disc, forming a 
spiral pattern somewhat like that of a 
conventional analog record. 

In its final form, the compact disc is 
silver colored and measures 43%" in di- 
ameter. Recording is on only one side, 
the flip side being used for the label. The 
recorded surface is protected by a tough 
transparent plastic coating, making the 
disc relatively immune to damage from 
normal handling. (Fingerprints, for ex- 
ample, have no effect on the sound qual- 
ity of a digital disc.) And, since no me- 
chanical contact is made with the 
laser -read disc during playback, it does 

not wear out or lose fidelity with repeat- 
ed playings. Play is from the inside to- 
ward the perimeter. During play, the 
disc's rotating speed varies from 500 to 
200 rpm to maintain an approximately 
constant linear scanning velocity of 1.2 
to 1.4 meters per second. 

The sonic performance of the com- 
pact disc is vastly superior to that of any 
medium previously available for home 
reproduction, surpassing even the most 
advanced professional analog tape re- 
corders. Specifications of the Magnavox 
FD1000SL, typical of those for most 
CD players, include a frequency re- 
sponse of 20 to 20,000 Hz ±0.3 dB, dy- 
namic range and signal -to -noise ratio 
that exceeds 90 dB, and harmonic dis- 
tortion of less than 0.005% at maxi- 
mum output. An almost literally zero 
flutter percentage is obtained, thanks to 
playback timing being controlled by a 
quartz crystal oscillator. 

Within the player, a laser scans the 
pits on the revolving disc, and its reflec- 
tion from or absorption by the disc (a 
function of the recorded pattern) is 
sensed by a photodiode and forms a se- 
ries of digital words. The bit stream is 
converted to analog form by 16 -bit D/A 
converters and filtered to remove all 
content beyond 20,000 Hz. Unlike most 
CD players that use physical filters, the 
FD1000SL employs digital filtering. 

The operating controls are reminis- 
cent of those on a cassette deck includ- 
ing PLAY, PAUSE, and STOP, as well as 
high speed FWD and REV SEARCH. Oth- 
er smaller buttons control special pro- 
gramming features. 
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Don't let price get in the way 
of owning a quality printer. 

Adding a printer to your computer makes 
sense. But deciding which printer to add can be 
tricky. Do you settle for a printer with limited 
functions and an inexpensive price tag or buy a 

more versatile printer that costs more than your 
computer? Neither choice makes sense. 

Here's a refreshing option the new, compact 
STX -80 printe- from Star IVicronics. It's the under r - 

$200 printer t fiat's whisper- quiet, prints 60 cps 
and is ready to run with most popular personal i- 
computers. 

The STX -80 has deluxe features you would 

expect in higher priced models. It prints a full 80 
columns of crisp, attractive characters with true 
descenders, foreign language characters and 
special symbols. It 3ffers both finely detailed dot - 
addressable graphics and block graphics. 

And, of course, the STX -80 comes with Star 
Micronics' 180 day warranty (90 days on the 
prirt element). 

The STX -80 Thermal printer from Star 
Micronics. It combines high performance with 
a very low price. So now, there is nothing in 

the way of owning a quality printer, 
M,rn.LuLur i sugq 'sled rolad price 

micronresrnc 
THE POWER BEHIND THE PRINTED WORD. 

Computer Per ipheials Uwisun, 1120 Empue Central Place. 
Sulle 216, Dadlas, IX 75247 (214) 631 -8560 

a. . 

The new SEX8O p 
only 
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$199. 

o. 7e Ihfivrm Card 



...CD DIGITAL AUDIO 

When the machine's disc- compart- 
ment cover is raised by pressing a but- 
ton at its front -left corner, a spindle is 
exposed onto which the disc is placed, 
recorded side down. The cover is then 
closed manually. Pressing PLAY causes 
the disc to spin for a few seconds, sup- 
plying information on the number of 
separate selections and their precise lo- 
cations on the disc (similar to the action 
of a computer /disc catalog). Green 
LEDs, visible through the window on 
the front panel, light up to show the to- 
tal number of programs, up to a maxi- 
mum of 15. Normally, as the disc is 
played in sequence from the first selec- 
tion, a second green LED lights below 
the track "catalog" to show which pro- 
gram is being played, advancing at each 
subsequent selection. At end of play, the 
unit shuts down. 

The CD player may be programmed 
to play tracks in any sequence, by 
choosing either those tracks to be 
played, or those to be omitted from the 
playing sequence. This is done with the 
STORE and SELECT buttons, and the 
track indicator lights show which have 
been programmed and which is being 
heard at any moment. The high speed 
SEARCH buttons can be used to slew the 
laser pickup to any point on the disc and 
resume play from that point when the 
button is released. Although most mu- 
sic records have fewer than 15 tracks or 
programs, the FD1000SL is not limited 
to that number. However, it considers 
everything following the track 15 to be 
part of that program, and cannot be spe- 
cifically programmed for higher num- 
bered selections. 

Laboratory Measurements. Tests of 
the Magnavox unit were made using 
special test discs from Philips and Sony. 
The frequency response (identical for 
both channels) was measured with the 
Philips 410 055 -2 record, and was found 
to be flat within ±0.15 dB from 20 to 
20,000 Hz, with the variation being in 
the form of small "ripples" between 
4,000 and 20,000 Hz. Output from a "0 
dB" 1000 -Hz recording was 2.03 volts, 
and the A- weighted S/N (measured 
with an IVIE IE -30A Audio Analyzer), 
was 99.2 dB referred to that level. The 
harmonic distortion, playing the 1000 - 
Hz test tones of the Sony YEDS 2 

record, which are recorded at levels 
from 0 to -90 dB, was -95 dB 
(0.0018 %) at 0 dB. Since the distortion 
components remain at about the same 
amplitude for all signal levels, the per- 
centage increased at lower recorded lev- 
els. Eventually it was masked by system 
noise, but even at a - 20 dB level the 
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THD was -70 dB, or 0.03 %. 
Intermodulation distortion was also 

measured at levels of 0 and - 20 dB, 
with readings of 0.004% and 0.039% 
respectively (for an SMPTE measure- 
ment with 60 and 7000 Hz tones at a 4:1 
amplitude ratio.) Channel separation at 
1000 Hz (averaged for the two direc- 
tions of crosstalk) was 99 dB, and at 
20,000 Hz it was 93.5 dB. As expected, 
the flutter was unmeasurable, reading 
the instrument residual of 0.001% on 
our flutter meter (the same reading was 
obtained using the meter's internal crys- 
tal controlled 3150 -Hz signal). 

We made limited measurements of 
the model's ability to withstand physi- 
cal shock without mistracking. All CD 
players are susceptible to losing optical 
contact with the recorded track if they 

"The total lack 
of noise, distortion, 
crosstalk, or flutter 
...transcena's any- 
thing previously 
available .. 

are jarred, and the Magnavox unit is no 
exception. However, it is at least the 
equal of a good record player in this re- 
spect, and has the advantage of being 
immune to acoustic feedback that can 
cause howling or simply a muddying of 
the sound when playing LP records. 

An important consideration for a 
compact disc player is its ability to cor- 
rect for bit errors, which are inevitable 
during playback. All available machines 
employ fairly elaborate error correction 
systems, typically designed to cope with 
interruptions of up to 3000 or more bits 
without loss of tracking or even a no- 
ticeable gap or noise in the program. To 
evaluate the effectiveness of these error 
correction circuits, we used a special 
Philips test disc on which a wedge - 
shaped portion of the information layer 
(recorded with music) is "damaged," so 
that the length of the dropout can be de- 
termined by reference to the disc por- 
tion being played. It also has dots of dif- 
ferent sizes painted on the transparent 
protective layer to evaluate the effect of 
external dirt or scratches on informa- 
tion retrieval, as well as a simulated fin- 

gerprint formed of parallel -ruled lines. 
The Magnavox FD1000SL was out- 
standing in this test, being completely 
unaffected by any of the errors on the 
test disc. 

User Comment. The Magnavox 
FD1000SL worked perfectly in extend- 
ed -use tests, playing a number of com- 
mercial -music CD records and sampler 
discs. The programming system was 
flawless, with the sound beginning ex- 
actly at the start of each programmed 
selection. However, the movement of 
the pickup to the programmed position, 
or under the control of the REV and 
FWD SEARCH buttons, was very slow 
compared to other machines we have 
used. For example, if selection #15 was 
the first programmed for playing, the 
unit required more than 18 seconds to 
reach it from the starting point, com- 
pared to typical times of 1 to 6 seconds 
for other machines. 

The Compact Disc is in its infancy, of 
course, and whatever opinions one 
might form on the basis of incomplete 
information or hearsay are likely to be- 
come modified in the future. Our reac- 
tion to it is overwhelmingly enthusias- 
tic. The total lack of noise, distortion, 
crosstalk, or flutter results in a listening 
experience that transcends anything 
previously available to an audio 
enthusiast. 

Not every digital recording is so out- 
standing (many come from analog mas- 
ters, and cannot be better than the mas- 
ter tape), but the medium is everything 
that has been claimed for it. It will not 
replace the LP record for some time, if 
ever, but will supplement it much as 
tape has supplemented records for de- 
cades. Inevitably, the price of the CD 
players will come down to the level of 
any reasonably good turntable or cas- 
sette deck, and at that time anyone who 
is serious about good sound will have 
added digital disc capability to his mu- 
sic system. 

It is important not to confuse the 
Compact Disc with the so- called "Digi- 
tal Discs" that have been on the market 
for some time, and which are really con- 
ventional analog LP records made from 
digital master tapes. They are indeed 
likely to be superior to standard -type 
LPs. However, our experience suggests 
that a CD made from a good analog 
master tape is likely to be much better 
than an LP made from a good digital 
master. CD discs are expected to sell for 
$17 to $22 each, a premium price for a 
premium sound and long -lived 
fidelity. -Julian D. Hirsch 
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NTS Electronics 
Learn Robotics, 
Microcomputers, 
Microprocessors, 
Digital Video, Test 
Equipment and more 
with NTS IF1TFiOF11E'Mhome 
training. Courses include 
state -of- the -art equipment, 
lessons and texts to make 
your hands -on programs 
exciting and down -to- 
earth practical. 

NTS Intronic Training is a carefully developed 
and tested learning system providing a tho- 

rough intergration of advanced electronic 
hardware with modern lesson texts. The 

relationship between theory and practical 
applications is made clear through the 

hands -on experience of building and 
assembling kits of state -of- the -art 

equipment. Courses include a wide 
variety of test instruments, both digital 

and analog, as well as other units 
not shown here. And, depending on 

the NTS program you select, you 
can earn up to 30 CEU credits for 

successful completion. Our full- 
color catalog has complete 

details. NTS has taught 
industrial skills for over 

78 years -a record 
that has no equal. 

HERO 1 is included in two 
courses, one basic and one 
advanced. You'll cover 
principles of industrial 
electronics, microprocessor 
troubleshooting, fundamen- 
tals of mechanics, and robotic 
applications in industry. 
You'll learn analog and digital 
skills, radio control, fluidic, 
pneumatic and servo -mechanisms, 
as well as computer interfacing 
and robotic programming. 
HERO 1, complete with arm, 
gripper and speech synthesis 
board, is a fully self- contained 
electro- mechanical robot -the 
featured unit in the most 
exciting training programs 
ever offered in home study. 

54 Computers & Electronics 



Training.......... 
FIRST WITH TOMORROW'S 
TECHNOLOGY . 
1. Advanced "Z Chassis" NTS /HEATH "Smart Set" 
with computer space command remote control and 
space phone. Originate or receive telephone calls 
through this set and the number appears 
on the screen -store your police and other 
emergency numbers into memory which may 
be recalled and auto -dialed at any time. 
Traditional and incomparable picture quality. 
Unit has Quartz Controlled Tuning, 178 
channel capacity, remote antenna switch 
accessory for reception of VCR, VDR, Broad- 
cast, Cable, Video Games, and Personal 
Computer Input (no cable change) plus 
computer- controlled color. Featured 
in all -new Video Technology Course. 

2. NTS /HEATH HN89A Microcom- 
puter is included in two programs. 
This famous and reliable unit features 
Floppy Disc Drive, 48K Memory on 
Board, CRT Terminal with its own 
Z -80 Processor, and standard 
keyboard as well as Numerical Input Keyboard. The growing 
importance of computer knowledge and skills have made 
these programs increasingly significant. The experience 
gained in assembling these kits is invaluable in the 
understanding of computer troubleshooting skills. 

1 

Simulated TV Reception 

7 
12:01:36 

714.55$ -1212 

3. NTS Microprocessor Trainer is included in our Industrial and 
Microprocessor Technology Course. It is a portable unit, contained in 

a convenient high- impact carrying case. Hardware/ 
Firmware includes Monitor Operating System- 
Expandable User Memory -User Experimental On- 
Board Section -Breakpoint Editor -Single Step Trace - 
Cassette I /O. 
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August 1983 
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Use the mall -In card or fill cut and mall the coupon. Indicate the field of your choice. 
(One, only please.) FREE full color catalog will be sent to you by return mail. 

NATIONAL TECHNICAL SCHOOLS Dept 205 -083 
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RADIO SHACK 

state "disk" to the system, which keeps 
its files in memory. Files stored this way 
can be accessed, read, and written to 
with much more rapidity than ordinary 
disk files on a floppy. You can also use 
the Memdisk feature if you only have 
64K of RAM, but its principal use is 
with the extra bank of memory that the 
Model 4 will support. All TRSDOS util- 
ities treat the Memdisk files exactly like 
any other drive, so you can cos'', BACK- 

UP, REMOVE, PURGE, ATTRIB (protect), 
and display the directory of the files on 
the Memdisk. 

Like the Model III, the Model 4 
comes with a parallel printer interface; 
however, there is an optional serial 
RS232C interface. 

One of the new options of the Model 4 
in the ability to use CP /M Plus, the lat- 
est version of the "universal operating 
system." This makes the entire library 
of CP /M -80, user controlled software 
available to TRS -80 Model 4 users. 

Of course, the Model 4 uses the latest 
version of Radio Shack's operating sys- 
tem, TRSDOS, as it major system. This 
is TRSDOS 6.0. This version is substan- 
tially different than previous versions of 

TRSDOS. To TRS -80 experts it will 
look like an operating system that was 
written for Models I and III, called 
LDOS. The reason for this is that it is 

the latest edition of LDOS! 
When Radio Shack first decided to 

release its disk system for the TRS -80 
Model I, the decision was made to use a 
Radio Shack DOS rather than adopt 
one of the major disk operating systems 
available for licensing. A new system 
was written and released as TRSDOS 
1.0, but it has bugs in it like all the new 
systems. These were corrected and the 
system was extended as it went through 
various updates. 

Other companies came out with alter- 
nate operating systems for the TRS -80 
computers, some of them compatible 
with TRSDOS and some not. Each 
gained some users. After a while, those 
TRS -80 owners who were considered 
expert came to respect LDOS from Log- 
ical Systems as a superior DOS. Radio 
Shack now sells it as an alternate for the 
Model III. 

When it came to providing a new op- 
erating system for the Model IV, Radio 
Shack broke with its tradition and went 

to Logical Systems for a new version of 
TRSDOS that was based on LDOS. The 
result is TRSDOS Version 6.0, a really 
fine system. It has features that are 
found in very few personal computer 
operating systems. 

Radio Shack has gone to a great deal 
of trouble to ensure compatibility with 
previous versions of TRSDOS and with 
LDOS. The version of TRSDOS used 
with the Model III is 1.3 and it is com- 
patible with the Model 4. However, 
there are a few differences. An applica- 
tion program running under TRSDOS 
1.3 prints larger and fewer characters 
on the screen than one running 
TRSDOS 6.0. This is because it is de- 
signed for the 64- character screen on 
the Model III. TRSDOS 1.3 commands 
work slightly differently than TRSDOS 
Version 6, but the differences are clearly 
explained in the manual. 

The two versions of TRSDOS format 
disks differently. There is a conversion 
program on Version 6 called CONV to 
move files stored on a Version 1.3 

diskette to a Version 6 diskette. This is 
not necessary in order to run Model III 
programs on Model 4. 

TRSDOS 6.0 has many more features 
than I can mention in this article, but 
some are important because they are not 
found on many other systems. 

ATTRIB: Assigns passwords and 
attributes to a particular file or group of 
files. The level of file protection can be 
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VIC 20 

40 -80 COLUMN BOARD 
only 59900 4/0 

Now you can get 40 or 80 Columns on your T.V. or monitor at one time! No more 
running out of line space for programming and making columns. Just plug in this 
board and you immediately convert your VIC -20 computer to 40 or 80 columns! 
PLUS, you get a Word Processor, Mail Merge program, Electronic Spreadsheet (like 
VISICALC) and Terminal Emulator! These PLUS programs require only 8K RAM 
memory and comes in an attractive plastic case with instructions.List$149 Sale $99 

COMMODORE 64 COMPUTER - "80 COLUMN BOARD" LIST $275 SALE $179 

( as it0 Sim Jun cÁaoe 1:aoou.,tt 
"15 DAY FREE P R O'T E C TC We have the lowest V1C20 prices 

We have over 500 programs E N T E R P R I Z E S (wE LOVE OUR CUSTOMERS) 

Visa - Mastercharge - C.O.D. 
We love our customers! 

BOX 550, BARRING TON, ILLINOIS 60010 
Phons 3121382.5244 to order 

toMAKE YOUR VIC -20 
COMPUTER TALK ONLY 

when you plug in our $6900 

VOICE SYNTHESIZER 
You can program an unlimited number of words and sentences and even adjust volume and pitch. 
You can make: Adventure games that talk Real sound action games 
This voice synthesizer is VOTRAX based and has features equivalent to other models costing over 
$370.00. To make programming even easier, our unique voice editor will help you create words and 
sentences with easy to read, easy to use symbols. The data from the voice editor can then be easily 
transferred to your own programs to make customized talkies. 

FREE - Your choice of $19.95 4" Speaker and Cabinet or $14.95 Voice Editor if you order 
before June 15, 1983! 

"15 DAY FREE TRIAL" PROTECTO We have the lowest VIC -20 prices 
We have over 500 programs E N TE R P R I Z_ E S (WELOVEOURC1STOME116) 

Visa - Mastercharge - C.O.D. 
BOX 550, BARRINGTON, ILLINOIS 60010 

We love our customers! Phone 312/382.5244 to order 

Circle No. 69 on Free Information Card 
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set to be restricted to a person who en- 
ters a password. Moreover, the protec- 
tion can be set up in levels so that a pass- 
word can only EXECUTE (Run) a 
program, READ a program, UPDATE a 
program, WRITE to a program, RE- 
NAME a file, or REMOVE a file. This kind 
of protection is usually only found on 
larger systems. 

comm: A built -in communications 
program that lets two computers talk to 
each other via a device, usually the 
RS232C serial communications. comm 
lets the Model 4 be used as a terminal in 
communications and to transfer files to 
and from another computer. In addition 
it can be used to spool output from an- 
other computer to the printer. comm 

also allows the computer to access Bul- 
letin Board Systems Networks, and 
Electronic Mail Systems. While this 
type of thing is common, it is rarely 
built into an operating system. It is not 
only a money saver, but a great conve- 
nience that many users will appreciate. 

The function keys FI and F3 actually 
have many more possible functions 
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The Micro Color Computer 

For a long time there has been a rumor 
that Radio Shack was about to come out 
with a new, low -cost, color computer. I 
asked about it during a recent trip to 
Fort Worth to see some other new mod- 
els, but all I got from the Radio Shack 
people at that time was a smile. 

One day shortly after I returned to 
home base, I got a phone 
call advising that I was 
about to receive a package 
"that I had asked about." I 
was as eager as a kid before 
Christmas, waiting for UPS 
to deliver that package. 
When it did arrive, I opened 
it with great expectation. 
Inside was a rare jewel, a lit- 
tle computer, 2" high by 
81/2 " long by 7" wide, called 
the Model MC -10 "Micro 
Color Computer." It comes 
with an external power sup- 
ply and a TV switch. 

There is an excellent 
manual and a quick refer- 
ence card to teach you how 
to run and program the lit- 
tle fellow. This is really a 

course in Micro Color BASIC, a dialect 
that is almost the same as TRS -80 Color 
Basic for the CoCo, the Shack's Color 
Computer. The keyboard has small keys 
(shaped somewhat like Chiclets), but 
they are large enough for most pur- 
poses. The keys cover the usual 
QWERTY characters, numerals and 

punctuation marks, plus cursor com- 
mands and graphics characters. There is 
a second shift level entered using the 
CONTROL key. With this level, you can 
perform single key BASIC commands 
inscribed above the keys. These include 
such commands as RUN, CONT, CLOAD, 
NEW, LIST, CLEAR, CLSD, PRINT, STOP, 
END, SET, RESET, READ, RESTORE, FOR, 
NEXT, STEP, INKEYS, INPUT, GOSUB, 
RETURN, IF, THEN, GOTO, SOUND, 
PEEK, and POKE. The trig functions and 
RND function are also available as sin- 
gle -key entries. 

This is a color computer and can pro- 
duce nine distinct colors. It can also 
produce sound under program control. 
In addition to the graphic characters, 
the MC -10 can use point graphics with a 
64 by 32 grid. This is not very high reso- 
lution, but still good for such a small 
computer. It is like the dancing dog, 
which can not dance very well, but it is a 
wonder that he dances at all! 

The MC -10 also has the capability of 
being connected to a tape recorder for 
data storage and through a serial port 
(DIN connector) to a serial printer. The 
Radio Shack TP -10 printer may be 

used. This is a 32- character, 
4" -wide printer that's capa- 
ble of printing all the MC- 
10 graphics characters. 
Further, the Radio Shack 
LP VII or LP VIII or the 
DMP -100, DMP -120, 
DMP -200, or DMP -400 
printers may be used. You 
can also connect the MC -10 
to the CG -115 or FP -215 
Flatbed Plotters. 

The MC -10 comes with 
only 3K of user memory, 
but there is a cover plate 
protecting a card edge con- 
nector that brings out an ex- 
pansion bus. 

I liked this small comput- 
er very much at the an- 
nounced price of $119. O 
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