


Your computer system needn't cost afortune. 

Some computer kits include little more than a mother board and 
a front panel , and you pay extra for everything else you need to· 
make an operating computer. 

SWTPC doesn't do it that way, so you can get your Southwest 
Technical 6800 Computer up and running at a bargain cost 
compared with most other systems. lt ·comes complete at $395 
with features that cost you extra with many other systems. 

The Extras You Get 
These extras include 4K of random-access memory, a 

mini-operating system in read-only memory, and a serial control 
interface. They give you 1} a considerable amount of working 
memory for your programs. 2) capability through the mini
operating system to simply turn on power and enter programs 
without having to first load in a bootstrap loader, and 3) an 
interface for connecting a terminal and beginning to talk with 
your computer immediately. 

Low-Cost Add-Ons 
Now that you have a working computer, you 'll probably want 

to add at least two features soon, more memory and interfaces 
for needed accessory equipment. Memory for our 6800 is 
another bargain. You can get 4K memory boards for just $100 
and 8K boards for only $250. 

For just $35 you can add either a serial or parallel interface 
board . (And you won't have to buy several interfaces on a costly 
board to get just the one you want.) 

Peripheral Bargains 
Your computer is no good without at least a terminal for 

entering data and viewing computer output, and you will 
probably want a good method of storing programs and data. 

We offer you a line of high-quality peripherals at low prices. 
(You can prove this by just comparing prices.) 

Buy our CT-64 Video Terminal for only $325 and our CT-VM 
Monitor with matching cover for $175. Our MF-68 Dual 
Minifloppy costs just $995, complete with Disk BASIC and a 
disk operating system. For cassette storage our AC-30 
Cassette Interface gives simple control for one or two cassette 
recorders. 

You can get inexpensive hard copy with our PR-40 Al
phanumeric Line Printer. 

We back up the 6800 system with low-cost software. 
including 4K and 8K BASIC. 

Compare the value you get with our computer and peripher
als before you buy. We think you 'll find that SWTPC gives you 
more for your money in every way. 

- $995 for the Dual Minifloppy 
__ $325 for the CT-64 Terminal 
_ _ $175 for the CT-VM Monitor 
__ $395 for the 4K 6800 Computer 

-----inJoBiciiS:---------------
__ $250 for the PR-40 Line Printer 
__ $79.50 for AC-30 Cassette lnferface 
_ _ Or BAC fl Exp. Date ___ 
_ _ Or MC fl Exp_Date _ _ _ 

-----------------------------------
11 I1Ld Southwest Technical •--•· _ _._•-...,-iiil Products Corp. 

219 W. Rhapsody, San Antonio, Texas 78216 
London: Southwest Technical Products Co .. Ltd. 

b 
Name Address -- - - ----- - -- Tokyo: Southwest Technical Products Corp./Japan 

City State Zip _ _ _ --Eire le 102 on inquiry card . 

Our interfaces cost little compared with many other systems. 



You can now have the industry's 

finest microcomputer 

with that all-important 

disk drive 


YOU CAN GET THAT 
ALL-IMPORTANT SOFTWARE, 

TOO 
loading your programs and files 

will take you only a few seconds with 
the new Cromemco Z-20 computer. 

You can load fast because the 
Z-20 comes equipped with a S" 
floppy disk drive and controller. Each 
diskette will store up to 92 kilobytes. 

Diskettes will also store your pro
grams inexpensively-much more so 
than with ROMs. And ever so much 
more conveniently than with cas
settes or paper tape. 

The Z-20 itself is our fast, rugged, 
professional-grade Z-2 computer 
equipped with disk drive and con
troller. You can get the Z-20 with 
either single or dual drives (dual 
shown in photo). 

CROMEMCO HAS THE 
SOFTWARE 

You can rely on this: Cromemco 
is committed to supplying quality 
software support. 

For example, here's what's now 
available for our Z-20 users: 
CROMEMCO FORTRAN IV COM 
P! LER : a well-developed and power
ful FORTRAN that's ideal for scien
tific use. Produces optimized, relo
catable Z-80 object code. 
CROMEMCO 16K DISK BASIC : a 
powerful pre-compiling interpreter 
with 14-digit precision and powerful 
1/0 handling capabilities. Particularly 
suited to business applications. 
CROMEMCO Z-80 ASSEMBLE R: a 
macro-assembler that produces relo
catable object code. Uses standard 
Z-80 mnemonics. 

Cromemco 
ncorpora ed 

Speclallsts In computers and peripherals
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The profess iona l
grade microcomputer 

for professionals 

ADVANCED CONTROLLER CARD 
The new Z-20 is a professional 

system that gives you professional 
performance. 

In the Z-20 you get our well 
known 4-MHz CPU card, the proven 
Z-2 chassis with 21-slot motherboard 
and 30-amp power supply that can 
handle 21 cards and dual floppy 
drives with ease. 

Then there's our new disk con
troller card with special features: 

• 	 Capability to handle up to 4 
disk drives 

• 	 A disk bootstrap Monitor in a 
1K 2708 PROM 

• 	 An RS-232 serial interface for 
interfacing your CRT terminal 
or teletype 

• 	 LSI disk controller circuitry 

Z-2 USERS: 
Your Z-2 was designed with the future 
in mind. It can be easily retrofitted 
with everything needed to convert to 
a Z-2D. Only $935 kit; or $1135 for 
assembled retrofit package. 

Shown with optional 

bench cabinet 


We're able to put all of this in
cluding a UART for the CRT interface 
on just one card because we've taken 
the forward step of using LSI con
troller circuitry. 

STORE/ FACTORY 
Contact your computer store or 

Cromemco factory now about the 
Z-20. It's a real workhorse that you 
can put to professional or OEM use 
now. 
Kit: Z-2D with 1 disk drive 

(Model Z2D-K) ... . .. . .. . .. . . $1495. 
Assembled: Z-2D fully assembled 

and tested (Model Z2D-W) .... $2095. 
Additional disk drive 

(Model Z2D-FDD) . . .. . ....... $495. 

SOFTWARE 

(On standard IBM-format 


soft-sectored mini diskettes) 

16K BASIC (Model FDB-5) . ... . . ... $95 

FORTRAN IV (Model FDF-5) . . . . .. .. $95 

Z-80 Assembler (Model FDA-5) .... $95 
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The easy way to get disk storage, 

FORTRAN IV, and other programming power 


Control up to Control up lo CRT terminal 
four 8" drlvei1 three sn drives interface 

Here's a new disk controller and 
disk drive combination that will set 
you up for truly powerful disk storage. 

The new controller is extremely 
versatile. You can use it with either 
our new S" single disk drive or our 
8" dual disk drive. In fact, the con
troller will interface up to three 5" or 
four 8" drives. 

That means you can have enor
mous disk storage since the new con
troller puts 92 kilobytes on each side 
of a 5" diskette and 256 kilobytes on 
an 8" diskette. Recording is in soft
sectored IBM format. 

FORTRAN IV AND MORE 
You can get still more Cromemco 

disk operation aids. For example, we 
also offer FORTRAN IV for our com: 
puter users. 

And as in so many things, we are 
the first manufacturer in the field to 
offer this advanced program for the 
Z-80 ftP. 

Besides FORTRAN IV we also offer 
our specia l BASIC (14-digit precision), 
our Z-80 Assembler, and now an en
tertainment diskette with over a doz
en of our Dazzler® games. 

KEYBOARD CONTROL 
The new Model 4FDC disk con 

troller (supplied in our Z-2D) is for 
our Z-2 computer or any S-100 bus 

1 kilobyte 
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Dual 8" 
disk drive 

board control of your disk drive 
and also includes a bootstrap to 
load our powerful COOS disk 
operating system supp lied on all 
Cromemco diskettes. 

• 	 The controller will interface your 
CRT terminal through its RS-232 
serial port. May save you an 1/0. 

• 	 It has 5 programmable interval 
timers. 

• 	 It has vectored interrupts. 
• 	 And it has an 8-bit parallel input 

port and an 8-bit parallel output 
port. 

LOOK TO THE FUTURE 
This new disk controller equips 

you for the future as well as for now. 
Not only can you now have very 
large storage, but the features of the 
controller and the standard IBM for
mat protect you from early obso
lescence. 

STORES/FACTORY 
This new card and the disk drives 

are in production and available. 
So contact your computer store 

or the factory today and you can have 
the power of FORTRAN IV and a 
large memory right away. 

PRICES 

Model 4FDC·K Oisk Cont roll er kit. .. .. ..• . .. $ 395 

Model 4FDC-W Disk Controller assembled ... $ 595 

Model WFD S" single disk drive assembled •. $ 495 

Model PFD-K 6" dual disk drive kh . ........ $1995 

Model PFD·W 8" dual disk drive assembled • •$2495 


Disk drives are complele wllh 

power >upply, case and cables. 


SOFTWARE 
Purchasers of Cromemco computers 

or drives may purchase software on 511 

or 8" diskettes as fol lows: 
S" 811 

Diskette Diskette 
Model Model Price 

FORTRAN IV FDF-S FDF-L $95 
Z·BO Assembler FDA-S FDA-L $95 
16K BASIC FDB-S FOB-L $95 
Dazzler" games FDG·S FOG-L S95 

computer using our Z-80 CPU card . 
You shou ld also know about these [3 Cromemeo

other capabilities of the new con  incorporated
troller: Specialists in computers and peripherals 
• 	 Its PROM-resident Disk Operating 2400 CHARLESTON RD. , MOUNTAIN VIEW, CA 94043 • (415) 964-7400 
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In This 

The compleat robotics experi
menter must have a thorough back
ground in biological models of be
havior and control, as noted in 
November's ed itorial. With this issue, 
Ernest W Kent begins the first insta ll
ment of a four part series with The 
Brains of Men and Machines, Part 1: 
Biological Models for Robotics. Dr 
Kent has provided readers with a 
tho roughly understandable intro 
duction to a number of concepts 
essential to an understandin g of the 
human brain and its simulation in 
robotic mechanisms. (Page 77) 

Can the experimenter who runs a 
small computer business deduct the 
price of additional memory for the 
computer? What kind of tax records 
should the small business keep? If 
you've been thinking of opening 
your own small computer business, 
read Elizabeth M Hughes' The IRS 
and the Computer Entrepreneur for 
the answers to these and many more 
tax questions. (Page 27) 

Last month, Steve Ciarcia described 
an inexpensive 8 channel digital volt
meter driven by a microcomputer. 
Read Add More Zing to the Cocktail 
in this month's Ciarcia 's Circuit Cellar 
and find out how to add multiple 
ranges, AC and DC inpu t capability 
and overvoltage protection to the basic 
circuit. (Page 37) 

When designing a floppy disk inter
face, the experimenter is faced with 
the continuous battle of hardware 

UYTEJ•ouary 1978 

Page 744 

versus software tradeoffs. David M 
Allen's A Floppy Disk Interface 
balances the two extremes and shows 
you how to get a floppy disk system 
up and running. (Page 58} 

Paul M Jessop explores the func
tional organization of The Motorola 
6800 Instruction Set showing Two 
Programming Points of View.(Page 84) 

Robert Bumpous provides A User's 
Reaction to the SOL-10 Computer 
in this issue. Learn a bit more about 
the Processor Technology computer's 
design and assembly procedures in 
Robert's article. (Page 86} 

In what is probably the world's 
simplest such design, Walter Banks 
describes a neat hack, The Waterloo 
RF Modulator, used to convey digit
ally generated video information from 
a computer to a standard television 
set. (Page 94)

' m' 

' 

Page 708 

On a battlefield for (intellectual} 
titans, the forces of black versus white 
met recently in Toronto. Who won? 
It was the artificial in te ll igence ex
perimenters, who demonstrated their 
nonarti ficia l inte lligence in construct
ing the programs ente r·ed in the 
Second World Computer Chess Cham
pionships, held last August during 
the IFIPS show. 16 programs met in 
logical conflict, with CHESS 4.6 con
quering all to win the current title. 
Turn to Peter Jennings' article for 
a summary of the action . (Page 708) 

In Structured Programming with 
Warnier-Orr Diagrams, Part 2: Coding 
the Program, David A Higgins uses th e 
program design completed in part 1 
and demonstrates how to effic iently 
turn a diagram into a working BASIC 
program. (Page 722) 

Continuing the discussion of mo
tion calculated with a personal com
puter, Stephen Smith's article Simula
tion of Motion: Model Rockets and 
Other Flying Objects turns to the 
need for simulating angular degrees 
of freedom and components of force 
along different directions. (Page 744) 

Are you uncertain as to how basic 
arithmetic operations such as mul
tiplication and division are performed 
on your computer? If so, Wayne H 
Ledder's article A Novice's Eye on 
Computer Arithmetic may help you 
out. (Page 750) 

Using the RAECO paper tape read
er requires a mounting. See Jack 
Br·yant's article on Mounting a Paper 
Tape Reader to see how this unit can 
be insta lled in an SwTPC 6800's 
cabinet. (Page 761) 

Building a homebrew system based 
on one of the many microprocessor 
chips available today is an interesting 
challenge. In Notes on Bringing up a 
Microcomputer, Sol Li bes provides 
some general background information 
on the process of wiring and checking 
out a microcomputer based system. 

(Page 762) 

4 



TARBELL SETS STANDARDS 

For Hobbyists and Systems Developers 


Sales to thousands of hobbyists over the past two years have proven the Tarbell Cassette 
Interface to be a microcomputer industry standard . Tarbell Electronics continues research and 
development to produce new and efficient components to fill hobbyists' changing needs. 

TARBELL 

CASSETTE INTERFACE 


• 	 Plugs directly into your IMSAI or ALT AIR• 
• 	 Fastest transfer rate: 187 (standard) to 540 bytes/second 
• 	 Extremely Reliable- Phase encoded (self-clocking) 
• 	 4 Extra Status Lines, 4 Extra Control Lines 
• 	 37-page manual included 
• 	 Device Code Selectable by DIP-switch 
• 	 Capable of Generating Kansas City tapes also 
• 	 No modification required on audio cassette recorder 
• 	 Complete kit $120, Assembled $175, Manual $4 

TARBELL FLOPPY DISC INTERFACE 
• 	 Plugs directly into your IMSAI or 

ALTAIR• and handles up to 4 
standard single drives in daisy
chain . 

• 	 Operates at standard 250K bits 
per second on normal disc format 
capacity of 243K bytes. 

• 	 Works with modified CPI M 
Operating System and BASIC-E 
Compiler . 

• 	 Hardware includes 4 extra IC 
slots , built-in phantom bootstrap 
and on-board crystal clock. Uses 
WO 1771 LSI Chip . 

• 	 6-month warranty and extensive 
documentation . 

Compatible Disc Drives• 	 PRICE: 
Kit $190 . . . .. . Assembled $265 Ask about our disc drives priced as low as $525. 

• Gold plated edge pins 
• Takes 33 14-pin ICs orTARBELL I•:-------· 
• 	Mix 40-pin , 18-pin, 16-pin andPROTOTYPE 14-pin ICs 

BOARD • Location for 5 volt regulator 
• Suitable for solder and wire wrap Model 1010 
• AL TAIR/IMSAI compatible 

Price: $28.00 

For fast , off the shelf delivery, all Tarbell Electronics products may be purchased from computer store dealers 
across the country . Or write Tarbell Electronics direct for complete information . 

20620 South Leapwood Avenue, Suite P 
Carson, Collfornla 90746 

(213) 538-4251 
I 
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What Is This 
Phenomenon 
Personal 
Computing? 

Art iclts Pol icy 

BYTL ii cuniinuol/y seeking quo/It)' 
manuscripts wrltltn by lndividuols who 
orl! upplJ•inq pusonal compu ltr sys l t'ms, 
detlgniny such syHems, or who have 
knowJrdge- wMrh wlll prove ustful to 
our f'f'Odt rs. ,..-or 11 m ore formof desaip
tion of proC'tdur~s find rtq ulum t.>nts, 
pot rntfol authors sh ould stncl u self· 
r;cldreued, Humped enve/opt to B \f TI~ 
..,u thors' Guidi•, 70 Main S t, Pe 11·r· 
borough Nfl 03458. 

A rliclt•s which ore cJe<t•p rrd cJrt 
prtrchasi:d wilh u raft' o f up 10 $50 pn 
mol}tUlnt poge, b tJstd on tu lmicol 
quafily und wi'1uhility for B ~~ Tf"s 

rtudns/Jip. t:ach m onth 1 the uc1thors 
of the t wo ltodlng orl lclts In lht re udu 
poll ( BYTE's Ongoing Moni tor Box or 
"BOMB") art presem ed with bonus 
clu~cks of S 100 and SSO. Unsollclud 
moteriols should be orcomponied by full 
namt• and cJddreu, cJS well e1s rewm 
pOSIO!Jt!. • 

People newly acquainted with the 
personal computer concept often are baffl ed 
by the idea. What does it mean to have and 
use a personal computer? Why are such 
computers all of a sudden becoming a 
prominent technological feature of our 
cul ture? In posing these questions and 
writing a short essay on the subject , a key 
purpose is to provide a brief overview and 
summary of personal computing for our 
newer readers, an exercise which it is neces
sary to perform fro m time to time. But the 
same exercise helps me to review and get a 
perspective on what is happening, and will , 
I hope, serve readers fa mi liar with the fie ld 
as an opportu nity for reflection upon the 
marketplace as it is seen today. 

The very fac t th at I even have to take 
into account the exis tence of new readers 
is a reveal ing statement about the nature of 
the growth wh ich has occurred in th is fi eld: 
when BYTE magazine was started by me, 
my partner Vi rgi nia Peschke and several 
associates in mid-197 5, the starting point 
was essentiall y zero- the 250-odd subscribers 
to a newsletter technical publication I had 
been publishing for about a year. Now, as 
the 29th monthly issue of BYTE magazine 
goes to press, the November 1977 issue has 
just been delivered to over 105,000 people 
by subscription or sales in over 600 com
puter stores. As nearl y as we can tell, we are 
stil l in the exponential growth stage of our 
circulation and have by no means saturated 
the prospects for interested readers. But this 
is only a reflectio n upon the industry as a 
whole. We coul d not support such a large 
circulation if it weren't fo r the fact tha t 
the re is a large and active group of manu
facturers who are producing and sell ing the 
products which our readers need and use 
as personal computi ng oriented peop le. 
Why? 

Ours is a cul ture of the mi nd. Western 

So What Is the Current Personal Computer User Like? 

Scheduled for mailing January 75 7978 is a new BYTE reader 
survey. Approximately 5000 readers selected at random from our 
subscription mailing list in December will receive a detailed question
naire concerning numerous aspects of personal computer use and 
enjoyment, as well as normal demographic data. A summary of the 
statistics from this survery w/11 be published in BYTE after the analy
sis Is completed (as was done last year). If y our name is picked, we'd 
appreciate y our response to the survey, in the interest of creating 
an accurate statistical record of what is happening and has happened In 
thls field. 

civi lization's most prominent characteristic 
is th at it salu tes the indiv idu al think ing 
bei ng (and indeed its genera lizations to any 
sentient beings which may exist in the 
universe). The individu al human mind is the 
temple from which all the appurte nances of 
modern civiliza tion spring. Our market 
oriented civil ization, more than any other, 
te nds to recognize and promote the pro
ducts of the individual thinker, whether 
engineer, nove list, sc ientist, manager, 
student, capital ist, lawyer or a host o f other 
specializations. To think is the sta ndard 
human mode of operation, a part of the 
bu il t-in equipment which has evolved in 
the species Homo sapie ns. 

The fact that humans have perso nal 
values and resultant emotions and feelings 
is in no way inconsistent with th is descrip
tion of humanity. If I know joy at some 
aspect of I iving, the fact tha t I can perceive 
such is often enhanced, if not made possible, 
by th e operation of my mind. If I know 
sorrow at some other aspect of living, the ac t 
of knowi ng is made possib le by the oper
ation of my mind. And of course, I gener
alize th is: I am not the only active being 
on th is plane t. Every one of the readers of 
th is essay is a unique variation on a simi lar 
theme. Into this mil ieu of a cultu re which 
celebrates and promotes individual achieve
ment as a way of li fe springs an achieve
men t of numerous individuals working in 
concert, the modern large scale integrated 
circuit, the computer on a ch ip. The resul t 
is today 's real life version of wha t migh t 
have been a sc ience fiction scenario in past 
decades. 

The human mind from which this 
achievement springs is a portable, fai rly 
efficient, and qu ite remarkable th inking 
machine, a product of countless millennia 
of evolution where the guiding standard has 
been success as an organism in a complicated 
environment. The human mind is in tricately 
involved with the phenomenon which is the 
computer as we know it in this culture : the 
compu ter is a genuine manifestation of a 
hard to defi ne science fiction concept, the 
"thought amplifier ." As a practical reality, 
it invo lves no technological ex tensi ons of 
biology, no mystical force fields, not one 
iota of built-in enmity fo r humans. The 
computer in all its uses is nothi ng more than 
an extension of the mind of its user. The 
programs which we all put into our com
puters are crystallizations of ou r own 
thought processes in a form which can be 

Continued on page 142 

By Carl Helmers 
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LookToThe North Star HORIZON Computer. 

HORIZON ™- a complete, high-performance mi roprocessor 
system with i ntegra ted f loppy disk memory. HOR IZON is 
attract ive, professionally engineered, and idea l for business, 
educational and personal applicatic ns. 

To begin programming in extend d BASIC, merely acid a CRT 
or harrl -rnpy terminal. HORI ZON-1 includes a ZBOA processor. 
16K RAM , mini floppy™ disk and 12-s lot S-100 motherboard 
with serial terminal interface - all standard equipment. 

WHAT ABOUT PERFORMANCE? 
Th Z80A processor operates at 4MH Z - double the power of 
the 8080. And our 16K RAM board let the Z80A execute at 
full speed. HORIZON can load or save a 10K byte disk program 
in less than 2 seconds. Each diskett e can store 90K bytes. 

AND SOFTWARE, TOO 
HOR IZON includes the North Star Disk Opera ting System and 
full extended BASIC on diskette ready at power-on. Our BASIC, 
now in widespread use, has everything desired in a [.3AS IC, in
cluding sequentia l and random disk files, formatted output, a 
powerful line editor. strings, machine language CALL and more. 

EXPAND YOUR HORIZON 
Also avai lable- I ardware f loat ing poi nt boa rd (FPB ); addi
t ional 16K memory b ards with parity option. Adel a second 
disk drive and you have HORIZON-2. Economica l serial and 
parallel 1/0 ports may be installed on the motherboard . Many 
widely available S-100 bus peripheral boards can be added to 
HORI ZON. 

QUALITY AT THE RIGHT PRICE 
HORIZON processor board. RAM. FPB and M ICRO DISK SYS
TEM cc1n be bought separatelv for either Z80 or 8080 5-100 bus 
systems. 

HORIZON-1 $1599 ki t ; $1899 assembled. 
HO RI ZO -2 $1 999 ki t ; $2349 assC'mblcd. 

16K RAM - $399 kit : $459 assernbl cl ; Parity opt ion $39 kit ; $59 
ass •mbled. f PB $259 kit ; $359 assembled. ZBO board $199 kit ; 
$2'i9 assembled. Prices uhject to changC'. HORIZ01 offered 
in choice of wood or blue metal covc:> r at no extra charge. 

Wri te for free co lor catalogue or vi it your loca l computer store. 

NORTH STAR * COMPUTERS 

2465 Fourth Street • Berkeley, Cali fornia 94 710 • ( 415) 549-0858 
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built-in speaker. 

You've just run out of excuses 

for not owning a personal computer. 


Clear the kitchen table. Bring 
in the colorTV. Plug in your new 
Apple II; and connect any standard 
cassette recorder/player. Now you're 
ready for an evening of discovery in 
the new world of personal computers. 

Only Apple II makes it that 
easy. It's a 

But Apple II is more 
than an advanced, infinitely 

flexible game machine. Use 
it to teach your children 

arithmetic, or spelling 
for instance. Apple II 
makes learning fun. 
Apple II can also 

manage household finances, 
chart the stock market or 

index recipes, record collections, even 
control your home environment. 

Right now, we're finalizing a 
peripheral board that will slide into 
one of the eight available mother
board slots and enable you to compose 

music elec
tronically. 
And there 
will be other 
peripherals 
announced 
soon to 
allow your 
Apple II to 

talk with another Apple II, or to inter
face to a p1inter or teletype. 

Apple II is designed to grow
with you as your skill and experience 
with computers grows. It is the state 
of the art in personal computing today, 
and compatible upgrades and peri
pherals will keep Apple II in the fore

Write us today for our detailed 
brochure and order form. Or call us 

for the name and address of the 
Apple II dealer nearest you. (408)
996-1010. Apple Computer Inc., 

20863 Stevens Creek Boulevard, 

front for years to come. 

Bldg. B3-C, Cupertino,
California 95014. 

I. 

complete, ready to use computer, not a 
kit. At $1298, it includes video gra
phics in 15 colors. It includes SK bytes 
ROM and 4K bytes RAM-easily 
expandable to 48K bytes using 16K 
RAMs (see box). But you don't even 
need to know a RAM from a ROM to 
use and enjoy Apple II. For example, 
it's the first personal computer with 
a fast version of BASIC permanently 
stored in ROM. That means you can 
begin writing your own programs the 
first evening, even if you've had no 
previous computer experience. 

The familiar typewriter-style 
keyboard makes it easy to enter your 
instructions. And your programs can 
be stored on-and retrieved from
audio cassettes, using the built-in 

cassette interface, so you can swap 
with other Apple II users. 

You can create dazzling color 
displays using the unique color gra
phics commands in Apple BASIC. 
Write simple programs to display 
beautiful kaleidoscopic designs. Or 
invent your own games. Games like 
PONG-using the game paddles. 
supplied. You can even add the dimen
sion of sound through Apple II's 

applcz computczr inc:· 


Apple II™ is a completely self·contained 
computer system with BASIC in ROM, 
color graphics, ASCII keyboard, lig:ht
weight, efficient switching power supply 
and molded case. It is supplied with 
BASIC in ROM, up to 48K bytes of 
RAM, and with cassette tape, video and 
game 1/0 interfaces built-in. Also in
cluded are two game paddles and a 
demonstration cassette. 

SPECIFICATIONS 
•Microprocessor: 6502 (lMHz). 
•Video Display: Memory mapped, 5 

modes-all Software-selectable: 
· Text-40 characters/line, 24 lines 

uppercase. 
·Color graphics-40h x 48v, 15 celors 
· High-resolution grapbics-280h x 

192v; black, white, violet, green 
(12K RAM minimum required) · 

· Both graphics modes can be selected 
to include 4 lines of text at the bottom 
of the display area. 

· Completely transparent memery 

access. All color generation done 

digitally. 


•Memory: up to 48K bytes on· board 
RAM (4K supplied) 
· Uses either 4K or new 16K dynamic 

memory chips 

·Up to 12K ROM (8K supplied) 


•Software 
· Fast extended integer BASIC in ROM 

with color graphics commands 

· Extensive monitor in ROM 


• 1/0 
· 1500 bps cassette interface 
· 8-slot motherboard 
· Apple game 1/0 connector 
· ASCII keyboard port 

·Speaker 

·Composite 


video 

output 


Apple II is also 

available in board-only 

form for the do-it-yourself hebbyist. Has 

all of the features of the Apple II system, 

but does not include case, keyboard, 

power supply or game paddles. 


PONG is a trademark of Atari Inc. 
•Apple Il plugs into any standard TV using 
an inexpensive modulator (not supplied). 



Order your Applell now. 

from any one of the following authorized dealers : 

Team Eleclronics apple! computc!r inc: 

ALABAMA FLORIDA MASSACHUSETTS NEW YORK TEXAS 

Comoulerl an d 
3020 Unive rsi ty Or. NW. 
Hunlsville 539· 1200 
The Computer Cenler 
303 B. Poplar Pia ce 
Birmingham 942-8567 

ALASKA 
The Alpha Co rporallon 
100 W. ln\'I Airport Ad . 
Anchorage 279· 1316 
Team Electronic s 
Anchorage 276-2923 

Byle Shop 
Ft . Lauderdale 561-2983 
Miami 264 -2983 

GEORGIA 

DataMart . tnc. 
3001 N. Fullon Dri ve 
Al lanta 233·0532 

HAWAII 

Real Share 
190 S. King Slreet #890 
Hon otulu 536· 104 I 

~6 ~~~~~~r.s~~~~811 nc . 
Bur li ngton ~72 -8770 
MICHIGAN 
Team Electronics 
Escanaba 786·3911 
Menominee 864-2213 

MINNESOTA 
Team Eieclronlcs 
Minnelo nka 544 -7412 
Edina 920·4817 

Co mp ulerland 
8111fato 836-651 t 
llhaca 277-4888 
Compu1cr Ma rt of N.Y. 
t 18 Madison Me. 
New York 686· 7923 
Co·OP Eleclro nlcs 
9148 Main Slree l 
Clarence 634-2193 

NORTH CAROLINA 
Byle Shop 
1213 Hi llstoorough St. 

Byte Shop 
3211 Fondren 
Hou slon 977-0664 
Compulerland 
Houston 997-0909 
Aus lrn 452-5701 
Computer Shops . Inc . 
13933 North Centra l 
Da llas 234 ·3412 
The Computer Shop 
68 12$an Pedro 
San Antonio 828·0553 

Anchorage 272-4823 
Fairbanks 456·4157 

ARIZONA 
Byte Shop 
Tempe 894-1129 
Phoenix 942- 7300 
Tucson 327-4576 

CALIFORNIA 
A· vID D Electronics 
2Z 1OBellllower Road 
Long Beach 598-0444 
Byte Shop 
Citrus Heights 961 -2983 
Pa lo Allo 32 7·8080 
Pasadena 684-3313 
San Jose 377-4685 
Sa n Mateo 341-4200 
Sanla Clara 249-4221 
Wa lnul Creek 933-6252 
Computer land 
El Cerri to 233·5010 
~layward 538-8080 
Inglewood 776·8080 
Mission Vie jo 770·O131 
San Diego 560·9912 
San F1ancisco 546-1592 
Thousand Oaks 495·3554 
Tustin 544{)542 
Computer Components 
5848 Sepu lveda Blvd . 
Van Nuys 786-741 1 
Compuler Coun try 
506 E. 1st St. 
Tustin 838-4770 
Comp uter PlaygrouM 
6789 Westminster Avenue 
Westminster 898-8330 

ILLINOtS 
Compulerland 
Arlington Heights 255·6488 
Ni les 967-1714 
Oaktawn 422 ·BOBO 
Dala Domain 
1612 E. Algonquin Rd . 
Shaumb urg 397-8700 
lily Bitty Machine Company 
13 16 Chicago Avenue 
Eva nslo n 328·6800 
Team Electron ics 
Ca rpenlersville 428-6474 
Decatur 877-2774 
Ga tes l>urg 344 -1300 
Moline 797-8261 
Peoria 692-2720 
Rock Island 788-9595 
Rockfo rd 399·2577 
Schaumbu rg 882-5864 
Springfield 525-8637 

IN DIANA 
The Dala Domain 
Fort Wayne 484· 761 1 
Bloomington 334-3607 
We st Lalayette 743-3951 
Indianapolis 251-3139 
The Home Computer Cen ter 
2115 E. 62nd St. 
Indianapolis 25 1-6800 

IOWA 
The Computer Store 
412B Brady St. 
Davenport 38&-3330 
Team Electronics 
Ames 232·7705 
Bettendori 355·70 13 

Eden Pr al rl e 941-8901 
Bemidji 75 t -7880 
Willmar 235-2120 
St. Cloud 253-8326 
Owa lonna 451 ·7248 
Hil>blng 263-8200 
Virginia 74t -5919 
St. Anthony 789·4358 
West St. Paul 451-1765 
Mmneapolis 377-9840 
St . Paul 227-7223 
St. Cloud 251-1335 
Minneapolis 869-3288 
Minneapolis 378-1 t 85 
Maplewood 777-3737 
Mankato 387-7937 
Eveleth 749-8140 
St . Pau l 636-5147 

MISSOURI 
Electron ic Compone nls, lnll. 
t306-B Soulh Hwy 63 
Co lumbia 443·5225 
Team Elewonlcs 

~~rn;~~i~~11a1vd 
Columbia 445·4496 

MONTANA 

Co mp ulers Made Easy 
415 Morrow 
Bozeman 586·3065 
Team Eleclronlcs 
Greal Falls 852-3281 
Missoula 549-4! 19 

NEBRASKA 
Team Elec1ronics 
Grand Island 381 -0559 

Raleigh 833·02 10 
Computer Room 
t729 Garden Terrace 
Ch arlotte 373-0875 
Rom·s &Ram's 
Cral>lree Valley Mall 
Ra leigh 78 1-0003 

NORTH DAKOTA 
Team Electronics 
Bisma rc k 223·4 546 
Fargo 282-4562 
Grand Forks 746-4474 
Mino t 852-3281 
W1ll1s ton 572 -7631 

OHIO 
Compulertand 
1304 SO M Cen ter Rd . 
Maylield Heights 461-1200 
The Data Domain 
Dayton 223-2348 
Cincin nati 56 1·6733 

OKLAHOMA 

Bits . By les &Mic ros 
1186 N. MacArthur Bl,d. 
Oklahoma City 947-5646 
liigh Technology 
1020 W. Wi lshire 0tvd . 
Oklahoma City 843·9667 
Team Electronics 
Norman 329-3456 
Oklahoma City 634-3357 
Oklahoma City B48-5573 
Shllwater 377-2050 
Tulsa 633-4575 
Tulsa 252-5751 
Yokon 373-1994 
OREGON 

Compu ter Terminal 
2101 Myrtle St 
El Paso 532-1777 
The KA Compu ter Slore 
1200 Majesty Drive 
Dallas 

VIRGINIA 
The Compu ter Hardware Slore 
818 Franklin St. 
Ale.andria 548-8085 
Home Computer Center 
Vi rginia Beach 340-1977 
Newport News 595-1955 
Timbe rv ille Eleelronics 
P.O. Box 202 
Tim berville 896·8926 

WASHINGTON 
Team Electronics 
423 W. Yakima 
Yak Ima 453-03 !3 

WASHINGTON, O.C. 
Gerogetown Computer Store 
3286 M. St. N.W. 
Washington . D.C. 362-2 ! 27 

WISCONSIN 
Team Electronics 
Eau Clai re 834-0328 
Eau Claire 834 ·1288 
Madoso n 244 -1339 
Mi lwaukee 461·7600 
Aacine 554 -8505 
Sheboygan 45B ·8791 
Greenda le 421-4300 
Rhinelander 369·3900 
Lacrosse 788-2250 
Wa usau 842-3364 
Milwaukee 672 ·7600 

Compu1er Store 
1093 Mission SL 
San Francisco 431-0640 
The Computer Store 
820 Broadway 
Santa Monica 451 -0713 

Ce dar Rap ids 393-8956 
Dave nport 386·2588 
Dubuque 583·9195 
Iowa City 338-3681 
Sioux City 252-4507 

Lincoln 435-2959 
Omaha 397-1666 
Omaha 333-3100 
Nortolk 379· 1161 
North Platte 534 -4645 

Team Electronics 
Bend 389-8525 
Ca nby 266-2539 
Sa lem 364-3278 

PENNSYLVANIA 

Jane s, illc 756-3150 
Manitowoc 61!4 -3393 
Milwaukee 354· 4880 
Oshkosh 233-7050 
WYOMING 

Elecl ric Brain 
3038 N. Cedar A,e , 
Fresno 227·8479 
Home Ente rtainmenl Emporium 
2100 Sepulveda Bl vd . 
Manhattan Beach 546-250 1 
Ralntmw Computing, Inc . 
I0723 While Oak 
Granada Hilts 360· 2171 
Strawberry Eleclronics 
71 Glenn Way N9 
Belmont 595·0231 
COLORADO 

Sioux City 277·2019 
Wa terloo 235-&507 
Video Midwesl , Inc . 
2212 Ingersoll Ave . 
Des Moines 244-1447 

KANSAS 
Barney & Associates 
425 N. Broad way 
Pittsburg 231-1970 
Team E teclron ics 
Ga rden City 276-2911 
Hutchinson 662-0632 

NEW HAMPSHIRE 
Computermart 
170 Main St reel 
Nashua B83-2386 

NEW JERSEY 

Compulerland 
2 De Hart S1ree1 
Morristown 539·4 077 

~8f~~~~~"2~rt 
lselin 283 ·0600 

Computer Mart ol PA 
Roule 202 
King ol Prussia 265-2580 

SOUTH DAKOTA 
Team Etec1ronics 
Pierre 224· 1881 
Rapid City 343-8363 
Sioux Fa lls 336 -3730 
Sioux Fa lls 339-1421 
Sioux Falls 339-2237 
Wate nown 886-4725 

Team Electronics 
Hi lltop Shopping Cen ter 
207 S. Monlana 
Caspe r 235·6691 

CANADA 
Fu ture Byle 
2274 Rockland 
Montreal, Que. 73 1·4638 

AUSTRALIA 
Compuleriand 
52-58 Clarence SI. 
Sydney, NSW 29·3· 153 

By te Shop 
3464 S. Acoma St. 
Eng lewood 761-6232 

Lawrence 841-3775 
Manhattan 539-4535 
Salina 827·93&1 
Topeka 267-2200Boulder 4 4 7 -2 368 
Wichila 68 5-8826Colorado Sp rings 596·5566 
Wichila 942-1415fort Collins 484-7500 
Wichlla 682-7559Grand Junction 245·4455 10260 Bandley Drive 

Greeley 356·3800 KENTUCKY Cupertino, California 95014 
Longmonl 772-7800 ~~g'~~~;~·~~n Lane 
Pueblo 545-0703 (408) 996-1010 Louisville 425-8308 
CONNECTICUT The Data Domain 
Compulerland Lexington 233-3346 
2475 Black Rock Turnpike Louisville 456-5242 EURAPPLEFairfield 374·2227 
The Com pu1er Slo re MARYLAND European Operations of Apple Computer, Inc. 63 S. Main SI. Computerland 
Windsor Locks 627·0188 16065 Frederic!< Road 2031 Byron Street Rock,ille 948-7676DELAWARE 
Compulerland Computers. elc. Palo Alto , CA 94301 

t3A Allegheny Ave .
~~~~~kod ~J~~9t5s Towson 674-4742 (415) 964-7020 
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The Brains of Men and Machines 


Part 1: Biological Models for Robotics 

Ernes t W Kent, Associate Professor 
Dept of Psychology 
The Un iversity of Ill ino is at Chicago Circ le 
Chicago Il 60680 

The idea of a machine that th in ks like a 
man has al ways fascina ted us. If we tal k 
about substantial improve men ts in processor 
design, it is relega ted to a fe w techn ica l 
jou rn als, but if we ta lk abo ut ro bo ts, or 
write stori es abo ut compu te rs with perso n
al it ies, or make mov ies about HA L, everyone 
gets in terested, and computer buffs stay up 
all ni ght trying to figure out how to make 
their machines behave like th at. An artific ial 
"in tel ligence," in the sense in which we 
apply that term to our own thought 
processes, has bee n a recurr ing theme dating 
back to ant iqu ity, despite the fac t that no 
such machine has ever existed. I don't know 
why this is so, perhaps it springs fro m a 
des ire to understand our own th oughts, o r 
pe rh ap s the hum an race is just lonely. We 
keep hoping for do lphins and Martians to 
start tal king to us too . Whatever the reaso n, 
the idea is a potent one, and an end uring 
source of in te rest. 

Why the n don' t we bui ld co mpute rs th at 
th ink like men? Well , people have ce rta in ly 
tried, and some very elegant softwa re has 
been created towards that end, but the 
resu I ts have always been fr ustrati ngly 
limited. You have all hea rd the o ld adage 
that a com puter to equ al the hu man bra in 
would requ ire a machine the size of the 
Em pire Sta te Bu ilding with the electrica l 
outp ut of Niagara Fal ls to power it, but th at 
was always just an excuse. Aside from th e 
fac t that whoever co ined tha t no tion didn't 
have any idea of wh at a brain- like computer 
wou ld req uire, the fact is th at we wou Id 
have built it anyway, if we'd known how. 

Moreover, when th at guess was made, we 
were making compu ters out of 12AX7s, and 
it's a long way fro m the l 2AX7 to the Z-80. 
We would certa inl y bu il d th at machine 
today, if we knew ho w. Wh at then is the 
problem' Our big fas t machin es can do 
elega nt and com plex mathematics, even 
proofs, fa r beyond ou r own powers, yet we 
have the greatest di ffic ul ty making them 
di splay even the sl igh test degree of common 
sense . The Syste m 370 can do amazi ng 
things with numbers, bu t it wouldn't have 
the intel ligence to du ck if yo u swung a club 
at it. A frog could do better at dealing with 
its enviro nme nt. 

I assure you that the pro blem has no th ing 
to do with any mysteri ous properties of the 
bra in. If we have learned anything about the 
brai n, it is th at it is a machine. A complex 
mach ine to be sure, but a machine nonethe
less. Th is notion freq uently upsets peop le; 
they are bo thered by the suggest ion th at 
th ey might be "only a machine ." I think 
that this is the wro ng interpreta tion. The 
statement that the brain is a machin e does 
no t mean that it is "only" a machine in the 
sense of th e simp le machines of limi ted 
abi lity th at we have prod uced. Rather, it is a 
statement th at exte nd s our concept of wh at 
a machi ne can do. It does no t denigrate what 
the brain can do. Of co urse, it raises the 
poss ibility that we can design a mach ine th at 
th inks like a man, with all of the attendant 
problems of philosophy and theo logy th at 
that ra ises. 

One co uld ta ke refuge in the no tion th at 
brain and mind may so mehow be di ffere nt, 
bu t the ev idence is that when the brain is 
man ipulated ex per imenta lly, al I of ou r 
mental processes, o ur se nsat ions and percep
tions, our fee lin gs and emo tions, our in
te llectua l processes, our memories, even our 
states of conscio usness are man ipul ated too . 
The evide nce sugges ts that this manipu lat ion 
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is predictable and occurs in the same fashion 
in all individuals. 

Why are we having so much tro ubl e 
making our computers behave in brain-like 
fa sh ions if both are mach ines and both 
information processing machines at that? I 
think the answer is that we are trying to 
make a wrench do a screwdriver's job. What 
I mean is that while all information proc
essing machines may theoretically be capable 
of imitating all others, Turing didn't say that 
all had to be built to handle all problems 
with eq ual ease. In point of fact, the brain's 
archi tecture is quite different from that of 
computers as we customarily build them, 
and different in ways that are very instruc
tive with regard to the problem of building a 
"thinking machine." 

The brain and the computer have both 
developed in an evolutionary manner, with 
"survival of the fittest" determining what 
features were retained and what were dis
carded. The differences in their designs arise 
from the fact that nature and computer 
engineers have different notions of what 
constitutes "fittest." There are two aspects 
to this difference : the nature of the prob
lems the machine is required to so lve, and 
the nature of the hardware available to build 
the machine. The successful brains, the ones 
whose genes contributed to the next genera
tion, were the ones that had good designs for 
so lving problems like recognizing and avoid
ing dinosaurs, and recognizing and catchi ng 
frogs. Ability at higher mathematics was 
never a very important criteri on in deter
mining successful brain design, and our poor 
brains get quickly strained when they're 
required to do much of it. Computer design 
was judged from the beginning in terms of 
its success at mathematical function, and as 
a result they arc very good at it, but very 
bad at catching frogs. 

The kind of hardware available to com
puter engineers and to organic evolut ion was 
also different, and in part determined the 
differences in arch itecture of successful 
brains and computers. Although the logic 
gate and the neuron have a great deal in 
common as we sh all sec, some of their 
differences turned out to have fa r-reaching 
consequences. The brain never had speed on 
its side, neurons operate in milliseconds not 
nanoseconds, but it never lacked for quan
tity. (You want million bit bytes and ten 
thousand legged gates? Sure, how many 
trillion?) The computer engineers on the 
other hand were lim ited in quantity by the 
expense and difficulty of assembly of their 
components, which dictated designs that 
were hardware conservative. This was com
pensated by using the speed of electronic 

components to substitute for quantity. 
Thus, our computers emphasize small bytes 
and few registers, but achieve high data 
thruput with iterat ive reuse of these 
components at great speeds. Bus oriented 
design and other hardware conservative 
adaptations arise from these same 
considerations. 

In contrast, parallel multiprocessor de
signs with hierarchical organization, which 
the brain uses with wild abandon, are only 
seen in the most primitive form in our 
current computers and computer networks. 
The brain also has no compunctions about 
freely mixing digital and ana log computing 
elements, using each to best advantage where 
needed. Thus, the brain and the computer 
have each found a design best suited to the 
problems they are required to solve and the 
hardware available, albeit big brains can do 
some computer-like functions, poorly; and 
big computers can do some brain-like fu nc
tions, poorly. 

Curiously enough, both the brain and the 
computer seem to have settled on a single 
basic organization whether the device is large 
or smal l. We all know how a computer works 
in principle, although different machines 
differ in detail. The processor, the bus, the 
clock, memory, the 10 interface, all are 
arranged according to the same basic plan in 
large machines and small. Similarly, the 
brain of the white rat in my laboratory is of 
the same design, basically, as the brain 
reading this page. All the same parts are 
included in both, and hooked up in the same 
way. The differences are in capacity and 
relative development of the parts. Brains are 
even more similar to one another than 
computers. 

What I am suggesting is that the com
puter has developed an architecture that is 
optimized for logical and mathematical 
problems, but that that is not an optima l 
architecture if the problem is to display 
basic common sense, whether it can do 
Fourier transforms or not. Thus, our 
machines as presently configured are terribly 
inefficient at the kinds of problems brains 
solve easily, and prodigious feats of program
ming, vast amounts of memory and all the 
speed that can be mustered give us on ly the 
most trivial results. 

I am not going to suggest that we try to 
build a hardware replica of the brain. We 
don ' t have the hardware or the knowledge 
yet. I would like to suggest however that if 
we are interested in approaches to a science 
of robotics, it would be very in tructive to 
exam ine the only model of an intelligent 
machine that is availab le to us, and to try to 
id entify principles of operation that could 
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Figure l: The parts of the neuron, the brain's basic "gate. " Flow of in formation through this 
gate is roughly from left to right. Outputs are digital pulse streams transmitted through the 
axon and its branches to inputs ofother neurons. Inputs are signals from other axons, which are 
summed by an analog process which weights various sources and fires an output pulse when a 
threshold is reached. 

be put to good use with the kinds of 
hardware that we do have. This is a parti
cular ly appropriate time for such an exer
cise, since the hardware revolutio n has freed 
us to a degree from some of the original 
constraints upon co mputer design, and the 
growth of the com pu ter hobby community 
has prov ided us with a group of eager 
ex perimenters who don' t have a large inves t
ment in standard ap proaches, or a req ui re
ment to produce commercially useful 
business machines. Finally, our under
standing of th e operation of the brain has 
undergone something of a revolution in the 
last ten years, and we are in a much better 
position to discern the outl ines of its archi
tecture than we were when the compu tcr 
was born. The time is right, the means are at 
hand, all we need are the ge niuses in the 
basement workshops. 

I am not going to te ll you how to build a 
machine to work like a b1·ain, because I 
don't know how. What I propose to do is to 
tel l you, in terms of computer concepts, 
how a brain works. You supply the ideas 
from there. It is generall y very difficult to 
exp lain brain operation to the layman, be
cause he doesn't have the necessary concepts 
readily available. I have fo und, however, that 

1t 1s very easy to expla in brain operat ion to 
computer people because it can be translated 
into terms and co ncepts with which they are 
already famil iar. If yo u can understand 
digita l and analog elec tronics, you can 
understand in principle, if not in detail, how 
yo ur brain works. You don't have to under
stand neurophysiology, neuroanatomy, 
neurop harmacology, and physiological 
psychology. {Well, maybe a litt le bit, but I'll 
try to keep it pain less.) 

First, yo u have to get a picture of the 
basic unit of brain structure. This is cal led a 
neuro n. It is a ce ll like all the others in your 
body, but it is specialized for information 
processing. You can think of it as perform
ing much the same func tio n as a logical gate 
in a digital machine, or an operational 
ampl ifier in an analog machine. In fact , it is 
a very versatile device and can do either or 
both jobs. The brain uses neurons, billions 
and billions of them, to do everything it 
does. Let's look at the diagram of a neuron 
in figure 1. The output of the neuron 
ap pears on the long thin part labeled axo n. 
Th ink of the axon as a wire. The b1·ain uses 
them for transmitting information over dis
tance. The difference is that thi s wire trans
mits only pulse streams, not DC levels. It's a 
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Kit: $259. Assembled: $359. Prices subject to change.
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Figure 2: An equivalent circuit for the neuron, illustrating some of its important properties as an analog and digital device. This 
model should be compared to the information in figure 7. 

digital wi re. All the pu lses are always th e 
same height and duration, and can be 
thought of as binary bits. On ly ones and 
zeros are allowed. Now look al the part 
labeled axon hi llock. That's like a Schmill 
trigger. It puts a pulse on the axon whenever 
the analog voltage in the part labeled cel l 
body crosses a preset threshold value. When
ever this occu rs, the voltage in the cel l body 
is reset to the baseline or initi al va lue. Th is 
ee l I body vo ltage is raised toward the 
Schmitt trigger's threshold, 01- dropped 
away from it, by the action of pulses 
impinging on the cell body from the axons 
of other neurons . The place where an axon 
meets a cell body is ca ll ed a synapse, and it 
only transm its in one directio n. Think of it 
as a diode. Now a synapse may be positive or 
negative. Th at is, a pulse at a given synapse 
may either add to or subtract from the cell 
body voltage. This is a function of which 
synapse receives the input, not the nature of 
the pulse (just like the lit tle invers ion circles 
on logic gate inputs). Remember however 
that the voltage in the cell body is an analog 
voltage and is performing an algebra ic sum 
of the inputs. Moreover, the inputs may have 
different weigh ts. The ones furthest from 
the axon hi ll ock have the least effect, the 

ones nearest to it have the greatest effect. 
Weighting may be reduced greatly by placing _ 
the input far out on an extension of the cell 
body cal led a dendrite . The effect of an 
input outlasts the pulse that produces it, so 
that inputs which do not arr ive synchronous
ly in time may sti ll sum within brief time 
lim its. Think of it as a pulse stretcher at each 
input coupled with a time constant in the 
ce ll body . The effect of the finite time 
constant is to give each input pulse a 
temporal weighting (ie: the more 1·ecently 
arrived pu lses have a greater weight in the 
sum ). 

When the inputs to the cell body have 
sum med past thresho ld at the axon hillock, 
and a pulse has been placed on the axon as a 
result, we say that the neuron has "fired." 
An equiva lent circuit (for our purposes) of 
the basic neuron is shown in figure 2. If you 
study figures 1 and 2 for a moment, you wil l 
see that the neuron has digital inputs, which 
are converted to ana log values and operated 
on algebraical ly in an analog fashion. The 
result is then converted back to digital form 
for transmission. Now th is is a very powerful 
tool. It can act as an AND gate (coincidence 
of severa l equa ll y weighted inputs required 
to reach firing thresho ld), an OR gate (a ny 
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Figure 3: The brain as it appears anatomically. Above: a view of the brain 
from the left side. Below: A view from the left of the inside of the brain 
shown cut in half do wn the center line. The basal ganglia (striatum) which do 
not show here would be on either side of the thalamus. 
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Specifications : The Human Biocomputer 

Cell Count: 15 bil l ion la l l present at birth) 

Structural Completeness: 50% at b irth, 100% at age 15 years 

Energy Requirements: 20 watts, biochemica lly f ueled 

Sugar Consumption: 1 teaspoon per hour 

Blood Flow: 1.5 p ints per minute (20% of total body requirement ) 

Oxygen Consumption: 45 cc per minute (STP) (25% of total body requ irement) 

T his illustration was supplied by the author . 
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of several inputs can drive the ce ll past firing 
threshold), or any of a va ri ety of other 
Functio ns (NA NO and NOR can be achie ved 
by cells with a resting po tential above firing 
thresho ld , and inhibitory inputs). When you 
consider that one or more of th e inputs to 
the cel l can be feedback from its own axo n, 
an d that an average neuron may have ten 
thousand in puts, you begin to apprec iate 
the possib il ities. It can integrate and differ· 
entiate and do other useful functions by 
virtue of feedback and analog operation. 

No one would try to design a very large 
system out of gates this complex unless 
someone finds a way to make them in 
quant ity on a chip . Consideration of th eir 
operat ion however reveals some important 
considerations of brain archi tecture. First, 
although neurons can be synchronized by 
sim ul taneous ly drivi ng them with an over
riding in put, they are normall y asy nchro
nous dev ices. The system can use loca l 
"clocks" where they are usefu l, but it 
doesn't have a system clock. 

This permits an interest ing deve lop ment. 
In synchronous systems, informatio n can 
on ly be coded in terms of which lines are 
active. If you want to indicate on or off 
status of some condi t ion, you put a zero or 
one on the appropriate line. But if you want 
to indicate a numerical value greater than 
one, you have to do it by coding it as the 
activ ity, or lack of it, simul taneously on 
severa l li nes. For example, we represent 
numbers by th e bit pattern in a byte on the 
data bus. Now the brain can, and in several 
instances does, funct ion in thi s mode. We 
refer to it as "place coding" because the 
information is contained in the locatio n of 
the incomi ng signal. However , because it 
does not have to maintain synchronizat ion, 
the brain can also encode information in 
ter ms of the frequency of arrival of pulses 
on the axon. We refer to th is, obv iously 
enough, as "freq uency coding." Examina
tion of the model ci rcuit (figure 2) for the 
neuron reveals that the grea ter the positive 
input drive to the cel l body, the more 
qui ck ly the analog voltage will reach thresh
old, and th e more quickly a new pulse will 
be pl aced on the axo n after the reset 
following the preceding pulse. This means 
that it is very easy to use frequency coding 
to indica te the magnitude of the summed 
input act ivity. Due to the "p ul se stretchers" 
at th e inpu ts to the neuron, and th e time 
constant of the ce ll body, pulses that are 
seq uenti al on the axon can sum wi th one 
ano ther to produce a greater analog vo ltage . 
This voltage is proportional to the frequency 
of the incoming pulses, and this achieves 
decoding of freq uency coded input back to 
the analog mode. 
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Interaction of inputs from different 
axons is termed "spati al summation," and 
interaction of seq uential pulses on the same 
axon is termed "temporal summation ." One 
of the interesting things the brain can do 
with this capability is to use both place and 
frequency coding simultaneously on the 
same line. Anoth er advantage is the ability 
to represent very large numerical quantities 
with what might be called a "temporal 
byte," or integrat ion over a brief time 
period, of a single input line. As an example, 
consider the way the brain encodes sensory 
information from your skin . The type of 
sensation (ie: heat, cold, pressure, etc ) as 
well as the location of the sensation is place 
coded . That is, what you feel is a function 
of which line is acti ve. The magnitude 
of the sensation, how much you feel, is 
frequency coded on the same line. Thus, 
the brain structure receiving the infor
mation can determine the type and location 
of the stimulation with a "spatial byte," 
(place code) which determines the set of 
active lines, and the intensity of the stimula
tion with a "temporal byte" of frequency 
code. 

The brain's basic "byte," therefore, has 
two dimensions, a spatial dimension and a 
temporal dimension . Two independent sets 
of information may be encoded in these two 
dimensions, and they may then interact in 
the receiving structure in a way determined 
by that structure. Notice that the spatial 
aspect of the byte is essentially digital 
information, and that the temporal aspect of 
the byte is essentially analog information, 
although it is encoded in the frequency of 
digital pulses. 

The mathematical treatment of this is an 
information theorist's nightmare, although it 
can be done, but from a practical standpoint 
there are some clear advantages. Digital 
information output from a structure which 
determines the type of action to be taken 
and analog information output from another 
structure which determines intensity of 
action required may "gate" one another in a 
third location to produce an output stream 
which simultaneously defines the nature and 
magnitude of the action taken. One could 
think of it as specifying the enabling of a set 
of switches with an appropriately coded 
digital byte while presenting a set of analog 
values to the switched lines. We do see this 
sort of thing of course in some electronic 
10 applications, but the brain makes use of 
this, and much more complicated inter
actions, in its internal processing. It may use 
the information from one aspect of the byte 
to determine the nature or extent of the 
operation to be performed on the informa
tion in the other aspect of the byte. 

Two additional properties of the neuron 
need to be mentioned to complete our 
understanding of the basic gate. The first is a 
different type of inhibitory input. The 
"negative synapse" described earlier puts an 
inhibitory input into the cell body to act on 
the analog sum there and retard the achieve
ment of firing threshold at the axon hillock. 
This action of course simply antagonizes 
(with a specified weight) the action of all the 
positive inputs. Clearly , it does this without 
regard to which input it is antagonizing. It is 
also possible to have a "negative synapse" 
which antagonizes only a specific synaptic 
input. This is called "presynaptic inh ibi
tion," because it may be thought of as a 
disable input to one of the input one shots. 

The final desirable property of the 
neuron as a computer element is that speed 
of transmission of pulses down the axon 
may vary over a wide range (although it is 
always the same in any given axon). This 
means that we may use high speed axons to 
move data quickly, but low speed axons may 
be employed as delay lines. Since axons can 
have branches coming off at any point, we 
may have tapped delay I ines. We shall see 
some stunning examples of the utility of this 
feature . 

It should be apparent by now that the 
basic neuron is an enormously powerful 
tool. In practice, few situations call for all of 
the complexity of this device, and it is 
frequently seen acting as simply a switch or 
AND gate or other very domestic sort of 
creature. Indeed , in many situations, 
neurons take on a variety of specialized 
shapes and connections which optimize 
them for one or another function, to the 
exclusion of others. In all cases however, 
their operation may be understood in terms 
of the basic design we have discussed . 

Now that we have some terms for the 
basic elements, let us take a leap to the other 
end of the size spectrum and examine the 
overall structure of the brain. The exact 
anatomy is actually of little relevance for 
our purposes, but it may help to have a 
visual image of the device as we discuss the 
features of its parts. Figure 3 shows the 
general appearance of the human brain, 
together with some of its internal structure. 
Figure 4 shows the general organization of 
the parts as they would appear if the brain 
were taken out of the body, unfolded, and 
flattened out in a neat plan view. 

The functional structures of the brain 
may be generally divided into two cate
gories, fiber tracts and nuclei (plural of 
nucleus). Fiber tracts are simply bundles of 
axons going from somewhere to somewhere 
else, the cabling and wiring of the brain. The 
nuclei are groups of cell bodies. Each 
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nucleus may be thought of as analogous to a 
central processor with a dedicated funct ion, 
and (in most cases) a hardwired or ROM 
program. Most of the nuclei are irregular 
blobs of ee l I bodi es, but in some cases the 
cel l bodies are arranged in layers and the 
layers form a folded sheet of cel ls. In this 
case it is cal led a cortex rather· than a 
nucleus but the idea is the same. (The most 
famous' of course is the cerebral cortex, of 
which humans are very proud because it is 
better developed in man than in most 
species.) The cells in the nuclei may be 
divided into two types: local neurons, whose 
function is in the data processi ng internal to 
the nucleus, and whose axons do not leave 
the nucleus, and output neurons which give 
rise to the axons that make up the fiber 
tracts and communicate with other nuclei . 
Th ere are thousands of nuclei, of al I levels of 
size and sophistication. Unfortunately, there 
is very little system to their names, and the 
names are either in Latin, or unpronounca
ble (Nucleus of Darkeschwitz, etc). The fiber 
tracts are bad too (Habcnulointerpeduncular 
tract). 

The only rational thing to do with the 
names of neuroanatomy is to endure them 
or ignore them. We shall try to ignore them. 
It will help howeve r if you will take the time 
to learn the names of a few of the major 
divisions of the brain which are shown in 
figure 4 and to remember their basic relation 
to one another. The most important i terns, 
from bottom to top, are: the spinal cord, the 
medulla, the pons, the cerebellum , the 
mesencephalon, the diencephalon {and its 

two major subd ivisi ons, the thalamus and 
the hypothalamus), the limbic system, the 
stria tum, and the cerebral cortex , 

This bottom to top seq uence co1Tesponds 
in a genera l way to a sequence of inneasing· 
ly more global leve ls of contro l, from most 
detailed and specific, to most ge neral and 
abstract. It also corresponds rough ly to the 
evo lut ion ary sequence from oldest and most 
primitive to most recent and advanced. All 
of the apparatus shown here is present by 
the time the evolu tionary leve l of the 
mammals is reached. 

The basic architecture of the system is 
hi erarchical. Each of the major functions of 
the system is part ially organized at each level 
of the system, rather than particul ar struc
tures being devoted to particular major 
functions. At the lowest levels, there are a 
multitude of relatively simple processi ng 
elem en ts doing similar jobs, and at the 
higher levels there are a few very com pl ex 
and powerfu l processing elements defining 
system goals and priori ties, and organiz ing 
the activities of the lower levels to achieve 
them. 

On the input side, the lowest leve ls gather 
raw data which is then progressively ab· 
stracted, sorted and refined at each stage 
according to general guidelines which may 
be hardwired or provided by higher levels. 
The highest levels then receive abstract 
symbolic information about the general state 
of the environment rather than details. 
("There is a black cat there" as opposed to 
"The following points of the visual field are 
dark.") Similarly, output funct ions begin at 
the highest levels, which determine general 
goals and strategies and transm it these in the 
form of sta tern en ts about more Ii mi ted 
momentary objectives to lower levels, which 
in turn send in formation about desired 
actions and timing to the lowest levels for 
execution . 

Th us at each level there are a number of 
relative!~ independent processing elements 
pursuing their own jobs in parallel real time, 
while trading information with echelons 
above and below, and lateral ly with one 
another. It follows that it doesn't make 
sense to ask where in the brain any large 
scale function is processed. Different aspects 
of it will be handled in different portions of 
functional subsystems which are represented 
at all major levels of the physical system. It 
might sound hopeless to try to fol low the 
operation of such a device, but in practice 
there is order, not chaos. At the lower leve ls 
where semi-independent processors are most 
numerous, there is least diversity among 
them. The organization is in many ways like 
a military command chain, and one doesn't 

Continued on page 96 
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UP AND RUNNING 

TDL EQUIPMENT USED BY NEW JERSEY PUBLIC TELEVISION 

TO PROCESS NEW JERSEY GUBERNATORIAL PRIMARY ELECTION RETURNS 

John Montagna, computer engineer (above left), 
lead this successful network team in generating 
election results speedily, efficiently and reliably 
using predominantly TDL hardware and soft-. 
ware. Montagna created three programs to get 
the job done. The text for a SWAPPER pro
gram was written and assembled using the TDL 
TEXT EDITOR and Z80 RELOCATING MACRO 
ASSEMBLER. The SWAPPER text and all 
debugging was run through TDL's ZAPPLE 
MONITOR . The relocatable object code was 
punched onto paper tape. A MAIN USERS 
program updated votes and controlled air dis
play. An ALTERNATE USERS program got 
hard copy out and votes in. The latter two 
programs were written in BASIC. Montagna 
modified the ZAPPLE BASIC to permit time
sharing between the two USE RS programs. 

TD L's XITAN SYSTEMS have the capacity to do 
similar tasks for you. Write to us for XITAN 
information and the name of your nearest TDL 
dealer. 

Circ le 10 7 on i nqui ry card . 

Four screens were incorporated , two terminals 
entered votes as they came in and were used 
to call back votes to check accuracy. Mon
tagna called on the power and flexibility 
offered by TDL's ZPU board and three Z-16 
Memory boards. 

Montagna's setup worked constantly for over 
four hours updating and displaying state-wide 
and county-wid~ results without flaw . 

"I chose TDL because they have all the soft
ware to support their hardware, and it's good ; 
it has the flexibility to do the job." 

John Montagna 

We salute John Montagna and NEW JERSEY 
PUBLIC BROADCASTING for spearheading 
the micro-computer revolution. 

TECHNICAL 
DESIGN 

-...m LABS 
RESEARCH PARK BLDG. H 1101 STATE ROAD 
PRINCETON. NEW JERSEY 08540 (609) 921-0321 
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Seven points 
to consider 
before 
you buy your
small computer. 

In this magazine, alone, there are probably a dozen 
ads for small computers. New companies are breaking 
ground like spring flowers. 

How, then, do you determine which computer offers the 
features you need most . .. at the price you can afford? 

We'd like to propose seven basic questions to help you 
make an intelligent decision. 

1 How complete is the 
computer system? 

• Many buyers of small computers are in for a rude 
awakening when they have to spend additional money 
for interfaces. 

The Sol-20 Terminal Computer was the first complete 
small computer system. Everything you need to make 
it work is included in the basic package. 

2. 
Is powerful system 

software available? 

It won't do if your system is "tongue-tied'.' 

Processor Technology Corporation has devoted 
more effort to the development of software than any other 
small computer maker. Our latest offering is the first 
fully implemented disk operating system for a small 
computer: PTDOS. It contains over 40 major commands, 
several languages and numerous utilities. Our high 
level languages include Extended BASIC, Assembler, 
FORTRAN~ FOCAL and PILOT.* 

3. 
Is the system easy 

to expand? 

More and more computer owners are 


expanding their small computers to handle business and 

other specialized requirements. 


The largest Sol system can handle 64K bytes of RAM 

memory and operate with a three megabyte on-line 

disk memory. Sol systems use the S-100 Bus. So you can 

use a wide variety of hardware. 


'AvHilablc soon . 

Processor 

4. 
Is the computer 

well-engineered? 

Our Sol systems are the most conservatively 

rated and ruggedly built in the industry, period. In 
addition we designed them with you, the user, in mind; 
Sols are easy to build and a joy to operate. 

5 Does it have proven 
reliability? 

• What is the track record? There are over 
5,000 Sol systems in the field. Our track record for reliable 
performance is unparalleled in the small computer field. 

6. 
Does it have good 

factory support? 

A computer is a complex piece of hardware. 

So you want to be sure it is backed up with complete 
manuals , drawings and a factory support team that cares. 

Processor Technology offers the most extensive 
documentation of any small computer manufacturer. And 
we maintain a patient , competent telephone staff to 
answer your questions. 

ZAre maintenance and 
service people accessible? 

• Where are they located '! 
Processor Technology has maintenance and service 

people in over 50 cities around the U.S. 
As you continue turning the pages, see how we stack up 

to the other computers in this magazine. If we've 
succeeded in whett ing your appetite. see your Sol dealer 
or write for information on the complete family of 
Sol computers. 

Processor Technology Corporation, Box B, 
7100 Johnson Industrial Drive, Pleasanton, CA 94566. 
(415) 829-2600. 
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Subsystem& 
Each board is a standout. 
Together, they're a powerhouse. 


In the beginning there were boards. 
thousands of them. 

That's how we started in the business. 
M aking memories and in ter faces for 
other people's computers ... and making 
them helter. 

Now that our own Sol has become 
the number one small computer, you 
might th ink we're putting less emphasis 
on our board business. 

Not so. 
We're just doing more creat ive things 

with them. 

One neat package gets your 
computer on the air. 

For example, we've bui l t Subsystem 
B. which ties together five Processor 
Technology modules into a completely 
integrated system that makes other 
S· IOO Bus computers work almost as 
well as our Sol. 

Subsystem B includes a memory 
module. three input/ output modules. 
a general purpose memory, and 
appropriate software. 

A special ized software program 
called CUTER knits together 
your computer and its peri pherals to 
create an integrated, smoothly 
working system. 

It 's the f <t5 test. cleanest way to get on 
line, and it co ts less than i f 
you bought each module separately. 

You get your choice of two low 
power, reliable memory modules in 8K 
or 16K capacity. 

Our YDM· I video display module 
{still 5199 in kit ) is the industry standard 
display device with over 6,000 in use. 

Our CUTS high speed. I w cost 
(S I 10 in kit ) audio cassette inter face is 
the most reliable on the market and is 
supported by our broad li ne of cassette 

software including Extended BASIC, 
FORTRAN~ PILOT~ FOCAL and 
numerous others. 

And our 3P + S input/output module 
offers a low cost way to handle 
vir tually all the 1/0 needs of any S- 100 
Bus compatible computer system. 
T here are close to I0,000 in the field. 
Price is just 5149 in kit. 

Yes, we may have become the maker 
of the Number 1 small computer 
the Sol. But we haven't neglected the 
quali ty of our board business. We 
can't afford to . .. because we use many 
of them in our own computers. 

For our most recent literature and 
price l ist see your dealer or write 
Processor Technology Corporation. 
Box B . 7100 Johnson Industr ial Drive, 
Pleasanton, CA 94566. (415) 829-2600. 

ProcessorTechnology 
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See it at your Sol dealer. •• 

ARIZONA IOWA OREGON VIRGINIA 

Byte Shop Tempe 
813 N. Scottsdale Rd. 
Tempe, AZ 85281 
(602) 894-1129 

Byte Shop Phoenix 
12654 N. 28th Dr. 
Phoenix, AZ 85029 
(602) 942-7300 

Byte Shop Tucson 
2612 E. Broadway 
Tucson, AZ 85716 
(602) 327-4579 

CALIFORNIA 
The Byte Shop 
1514 University Ave. 
Berkeley, CA 94703 
(415) 845-6366 

The Byte Shop 
6041 Greenback Lane 
Citrus Heights, CA 95610 
(916) 961-2983 

Computer Center 
1913 Harbor Blvd. 
Costa Mesa, CA 92627 
(714) 646-0221 

The Byte Shop 
1122 " B" Street 
Hayward , CA '94541 
(415) 537-2983 

The Byte Shop 
16508 Hawthorne Blvd. 
Lawndale, CA 90260 
(213) 371-2421 

The Computer Mart 
633-B West Katella 
Orange, CA 92667 
(71 4) 633-1222 

Byte Shop 
496 South Lake Ave. 
Pasadena, CA 91101 
(213) 684-3311 

Micro-Computer 
Application Systems 
2322 Capitol Avenue 
Sacramento, CA 95816 
(916) 443-4944 

Byte Shop 
321 Pacific Ave. 
San Francisco, CA 94111 
(415) 421-8686 

The Byte Shop 
2626 Union Avenue 
San Jose, CA 95124 
(408) 377-4685 

The Byte Shop 
509 Francisco Blvd. 
San Rafael , CA 94901 
(415) 457-9311 

Byte Shop of Tarzana 
18423 Ventura Blvd. 
Tarzana. CA 91356 
(21 3) 343-3919 

The Byte Shop 
2989 North Main St. 
Walnut Creek, CA 94596 
(41 5) 933-6252 

COLORADO 
Byte Shop 
3101 Walnut St. 
Boulder, CO 80301 
(303) 449-6233 

FLORIDA 

Byte Shop of 
Fort Lauderdale 
1044 East Oakland Park 
Blvd. 
Ft. Lauderdale, FL 33334 
(305) 561-2983 

Byte Shop of Miami 
7825 Bird Road 
Miami, FL33155 
(305) 264-2983 

Microcomputer 
Systems Inc. 
144 So. Dale Mabry Hwy. 
Tampa, FL 33609 
(813) 879-4301 

GEORGIA 
Atlanta Computer Mart 
5091-B Buford Hwy. 
Atlanta, GA 30340 
(404) 455-0647 

ILLINOIS 
Champaign Computer 
Company 
318 N. Ne ll Street 
Champaign, IL 61820 
(217) 359-5883 

The Numbers Racket 
623 Y2 South Wright St. 
Champaign , IL 61820 
(217) 352-5435 

illy bitty machine co. 
1322 Ch icago Ave. 
Evanston, IL 60201 
(312) 328-6800 

illy bitty machine co. 
42 West Roosevelt 
Lombard, IL 60148 
(312) 620-5808 

IN DIANA 
The Data Doma in 
406 So. College Ave. 
Bloomington, IN 47401 
(812) 334-3607 

The Data Domain 
7027 N. Michigan Rd. 
Indianapolis. IN 46268 
(317) 251-3139 

The Computer Store 
of Davenport 
4128 Brady Street 
Davenport, IA 52806 
(319) 386-3330 

KENTUCKY 
The Data Domain 
3028 Hunsinger Lane 
Louisville, KY 40220 
(502) 456-5242 

MICHIGAN 
The Computer Store 
of Ann Arbor 
310 East Wash ington 
Ann Arbor, Ml 48104 
(313) 995-7616 

General Computer Store 
2011 Livernois 
Troy, Ml 48084 
(313) 362-0022 

MINNESOTA 
Computer Depot. Inc. 
3515 W. 70th St. 
Minneapolis, MN 55435 
(612) 927-5601 

NEW JERSEY 
Hoboken Computer Works 
No. 20 Hudson Place 
Hoboken, NJ 07030 
(201) 420-1644 

The Computer Mart 
of New Jersey 
501 Route 27 
lselin, NJ 08830 
(201) 283-0600 

NEW YORK 
The Computer Mart 
of New York 
118 Madison Ave. 
New York, NY 10001 
(212) 686-7923 

The Computer Corner 
200 Hamilton Ave. 
White Plains, NY 10601 
(914) 949-3282 

NORTH CAROLINA 
ROMs 'N' RAMs 
Crabtree Val ley Mall 
Raleigh, NC 27604 
(919) 781-0003 

OHIO 
Byte Shop 
2432 Chester Lane 
Columbus. OH 43321 
(614) 486-7761 

Computer Mart of Dayton 
2665 S. Dixie Ave. 
Dayton, OH 45409 
(513) 296-1248 

Byte Shop Computer Store 
3482 SW Cedar Hills Blvd. 
Beaverton, OR 97005 
(503) 644-2686 

The Real Oregon 
Computer Co. 
205 West 10th Ave. 
Eugene, OR 97401 
(503) 484-1040 

Byte Shop Computer Store 
2033 SW 4th Ave. 
Portland, OR 97201 
(503) 223-3496 

RHODE ISLAND 
Computer Power, Inc. 
M24 Airport Mall 
1800 Post Rd. 
Warwick. RI 02886 
(401) 738-4477 

SOUTH CAROLINA 
Byte Shop 
2018 Green St. 
Columbia, SC 29205 
(803) 771-7824 

TENNESSEE 
Microproducts & Systems 
2307 E. Center Street 
Kingsport . TN 37664 
(615) 245-8081 

TEXAS 

Computer Port 
926 N. Collins 
Arlington, TX 76011 
(817) 469-1502 

Computertex 
2300 Richmond Ave. 
Houston, TX 77006 
(713) 526-3456 

Interactive Computers 
7646Y2 Dashwood Rd. 
Houston, TX 77036 
(713) 772-5257 

Neighborhood Computer 
Store 
# 20 Terrace 
Shopping Center 
4902 - 34th Street 
Lubbock. TX 79410 
(806) 797-1468 

The Micro Store 
634 So. Central 
Expressway 
Richardson. TX 75080 
(214) 231-1096 

The Computer Systems 
Store 
1984 Chain Bridge Rd. 
Mclean, VA 22101 
(703) 821-8333 

The Home Computer Center 
2927 Virginia Beach Blvd. 
Virgin ia Beach, VA 23452 
(804) 340-1977 

WASHINGTON 

Byte Shop Computer Store 
14701 N.E. 20th Ave. 
Bellevue. WA 98007 
(206) 7 46-0651 

The Retail Computer Store 
410 N.E. 72nd 
Seattle, WA 98115 
(206) 524-4101 

WISCONSIN 

The Madison Computer 
Store 
1863 Monroe Street 
Madison, WI 53711 
(608) 255-5552 

The Milwaukee 
Computer Store 
6916 W. North Ave. 
Milwaukee. WI 53213 
(414) 259-9140 

WASHINGTON D.C. 
Georgetown 
Computer Store 
3286 M Street NW 
Wash ington. D.C. 20004 
(203) 362-2127 

CANADA 
Trintronics 
160 Elgin St. 
Place Bell Canada 
Ottawa. Ontario K2P 2C4 
(613) 236-7767 

Computer Mart Ltd. 
1543 Bayview Ave. 
Toronto, Ontario M1 K 4K4 
( 416) 484-9708 

First Canadian 
Computer Store Ltd. 
44 Egl inton Ave. West 
Toronto. Ontario M4R 1A1 
( 416) 482-8080 

The Computer Place 
186 Queen St. West 
Toronto, Ontario M5V 1Z1 
(416) 598-0262 

Basic Computer Group Ltd. 
1548 East 8th Ave. 
Vancouver, B.C. V6J 4R8 
(604) 736-7474 

Pacific Computer Store 
4509 Rupert St. 
Vancouver, B.C. V5R 2J4 
(604) 438-3282 

Circle 89 on inquiry card. 
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The IRS 


and the 


Elizabeth M Hughes 
5831 Hillside Dr 
Doraville GA 30340 

Few computer hobbyists ever have 
enough money to put into expanding, up
grading or otherwise improving their sys
tems. New products fo r the home computer 
are appearing almost daily and new needs 
(" If I only had another 4 K of mem
ory . .. ") become visible as the computer re
ceives increased use. It 's hard ly surprising, 
then, that many small-systems owners 
are th in king of ways to make their com
pu.ters pay for themse lves. Many succeed in 
penetrating the chi nks in the armor of 
the local business community (o r whatever) 
and begin to earn some money from the 
enterprise. 

The ecstasy of turn ing a dollar from a 
hobby activity is hard to beat, but after that 
first burst of excitement, it's necessary to 
remember the cloud on the horizon: the 
Internal Revenue Service (I RS). which is 
interested in all earn ings. The purpose of this 
art icl e is to acquaint you with the additional 
tax schedu les you must prepare and records 
you must maintain if you start earning 
mon~y with your computer. On the br ighter 
side, it will also give you an idea of the 
deductions you can take on the strength of 
your new status as a small business. 

Tax law is complex, however, and an 
artic le of th is length can onl y offer a 
thorough overview of the situation . Anyone 
starting a small business wou ld be well 
advised to augment the information pre
sented here by getting the free IRS publica
tions on the subject which are listed at the 
end of this article. 

Are You a Small Bu siness? 

In deciding whether or not you are a 
"smal l business" for federa l income tax 
purposes, the main considerations are (a) 
did you earn any money from the enter-

Computer Entrepreneur 


prise in qu estion during the past year? ; 
and (b) do you want to take deductions 
based on your status as a small business? 
If you take business-based deductions, your 
business can be a comfortable tax loss, 
but only for a short time. If you do not pro
duce a taxable profit during at least two of 
every five consecutive years, you do not 
qual ify as a business, in which case you may 
find yourself in the uncomfortable position 
of hav in g claimed deductions in previous 
years from a nonexistent business. There
fore, unless you seriously intend to expand The ecstasy of turning a 
your money earn ing computer activities to dollar from a hobby 
th e point of making a net profit, it's wise activity is hard to beat, 
to simply report computer income under but after that first burst 
miscellaneous income on your regular of excitement, it's neces
tax form and leave it at that. sary to remember a 

Other· considerat ions arise on a state clou d on the horizon : 
or local leve l. Before you decide to become the IRS. 
a small business, be sure to find out what's 
involved in your area. Zoning ordinances in 
some cities render even in-the-home 
businesses il legal in certain areas. Some cit ies 
and states requ ire an an nual licensing fee 
from all smal I businesses, and state law varies 
rad ical ly rega rding which goods or servi ces 
are subject to sales tax. Inquiring into these 
matters at the outset will prevent problems 
later. In most areas, smal l businesses are not 
requ ired to incorporate or to register the ir 
trademarks, if any (although they are per
mitted to do so); but al l states and some 
muni ci palities have laws regarding small 
businesses which must be taken into con
sideration. Telephone cal ls to state and local 
government offices wil l usually answer these 
questions effi cien tly. 

Satisfying th e IRS 

New sm al l businesses, especially if they 
are responsible for tax losses in their first 
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New smal l businesses, 
espec ially if they arc 

responsible for tax losses 
in the ir firsl y car or two, 
arc pri me targe ts for I RS 

audits. 

One successful business I 
know keeps records in 

paper bags, one marked 
"expense" and the oth er 

" income." 

year or two, are prime targets for IRS aud its. 
The thought of being aud ited by the IRS 
strikes terror in to even the most innocent 
hearts, but if you keep complete and 
accurate records you can face even that 
contingency with unruffled calm. 

The general rule is f~eep eve1y thing. In 
detail, this t ranslates into keeping all receipts 
for business expense, paying as ma ny 
business expenses by check as possible to 
provide the additional docu mentation of a 
cancelled check, and keeping thoro ugh 
records of all income from your business. 
Remember that the IRS is always looking 
for falsified records of all sorts and has no 
reason to suppose that you haven't been 
doing the same, so don't rely o n your com
puter printout or handwritten records to 
satisfy them. All those odd sized rece ipts 
may be a pain to keep, but if yo u're audited , 
they'll save the day. 

Records needed fal l into three categories: 
income, outlay and miscellaneous. Income 
records serve as the basis for ca lcul ating your 
total business income at tax time. For 
exam ple, if you bill someone for a comp uter 
service, keep a co py of the invo ice you send 
out and note on it such particulars as date, 
service, customer's name and address, and 
postage required to send the bill. When pay
ment is received, mark the invoice with the 
date of payment and file a photocopy of the 
check with it. A record of the date of pay
ment is especially desirable if you are paid in 
cash, and for this reason an inexpen
sive receipt book can be a worthwhile 
investment. 

Records of outlay serve to document 
expenditu res made for the business. They 
are especiall y important because they 
support any business deductions you claim 
at the end of the year. Anything purchased 
exclusively for business use is a safe deduc
tion. Thus, if you bu y a cassette which is 
used solely for bu si ness data (as opposed to 
programs for yo ur private am usement), 
it counts as a business expense; but if you 
buy a sheet of stam ps, you can onl y coun t 
as business expense those stamps used for 
business purposes, such as mailing bills or 
advertising. 

Misce ll aneous records document your 
claim to be a business . They inc lude copies 
of any advertisi ng you do, business cor
respondence, and announcements (or news
clips) of activities you participated in which 
mention that you are the proprietor of 
your business . 

The central fac t to remember is that the 
IRS takes nobody's word for anything and 
looks at any record with a critical eye. 
Fraud and conspiracy to defraud are ever 

present, and the IRS is continually on guard 
against them. Therefore , any recor-d which 
in volves a business other than you r own 
(eg: the company you bought x from) , a 
bank, or another individual (a customer, a 
news reporter, whatever) helps your cause 
by providing someone who can attest to 
your business activit ies. All of this inevit;1bly 
sounds paranoid, but a litt le well-p laced 
forethought and paranoia can save troub le 
later. 

Getting Organized 

Natural ly, all these documents amount to 
a lot of paper, usual ly in odd sized scraps 
that have the knack of vanishing at incon
venient moments. There arc several 
approaches to making life eas ier· at tax time. 
One successful "small bus in ess" I know uses 
paper bags. The entrepreneur of this enter
prise keeps one marked expense and one 
marked income by the desk and pitches al l 
documents into one or the other. When 
preparing tax forms, he sorts the bags, com
binin g related documen ts into rubber
banded bundles, and, after the forms are 
mailed, puts all the documents plu s a copy 
of the tax forms into one large paper bag. 
Stapled shut and labelled with the year, it 
then takes its place among previous years' 
bags on a shelf as insurance against the 
day the IRS decides to aud it. 

I personally pr·efer a somewhat more 
comp I icated system employing file fo lders. 
Each client or type of ex pense has its own 
file fo ld er which I can use not only for tax 
purposes but as a basis for estimating antici
pated needs. If the money can be availab le 
before the expense arises, life is made easier; 
and if a service can be offered to a client 
just as he/she is about to request it, business 
flows more smoothly. 

Regardless of system, however, the 
principle is the same: keep hard copy 
proving the legitimacy of every deductio n 
and every bit of claimed income. Try dif
ferent approaches until you find the one 
that suits you best, and then stick with it. 
It's your best defense aga inst allegations of 
tax fraud. 

The Silver Lining 

If all this sounds like a lot of trouble, 
you're right. Bu t it has advantages. And in 
the language of income tax, "advantage" is 
spelled deduction. Small business expenses 
are deductible. What counts as a business 
ex pense? Schedule C, the main tax form 
businesses must fil l out (more about this 
late r) , lists several categories. Let's consider 
them one by one. 
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· Ancie~t ~gyRtians did~'t stop 

With justpl)e.pyraniid. Tl)e ~~t 
Pyramid stands on the Plain of ~· 
Gizeh w,ith two other monwrnents · · 
erected for kings and queens. 

Dynabyte didn't stop with one · 
16k dynamfc RAM, either. Now · • 
you can get 16k and 32k fully 
static RAM's tbat are built with the 
same unmatched engineering 
ability and manufacturing.skill 
that went into Egypt's wonders of 
the ancient world. 

When we say built, we mean 
completely built. Assembled, 
tested and burned in. We don't 
leave anything undone. That way, 
you can buy any Dynabyte 
memory and know that it is backed 
by a factory guarantee for one full 
year. Kits and semi-kits can't 
say that. 

Our 16k static and our 32k 
static are available with either 250 
ns. or 450 ns. access time. Our 
250 ns. module is completely 
compatible with the 4MHz Z-80A 
processors. The 450 ns. modules 
are compatible with the 8080 and 
the faster 3MHz 8085 processors. 

The Great 16kStatic 
Memory. 250 ns., $555. 450 
ns., $525. 

• 	4k block addressing along 4k 
boundaries 

Circle 37 on inqu i ry card. 

.,., . 
• 	~nk Select ., ~ 
• ' Write Protect.with alann for 


~ - each 4k bloc\.< 

• .full Schmitt trigger buffering 
• No OMA restrictions 
• Complete S-100 bus com

patibility, including the ~plia 
Micro and Z-2. 

The Great 32K Static 
Memory. 250 ns., $995. 450 
ns., $925. 

• 	4k boundary addressing 
• Full Schmitt trigger buffering 
• No OMA restrictions 

Why Dynabyte doesn't 
build memory kits 

Assembling a kit can be fun; 
almost anyone can do it. 

But how about testing it? 
Do you have the test programs 
and equipment? Do you know 
which memory test program 
uncovers pattern sensitivity? 
Or which finds shorted data 
bits but won't find address 
decoder faults? 

We do. It's our business. We 
have the 200 MHz oscillo
scopes, the logic analyzers, the 
burn-in chambers, and the test 
programs. We find the bugs, 
even the subtle ones. 
. Which lets you concentrate 
on computing. 

~ ... • Con5ervative thermal design 
, Complete s-1oo·compati

~ility, includi_ng the-Alpha 
Micro an,d Z-2. _ ...... . 

The .Great 16k Dynamic 
Memory. $399. 

• 	~ighly cost effective 
_ • 	No waifstates · .. 
· • Transparent refresh 
• 	16k apdressing boundaries 
• 	Widest S-100 mainfranie and 

disk system compatibility 
All of Dynabyte's memories 


meet rigid industrial grade stand

ards. Design, components, con

struction, testing and perfor

mance. But if a module ever needs 

repair, we provide factory service 

with 24 hour turnaround for both 

warranty and non-warranty work. 


Ask for the Great Memories by 

Dynabyte at your local computer 

store. You can also pick up com

plete product infonnation while 

you're there. 


But if you haven't got a local 

computer store, write Dynabyte, 

Inc., 4020 Fabian, Palo Alto, CA 

94303. Or telephone (415) 

494-7817. 


DllRBBllTE 
Builders of Great Memories 
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The cost of replacing a 
2102 programmable 

memory which gave up the 
ghost is deductible as a 

repa ir cost, but upgrading 
it to a 2102-1 or adding 

another 4 K bytes of 
memory to the system is 

an improvement and must 
be treated differently . 

Depreciation 

If you buy any incom e producing 
property or property used in your business 
which has a limited useful life that can be 
reaso nably estimated, you may, during the 
years of its useful life, recover some of its 
cost in the form of depreciation. If, for 
examp le, you buy an item to use in your 
business that will wear out or need repl ace
ment in time, you can deduct a certain 
percentage of its cost every year of its 
estimated I ife. If you are using the item for 
nonbusiness as well as business pu rposes, 
you may only deduct the depreciation for 
the period of business use. Thus, if you buy 
a computer which wi II be used one th ird of 
the time for business and the other two 
thirds of the time for nonbusiness uses, o nly 
one third of its annual deprec iation can be 
deducted as a business expense. 

There are many ways of calcu lati ng 
depreciation. Tax law surrounding it is too 
complicated for thorough discussion in an 
article of this length , but since much of the 
expense of a smal l computer business arises 
from purchases of depreciable property, it 
is well worth a detailed study if you start 
your own computer-oriented business. 

Taxes on Business and Business Property 

This includes tax on business property 
(if you conduct your business on land you 
own and on which you must pay property 
tax); personal property tax , sales tax, 
gasoline tax, and the like if they were 
incurred in the ordinary course of business; 
state imposed corporate franchise tax; and, 
if you have emp loyees, employm ent taxes. 
Of these, on ly sa les tax (in applicable states) 
and gasoline tax are apt to be worth the 
computer entrepreneur's time as deductions , 
but be su re to deduct al I that apply and are 
documented. 

Other Business Property Deductions 

If you rent an office from which you 
conduct your business, the re nt is 
deductible. If you operate from your home, 
however, you get no such deduction except 
under very special circumstances which are 
discussed in greater deta il below. Unl ess you 
are engaged in your business fu ll time, 
however, attempting to get this deduction 
will almost certai nly be more trouble than 
it's worth . 

Routine repairs and maintenance of 
business property (the office, if any, the 
computer, etc) are deductible only if they 
do not increase the value, utility o r life 
expectancy of the repai1·ed item. Thus, 
the cost of replacing a 2102 programmable 

memory which gave up the ghost un ex pec
ted ly is deductible as a repair cost, but up
grading it to a 2102-1 or adding ano th er 4 
K of memory Lo the system is an improve
men t and must be treated differently. 

If you carry business insurance, th e 
premiums are ded uctibl e. 

Salaries, Wages, and the Like 

If you have employees, there are deduc
tions for salaries, wages, commissions and 
numerous fo rms of employee benefits, but 
you may not deduct an y salary, wage or 
cumpensation paid to yo urself. If you cla im 
deductio ns in these categories, be prepared 
to prove that the service pai d for (cg : date 
entry) actuall y was rend ered, that the pay
ment for the service actua lly was made, and 
that the rate of pay was reasonabl e. 

You may al so deduct the fees of lawyers, 
accountants and the like whose services you1· 
business uses. 

Financial Business Deductions 

You may claim deductions for bad deb ts 
arising from sales or services, for interest on 
loans made for or by the business, and for a 
number of other more complex financial 
matters which arise from certain business tax 
breaks. Unfortunately, computer entre
preneurs are not likely to qualify for 
the tax breaks, so I merely mention th eir 
existence in passing. 

Other Business Expenses 

Most of your deductions arc apt to fi t 
into this category . If you're renting an 
office, you can deduc t the costs of heat, 
light, telephone and trash removal. These are 
also deductible if you qualify for a 
deduction for conduct ing business in your 
home, but in any event you can safely 
deduct business long distance telephone 
calls. The cost of postage is deductible fm 
all business correspondence including mail ed 
advertisements and bills, as is any paper and 
printing ex pense which you incm for your 
business. Similarly, yo ur investment in 
receipt books, file folders and other supplies 
used to maintain tax records is deductible. 

One of the largest deductions of the com
puter entrepreneur will probably be for 
reference and research materials. If you 
purchase books or magazines which give 
you information which contributes to the 
success of your business (eg: an issue of a 
magazine containing a program for a service 
you subsequen tly sell), the cost of the pub
lication is a deductible expense. Member
ships in professional societies, subscriptions 
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Price/Performance 

no one else has put together. 


IMSAI Introduces the PCS-80/30 

Integrated Video Computer 


D 3 mHz microcomputer 
D 3K ROM monitor 
02KRAM 
D 8 expansion slots 
D 14 mHz integrated intelligent 

CRT (24x 80) 
D Intelligent Keyboard 
D Parallel interface 
D 2serial interfaces 
D Graphic and edit CRT 

functions 
D 28 amp power supply 
D All for $1499* assembled 

and tested. 

Software: 
ASSEMBLER. DOS, TIY and ACR 
BASIC, Commercial/Scientific BASlC, 
FORTRAN IV and more. 

Memory Options: 
4, 16, 32 and 64K RAM memory boards. 

Circle 51 on inquiry card. 

Peripherals: 
Printers, ftoppies-mix and match; 
standard. mini and high performance 
double density floppy disks on the same 
system (an industry first), 'h'' magnetic 
tape drive, CRT and TV monjtors. 

Send today for your copy of the 250-page 
IMSAJ PCS-80/30 User Manual. Price 
$5.00. The cost of the manual may be 
applied towards your purchase of a PCS
80/30 Integrated Video Computer. Use 
the coupon provided. 

Gentlemen: 
Send me the IMSAI PCS-80/30 U•er Manual.price
SS.00. I understand that the SS.00 may be applied 
towards the pun:h.Sc of o PCS-80/30 Video 
computer System. 

Check/Mo~ Order enclosed. Amt. s____ 
Chorge my LJ BAC 0 MIC 

# ________ Exp. Date: ___ 

Sig, _ _____ _______ 

Nam• -----------~ 

AddrcJS·-----------

C~tY------------

State/Zip - --------- -

IMS~I 1~860 Wicks Blvd. S•n L.eondro. CA !l4$n 

The Standard of Excellence 
In Microcomputer Systems 
IMSAI Manufacturing Corporation 
14860 Wicks Blvd. San Leandro, CA 94577 
(415) 483-2093 TWX 910-366 7287 

•U.S. domestic pric:"e only. PCS·SO/JO kil ovmfl11ble.. Other PCS~BO ldis. Siad 
:at 5699. Prk cs llftd tpc:dftc1uions subjcc1 IO dw.ng_c: wi1hout no1icc, 

http:pun:h.Sc


to techn ical journ als, the automotive ex 
pense incu rred by your business, and books 
and business equ ipment having a useful life 
of less than one year can also be dedu cte d. 

A lot o f things sudd enly become deduct
ible when you're a small business, wi th the 
result that ca re and good judgement a1·e 
even more necessa ry th an usu al in filling 
out your tax fo rms. If you have any doubt 
about the legitim acy of a deducti on or 
you r abili ty to substantiate it, do n't take 
it. In fact, th e first year you fil e as a small 
business it's wise to go easy on everything 
whi le you becom e accustomed to the fo rms 
and laws. Then, as you grow more fa mili ar 
wi th the ins and outs of tax for small 
businesses, you '1 1 be able to clai m more of 
you r deducti ons with th e certain ty th at, 
should 

Figure l : Schedule C, 
"Profit (or Loss) From 
Business or Profession. " 

you be audi ted, you'll be able to 

support th em adequately. Let 's look at th e 
add itional tax schedules you'll need to fil l 
out. 

Schedule C (Form 1040) 

Th is is the main sched ule you'll have to 
worry about. Figu res 1 and 2 show the front 
and back of th e 1976 Sched ule C, respect
ively . They have been fill ed out with the tax 
information on a fict it ious computer entre
neur. You can follow them thro ugh the dis
cussio n be low. 

At th e top of figure 1 is a place for your 
name and socia l security num ber. This pro
vides cross-i ndexing to yo ur Form 1040, 
fil ed simu lta neously . Below, in A through 
H, you indicate the general sh ape of your 
business: (A) what you do and produce , (B) 

SCHEDU LE C Profit or (Loss) From Business or Profession I 
(Form 1040) (Sole Proprietorship) <ll'ii\76 
Ot pu l.mt I DI 11.t Ttu,._q Par1n enh ips , Jainl Venturu , etc: ., Must Flle Form 1065. U~ 
1...1•1 nt l R1vre'il1 'hn-c• ... Att.ac.h lo Form 1040. ~ See ln st ructlons for Sched ule C (form 1040). l 
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;.~----l Ci1 o~s 1tca1pa 01 Sl it!$ $ .~: ,q.7 ....... lm: n: l u r n ~ J: nd '11t.Q ,.lntes $ ..... ~:.~.??. .... ,e~ ;inc.e ... ··· · •• • --- ----- -~~ O t~l 
2 Less: C.c1it !II £<Kids said a nd /or oper.;)l lon:; (Schedule C-1, line 8) 2 .,.. ,....,. 

3 G1oss a:irofi t • . • • • • • 3 ............. ~-' ..'+- -~-~ 
4 Other income (:Ht.1 ch :s.ch«l ule) • • • 4__ 0 00 
5 To t.11 incema (add l int?!; 3 und 4 ~ . ~~* fi 
6 OcprcclJ tlon (eio:pl il ln in Schedule C-3) -- ~ - - 0 q_q_ 
7 T.a:a:e5 on bu5•ne~l ~m.I tl"U~ l ne~s. propc!lt:,' ( C.11ip l ~i11 in Schedu'c C-2) 0 OC 
8 Ren t on busfncn propert>' • • • • • • • • • • • • 8 ·: ~~-~:: ~--~ 
9 Rep.ah:. (explJ ln an Schedule C-2) • • • • • , • • • • • .. ~ 0 ()0 

10 SJ IO)flCS il fld W3£:C"!i not Included on llnc 3. Schedule C- 1 (exclude .any paid to )'0Uf$Clf) --~~ -· ···------ --·- -- Q-· oo·
ll Insurance • • _) J .. ···· -- -------- ~. ~O 
12 Lee;;i t omd profe$5ion;;,I fees • • 12 ······-···-···-···· -~ - ·c·o 
13 Comrn l'51on:s. • 13 0 co·
14 Amori lzotlon (~tt~eh sl otemcnl) . . . }~ ·.-::: ::::.·::::.-:::: .-:: .· ~f .~!:?." 
15 (o) Pcn'5 lon 111 nd proht·shilrinc p1'm$ (S.C!c Schedule! C lnst ructicns) . 15(a) 0 CO 

(b) Em ployee bcnorit pro-e1i'.l ms ( SCI! Schedule C lnstruclioM) • .••. C~>. ::::::::~: :::: ::::·:: .. :~: -~ 
16 lnterC!st on business indabtcdness • • • . ).~. -- ·· · · · ······~·- ··········'P. . ~.'2 
17 Bad dcbl!i aris.ine from :saln or :services. 17 Q.. ~-~· 
18 Depletio n • • • • , • • • • • .......~. ~ !?. 
19 Othor business expenses (5pecify): 

<•> .H£~r...~.'J.~}~ !t.>1:r........... .......................... .....) 

(b) TELfP.HM.1.:. 1.1.~(4'!.~.()...~.~~!.o\,'. f;~~ -~!:'.!ll.:P.in; . 

cc> . P.ri.f.T.~~i... .......... ........... ...... ..... ...... .... ................................... I.Cl. .. ! .~ . -

::Ii~:.~~s~~~:.~~t~~~;~}(:~~:·:·: :::::::::::::::?:~!: -~: 

l~:~~E~ltii~?lk~~~~.iic :::_:_:_::::_:.::.:·::·.:·::·:;} ·ii. 

(k) To tal othor bu oino-s:o;. ex(len SC!> ( i'.l lltl lln~s 19(:>) lhrouuh 19(/)) • • • • • • • • .!.!!& 


20 Tel al deductlcns (acid lines 6 thrnufth 19(1! )) . . . . • • . . . • • • • . • 20 I 

N cl pfo ht or (less) ('S ubtracc ll nl!' 20 l1om llnc 5). £n1 or here o:intJ en Form 1040, line 29. ALSO I I 
enler o n Sc hedule SE. hnC! 5(.i) . • . . • • • • • . . • . • • . • • • . • 21 

SCHEDULE C-1.-Cos1 or Gcrxis Sold and / or Operations (See Schedule C lnslruc:t ions fo r Linc 2) 

1 ln\l enl ory at beclnninr. o l yM t M ditfcren1 J1om Int ye~ r · s chainr: ln11en lory, attn h t lp!Jnation) • . • •...1 Cl ~ 
2 Purch~ st~ $..... ...... l en: co~t ol iCemi -..."1111du1tin lor permul use $ ·-··· ··-······ ·· ··-····· Balu1tt ~ ___2 -~ ~~- "i:i?J. 
3 Cost of l:i bor (do not 1nc1udc salaryJ;ilid lo~ou~~I) • • A.Js'l.. • •.•• • • • ·~· ...~.. .. ....... . 0 ~ 
4 M• tcr i•I• ond .u ppl t e> l'41•1,17~W\ ~~I.. ":· . ) ia •.&~o . .~ · ~ 2: •~*C"TJ'~,vi. ....• ... .. ::: ......: .:: : .:::~'i?.: .~If 
5 Othor cos.ts (ottach ~t:hedulrt} , • , , • • • • • • • • • s... G OC 

6 Total or li nes 1 through 5 • • • • • • • • • • • • • • _6_ ....I! .~ . i!f. 
7 Leu : Inventory <l t ud of yl:!ilr • • • . . . • . • O oO 
8 Co'St of goods ~o td and/or operalians. Entll r hor.i? an c• on hnti 2 above 8 ;J..D ~ 

Old you claim a deduction fa r up1ms11"S or ;:in elfic:e in your home? • • • • • • • • O Yes O No 

*lo Auo11l THl. ~""'" ''-'TY 01! S1>Mf:<1.UE TA'"'"" f//OTH«TIUtL. DVU~l ..T 10A> .,..., ,,,~-
17E.frl "l.:S A 611:Si5 Foil ,,.._,ft tlEl'l.!41/lfTIOAJ , I.JO Ill UClltT10AJ 16 ~4.'1 1 ft</EIJ llf.R.E . 
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---------- -

the name under which you do it, (C and D) 
address, (E) acco un ting method, (H) 
inventory evaluation method, and (F and G) 
two bits of information yo u don't have Lo 
worry about unless you have employees. If 
you're selli ng a hardware ite m, you'll need 
to evaluate your inventory , if any, but as 
most computer entrepreneurs sell computer 
services, we'll leave that question for those 
who sell hardware to examine. The com
puter entrepreneur with paid employees is 
rare, so we can assume that in most cases 
both F and G can be marked "No." 

The accounting method you choose in 
the beginn ing is the one you'll be stuck with 
foreve r, unless you fi le a request to change it 
wi th the IRS. If you choose a method other 
than "cash" or "accrual," that also must be 
cleared with the IRS, so most people select 
one or the other of the more commonplace 

methods. The difference between the two 
methods hinges on when you can claim 
deductions, etc. In the accrua l method, 
payments and bills are taken into account 
when they are due, not necessar ily when the 
money changes hands. Thus, you can clai m a 
deduction for a business expense which fe ll 
due in December on that year's taxes even if 
you don't get around to pay ing it unti l Jan
uary. At the same time, if someone owes 
you money in Dece mber, you must pay your 
tax as if it had bee n received then, even if 
he/she doesn't get around to paying you 
until j anuary (or j une, for that matter). 
Using the cash method, bills and payments 
are taken into account when they are paid . 
Each method has its advantages and dis
advantages, but I wou ld recommend start ing 
with the cash method because of its sim 
plicity . Wh en you can affo rd an accounta nt 

Scti•dule c iro rm ID40, 1976 Figure 2: Schedule C, 
SCH EDULE C-2.- Eiplanotion of Lines 7 ond 9 11"£l'n t'L I! Tl'\Jl-e\ ANj) U P/fill' 11£11.£ back view. 

Amount 

..... . .. ...., ,,_____ ,,,,____,,, •. -~----- .. ,, ,_________,,, ....... .... ......... .. . ,,_
 _$_ _ ,,____ 

--·•• • - •• · •· · -·••~• •LL>•• •~•-•.•~•-••--•-•• - - - - - 1--  ----··------  •-•• • .~u---

•OO••••• • •-• ·----.- - - ----------· - -  --~000 O O OOOOOH.-0.~.0 0 0000 000 0 0 0 0·0~400-0U-OO I------

oo oooo o o · •-· • •• • - -··•·-------  · - - - --  ·--~~- --~-~0000 00 00000000 0~•---••-·--•HO~ ·----- 

------- ------···------------------
•- ·•••• • • · -••OO&oOLOLO~O.~OH~Oo-O•O--U ---···-·-0 0 0 00~ 0 --·1------------I··-·~---

___,,_ -------------..- ....---- ..- -- --  ___,, ______._____,, ·-  ------- - ------!·--..- -··---
-······  ·········--··-···--···----···--- ·-----·-·-- ··-~- - ------------ - - •··- ------· ..................................... ,,,,____ ,__,,,,,.... 
 -··· .......................---------!----- - 
SCHEDULE C-3.-0eprecial ion (See Schedule C Instructions for Lino 6) 

II J'1u l'letd mOo1e 1PJC:e, vu re1m 4562. 

• · Dni.ripfl Oft 1t prapHfr (, '"1111' 
Ol)irf lllHlt 

f . Of;rrdl licm 
1lla1N., •U~1bl e 

l11>priot JOl1 

e. Ntu.M • 

,,,..c1c-1111 tl.u111 .. f, Ill• 
W flt. 

r. ikJ'l'~l•11- !ti 
4 ~t)Ut 

l Totl31 adC lt iort1JI ll~t·year deprec latitm (do not lncludo In llems bclow)--------------1~ 
2 Ouu:r dopr~ci a tion : 

3i·l -.06 'iit"'iliT""-or" o"i-~1•.T -- -- -- .............---· - ·---- -..--···· 
···-·········· · · · ······ - -· · · --  --· · • -•••••-~000·0• -----·•• • · ---···--  -- ·-·-•-O OOOooo-•• · •-••• 

····· ·· ·······- ···-····----··--·-- - ·-·· :------<- -----·--·· ------~-· ______ 
Tot .Jls • • , • • • • • • • • • 

l «!' S 'S a rnounl of dcprecl.ltfa n cla1mt!d in Schedule C-J, p.l£G 1 • • • • • • • • • • • • • • 

S B.a1.;m ce--Ent«!'r here and on pi!ge 1, !Inc 6 . • • • • • • • • • • • • •· • • • • • • 

...____ ,, 
•-H·-· --

,_____, 

···

__ 
l 
4 


SCHEDULE c-4.-Expense Account Information (See Schedule C lnstruclions for Schcdulo c-4) 


Cnru inforruhon with ff!l: ~ rd to 70Umlf ind your five l--- ---"-•m_•------1--'C.'-P<'-'--"'c:.' .;;.' ",;;,°"="''-----1 -.;:5;::'":;,"c::" :.:":::"":..::W;:,•<o:;n:_ 
~~~~',n"J~t~~~:;:~~n,:~'n~tn~':!,~~~Hm~~:~ Owner • • • • • • • • • • --·-········-··--- ~#J}{/~1{~1!~ ~;~ 
lddtd lo lhl K ubrlei •nd w1ies. Howtvu. lht lnfc trnl· 1 ··-·---··········-----·-·- · ·····--···-·---------······ --···~····- ~2·: ~t" ,~:1::J !!:~!:",i~1~~~1h:::'siS.=.t:,'f~~~ · · ···-·------~----- --·-···-·-···- ···-· ··········-- -
:w1111 1011 r opl!nu ucounl ~llow.atKe plus Ii~ 2l, p1110 3 -···--··· -·-· ··········-- ···-· ···· ·············--~-··---- ----··~·-- -~··-
I, I~ fen 1.h1n $25,000. 4 ······--·-·· ·· ···· ··-- ·- ·---·-· - -··· ····-······- ··------· - •.._•••~--- _ 
0.d ,01.1 d•im • dtductf.on for uptMu cu11'1tcled ..11h: 1-"-_________ _ __,______....JL..____!.,_s 
( J) Enltrialnmenl fuiliry (bo-11, rtwct, untb, elc:.) t • • O Yu 0 Ho (3) Employe~· l•millu 11 eonl/t:ntlons 01 mttlln1'1 • • D Yrs O Ho 
(2) l.l o riir. aC(ommod•tloM (elC-epc emoloycn on bu1 inns)~ 0 Yu 0 Ho (4) Emolaytt Of famil1 Y.lutions not rootttd on ronn W-21 O Yu O No 
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Take an 
even BIGGER Fully assembled DEC 

Writer I I Keyboard 
Printing Terminal at the 

sensational low price 


of only $1495 !
Byte!... 
with the Heathkit H1116-Bit Personal Computing System 
Based on the worl d-famous DEC 
LSl-1 1, the Heathkit H11 an d it's 
peripherals are design ed to give you 
all the power and speed you need for 
total computing versatil i ty. It's one of 
the few FULL 16-bit personal com
puters available to hobby ists today, 
and equivalent commercial versions 
would cost literally thousands of dol
lars more! As with the H8 system, 
complete " program-read y" software 
is suppli ed: the Heath / DEC PDP-11 
software includes ED-11 editor ; 
PAL-11 S relocatabl e assembler; 
LINK-11S l ink editor ; Absolute 
Loader; ODT-11 X debug ; IOX LP 1/0 
executi ve prog ram; DUMP-AB-PO 
and DUMP-AB-PB ; plus BASIC and 
FOCAL; and it executes the PDP-11 I 

40 instruction set! The software is 
supplied in easy-to-use paper tape 
forma t, perfect for the H10 paper tape 
reader/punch. And with Heath's 
complete assembly manuals and 
software documentation, you have 
the most so lidly supported computer 
system you ' ll find anywhere. Sink 
your teeth into it today! 

H11 LSl-1116-Bi t Computer . .. . $1295 
H11-1 4K Memory . .... .. .. . .. .. 275 
H11-2 Parallel Interface .. . . .. .. . . 95 
H11-5 Serial Interface ... . ..... ... 95 
H1 O Paper Tape/ Reader/Punch .. 350 
H36 LA36 DEC Wri ter II . ... . . .. 1495 

If purchased separately, '3605°0 

Heath System Price SJJSQOO 
Pr ices are mal l order net F.0.8., Bonton Harbo r, Michigan. 

Pr ices and speclflca!lons subjec t to c hange with ou t not ice. 


FREE Heathkit Catalog 
Read about computers and nearly 
400 other easy-to-build ki ts. 

Ufitrlti• H? Heath Company, Dept. 334-370 
llliti-il.ltW-lillliitlii\:lillfi~-liitl• Benton Harbor, Ml 49022 

I Please send me my FREE Heathkit Catalog.
I I am not on your maili ng list. 

I
I Name'-------------------~I Address_ _ __________________ Use coupon for 

mail-order ~I City State I calalog or bring ~ to store for
I CP-135 Zip I retail catalog.

L---------------------J 
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AVAILABLE LOCALLY 
Visit the Heathkit Electronic Center 
nearest you (Units of Schlumberge r 
Products Corporation) and see our 
Complete Computer Line. 
Parts and service available. All kits dis
played, and so ld at sl ightly higher prices. 
ARIZONA - Phoenix, 85017 

2727 W. Indian School Ad. 602-279-6247 
CALIFORNIA 

Anahe im, 92805 
330 E. Ball Rd. 714-776-9420 
Et Cerrito, 94530 
6000 Potrero Ave . 415-236-8870 
Los Angeles, 90007 
2309 S. Flower St. 213-749-0261 
Pomona , 91767 
1555 Orange Grove Ave. N. 714·623-3543 

Redwood City, 94063 

200 1 Midd lefie ld Rd. 415-365-8155 

Sacramento, 9582 5 

1860 Fulton Ave. 916-486-1575 

San Diego (la Mesa, 92041) 

8363 Center Dr. 714-461 -0110 

San Jose (Campbell , 95008) 

2350 S. Bascom Ave . 408-377 -8920 

Woodland Hills, 91364 

22504 Ventura Blvd . 213-883-0531 


COLORADO - Den ver, 80212 
5940 w. 38th Ave. 303-422-3408 

CONNECTICUT - Hartford (Avon , 06001) 
395 W. Main St. (Rte. 44) 203-678-0323 

FLORIDA 
Miami (H ialeah, 33012) 
4705 W. 16th Ave. 305-823-2280 
Tampa, 33614 
4019 West Hillsborough Ave . 813-886-2541 

GEORGIA - Atlanta , 30342 
5285 Roswell Rd . 404 -252-4341 

ILLINOIS 
Chicago, 60645 
3462-66 W. Devon Ave . 312-583-3920 
Chicago (Downers Grove, 60515) 
224 Ogden Ave . 312-852-1304 

INDIANA - tnd lanapollo, 46220 
211 2 E. 62n d St. 317-257-4321 

KANSAS - Kanaao City (Mission, 66202) 
5960 Lamar Ave. 913-362-4486 

KENTUCKY - Louisville , 40243 
12401 Shelbyville Rd. 502-245·7811 

LOUISIANA - New Orteana (Kenner, 70062) 
1900 Veterans Memorial Hwy. 504-722-6321 

MARYLAND 
Ba lllmore, 21 234 
171 3 E. Joppa Rd. 301-661-4446 
Roc~vllle , 20852 
5542 Nicholson Lane 301 -881-5420 

MASSACHUSETTS 
Booton (Peabody, 01960) 
242 Andover St. 617-531-9330 
Boston (Wellesley, 02181) 
165 Worcester Ave. 
(Rt. 9 just west of Rt . 128) 617-237-1510 

MICHIGAN 
Detroit, 48219 
18645 W. Eight Mlle Rd. 313-535-6480 
E. Detroit, 48021 
18149 E. Eight Mlle Rd. 313-772-0416 

MINNESOTA - Minneapolis (Hopkins, 55343) 
101 Shady Oak Rd. 612-938-6371 

MISSOURI - SI . Louie (Bridgeton) 63044 
3794 McKelvey Rd. 314-291-1850 

NEBRASKA - Omaha, 68134 
9207 Maple St . 402-391-207 1 

NEW JERSEY 
Fair Lawn , 07410 
35-07 Broadway (Rte. 4) 201-791 ·6g35 
Ocean , 07712 
t 013 State Hwy. 35. 201 -775-1231 

NEW YORK 
Buffalo (Amherst, 14226) 
3476 Sheri dan Or. 716-835·3090 
Jericho , Long Island, 11753 
15 Jericho Turnpike 516-334-8181 
Roche ster. 14623 
937 Jefferson Rd. 716-244-5470 
White Plains 

(North While Plains, 10603) 

7 Reservoir Rd. 914-761-7690 


OHIO 
Cincinnati (Woodlawn, 45215) 
10133 Springfie ld Pike 513-771-8860 
Cl eveland, 44129 
5444 Pearl Rd . 216-886 -2590 
Columbu1, 43229 
2500 Morse Rd. 614-475 -7 200 
Toledo, 43615 
48 S. Byrne Rd. 419-537-1887 

PENNSYLVANIA 
Philadelph ia, 19149 
6318 Roosevelt Blvd . 215-288-0180 
Frazer (Chester Co.} 19355 
630 Lancaster Pike (AL 30) 215·647-5555 
Plllsburgh, 15235 
3482 Wm . Penn Hwy. 412-824-3564 

RHODE ISLAND 
Providence (Warwick, 02886) 
558 Greenwich Ave. 401-738·5160 

TEXAS 
Dallaa, 75201 
2715 Ross Ave. 214-826-4053 
Houston, 77027 
3705 Westhel mer 713-623-2090 

VIRGINIA 
Alexandri a, 22303 
6201 Richmond Hwy. 703-765-5515 
Norfolk (Virginia Beach, 23455) 
1055 Independence Blvd. 804-460-09g7 

WASHINGTON - Seattle , 98121 
2221 Th ird Ave. 206·682-2172 

WISCONSIN - Mil wauke e, 53216 
5215 W. Fond du Lac 4H-873-8250 
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to handle such matters, he/she can arrange 
to change methods if it becomes desirable. 

The section labelled income comes next. 
The total received by your business for sa les 
of products and/or services goes on line 1. 
You may subtract from it any money lost 
through returned items, rebates and the like, 
but these aren't apt to arise in this business. 
Before completing the rest of this section, 
look at Schedule C-1 at the bottom. 

Line 1 of Schedule C-1 lists beginning of 
year inventory. If you're dealing in services, 
this should be 0, and H (at the top) should 
be "no inventory." Line 2, similarly, will be 
0, since you haven't bought any items to add 
to a nonexistent inventory. Cost of labor 
(line 3) will also probably be 0, since you 
can't include your own salary or wage and 
you probably don't have any other 
employees. On ly lines 4 and 5 are likely to 
contain anything. Materials and supplies are 
the costs of the tapes, etc, on which you 
store a customer's data; the paper on which 
you write programs; the printout paper you 
use to output hard copy either during a run 
or to give the customer; the ribbon on your 
hard copy output device; and anything else 
in the way of purchased materials that is 
required for produ'cing the service and/or 
hard copy you provide the customer. To 
play it safe, I always include here only 
documentable purchases of supplies made 
during the tax year and spell out the items 
and their prices so the total will make sense. 
On line 5 (other costs), show such costs as 
overhead expenses (eg: the cost of running 
the computer) and shipping costs (if you 
have to mai l someone a printout, for ex
ample) . I routinely leave line 5 blank, since 
it's easier to figure these costs with the 
other expenses of the same type under 
other business expenses (line 19). Total 
lines 1 through 5 to get line 6 . . Since you 
have no year-end inventory, line 8 shou Id 
equal I ine 6. 

Now enter the total shown on Ii ne 8 
of Schedule C-1 on line 2 and subtract. 
Line 3 in the income section is then gross 
profit . Miscellaneous income if any (re
covered bad debts, interest on business 
investment, etc) is line 4, and line 5 shows 
the total business income for the year. 

The section marked deductions (lines 6 
through 20) comes next. Depreciation (line 
6) is calculated and explained in Schedule 
C-3 on the other side of Schedu le C. Deduc
tions for repairs (line 9) and tax on business 
property (line 7) are similarly itemized in 
Schedu le C-2. Both depreciation and the 
other deductions mentioned in Ii nes 6 
through 19 have been discussed above, but 
an examination of the deductions shown in 

lines 19a through 19j in figure 1 might be 
instructive. Line 19k, of course, is simply 
the total of these "other" expenses, and I ine 
20 is the tota l of al l business deductions. 

You can always deduct the postage and 
telephone expenses your business involves. 
If you mail out a bi 11, an advertisement or a 
prospectus for your business, keep a record 
of the actual postage amount it requires. The 
IRS isn't interested in how many stamps you 
bought or an approximate figure. You must 
show dollars and cents actua lly spent for the 
business and nothing else. Un less you mail 
all business correspondence from a post 
office, getting a receipt for your stamps 
every time, this is a very hard deduction to 
document, but it can prove worth the effort 
since, with continual ly increasing postage 
costs, a business can involve a sizable postage 
expense. Simi larly, if you make long 
distance te lephone ca lls for your business, 
they are deductib le and your phone bi ll and 
cancelled check can provide some of the 
necessary documentation. Keep a record of 
the business phone ca lls you make, showing 
the date, the number called, what person or 
company was reached at that number for 
business purposes, and a rough note of the 
purpose of the cal l and the length of time it 
involved. This is particu larly important if 
you're doing business by long distance te le
phone with a friend or a member of your 
family, since the I RS wi II inevitab ly wonder 
how much of the cal I was business related. 

Another item you can always deduct is 
any book, magazine or other work which 
you use as reference or research material. If 
the publication's business re lated informa
tion has a useful life of less than a year, then 
its price is fu lly deductible; if its usefulness 
exceeds a year it becomes a depreciable in· 
vestment. For all practical purposes, it's 
rare ly worth depreciating these references. 
In this fie ld, information is apt to be out
dated in a short time, so you might as well 
deduct the whole price the year you buy the 
pub lication. Be careful, though, to on ly 
deduct publications which contribute to 
your business, and keep the publication as 
evidence both that you bought it (along with 
the sales receipt) and that it is busin·ess 
related. 

Advertising costs are also deducted here. 
This inc ludes any expenses involved in 
preparing, printing and distributing adver
tising for your business. As usual, document 
the expenses as thoroughly as you can. 

To keep al l these records, record books, 
file folders and the like will be needed. 
These can be listed as supplies and their cost 
deducted here. Other supplies inc lude any 
stap les of your trade (tape cassettes, print-

Rou ti ne repairs and 
maintenance of busi ness 
property are deduccible 

only if they do not in
crease the value, uti lity , 

or life expecta ncy of the 
repaired item. 

Continued o n page 8 0 
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WANTED: MEDICAL APPLICATIONS 

have been reading your magazine 
with great interest. I would like contac t 
with any of your readers who are i'n tcr
csted in medical app licat ions of com 
puter technology, especially information 
on : 

(1) 	 Electrocardiogram interpre 
tation and detai ls on conversion, 
A/D, D/A, wilh appropriate 
interfacing for Z-80 processor. 

(2) 	 Software on any med ical i tem 
espec ially diagnosis of end o
crine , ovulation distu rbances. 

(3) 	 Medicaid, Medicare, third party 
billing software. 

(4) 	 Business soft ware. 

Jonathan C Gibbs Jr MD 
Catholine A Gibbs 

Memorial Health Center 
75 Harr iso n Av 

jersey City NJ 07304 

NEWI 


.., 

1.1r , ~. 

This 44 page catalog consolidates the complete line of C&K small 
switches inlo a single. fact-lilted. easy-to-read volume. It includes ev
erything you need to know about toggles. rocker and lever t1andles, 
printed circuit mountings. snap-acting pushbuttons. 6 AMP alternate 
action and momentary pushbuttons, subm1niature and microminiature 
pushbuttons. illuminated rockers. miniature power, slide, and 
thumbwheel switches-plus how-to-order in formation and a complete 
list of worldwide C&K d istributors. Ask for your free copy and we'll 
show you a million and one ways to tu rn on the juice. 
C&K Components. Inc. 103 Morse Street. Wa1enown. MA 02172 
TEL: (6 17) 926-0800 TWX: 710 327-0460 TELEX: 92 2546 
Free Eng1necmg Samples on Rcques1 
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NEEDED : PROSTHESIS 
CONTROLLED BY COMPUTER 

I would like to pose a problem to my 
fe llo w readers. Recently someone I 
know suffered a broken neck. He wil l be 
paralyzed from the neck down for the 
rest of his li fe. A ll he can do at present 
is to breathe, talk, sec, hear, and nod his 
head. Someone is supposed to have on 
the market a microcomputer controlled 
wheel cha ir that is run by a breath or 
voice actuated terminal. I t is not hard to 
imagine a keyboard that can be played 
like a harmonica, with optical switches 
set with reeds mounted on diaphragms 
to act as SPOT momentary contact 
switches. 

The problem is th is: Given the cur· 
rent technology in motorized wheel 
chairs and electromechanical devices 
(such as arti culated arms, spoon holders 
and page turners), develop a micro· 
computer operating system that can be 
enti rel y control led from a breath act i 
vated term inal. The operating system 
should not only control the chair, it 
should all ow the operator to call up all 
of the usual microcompu ter operating 
systems, such as BAS IC and assembler. 
I f the operator chooses to become his 
own programmer, then he should be able 
to reach his chair new tricks as we ll as 
using the system for entertainment. 

Remember also the limi tations. A 

A mighty big 
catalog about 
some mighty
small switches. 

wheelchair can only carry so many 
batteries. The operator canno t afford to 
be stuck with an expensive, one of a 
kind, poorly documented and inflexible 
sys tem; If he has a programming or hard
ware problem, he shouldn't have to go 
to a highly paid engineering consultant 
for a fix . I f the wheelchair runs away, 
the operator can't get off; the system for 
operating the wheelchair should have 
enough checks and balances to prevent 
inadvertent in jury. 

With the advent of the hobby com· 
puter, the time is ripe for victims of 
amputation and paralysis to take more 
control of their lives. 

Don Baker 
Gloucester Pt VA 23062 

You point out one of the most en
couraging and heartening effec ts of 
research In robotics: appl/catlon of t/7/s 
technology to Improve the /Ives of 
severely ha11dicapped people. 

IBM 5100 PLUG INS, ANYONE? 

We have an I BM 5100 32 K installed 
at our office. I have noticed many ads 
in your magazine for add on memory for 
other small systems, and wonder If any· 
one "out there" may have plug in 
memory cards to fit the 5100. I sure 
wou Id Ii ke to hear from anyone who 
does. 

AD Phelps 
Hood River Distillers Inc 

POB 240 
Hood River OR 97031 

NEEDED: INFORMATION ON 

COMPUTER CONTROLLED 


HYDRAULICS 


I am an amateur computer hobbyist 
interested in computer contro ll ed 
applica tions. I would like to know if 
you have any information on sources 
of miniature or small scale hydraulic 
components. 

Peter Woodall 
1645 DeMaisonneuve Bl\·d #609 

Mon treal, Quebec 
CANADA H3H 2N3 

We do 1101 have any information on 
this subject, but perhaps a reader might 
care to provided a tutorial on the control 
of hydrau/lc systems from computer 
outputs. As a componellt of practical 
robotic systems, hydraulic technology 
might well be worth exploring. 

TOWARD SMARTER MACHINES 

Forgive me, but I feel a strong urge 
LO comment on the statement made by 
Mike Rivers in the September 1977 
BYTE/ Letters, page 780/. 

When people take a particularly 
strong interest in a subject, Liley gen· 

Continued on page 130 



Photo 7: The prototype 
board for the expanded 
digital voltmeter. 

Add More Zing to the Cocktail 


Last month (page 76) brought you a 
design for an 8 channel 3 1/2 digit 0 to 2 V 
digita l voltmeter (DVM) interface. The arti
cle introduced mu lt ip lexed ana log data ac
quisition by means of a construction project. 

I'm sure that the majority of th e readers 
who have built the DVM wil I be satisfied 
with the resu lts. There is of course that smal I 
group of problem makers who don't believe 
the whole world ex ists in the range from 
0 to 2 VDC: a point well ta~en. 

Actually, I planned to expand the capa
bilities of the basic DVM all along. I'll 
elaborate in detail ; the end resu lt wi ll be 
a DVM interface with these additional 
speci fica ti ons: 

Super Cocktail DVM 

• 	 8 programmable input channels 
• 	 AC or DC capability 
• 	 programmable gain of 1, 10, or 100 
• 	 ranges of 0 to 200 mV, 0 to 2 V, 0 to 20 V, 

or 0 to 200 V 
• 	 input overvoltage protection 

I had hoped that by presenting the basic 
0 to 2 V interface first, more readers would 
attempt to build it due to its low cost. The 
extra capabil ities presented th is month can 

be added directly to the previously described 
hardware in terface. 

A 	Quick Review of the Interface Hardware 

This DVM is design ed around the Moto 
rola MC1 4433 3 1/2 digit low power com
plimentary MOS analog to digital converter. 
The MC14433 is a mod ified dual ramp inte
grating ana log to digital converter· with 
multip lexed binary boded decimal (BCD) 
output. With the resistor va lues chosen it 
wi ll perfo rm approx imately 25 co nversions 
per second. 

!he ful l sca le voltage value (ie : the value 
represented by the 3 1 /2 di gits after any 
input voltage divi sion) is set by an MC1 403 
voltage reference integrated circuit. With 
2.000 V applied to the V Ref inpu t of the 
MC14433, full scale is ±'1.999 V. lf0.200 V 
is ap plied, ful l scale wou ld be ±0.1999 V or 
±199 .9 mV. 

The MCl 4433 can di rec ti y drive one 
LS TTL load. Since not all paral lel input 
ports are LS TTL compatible, 74LS04s act 
as buffers and drivers on al I digital voltrnete r 
integrated circuit ou tput pins. Data output 
is of course inverted and must be comple
mented before use. 

Steve Ciarcia 
POB 582 
Glastonbury CT 06033 

6YTE January 1978 37 



VRE f 

IC I 
M C1 44 33 

IC6c 
CD 4 053 

• 
27K 44 3K 

\I I ~ 

2 01 0 O'R 
2 2 21 2 0 I~ 14 

;-,(3- - -  -- "
• 7·1 ., 9 
I L S O ~ b d 
I 
I 
I 

I 
I 
I 
I 

10 
I 
I 

L -  -  -  -  -  - - - - _I 

B7 B6 B5 B4 B3 B2 Bl BO B l BO 

~---~~---~__________, 
PORT 003 INPUT PORT 0 02 

INPUT 

• 4 30 K AND 
13K IN SERIES 

IOO K 

1 0022 

5: 0 P D 2 

IC5 
74714 

AX IN 
1C6 0 

CD4 0 53 
14 

OUT AY n 
IN 

A 
CTR 

XIO O 

11 ll K 

R 
TR IM 

AC TO D C 
CONVERTER 

(SEE FIGURE 3) 

OUl 

xro 
l llK 

-:::: (IF NECE SS ARV) 

R 
TRI M 

IS 1111 

4 11\12' 1N1 
IN7 

2 1N6 IC8 

5 IN 
5 

CD4051 

10 II 

I M 

19 1TE IA2 -5S 
RELAY OR EQ UI VALENT 
(TYPICAL FOR 8 ) r - - ------, 
~-------""--- 17 

I,, 
I I 
I IL _ ______ J 

,---------, 
II 17 

I I 

61 12 
I 
I 

I JL __ _ ___ ...J 

r- - ----, 
I !7 

I 
61 

I 

I 
12 

I I 
I I 

IN 75 0 A(<l L _______ ..J 
r - - ------, 

,.,_--1-1--1 - - ..:.1:.,.I -~..- I 7 
I I 

61 12 

I 
I 
I I 
L - - - -  - __J 

,..- - - ----, 
11 17 

I I 
6 1 12 

I I 
I I 
I I
L _ _ _ __ _ _ - _J 

r - - - - --, 

12------t:=;--r--t---·~:--.ef' :' 
til IZ 

I 
I I 
I IL ___ _ __ _ .J 

r--- - --. 
I 17 

O I 

IN PUTS 

CJNO. I 

•S V 

C)N02 

•S V 

• SV 

C)N0 4 

C]NOS 

• SV 

C]N06 

• 5V 

C]NO 7 

07 86 85 B4 B3 B2 B l BO 6 1 12 
• SV 

PORT 003 OU TPU T 

I I 
I I
L______ _J 
r--------, 

' : -~:-'---<:JN08 
6 1 12 

I 
•5V 

I I 
I IL ___ _ _ __ __J 

Figure 7a: The modified digital voltmeter, an expansion of last month's basic design. Changes include the addition ofan input 
multiplexer, made up of eight dual in line package relays, and IC9, a 7 of 70 decoder. The modification allows the voltmeter to 
handle a wider variety of input voltages, both AC and DC. All resistors are 5% 7 /4 W, and all capacitors are 7 00 V ceramic, 
unless otherwise indicated. 
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Number Type +5 v GNO -5 V 

IC1 MC14433 24 12 13 

IC2 1403 1 3 

IC3 74LS04 14 7 

IC4 74LS04 14 7 

IC5 7474 14 7 

IC6 CD4053 16 8 7 

IC7 CD4053 16 8 7 

IC8 CD4051 16 8 7 

IC9 7445 16 8 

The data from the digital vol tmeter to 
the computer is serial and paral lel. There 
arc four digit select lines and rour bin ary 
coded decimal (BCD) data lines: 

pin 23 03 (Most significant bit) 
pin 22 02 
pin 21 
pin 20 

01
Oo 

BCD, digit value outputs 

pin 19 DS1 (Most sign i ficant digit) 
pin 18 DS2 
pin 17 DS3 Digit select outputs 
pin 16 DS4 

With respect lo what the computer sees 
th rough the 74 LS04 buffers, the d igit select 
output is low when the respective digit is 
s lected. The most significant digit (I / 2 digit 
DS I) goes low immediate ly after an end of 
conver ion pul e followed by the remaining 
cl igi ts sequenci ng fro 111 the most sign i fie ant 
to the least signi ficant digit. An interdigit 
blank ing lime of two clock periods is in
cluded internally to en ure that the BCD 
data h<1s ~e ttled . 

Dur·ing the 1/2 d ig it (DSl }, the polarit y 
and certain status bi t are ava il able. Po larity 
is on 0? dnd ,1 I wi l l ind icate negative. T he 
I / 2 digit wil l appear on 0 3 and a I wi ll 
indic,t l c high. 

Enh ancements to the Basic DVM Interface 

Phn to I ,ind figure I illu trate the full y 
modified DVM interface. It retains the basic 
i11terf,1ce >truclLtre outlined last month , but 
wi1h ~ome .:icl clitional goodie . The interface 
i, designed for .i t t.ichment to decoded 8 b it 
par«il lel input .rnd output ports and can be 

Table 7: Power wiring table for figure 7. 

+5 V 	 +5 v,. 	 ,. 

J 100/'F l l 

GND 

lOOV 
330Jl 
IW 

25V 

lOV roov 

IOl' F I 
IN752A 

- 12 TO -l7V 	 -sv 

Figure 7 b: A circuit enabling the experimenter to derive -5 VOC from an 
e isting power supply having any output from - 72 to -77 VOC. -5 VDC 
is needed to power the various CMOS switches used in this design (see fig
ure le). 

14 	 8 

r----------------------,
I 

l 
I 

___ _J____~~---1-- ___j 
I 

2 	 6 7 

Figure le: Pin diagram of a Sigma relay, type 797TE7A2-55 74 pin dual 
in fin e paclwge. 

I--- --, 
I 12 CJ 

<::J~----1- ~~--'------< IN PUT4~:--o, AX A X OR AY 
OUT 

'I ~ AY INPUTo>----1 3----CJ 
I 

CTRL 11:D>-----'-'-'---''/ INPUT 
 ' CTRL OUTPUT
L_S!~'._- __J 
0 	 AX 

AY 

Figure 7d: Functional description of one switching section of a CD 4053 
CMOS switch. The device acts !il?e a remote controlled single pole double 
thro w switch. Continued on page 44 
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·From our inexpensive BK BASIC in ROM Challenger llP to our powerful triple processor 
Challenger Ill, Ohio Scientific offers a full range of products that are technologically 
superior to anything available on the market today. 

Challenger llP from Ohio Scientific is our unique 
personal computer with BASIC in ROM and 4K RAM 
for programs in BASIC. 

Complete with audio cassette interface and a full 
computer keyboard, Challenger llP can be connected 
to a home TV via an RF converter and it's ready to go. 

Challenger llP comes fully assembled and tested 
for only $598.00. 

Challenger II 
from Ohio Scien

fit tific is a disk 
,..-- ·:.:. based computer 

capable of stor
, '. ing up to 500,000 
,.. bytes of informa

-~ tion on an Ohio 
/ _ -1!J Scientific dual 

~ drive floppy disk. 
Challenger II comes with 16K of RAM (the disk 

BASIC is automatically loaded into the computer so 
there is no need for ROM's) and our powerful Disk 
Operating System (DOS) which allows the computer 
to perform big computer functions like random ac
cess, sequential and index sequential files in BASIC, 
and 1/0 distributors which support multiple terminals 
and industry standard line printers. 

And best of all a 16K Challenger II with serial inter
face, single drive floppy disk, (250,000 bytes) BASIC 
and DOS costs only $1,964.00 fully assembled. 

Challenger Ill from Ohio Scientific is the revolutionary, new triple processor 
computer that allows you to run programs written for the 6502A, 6800 and Z-80 

processors. 
Incredible as this is, a disk based Challenger Ill costs 

only about 10% more than conventional single processor 
microcomputers. A 32K Challenger Ill with a- serial interface and a dual drive floppy disk 
assembled and tested costs $3,481.00. 

I For more information send for our 
Free, short form catalog, or send $1 for 
our 64 pg. Small Computing Buyers Guide. 

11679 Hayden• Hiram, Ohio 44234 
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I c mputer avai abl toUnli 
Complete with BASIC in ROM and 4K RAM, 

Challenger llP is the ideal computer for programs 
in BASIC. 

BASIC is there the instant you turn the computer 
on with a full 32 x 64 character video display. 
Challenger llP also comes with an Audio Cassette 
Interface for program storage. The user simply con
nects a Video Monitor or a TV via an RF Converter 
(not supplied) and the machine is ready to use. 

Challenger llP is ideal for both the home user 
who is new to computing or the experienced user 
who wants expansion capabilities. Challenger llP 
comes with a four slot backpla ne and is expandable 
via the full Ohio Sc ientific product line, which in
cludes 15 system boards offered in over 40 different 
versions. 

Ohio Scient if ic has always maintained upward 

expandability from old models to new models, 
which is nice to know considering the rate at which 
technology is constantly improving. For example, 
Oh io Scientific's original 400 series products can 
be plugged right into the new Challenger llP. And 
Ohio Scientific has 2 years of experience in build
ing personal computers, so we're not new to this 
bus iness unlike some of our competitors. 

Complete with a full computer keyboard Chal
lenger llP comes fully assembled for $598 from 
Ohio Scientific. 

Check the chart below and compare Challenger 
l lP with other BASIC in ROM computers. Unlike 
other personal computers, Challenger llP has a 
much greater capacity for expansion and the capa
bility to perform big computer functions with all of 
its big computer features. 

hio Sci nlilic Other B SIC in OM 
Cl ii nger II Comput r 

Processor 6502A 6502 or Z-80 
Clock 1 or 2 MHz slower 
Display (Lines/Characters) 32/64 25/40or16/64 
Keyboard Full Computer 4 Function 

(Capac it ive Contact) Calculator Type or Full Computer 
(Mechanical Contact) 

Display Characters 256 128 or 64 
Lower Case Yes No 
Plotting Yes Yes 
Audio Cassette Interface Yes Yes 
BASIC BK By Mic rosoft some have only 4K BASIC 
String Functions PEEK, POKE, User Yes Not Always 
Machine Language Accessible Yes Not Always 
Optional Assembler/Editor Yes No 
Disk Option Available Now Yes No 
In Case Memory Expansion Ability 36K Less 
Expansion Boards Available Now 15 None 
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In ro uc ng t rea boards only
Ohio c· n ific c uld build. 

Ohio Scientific provides 15 system boards offered in over 40 different versions for Ohio Scientific Com
puter users. All of the boards are compatible with Ohio Scientific systems and many of them are by far 
technologically superior to any other mi'crocomputer products on the market. And Ohio Scient ific has the 
technology that made them possible . 

500 CPU Board 

This board gives you our ultra-fast BK BASIC in ROM 
with plenty of user workspace (4K RAM) for as l ittle as 
$29B.OO. Use it as a standalone or as the CPU in a large 
system. BASIC is there the instant you turn it on. And 
in the October issue of Kilobaud Magazine, our version 
of BK BASIC came out the winner in a BASIC timing 
comparison test of all of our competitors . The 500 is the 
fastest around ! 

oard 
This is our unbelievable triple processor board! Com

plete with the 6502A, 6BOO, and Z-BO processors, this 
board allows you to run virtually all programs published 
for small computers. Available in the Challenger Ill , the 
510 board is ideal for industrial development and re
search applications. There isn 't another triple proces
sor board like the 510 anywhere, except at Ohio 
Scientific ! 

560Z PU xpander Board 

The 560Z board is our mu lt iprocessing board with a 
Z-BO and 6100 chip. This board allows you to run 
severa l processors simultaneously and the 6100 chip 
lets you run powerful PDP8 software with the 560Z. The 
560Z board is the only multiprocessing board avai lable 
for small computers , and Ohio Scientific makes it ! 

These three state-of-the-art CPUs are only a small part of the picture. Ohio Scientific 's advanced tech
nology offers you other unique features such as Multiport Memories, Distributed Processing, Big Disks with 
up to 300 megabytes on line, and Advanced Software. 

11679 Hayden• Hiram, Ohio 44234 
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Announcing the mast 
advanced disk 
a ywhere far 6,0 
The 74 megabyte disk 
from Ohio Scientific 

C-074 from Ohio 
Scientific is the ultimate 
storage device for small 
computers. 

The C-074 is the first 
Winchester technology disk 
for small computers making 
big system technology af
fordable and reliable for the 
small system not under 
maintenance contract. 

The disk uses a non-re
movable sealed chamber 
drive with a unique rotary 
positioner to provide the 
highest performance disk 
available today. 

The Ohio Scientific 

C-074 can store all the 

records of a medium size 

company for instant access. 

And the Winchester tech

nology of the C-074 means 

that the drive can run 24 


hours a day without worry 
of disk wear. 
There are other important 

C-074 applications in business 
comput ing and research in computing 

itself. The disk makes small computers 
practical fo r much larger jobs than 

formerly thought feasible, particularly since most business computing is 
disk bound and not computer bound. 

C-074 provides an unbelievable 35 millisecond average access time 
to any of 74 million bytes of information. With a 10 millisecond single 
t rack seek, the drive has an incredible data transfer rate of 7.3 megabits 
per second. 

Recommended minimum hardware for the C-074 is a Challenger 
wi th 32K RAM and at least 8K on a Dual Port 525 board , and a single 
or dual-drive floppy disk. 

The drive , cable , interface for an Ohio Scientific Challenger and 
OS-74 operating system software is $6,000 FOB Hiram, OH. 
Equipment rack shown not included . 

OHIO C NTIFIC 
D L RS 
Amerlcon Mlcroprocu1ot1 Om1h1 Computar Sier• 

Equ ipment 5 Supply Corp . 4540 S. 84th St. 

20 N. Milwaukee AYe Omaha. NE 68127 

Pra ri eYi ew. IL 50069 14021 592·3590 

13 12) 634-0076 

Century 23 

4566 Spring Mouo1ai n A ~ 


Las VeQa s. NV 89102 

Computer Business 

AR # 4 

Box 91 o 

Jopl in, MO 64801 

Computer Hobby Shop 

4450 Tri nity Aven ue 

Sa lt Lake Ci ty, UT 841 20 

Computer Mart or New Vor~ 


1 t8 Ma ~ i son AYe. 

New Yo1 k. NY 10010 

12121 686-792 3 

Computer Power 

P.O. Box 281 93 

San Diego, CA 921 28 

(7141 746·0064 

Delaware Mlcro1y1t1ms 

92 E. Main SI. # 1 

Newark , OE 197t 1 

1302) 738- 3700 

Desort Data 

Micro computer Sales 
P.O. Box 1334 

Tucson. AZ 85702 

16021 623·6502 

H/ 8 Compulers 

21 7 East Ma in St. 

Charlolle.Y I I le, VA 22903 

(804) 295· 1975 

Microcomp 

P.O. Box 1221 

Fcnd·Ou· Lac . WI 54935 

(4141 922·2515 

Microcomputer Workshop 

234 Tennyson Terr. 

Wi lliamsvi ll e, NY 14221 

(716) 634-6844 


AblCUZ 0111 Te-·Ald1. Inc. 
P.O. Box 27 6 1513 Crain St. 

Oii City, PA 1630 1 Evanston . IL 60202 

Assocl1tH Con1ulUnll 13 12) 328·0110 

33 Ogden Ave. Ylngco, Inc. 

Eas1 Wi lli ston . NY 11 596 
 2 World Tra~e Cntr. 

{516) 746·1079 Penthouse 107th Floor 

BRAG Mlcrocompulers New York. NY 10048 

t9 Cambrl~ge St. (2121 775. t 184 

Aochesler, NV 14607 

(71 61 442· 5861 

Computer Bu1ln111 

P.O. Box 171 

LaPort e. IN 46350 

12191 362·5812 

Johnson Computer 
P.O. Box 523 

Medina, OH 44256 

(2161 725·4560 

Omnga Compullng, Lid . 
Box 220 , Station P 
Toron10. On1. M5S 2S7 
(4 16) 424 ·2174 

Pin Atlanllc Computor System•. SmbH 

61 Darmstadt 

Franklu rterslrasse 78 

West Germany 
(081021 32 06 
Secom Syslems 
54 \.1 New Peach Troe Rd . 

Chamb lee , GA 3034 1 

(4041 934·3272 

Speclrum Technology Servlcu 
P.0 Bo< 942 

Palos Verdes Estates. CA 90274 

Systems Engineering Enterprises 

Suite 307 

1749 Rockville Pike 

Rockvi ll e, MO 20852 

(301 ) 468· 1823 


The state of the art in small c puers. 
call 1-216-569-3241 
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Continued from page 39 polled by a machine la nguage subroutine. 
More on th is late r. 

The following is a summary of the in te r
face by port all ocations. (Note : I have 
assigned particular octal port numbers to 
each byte. These designations will run 
directly with the software dr iver prov ided. 
If the reader wishes to ass ign some other 
port numbers, thi s is fine, but remember 
to modify the driver software to reflect 
the changes.) 

Command Output Byte (Port 003 Out) 

B7 = EOG enable or disable 	 (Disable = 0 Enable = 1) 
B6 = AC or DC select 	 (AC = O; DC = 1) 
B5 = 2.0 V or 0.2 V VRef select 	 (2 .0 v = 0 ; 0 .2 v = 1) 

B4 } = Gain Code 	 B4 B3 Gain 

0 0 X l~~ I= Channel select, 0 to 7 	 0 1 x10
Bl 

{ 0 0 x100
BO N/A (wi ll result in X l)1 1 

Status Input Byte (Port 002 In) 

B6
B7 l
B5 Not used
B4 
B3 
B2 
B1 Out of range J- 1.999 V > VIN > 1.999 V l 
BO End of conversion l - 199.9 mV 	 > V1N > 199.9 mV f 

Data Input Byte (Port 003 In) 

B7 = 1st digit Most significant digit: when low true = 
B6 = 2nd digit 
B5 = 3rd digit ~i 1= :/A

B4 
B3 = 1/2 digit va lue~i -}- :::~gi~it value B2 Po larity 

Bl Bl N/A 
BO BO Ranging status b it 

The most obvious change to the newly 
modified DVM board is the input multi
plexer. Up to this point all the inputs 
were multiplexed through a CMOS CD4051 
in tegrated circuit. This device performs quite 
satisfactori ly for inputs in the range of 0 to 
2 V. The maximum input voltage range it 
can handle is limited by its supply voltage 
(in th is case ±5 V} . Even if the supplies were 
in creased to ±9 V (18 V absolute, whic h is 
the maximum suppl y for a CD4051 B) a 
separate voltage div id er would stil l be 
required at each input channel to keep the 
applied voltages within safe limits. To 
have a 0 to 200 V range selectable unit 
incorporati ng a CD4051 input max imum 
would require having eight separate pro
grammable dividers and an overvo ltagc pro
tection circuit on each channel in case the 
wrong divider values are chosen. 

The preferred approach is to have only 
one divider network and one overvoltage 
circuit, but such an alternat ive requires that 
the input multip lexer be capable of handling 
all inpu t voltage levels from 0 to 200 Y! The 
answer is to use relays. Not the big 10 A 
clunkers you see in surplus catalogs, but the 

Photo 2: The Sigma dual in line paclwge re
lay, type 797 TETC2-5S, similiar to that used 
in the design of the expanded digital 110/t

meter's input multiplexer. 

new generat ion of (dual in line package) reed 
relays such as the Series 191 by SIGMA (see 
photo 2). These particular relays can be 
dr iven directly by TIL logic, exhibit max
imum 1 ms bounce, and have a rated life of 
100 million operat ions. 

The new input multiplexer section con
sists of dual in line package relays RL 1 
thru RL8 and a 1 of 10 decoder, IC9. When 
a latched o utput port 3 bit channel address 
is impressed on Lhe input lines of IC9, it 
puts a 0 voltage level on the ou tput pin 
correspondi ng to that address and pulls in 
the proper channel se lect relay. The outputs 
of all eight relays are wired together and are 
next directed to the overvoltage and gain 
divider circuitry. 

The input imped ance of the DVM chip is 
very high (on the order of 1000 M.11). 
Placing a 1 M.11 resistor in series wilh the re
lay outputs faci litates the add ition of protec
tion circuitry without compromising the 
in terface's capabilities. This current limiting 
1 M.11 resistor and two back-Lo-back ze ner 
diodes limil the absolute voltage seen by the 
MCl 4433 to about ±4 V (The MC14433 's 
absolute Iimit is its power supply range, even 
though its usable input range is ±2 V.). If 
the cor·rect gains arc chosen and pro 
grammed to the interface, this protection 
should never be required. But, no o ne is 
perfect. 

In addit ion to th is function, the I MS1 
resistor is one leg of a programmab le divider 
network. Figure 2 shows the in put sub
system in simplified terms. An AC to DC 
converter is also included and wi lI be ex
plained later. SWl and SW2, parts of IC8, 
represent the gain se lection section. The 
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Figure 2: .A simplified 
representation of the input 
section of the expanded 
digital voltmeter. The 
amount of gain and the 
AC to DC conversion op
tion are selectable by 
means of CMOS switches. 

AC TO DC IN 
CONVERTER 

SW3 

SW4 

11.1 IK lllK 

RI 
IM 

ZI 
IN750A 

Z2 
IN750A 

'--------....- 
GAIN 

SELECT ION 

switches are illustrated in a unit gain DC 
input mode. When an input relay is closed, 
its applied voltage is sent directly to the 
DVM integrated circuit input through the 
1 MD resistor. The AC to DC converter is 
switched out of the system ancl with both 
SWl and SW2 open, no dividers are in the 
circuit. If 1.400 V is applied through a 
closed relay, the DVM wi II read 1.400 V for 
that channel. If, on the other hand, 150 V is 
suddenly switched in on another relay with 
this SWl and SW2 setting, the chips would 
be fried were it not for Z 1 and Z2. At 
voltages of less than 4 absolute (±4 V) the 
diodes do nothing. Wh en inputs exceed this 
absolute value, Zl and Z2 clamp them to 
4 V. The· data acquired by the computer 
wi II indicate an out of range condition, since 
it is over 2 V, but at least it will not have 
evaporated. 

How Do We Read 0 to 200 V Inputs? 

Closing switch 2 forms a 10: 1 divider 
network. If 8 V is applied and switch 1 is 
closed, the result is: 

(1.11 ~Mn) X 111 K 

0.799 v 
"" 0.800 v 

As you can see, the result of closing SWl 
and applying the 111 K resistor is to divide 
the 8 V by 10 to get 0.799 V. Proper trim-

RLI INPUTS 

o-----<JCHANNEL I 

RL2 

o C]CHANNEL 2 

RU 

--<]CHANNEL 3 


RL4 

--<]CHANNEL 4 


RL5 

o <J CHANNEL 5 

RL6 


--<]CHANNEL 6 


RL7 
o <J CHANNEL 7 

RLS 
--<]CHANNEL 8 

~ 
INPUT REl-AY INPUT 

OVER VOLTAGE MULTIPLEXER 
PROTECTION 

ming of this 111 K resistor will give an out
put of 0.800 V. This value is compatible 
with the DVM integrated circuit input 
range, and when read by the computer, will 
be equal to 0.800 V. The programmer 
should keep in mind that a divider is used on 
this channel and should multiply the result 
by 10 to obtain 8.00 V. 

Closi ng switch 2 forms a 100: 1 divider. 
The mathematics is the same except that 
the divider resistor is 11 .11 K instead of 
111 K. An 8 V input appears at the DVM 
input as 0.080 V, while 150 V becomes 
1.500 V. 

AC to DC Converter 

An additional bonus of this interface 
is AC to DC conversion on any input chan
nel. Figure 3 shows the schematic of the 
AC to DC converter section of the inter
face . Bit !5 of output port 003 controls the 
application of this function . When it is high, 
SW3 and SW4 are in the positions shown in 
figure 2. Jn this state the AC to DC con
verter is switched out of the circuit and the 
DVM gets its input qirectly from the div ider 
section. When bit 6 is programmed to be a 
low level, switches 3 and 4 switch to their 
alternate posi tions and route the input 
signal frorn the divider network through 
the AC to pc converter. The resulting signal 
is equal to the average RMS value of the 
applied input ~ignal. This is basically the 
same type of circuit as the kind included in 
many single channel digital meters. 

The AC to DC converter consists of three 
sections of an LM324, IC10. IClOA is a high 
impedance input buffer with variable offset 
adjustment. When the converter is switched 
into play, it must have a high input im· 
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Volume VI 
Yes and it sti ll contains what was previously 
advertise.d. A fu lly disk int~ract i ve business 
package with AIR, Inv. , A/P, ledgers, tax to tals, 
payroll records, more. · 

As a bonus It also contains the Users Manual for 
our Firmware Ledger package. These 100 extra 
pages contain report formats , file creat ion rou
tines and our very powerful program ACBS1 used 
to create the powerful fi le structured data base. 

$49.95 


VOLUME I - $24.95 
VOLUME II - 24.95 
VOLUME Ill - 39.95 
VOLUME IV - 9.95 
VOLUME V - 9.95 

OUR SOFTWARE IS COPY
RIGHTED AND MAY NOT BE 
REPRODUCED OR SOLD. 
Cue lo lhe numerous copyrigh t violations on 
our earlier volumes - unl ll furt her notice we 
are offering a REWARD leading 10 !he arrest 
and conv iction of anyone reproducing our 
software In ANY way wllhout our written 
permission. This includes dlsKettes, paper and 
magnetic tape, cassett es . records, paper 
cople , etc. 

Volume VII 
Here is that Chess program you have been 
wai t ing for as well as a disk interactive Medical 
Billi ng package with patient history file. 

Also included is our disk interactive Word 
Processing package 
(revision 0). 

$39.95 

Add $1.50/Vol. for U.P.S. and handl ing except to APO and PO addresses. 
Foreign orders add $8/ Vol. for air sh ipmen! - US dollars only. No purchase 
orders over $50. 

~ SCIENTIFIC 

~ RESEARCH 


220-B Knollwood 

Key Biscayne, FL 33149 


Phone orders (800) 638-9194 

Information 305-361-1153 


AVAILABLE AT MOST COMPUTER STORES 

10% discount on purchases of enllre set . Offer expires December 30, 1977 


iiiiiiil l•l 
hon ored 
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Figure 3: Circuitry of the 
AC to DC converter used 
by the digital voltmeter. 
All resistors are 7% except 
where shown. 

SW5 

INPUT BUFFER AC TO DC CON VERT ER RIPPLE FIL TE R 

+5V 

IOK 
,--------<.-; 0 F FSE T 

20K 

20K IOK 

IO K 
12.IK GAIN TRIM 

------, IN 914 IN 9 14 -NV----'loWV-"1' ADJUST 

14 

8 

4.99K 

27K ~43K 

6 5 

DUAL RAMP INTEGRATION 
TIME CONSTANT NETWORK 

(NOT ALL PINS ARE 
SHOWN) 

IC I 
MC14433 VREFt-=2---<> 

SWG .200V 
2K 

Figure 4: A simplified detail of figure 7, showing the Vref and integration 
time constant circuitry. 
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ADJUST 

-5V 

IOOK 

5% 


IK 


AC 
INPUT 

12 K 
1% FOR MAXIMUM ACCURACY 
RESISTORS ARE PREFERABLY 

pedance to avoid loading down the divider 
network . !Cl OB is the act ual AC to DC 
conversion section. Its output is a current 
proportional to the AC input voltage. 
!Cl OC convert s this current to a voltage and 
provid!!S ripple filter ing. One consideration 
to keep in mind is that, since this is a multi
plexing analog to digital converter, th e usual 
DC blocking capacitor at the input of the 
AC to DC converter has been removed . 
Given the particular circuit impeda nces 
and desired frequency range the converter 
should cover, the input capacitor had to 
be removed because it couldn 't respond 
quickly enough. The result is an AC to 
DC converter that will pass both AC and DC 
signals; only the AC converted signa ls should 
be used, however. 

When a 1.0 V peak AC signal (60 Hz) is 
applied to the converter, the output shou ld 
be +0.707 VDC. If by accident the AC 
converter is switched into a DC signal, the 
output of the converter will be 1.414 times 
the true DC input. Keep a close watch 
on your program command byte to the 
interface. 

2.500V 2 MCl403 
~------"-'REFERENCE 

6 .BK 

2.000V 
~-----....; IOK 

POWER WI RING TABLE 

NUMBER TYPE +5V -5V 

I CIO LM324 4 II 

Adding a 199.9 mV Range 

Up to th is point we have di sc ussed addi
t ions to the basic circuit that allow range 
se lect ions of 0 to 2 V, 0 to 20 V, and 0 to 
200 V. Circuit changes can be incorporated 
to extend the DVM range in the opposite 
direction. Figure 4 ill ustrates the voltage 
reference and range selection setup of th is 
interface . The MCl4433 can also be con
figured to cover a range of 0 to ±199.9 mV. 
When bit 5 of port 003 is low, switches 5 
and 6 are in the positions shown. A ratio
metric converter has a range determined by 
the applied VRef, which would be 2.000 V 
in this instance. With SW5 ope n, the in tc
grating time constant is set by using a 4 70 K 
resistor (formed by the series combination 
of 443 K and 27 K). With bit 5 set to a 1, 
the converter changes its VRef level to 
0.200 V and its integration resistor to 27 K. 
These changes are the only ones necessa1·y 
for 0 to 0.2 V range selection . 

A Less Complicated Driver 

The driver was explained last month in 
.detail. It was designed to be as fast as possi
ble . The relay multiplexer added this month 
un fortu nately cannot operate at th at speed 
without modification . I have inc luded a new 
driver subroutine written especial I y for this 
application (sec listing 1 ). 

The interface driver is a relocatable sub
routine which is polled by a ca ll instruction. 
The driver is written for page '140 (octdl) but 
is easily relocatabl e. It occ up ies less than one 
256 byte page of memory and is written for 
the Z-80 processor. It is especial ly designed 



WE BUILD QUALITY AND 

USER VERSATILITY INTO 

EVERY ''BLUE BOARD'! .. 


S109.9S 
29 .95 

S19D.95 
29.95 

I 

And, we build just 
about any board you'll M88 8K/ 16K EPROM Bo.,d 

Klt losaEPAO M S 84 .95 want for S-100 bus ex pansion. 

When you're thinking about expansion 
MBB St111llc PROMJAAM Bo11rd look to the Solid State Music "blue 
K11 l f:t9151 momory s 79 .9 6 

boards '. ' You 'll find quality and user versa
tility built into every one allowing you to ex
pand your system in whatever direction you 

choose .. . and , we·ve been doing it for years. 
102 lnpuUOu1pul , PflOM u1od 
Unlvorsal Boud Right from the start we design our boards with our 
<II S. S4 .9!i 
OMO PC aoa•d 29 .95 customers in mind . Extra features are added that will 


aid in expansion. not hinder program design and devel

opment. All first class parts are used and they're checked 


to make sure you have years of trouble free operation . Plus, 

every kit comes complete with assembly instructions and user 


information to make assembly a snap and operation a pleasure. 


Talk to your dealer today to get more facts about the " blue boards" 

or write direct. Compare prices, quality and features. You 'll find out 


why more and more people are using Solid State Music " blue boards" 

$1 9995 for their S-100 bus expansion. 

SPECIAL BONUS OFFER 
An 8080 Monitor for 

1/2 price!!! 
104 2 ·P•t•llel •nd 2•Sorl•I 

lnpu1/0u1pul Boud 

t(11 $14995 
 If you buy any of the Solid State Music 

kits or assembled boards you 'll receive 
a SSMBOBO Monitor complete with ei 27/E s•$ ~1!mDled bo~Hhi 4 1$0 l!IV.BJl.llDle 

I Jt1onlly h1ghor cnr=ct :i ther eight 1702's or two 2708's and over s mi; 
50 pages of software information . A 
$49.95 retai l value ... just $25.00. Hurry! 

Solid S1a1e Music 
2102A Wal sh Avenue 
Santa C lara, C A 95050 

Circle 101 on inqu iry card. (406) 246-2707 We're the blue boards 
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Listing 7: A n assembly 
language program for 
driving the MC74433 
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3 7/2 digit analog to 
digital converter, written 
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I 4 00:-:~ (' 0 0 \)()o') o · L~o l•W (hlOO()O 
1 4 00~ 4 000 00 0 OJ ..50 Cl lt"l rl:i 11W <h>0001) 
l•l 002l, 
140030 

•:JOO 
()(ii) 

0 '.)0 
000 

O.~ ·l\:· 
03JG Cllt1Nb 

llW 
f1W 

Oih'lOO•) 
\) 1)(.\~0\J 

140 03 2 
I 400 :l •l 

()()() 
0()0 

()()() 
()()() 

O ~~ b\) 

03 7() CHl\rll 
l 1W 
t1W 

0 0 ()()()0 
()(),)()\)\) 

l 4\)0 .56 Q{)() \) 0 0 ·.B8i> riw ()\)()0()() 
140040 039\i 
1•10 0 40 0·10() ~ · I N 11 1,Mr J1 I A rt _ L• I\ I o) !<Il l· FFl<S 
140040 0 ·1 l () l 
1400 40 0 00 O•l ,Hl CHo'1 N Ii i< \100 C tll< l~FN I CHl'>NN EL NllM!< lk 
l 40041 000 00 0 0 •1 •1() CCP DW OO OO< h > COMi1ANlJ CHANNE L Pr.F<AM ETEl'i 
1400 43 0 4b\) 
1400 43 
1400 43 
1400 43 
140043 

()ol /() 

() 48() 
0 •1 </(j 
0~!.10 

ii'
*** srnR I 
..
* 

A/ D CLI NVf kTER 

l 400·!3 
140044 

17:1 
06? 041 1 40 

OS6() 
O~ /O 

s ·rnRl 1.U 
L rt 

A. E 
<CCP ) r i'1 

1400 4 7 3 46 •J07 0~80 ANf1 007 
14 00~1 062 040 140 0::;9,) t.1 1 i C llo~ N > • I\ 
140 05 4 JJ5 0 4 1 000 140 0600 L l 1 l X r CH1'lN{) 
I ·10060 0 26 () () 0 ()1,' ( () L [t [ 1, 0 
1400 6 :! 1:17 09:'() Lll F "~ 
140063 313 0<1 3 0930 S U'\ [ i:l\L CULI\ rE l<UFF ER LIFF SE. T 
140065 313 04 3 0 9 4() Sli"l E 
140 0 6 7 
1400 7 1 
14007 1 

3 3 5 OJ .I 0 9::<0 
\)9 !10 
0 9 70 

* 
t SELE CT CHANN EL AND S TAl-:1 CONVERS I ON 

1400 7 1 0 °1 80 ... 
14 00 7 ! 006 0 03 0 98!;; LL1 SE r CYC LE COU NT 
14007 3 
1400 76 
140100 

0 72 
.123 
3 15 

0 4 1 
003 
2 43 

140 

14 0 

0 '1 9 0 
100() 
[ ()()~, 

scsc LlJ 
(')Il l 
CALL 

A• <CCI··) 
COP SEL.ECT 
DELAY 

CHANNEL 

140103 36b ~00 l O IO Ol'i EEOC ENABLE EOC OUTPUT 
140 105 
140 1('>7 
140 107 
1 40107 
140107 

3 2 3 

333 

003 

002 

1020 
L030 * 
10 40 * wn TT 
1o::;o * 
1060 WEOC 

our COi' 

FOR EOC 

IN SIP 

COMM AND A/ P CO NV ERTER 

REAU CONV ER TER STA TU S 
140 1 11 31 :l 107 10 70 OoA TEST FOR EOC 
1 40113 0 5 0 3 72 1080 Jf< z ,W EOC JUMP I F NOT READY 
140115 020 35 4 IOS::'i DJN Z scsc 
.14 0 11 7 313 11 7 1090 [ I [ T l • A TEST FOR OVERANGE 
14 0 1::! 1 040 066 1100 J R NZ . OVER JUMP I F TRUE 
14 01 2 3 
1401 2 3 
140123 

1 120 
1130 

6
* 

CONVERSION DONE i PROCESS FIRST CMSDJ DIGIT 

140123 006 200 11 40 HS DO L[I &, 200 SELECT DIGIT 1 
1 4 01~~ 315 23~ 140 1 15 0 CA LL Rf1IG WAIT AND REA D DIGIT 
1 4() 130 ()57 I l b () CPL 
140131 Ol.7 11 7(> r< RCA RIG HT JU STI FY DIG I T VA LUE 
140132 0 1 7 l l 80 RRCA 
140133 017 1190 li:RCA 
l40U4 3 46 0 0 1 1200 AN[1 ISOLATE 
140 136 036 000 12 10 l.[I E, o I NITIALIZE STATUS BYTE 
140140 31:1 122 1:2 ::? 0 E<IT 2 oD TEST POLARIT Y 
l 40 1 4" 0 40 00::> 12 3() .JR NZ,H Sh J JU MP IF POS ITIVE 
l40 .l 44 
14 0146 
140146 
1 40146 

03 6 20 0 1" 40 
1440 
1450 
l•l 60 

* 
* SAVE
* 

LD 

MSD 

E . ::!OO LOAD POLARIT Y SIGN 

AND CURRENT POLARITY 

140 146 ::> 6 :l 14 '7 0 HS[13 OR E AD D PO LARITY S IGN TO MSD 
140147 
1401 52 
140152 

335 167 000 t 4a O l.[1 

l :iOO * 
15 10 * PROCESS 

; 1x+O> . n 

:>ND DIGIT 

SAVE I N DATA 8UFFER 

l40 1 S 2 15~!0 .• 
140 15 2 3 13 0 10 1530 Rf\ C B SELECT DIGIT 2 
14015 4 3 1 5 2 3 2 140 1.., 40 CALL ROIG WATT AND RE AD DIGIT 
1 40 J ::'i 7 3 4 6 017 1550 AND 017 ISOLATE 
140161 
14016 4 
1 4016 4 
1 4016 4 
1401 64 

335 

3 13 

16 7 

OJ.() 

00 1 1... 60 
15 70 
1580 
159()
1600 

* * 
* 

LD CIX+ll • A STO RE SECO ND DIGIT 

PROCESS 3RD DIG I T 

RRC SELECT 3RD DIGIT 
140166 3 15 2 32 14 0 161 0 CALL RDI G WAIT AND READ DIGlT 
1 401 7 1 34 6 01 7 1620 AND 017 ISO LATE 
1401 73 
1 40 176 

3. 5 16 7 002 1630 
16 40 * 

L[1 ( rx+:~ ) •A STORE 
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Listing 7, continued: 

'!40176 	 1650 1 ::- ROCES~i 4T H DIGIT* 140171', 	 lt.6() 
140 .176 3 l 3 010 167() * RRC 
1 402()() 3l:J 23::? 1 4() 168() CALL 
J 40'.'03 34;:, 017 169() AND 
110205 33::; 16 7 003 170() l_[J 
1 40 '.'l.O 311 1'7 10 RA PUP RET 
140:.!11 17'.!0 
140211 '1.7:10 * * LOAr• 2 . 000 
14021 1 17 4() 
l 4021 l 076 ()()2 17c'i o *OVER LD 
1 40213 335 167 00() :1760 LD 
H02J6 ~57 17'7() XOR 
H02l 7 3 :;:J 111 7 001 l 7EIO LD 
:14 0~ 2 :.~ 33~) 167 ()()2 17'Y0 L[I 
1 ·~0 2'.i!~:; j3 ~\ 16 / 003 1800 u 1 
'1. 40230 030 356 1810 •. II< 
14 0 2 :~ :.~ 1870 
l4023'.' 18(i0 * 
14023 :~ 1890 * * REA[1 [1IGIT 
:L40:~32 1900 
140232 J 3 3 003 1910 * RDIIJ IN 
140234 057 19 20 CPL 
140235 127 1930 LU 
140236 2 40 19 4() ANI• 
1 40237 0 5 0 37 1 1 95() .m 
.l 4024 l 1. 7:! 19'.0 Lfl 
1110~ '1 2 311 197 () RET 
.l40243 ()16 3 7 7 1.980 DELAY LD 
·1402 4'.j 01 5 199() DELl DEC 
1402 4 6 310 2()()() Ri::T 
l40:'.47 ()30 .'l?•l 20 10 JR 

to run with an Extended BASIC which has 
instructions to access memory and 10 ports, 
and can call a machine language program. 

The driver is exercised by a call instruc
tion . In Digital Group Maxi BASIC, the call 
instruction looks like this: LET X=CALL 
(24611,64). The BASIC in terpreter goes to 
decimal location 24611 to execute the call 
and decimal 64 is put in th e DE register pair. 
To the driver, th is call is a signal to perform 
an analog to digital conversion. The conten ts 
of the DE register tell it which channel to 
convert, whether it should be AC or DC, and 
which VRef and gain to use. One channel is 
converted every time the driver is called. The 
information sent in the DE register at the 
tim e of the call is the command output byte 
(port 003). and each bit has the designations 
previously I isted. The only difference is that 
bit 7 (the enable disable bit to the analog to 
digital converter) is sent out as a 0 when 
doing a ca ll. Th e driver will set it to an 
ena ble condition after it has pulled in the 
proper rel ay and allowed a 1.3 ms bounce 
delay. 

When the driver concludes its operation, 
it has acq ui re d a 3 1/2 digit voltage reading 
from the DVM which is represe nted by four 
bytes. These four bytes are placed in a table 
in memory. The eight channels of data con
stitute a 32 byte tabl e. The location of a par
ticular channel 's data can be found by a 
simple expression: 

4 byte data location 

starts at L+[4(N-l)] 


where 	 L = starting address of tab le 

N = channel number (1 to 8) 


8 SELECT 4T l l DIGIT 
RD!l3 WAIT AN(• I'< lo AD DIGIT 
0 17 ISOLATE 
(JXt3) r A STORE 

OVERRANGE VALUE INlO DATA BUFFER 

A,. 2 l.O Al1 MSC1 VALU 
<IX+O ),A 
A 
(IX+!) di L OA!.• LS[J VALUES 
nx+2 >di 
(IX+3> •A 
RAF'UP 

RO UTINE 

DIP 	 l'<EAD DATA BYTE 
CONVEl<T TO HIGH T F<U E LOGIC 

Dr A SAVlo COPY 
B T io ST 1 ~ 0 1< GIVl:N DIGIT READY 
Z d UJIG JUMI" H" NOT 
A,fl ftESTO l~E A l~EGISTER 

RETU l'<N TO CALL EF' 
c,377 
c 
z 
[ l [ J.l 

ABLE! Oliver Audio 
Avai lable at qu ality computer stores Engineering , Inc. 

everywhere . (Or, add $2.50 for ·domes 676 West Wi lson Ave 
t ic sh ipping and hand li ng - CA res. Glendale, CA 91203 

(213) 240-0080add 6%.) 
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Listing 2: A supervisory program for controlling the expanded digital volt
meter written in extended BASIC. 

L 'O r;r: M fl CH11NNL L :I l/2 !•IG l T .11~/ J 1C r·l;CIG l,,)i111BLE 1<11NGl: IJ'JM -S . Clo11'C l .1 
l .;Q J;" EM f<l~ V. l , 9 
I 10 l<loM l-!Lil1 1i fl CllEC I, DU I l-"IWOl<l1 M 
I !'"10 1\f~ h 
160 l<f'.M 
I /0 I [ l M1 -- :-'· 1 ~7.'_. 

J 80 l<EM TH JS rs f>t1U I 140 ((It.: r111 ) 
.I ?O I ET M 2='.~ 4 6 J 1 
~' Oil l<EM ·111 1S I S fl-IF C11L L M1f"ll<ESS 
.' 10 J.:J M 
., '.'O l' I< I Nl 
2.1<1 1'l<HI I 
~ Hl l' I< INT ' [Ill 'ICIU W>1NT I 0 SCl1N 1-' l< EV lCIUSI. Y CHU SEN t~ H ,'1 NNELS UF<' 
_so H :HIT. SELECT NHJ ONES ., SC1)N OR" SELcc·r r)R s lfJr" 
.!6ll INl'l.1 1 ;;•f 
'. 'b 5 fl 51 • ';HOF" l" ll EN GOTO 20()(1 
.'. .'0 I F 'j ·~ - • SCl\N • rtlF.N GO I 11 U.lO 
::' BO 1-' l'<l NI. SH . ioC l ALL vr11_u1-s Of< t.: 111'\NGF CINI- 1' 11 11N NEL. 
_!90 r ·R I N"I ' 111 I. l"lf< ONE•; : I Nf'LJT S,. 
~00 l F S•··. "ONF' THEN 6010 4::'0 
3 1 () F· 1< I lfl 
."l~1l f··F<lN f"Wll.I CH Clll\NNEL DO YOU WlS!i Ill L:H11NOE • ; : !NFUf C 
330 PR TNT "l"'lffSENTLY CllOSr N V1)l1.JE S .~R[ • 
3 40 IF [1\ Cl J TllEN Rl ~ . 2 lo. I. SE 1<1 ::> . O 

J5() r·r<1NT"Vl<[F. ~ · ;i<1 ;· v111 ·1s l"ilVT[IEI< UldN IS x · ;F(C) ;' CO Nl)If[QNTNG rs FOli • ; 

:!61) l F t:< C J ·. l ·1 HEN •T<r~IT' !1C' l:LSF Pf<lN f 'l\C • 
.370 LC T 11 ( r.) = I : GllS UJI 5'10 
3eo GOSIJ l.1 /'J() 
39() F' ld NI ' 11NOTll J< L: HANNEL ft) CllANGI~ ., Y OR N' ; : !Nl'' U I Ii $ 
400 IF Ri <· "N" THt N GOlO 320 
410 GOTO 830 
·120 F·RfNT 
4 2:.0 F' I~ IN f ' LN PU"I CHANNE L Pl\l<M1U !:RS • 
4.30 PRINl 'Ul'IJN MIJLfll"L!EI< CS 1,J o UR . J OO ' 
4 40 PRI NT "ENfER ~~NNEL Pl1RA~ IERS 11 S REUU IRE U' 
450 PR JNT : PRI NT: PR LN f 
460 FUR C= J ro 8 
4 7() PRIN T"flO YO U WANl ro REl\O CHl\NNL L •;c;;• YORNOf~[Xl l" 'i 
480 l NF·IJT /\,,_ 
490 LF A$ • 'EXI f' THEN GOTO 240 
!'.00 LET l\ CCl =O 
5 10 !F A$ ~ 'N' THEN GOTO 7 10 
520 LF A$ c "Y' fH EN LET A<C> =l 
530 fF A$<:> " Y" flJ EN GOTO 470 
5 40 GOSl.J B :.090 
550 GCITll 700 
560 F<EM 
~i7 0 RC M 
580 R~ M TH IS r s l~E PARA METE R SE f ffNG SUHRO lJ T INE 
5 9() PR! Nl 'GAIN •, 
600 INl'Ul fl <Cl 
6 10 LET FCC> =fl< Cl 
620 LET ECCl • O 
630 IF BCC> ~ 10 THEN LET E<C> • B : uoro 650 
6 4() IF B(C) ~ 100 THEN LE T ECC) =16 :Garo 650 
650 PR!NT' ENTER 1 FOR DC OR 0 FOR AC ', 
660 I NPUT CCC> 
670 PRIN r ' ENTEi< FOtl • 2 VOL T , OR 0 FOR 2 . () VOL I !llJM VREF, •; 
680 INPUT U<C > 
690 r<ETURN 
700 PRINT 
710 NEX T C 
7 ~0 RLM Xl TO XS ARE fHE CALL SE fP OINTS 
7 30 GOSUJ; 750 
140 r;o rn 010 
750 FOR J = l TO 8 
760 LET XCJ) • 64*C<Jlt32*D<J>•EC Jl+J- l 
770 REM X< J> 15 LOAD ED WITH THE Blf PAT fER N WH ICH l · 
780 REM Pur IN THE DE REG . ~A I R nuRtNG THE CALL INSTRUCfION 
7 '10 NEX T J 
800 RETURN 
BI O PR INl" 
820 PRINT 
830 REM TH IS RO UTINE D TERMINES WHI CH CHANN ELS ARE TO DE CO NVER TED ' 
0 40 FOR C= J TO B 
850 IF A<C> • O TH EN GOTO 870 
860 LET H=C ALLCM2,X<Cll 
870 NEXT C 
880 l<EM 1HIS ROUTINE PRINrs THE VALU ES I N l"H E HEMORY TAC. LE 
890 LE T z~AC l )tA(2 ltA<J )t l1C4 )tA (~)t AC6 ltA<7J tA(8) 

900 I F Z• O TH EN PRINT'NO CHANNE L PARAMETERS HAVE BEEN CHOSEN ' : GOTO 450 
'7 10 LET D• Ml 
? 20 FOR L= l ro 8 
930 GOSUE< 1030 
940 1 ACLl =O THEN 990 
950 I · D< L >=O fHEN GOTO 970 
960 IF Y 1 :-~ . 2 THEN PRINT'CHANN EL 'i L i' IS OUT OF RANGE' GOTO 990 
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FIRST EASY WAY TO BUY 

A MINICOMPUTER 


MINI 12 SPECIFICATIONS 

Word Length 12 Bi ts 


CPU IM 6100 lu lly stati c CMOS BUT 

device 


lnsuuctfon Set Identica l to the Digita l 

Equ1pmen1 Corporation 
 HOW'M I GONNA PAY 
PDP-SE 


Clock Rate 4MHZ 
 FOR IT? 
Major State Time 500NS 

Seria l in!e rface 20 MA current loop 


standard , RS-232 
 TLF offers 3 purchase plans: 
Optiona l 

1) CASH with order · and receive 
Baud Rate 	 t 10 Standa rd. O thers 

a BONUS CERTIFICATE optional 

MP.mory 8192 words stand ard, 
 worth $100 on selected MINI 

e•pandable to 32 K words 12 accessories. 
Contro l Pane l 	 POP-8E compat ible. with 2) Send $350 with order and pay 

add it ional func tions balance of $545 when ready to 
Parallel Interface 	 12 input a nd 12 output 

ship or COD to postman. 
lines 

3) NO INTER EST EASYRea l Time Clock 	 Programmab le. l rom 10 

MS to 40.95 seconds 
 PAYMENT PLAN 

Counter 	 Counts faterna t Even ts 

Expansion Bus 	 50 line. TTL compatible 
term inated bus sl ructure 


Binary Loader ROM residen t. 

Moni1or Boatslrap ROM resident. 

Power Requirements 100/12012001240 VAC. 
 HERE'S HOW IT WORKS: 50160 HZ 


Dimens ions 2" high x t3" wide' t4" 

deep 


STEP 1 

STEP2
Fill in coupon below 


and mail TODAY 
 When your MINI 12 is ready
with your check for to be shipped you send us 


$195 to: $200 or pay postman COD. 


TLF 
P.O. Box 2298 

Littleton 

Colorado 80161 
 STEP3 

The balance of $500 is paid 
in 4 eq u a l monthly 
ins rallmenl s of $125 each. 

You can use your BAC/ 

VISA. Master Charge or TOTAL PRICE ONLY $895 

American Express too! 


Make all cheques payable to WHAT COULD BE 

TLF Corporation . 	 SIMPLER? 


-'l'fLF 1977 

r-------------------------------~-~--, 
Please en1er my order for ______ MINI 12 Computers @ $895 each as per the plan chec ked below: 

1 0 Enclosed is $895 · I want the Bonus cert ifica te. 0 Send more information please. 
2 0 Enclosed is $350 · I will pay $545 when you' re ready lo ship or COD when delivered. 
3 0 Enclosed is $ 195 · I will pay $200 when you're ready 10 ship and 4 mon1hly payments of $125 ea. 

Check __ Mone y Order __ BAC; VlSA __ Master C harge _ America n Express 
Card"--------------- Int erbank II ________ Exp Date ________ 

Signature ------------- ------_____ ____ 

Name --------------- -------- - Phone - -------

Address ------------------- --- - --------------
City _______________ Stare __________ Zip---------

TLF Corporalion P .O . Bo>< 2298 Lirtleton Colorado 80161 

Te leph one 303 922 6241 Tele>< 454541

L------------------------------------- 
BYTE l>nu"v 1978 53 

And your wife will be happy 
100' In fac t she migh1 just 
buy it herself (for you of 
course) for Christmas. 

Circle 109 on inqu iry ca rd. 



Listing 2, continued: 

970 IF Y1>=2 TH N F'F( INT ' CH ANNF. I. ' ;[. ;' I S OU T OF Rl\N G I~ ' : GOTO 990 
'180 GOSUB l '.!3 0 
? 9 (J NEX T L 
I 000 GOTO l 7 0 
10 l O REM 
t O:!O l(EM 
1030 REM THIS ROUTINE EXAMINES THE MEMORY TARL C 
J.040 F(EM ANn CONVERT S THE 4 f! YTES Tll A :i I.I '.! tol GI r VO i. J'AGE 
1050 L ET Ol =E XAM<D> 
1060 LET 0~01 
1070 I F 01 .·r 128 THEN LET Qr O l - 12 8 
1080 [r - lH· l 
10? 0 LET w ~ EXAM ( [r) 

11 0 0 I•= O+l 
l 110 1.E"T E=EXAM CIJ ) 
IL :! () fl ; [•+I 
L J ~O L ET R• EXAMCIJ ) 
I. 140 l.E T T• " [•·11 
1 1.,0 L ET Y= TI+ < . l*W l-H .Ol*E l+ ( . 00 1*1~ J 

l lt.0 L E I Y l =Y 
1 17 0 LET Y = ~ CLl *Y 

11 80 I F D<L l = l THEN LET Yl = Y/ l O 
11 90 RETLlllN 
1·:0 00 REM 
1:> ·10 r<EM 
122 0 HEM 
1230 f':EM TH l S SUBfW U"I I NE PR INTS 0 1.JT fl! VOLTAGE Vl\LLIES 

12 40 F·RI NT • CJiANNEl. · ;u · I S ·; 

1250 JF 01 ~ 1 28 THEN PRI NT" •; : GOTO 1270 

1260 I F QI •t ::e THEN f·rnNr - ·; 

1270 l F l.i ( l> = l !HEN PIUNT 10 F 4 ; Yt; • VOi rs •; : r;a Tn 1.11. 0 

1280 IF R(L J= I OO l HEN PR I NT Z5F 1 ; y ; • VOLTS • ; 

t :! 90 CF IJ( l> = lO HIEN Pr\! NI Z5F2 ; y;' vCIL rS ' ; 

l .>00 IF FCC I >< l THEN Pl\! NI :Y.6F3 ; Y ; ' VOL TS ' ; 

131 0 I F C CL> ~o THEN PR JNT " AC "; 

t 3 ::> o Pr<rn·1 

l.310 RE.JIJr<N 
: ' Ol)I) f:.N l• 
liL A!JY 

Listing 3: A sample of the program in listing 2 being used to read fil1e differ
ent inputs. 

I'll Ylll l WM ll ru sr: .~N I "f<E 'J I OIJSL '( 1:HDSLN Cl 11'\NNl'-L S 01( 
·; ~ I u : r NL w OM :; ,. Sl :liN nJ ( ·c;i:u L: T rm s rrw 
"~• F I I r. 1 

~ .I I I 1: I ri l I V ;~ I Ill- ~; til l l: llliNliF l lNL f.: H(tNNCI 
1'1 I I ll < llNI " (1 l I 

I tJ~· 1 11 	 l ' I lliN l ll· I 1·r.ti MIL TF h' ' ; 
li1 '1 N 	 11111 11t ·1 II I\° 1·; I r J () IJl \ r t OO 
I N I l I< 1"111\N<ll I 1·;;f(l\Mf fEriS l\S l ' UHJ.IF<f: I • 

I ll) ·, 1JU Wlill r Tr• RFl\ I• Clll\NNU . 

1j f.i l N ... I 


U ill· I< I l· llli L•r. Oh: C) FUli l\C 7 l 

I N r f ll I 1· 1m • :• ~· n 1 r. Ofi () 1: 111, ~ . 0 VUL r l •Vl1 IJl; l:F . ?() 


["t(I IOU WAN r ro f<Fl\ fl CHliNNEL ... y Uli N Oil r x Ir ''Y 

t3r-)J N ? l 

EN 11 t; I I rll ' l •C OR 0 F OR l\C ? I 

L Nr t.R .I FOh: , ;> VOi i , CIR() F(il< :! . O VO i i [HIM Vh:fT . I '() 


l•CI YlllJ Wl\NI Ill l<f ' AI • CHl\NNEL 3 '( 11 r;· N !Iii E XIl " N 

L• (I Yl"l l l Wl\NI rn "~Il l• r. HANNF L 4 '( (I['( N UI; E X l. "f? N 

l•D \'1111 Wl\N I TO rw110 CHfiNNEL ::; y [ JI\' N Uli EXI"f? N 

ro o YfJU Wl\NI ru J(l· l\(J CHANNEL 6 y Clf.: N rm EX I f? Y 

GA IN 
 ., JO 
EN I Eh· I r OJ~ l•C Oh: 0 l' Ofi Ill: ? 1 
l' N I f R I I [If; VOL I > OR () F Oh: ..' . O VUL r DVM Vl i CF . ?().. 
LJO (lllJ WA N f rn f< EAI • CHl\NNEL y or( N DI< l X I PY 
1)1\ IN •' I 0 
I: N I L r, l r-Li l< [IC: Oli 0 r oR l\C ? O 
ENILR I FOR . 2 VCI L To OR 0 FOR :> . O VCILI (J VM IJW(F , 70 

1'0 YIJ l l WAN r TIJ RF. l\fl f:Hl\ NNE I_ 8 Y OR N OR EX I T 9 Y 
GAJN <' l OO 
FNl ER F IJr< [1C Oil 0 FOR nc ? i 
[ N f" [ R 1 F OR • :> IJCILr , OR () i'UI'< '.' . O IJOI r JI VM Vl<l"F · "0 

CHl\NNEL l rs. I . 5 15 VOL rs 
CH?o NN f.L 2 rs .JJ ·l VOi .TS 
CHANNEi 6 I S 9 . ~ 8 VOL TS 
CHl\NNEL '"/ .r s ? .40 VOi. TS AC 
1: HANNEL 8 I S 1 1 CJ . 2 v rll rs 
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To use the converter with BASIC, the 
program merely calls for a particular channel 
conversion and then extracts the appropriate 
data from the table. Listing 2 is a BASIC 
program which details the entire procedure. 

CAUTION : 
One caution should be kept in mind 

when using this interface to measure AC 
signals : the ground on the in terface board 
is the same ground as the computer. If you 
use the interface board to read 115 VAC 
line voltage, a potential short circuit exists 
unless ei ther the computer or the measured 
voltage is isolated. Since isolating the com
puter equipment would constitute a viola
tion of many electrical codes, only isolated 
AC signals should be read. A common 
mearnrement case which meets this criterion 
is the AC secondary section of a low voltage 
power supply such as the unit wh ich runs 
your compu ter. 

Conclusion 

I often see construction projects which are 
beyond the means of some experimenters. 
With these two artic les I've attempted to 
reverse the trend by giving the complete 
design of a low cost DVM interface. By 
adding more components, such as relays, this 
interface can become a full fledged data 
acqu isition system. 

I'm sure by now, after seeing designs 
from me for a serial 10 interface, parallel 10, 
digital to analog converter, and now an 
analog to digital converter, most readers will 
rea li ze that I'm constructing a comp lete 
computer front end for measurement and 
control applications in the home and lab. We 
still need 115 VAC 10 interfacing, a real 
time and time of day clock, and a few other 
items. When we're finished we'll investigate 
closed loop control and interrupt drivers. 

I am always interested in readers' com
ments on the ideas for appl ications. I work 
interactively, so don't hesitate to write me 
(and include a se lf-addressed stamped en· 
velope for replies). 

Next month: a memmy jump detector!• 

The following interface components are 
ava i lable postpa id i n the continental US from: 

Genera l Digital Corporation 
700 Burns ide Av 
East Hartford CT 06108 

K i t 1 : 	 !Cs 1, 2, 3 , 4, 5 and 8 to build the 0 to 
2 V 8 channel uni t descri bed in the first 
par t of this 2 part series presented last 
month . S29 .95 

K i t 2 : Printed circ uit board with 44 pin edge 
connector which suppons the circuitry 
for th is month's expanded DVM inter
face as well as the basic unit and the 
componen ts of kit 1 . S64 .95. 

Kit 3 , Assembled and tested uni t cons isting of 
kits 1 and 2 . $79.95 



the 

Processor 

Terminal. 

A logical forward step in Microcomputer design 

the Processor Terminal. A new design by TEI and look at 
what you get . .. a complete, self contained microcompu
ter system with display and mass storage, a full keyboard 
and plenty of slot space for additional boards. And that 
famous TEI CVT power supply that makes brownouts a 
thing of the past. 

Display -A 15" high-resolution black and white video 
display with an optical filter face plate to reduce glare and 
improve type visability ... Keyboard - Full upper and 
lower case ASCII detached keyboard with 8 programmable 
special function keys. Keyboard status indicators show 

computer BUSY or READY And a 16-key numeric cluster 
pad set up calculator style . .. Disk Drive & Controller 
A Shugart SA-400 mini-floppy disk drive. Soft sectored 
with a capacity of about 150 KB. IBM compatible format. 
Controller will handle 4 drives . . . CPU -8080A based with 
a flexible design that allows you to implement a start up 
"jump to" operation to any dip switch selected byte 
address you choose. Merely turn on power or press RESET 
and you are off and running. Excellent for power failure 
automatic restart ... Memory - 16K of static RNA memory. 
Low power chips. Selectable address assignment and 
memory protect features .. . 1/0 - 3P+3S input/output 
board. 3 parallel ports and 3 serial ports with selectable 
baud rates of 75 to 19,200. RS-232C and TTL outputs ... 
Video - A video board provides the support for the 
video display functions ... Mainframe - A 12 slot 
mainframe with a 17-amp CVT power supply, motherboard 
assembly, heavy duty aluminum cabinet, fan and washable 
filter. All edge connectors and card guides provided ... 
Software - CP/M disk operating system and BASIC 
provided on disk. 

the Processor Terminal (Model MCS-PT 112) is ful ly 
assembled and tested. 

MCS 

SPECIAL SYSTEMS GROUP MICROCOMPUTER SYSTEM 

Contact your local TEI Dealer or if you are not near one of our dealers, write or call CMC Marketing Corp direct for more information. 

CMC MARKETING CORP 
5601 Bintliff Suite 515 •Houston, Texas 77036 •Phone: (7 '13) 774-9526 
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The disk system you want 

at apriceyou didn't expect from a 


company that understands systems. 
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THE VISTA150 

PPY DISCOUNT 


We know that one of the biggest problems in 
personal computing is that you're buying with 

' your own personal dollars. 
That's precisely why you're going to like 

doing business with us. 
We're Vista Computer Company, the personal 

computer systems brainchild of the business com
puter systems people at Randal Data Systems. 

And our VBO Floppy Disk System is a perfect 
example of how we're prepared to help you get the 
most out of your personal computing dollars. 

5649 buys you the 
whole kit and kaboocllc 

The $649 you spend on a Vista vao Floppy 
Disk System ($749 assembled) gets you every
thing you need: 

An BOK byte minifloppy drive (assembled and 
tested) that can be powered directly by your 

8080 or Z-80 computer. (Case and power 
supply optional .) 

An 1/0 cable and a 
single card , S100 bus

compatible controller kit 
that handles up to four 1 

drives and includes a PROM J..• 
for bootstrap loading (addi
tional drives just $399). 

VOS, the most advanced 
microcomputer disk operating 

system available, and our 
BASIC-E compiler. designed 

to work with VOS, al I on a 

single diskette. Software functions include 
instantaneous program loading, named dynamic 
files. program editing, assembling, debugging, 
batch processing, and file copying on back-up 
diskettes. 

Al I backed by the Vista 90-day warranty, mem
bership in VUE (Vista Users' Exchange). and 
Dataforce, our associated service company with 
115 locations throughout the country. 

Test drive the vao 
at your local computer store 
Drop by your nearest computer store and run 

the VBO through its paces. Once you find out what 
it can do for you, you 'll see that our combination 
of high performance and low price is hard to beat 
and easy to take. 

We love to take orden 
If you 'd like us to ship you a Vista VBO Floppy 

Disk System. they're available now. Just send us a 
check or money order for the amount 
of purchase, or your BankAmericard/ 
VI SA or Master Charge account 
number with expiration date and 
authorized signature. California resi
dents add 6% sales tax. Uncertified 
checks require six weeks processing. 

To place your order, or to obtain 
further information, call or write today. 

Vista Computer Company, 2807 
Oregon Court, Torrance, CA 90503. 
(213) 320-3880. 

Vi.tta 
We never forget it's your pocket. 

BYTE Jan uuy 1978 57 



need to be very complex, and certainly 
not as expensive as some of the purveyors 
of professional equipment would have us 
believe. This article presents a straight
forward way to control a floppy disk drive 
with a microprocessor. 

While definitely not a project for a 
beginner, the interface itself is relatively 
simple and well within the grasp of anyone 
who has built other computer equipment. 
It is conceivable that people without an 
oscilloscope might be ab le to build the 
interface blindly and get it working success
fully, but I strongly discourage them from 
doing so. A good oscilloscope, particularly 
one with dual trace and variable delay 
features, is highly recommended for testing 
the interface and drive du ring construction. 
Once built and working, the unit should 
not need any adjustments. 

I do not attempt to provide all of the 
cookbook information necessary to thor
oughly educate the novice in the ways 
of floppy disks. Rather, I provide an over
view of one system, cover all the basic fea
tures and functions, and draw examples 
from a working system. I hope to encourage 
people to build their own systems as an 
alternative to buying someone else's. 

This interface is intended for hardware 
sectored disks and disk drives, although 
the basic technique could be extended by 
the use of more on board buffer memory 
to permit the use of a software sectored 
format. This interface is specifically designed 
for the Memorex 651 drive, but the use of 
an on board buffer makes the interface 
independent of the associated processor's 
speed, and allows it to be used with virtually 
any processor. At least one person has used 
a similar interface with a 4004 for three 
years. The use of an on board buffer did 
not add to the chip count of the interface; 
if anything, it reduced it. The chip count 
is 31, and all chips are small or medium 
scale integration TTL with the exception 
of the buffer memory. 

Circuit Description 

Several basic functions must be provided 

David M Allen 
Electronics Consultant 
1317 Central Av 
Kansas City KS 66102 

Table 7: Power wmng 
table for the integrated 
circuits used in figure 7. 

A Floppy Disk lnterface 


Once it would have been appropriate 
to begin this article with a paragraph justi
fying the use of a floppy disk in a hobbyist 
system . Today that paragraph is unnecessary 
for two reasons: First, most of the more 
ambitious microprocessor users have already 
convinced themselves of the need for fast 
programmable memory; second, a growing 
number of users have begun to discover 
that the hardware required to interface a 
floppy disk to a microprocessor doesn't 

Number Type +5 v GND 

IC1 7400 14 7 

IC2 74175 16 8 

IC3 7400 14 7 

IC4 2102A6 10 9 

IC5 74177 14 7 

IC6 74125 14 7 

IC7 74125 14 7 

IC8 7404 14 7 

IC9 7416 14 7 

IC10 7416 14 7 

IC11 7404 14 7 

IC12 7404 14 7 

IC13 7408 14 7 

IC14 2102A6 10 9 

IC15 74177 14 7 

IC16 74125 14 7 

IC17 7430 14 7 

IC18 7411 14 7 

IC19 7410 14 7 

IC20 74175 16 8 

IC21 74177 14 7 

IC22 74121 14 7 

IC23 74177 14 7 

IC24 2102A6 10 9 

IC25 74177 14 7 

IC26 74177 14 7 

IC27 7474 14 7 

IC28 7420 14 7 

IC29 7430 14 7 

IC30 7474 14 7 

IC31 7474 14 7 

IC32 7404 14 7 
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The Dumb Terminal · 

lets you put it all together. 

With the new.· lower-priced Dumb Terminal™ Kit. that is. 
Pick one up and escape, once and for all, the headaches 
of scavenged teletypes and jury-rigged TV sets. With just 
a little time and aptitude, you can have a live and working 
Dumb Terminal right in your own home, garage, or 
business. One that lets you get it all out of your system 
- or into it. 

Forget the cheap imitations, with their overblown 
price tags and interminable lists of options. With 
the Kit, you can build yourself the same, old 
basic Dumb Terminal that's been selling over 
1500 units a month. With basic, sensible 
features like a bright 12" diagonal screen. 
Fifty-nine data entry keys. 1920 characters 
displayed in 24 rows of 80 letters. Plus 33 
positive action switches that let you activate 
functions like I of 11 different baud rates, an 
RS232C interface, or a 20mA current-loop 
And more. Not bad for Dumb 

All you need, besides the Kit, is 
some initiative, and a few basic 
tools - a good soldering iron, 
wire cutters, needle-nose pliers, 
and one or two trusty screw
drivers. The Dumb T~rminal 
Kit provides you with every
thing else. Including an 
attractive cabinet, CRT 
screen, keyboard, PC 
board. and all essential 

electronic components. Naturally, you also get illustrated. 
step-by-step assembly instructions, not to mention an 
easy-to-understand operator's manual. 

So, if you'd like more input on the Dumb Terminal 
Kit, just fill out the coupon and we'll send you complete, 
free information. 

Oh, and by the way, just by sending in the coupon, 
you will be made a charter member of the Dumb 

Terminal Fan Club. A select organization that will 
send you your own nifty Dumb Terminal Fan 

Club Kit, containing: an official certificate 
of membership; an autographed photo of the 
Dumb Terminal himself; and a bona fide 
membership card to prove irrefutably you're 
"One of Us'.' (Sorry, limit one kit per person.) 

And, if you include a trifling $6.00, you 
can have your very own Dumb Terminal 

T-shirt. (No limit at all on these.) 
Simply mail the coupon and get the whole 

assortment. And find out why members of the 
Dumb Terminal Fan Club are some of 

the smartest people around. 

@ 
Dumb Terminal. 
Fun Club. 

'---=-------'---==--~·State Zip______ 
______ -=_for an official Dumb Terminal T-s.hirt(s). 

Pleaie make all checks and money orders payable to Le Ance & Reiser, OK? 

U~ntlty "and size(s) of.shirt(s) required: __S __M __L _ _ XL
"Dumb Terminal" is a trademark of Lear Sie11ler, fnc., . ; ·-. 
E.I.D./Data Produc;ts, 714 N. Brqokhu:rst{;t.. ~el!]11 dfi., Rush t.llis applicatiqn. t0: DumbTermin~al Far1 Club Hea'dquarterS; 
92803, (8001854-3805. In California-(714) 174-T(510. · e/6).,r;::/\'nce.& ReiiSer, PO. Box: 17123, Irvine, CA 92714. · 
Circle 56 on inquiry card. 



Figure 7 a: Schematic diagram for the floppy disk interface board. Alf inputs and outputs are designed and buffered for use 
with a Motorola 6800 processor and a Memorex 65 7 floppy disk drive. 
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FROM 
FIGURE 
lo 

in a floppy disk interface, regardless of 
the actual data transmission method. Out
putting step pulses, rece iving sector and in
dex pu lses, load ing the data head, sens ing 
and resetti ng the file unsafe erro r bit, and 
sensing the write protect tab on the diskette 
are functions which arc largely universal 
to all disk drives. They are handled by the 
74175 latches {IC2 and IC20) and 74125 
bus drivers (IC6 and I Cl 6) in figure 1. 
Software takes care of all necessary inter
locking and timing relationships between 
these signals . 

One minor exception is in the use of ·the 
sector pulses from the drive. I fe lt that the 
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incorporation of a hardware counrei· (to 
convert the individual sector pu lses into an 
address and relieve the processor of the 
necessity of providing this function in 
software) was too simple to be left out. 
The equivalent function in software wou ld 
yield an excessive and unnecessary overhead 
in time and software. As such, the two 
counter packages, which provide the proc
esso1· with a complete secto1· address rather 
than a series of sector pulses, were a wel
come expense. 

Data passage between the bu ffe1· memory 
and th e disk drive is processor independent. 
The processor simply requests the desired 
transaction {read or w1·ite). Actual data 
movement is carried out so lely by the 
interface circu its. 

Movement of data in this system takes 
place in two phases, reg<Hdless of whether 
the transaction is a write or read. When 
writing, the processor loads the data des
tined to be recorded onto a sector of the 
diskette into the onboard buffer memory. 
When the entire sector 's data has been as
sembled in this buffer, complete with 
necessary preamb les, data separators, track 
and sector identifiers, postamb les, and 
whatever else is needed by the chosen for 
mat, this block of sector data can be moved 
to the disk drive in a single operation. 
The actual operation does not occur until 
the processor commands the inte1·face 
board to write. 

After receipt of the write command 
the interface waits until it sees the leading 
edge of a sector pulse. This sector pulse sets 
a flip flop, IC 30B, which remains set 
throughout the operation and resets on the 
leading edge of the next sectm pulse. The 
entire transaction is therefore synchro
nous with the sector pulses. This same 
synchronization is presen t during a read 
operation as well. For example, reading of 
disk data into the on board buffer is started 
and stopped by sector pulses. In th is way, 
format independence is accompl ished be
cause the entire sector is read into the buffer 
in a single operation . The processor is com
pletely uninvolved with this uansfer of 
data. It does not 1·e-ente1· the picture until 
the read operation is complete, at which 
time it begins dissecting the received infor
mation. During this dissection process, 
the processor must search th rn ugh the 
on board buffer loo ki ng for the beginning 
of data markers (and other landmarks of 
the particular recording fmmat involved) 
to locate the desi 1·ed data in the buffer and 
transform it from serial to 8 bit paral lel 
form. 

Figure 7b: Continuation 
of figure 7a. 
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~ 
"INDUSTRIAL" 
WIRE WRAPPING TOOL 
Model BW 520 is a battery operated wire-wrapping 
tool, also available in reversible models for wrapping 
and unwrapping operations. The rechargeable nicke l 
cacjmium battery is se lf con ta ined in the handle of 
the tool. Also available with " Backforce" device to 
prevent overwrapping. 

Uses any 24AWG th ru 32AWG wrapping bits and 
sleeves. 

OK MACHINE & TOOL CORPORATION 


"HOBBY" 
WIRE WRAPPING TOOL 
For AWG 30 , .025" (0 .63mm) sq . 
post, " MODI Fl ED" wrap, positi ve 
indexing, anti-overwrappi ng device. 

OK MACHINE & TOOL CORPORATION 
3455 Conner St . Bronx . NY 104 75 I (2 12) 994 ·6600 I Telex 125091 

Circl e 79 on inqu iry card. 

~ 
"INSTALLATION AND FIELD SERVICE" 

WIRE WRAPPING TOOL 
Model BW 928 is a batte ry operated wire wrapping 
tool , also availab le in reve rsible models for wrapping 
and unwrapping operations. Except iona lly useful for 
installation and fie ld serv ice wo rk, or small produc· 
tion jobs. Available with " Backforce" device to pre· 
ven t overwrapping. 

Uses any 24AWG thru 32AWG wrapping bits and 
sleeves. 

OK MACHINE & TOOL CORPORATION 
3455 Conner St . Bronx . N Y 104 75 I (212) 994 · 6600 I Telex 125091 
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Note that, in this system, the actual 
SECTOR pulses from the disk drive are not 
used to stan and stop the transactions; 
rather, they are divided by 2 in the first 
stage of the sec tor address counters. This 
means that although 32 physical sectors 
could be recorded per track on the disk
ette, this system wil l record only 16. 

Each sector conta ins 256 bytes of data 
instead of 128 . I did this to facil itate future 
double-density operation. The size of the 
buffer is 256 bytes of data plus some extra 
for preambles, checksums, and so on, for 
both single or double density ope rat ion. 
On ly the number of sectors per tr·ack will be 
charged: they wi ll increase from 16 for 
single density to 32 for doub le-density·. 
For purposes of this ar ticl e, single density 
operation is assumed . 

The inter face board knows nothing about 
the particul ar record ing format involved, 
but merely collects a sector's worth of 
information (ie: everything ap peari ng be
tween two successive sector pulses) from 
the disk drive and gives it to the processor. 
The processo1· must know al l about the 
organi zation of the data in the sector. The 

Figure 2: Sequence ofmain events when reading from or writing to the floppy disk. 

Read : 

0-1.5 s 
seek time 

step in load 30 ms head 0-.16 s wait 
settling time for presector 

issue read ~-------. 
heador out 

same subroutine used by 
both read and write 

5-10 ms wait as 
presector passes 

10 ms transfer 
of data 

move data from main 
memory to buffer 

step in 
or out 

Wr ite : 

issue write 
command 

5-10 ms wait as 
presecto r passes 

software completely controls the organizing 
and formatting of thi s data. 

Although it is feasible to configure 
the bu ffer memory as an 8 bit wide parallel 
buffer, the ser ial configuration has severa l 
advantages including the lowest cost and 
chip count. It also permits efficient utiliza
tion of low cost memory chips such as the 
2·102A. Although it would seem logical 
to use serial shift registers for the buffer, 
doing so destroys the processor 's ability 
to random ly access the buffer. Another 
reason for using serial data transmission 
is that conversion to para llel format, when 
receiving data from the disk, would necessi
tate some fo rm of data synchronization 
information so that the packing of the seria l 
data into the parall el buffer can be coor
dinated. Without this information, bit 1 
might end up in bit S's location. This syn
chronization fu nction must be provided 
in any case. Postpon ing the problem unti l 
a time when the processor is process ing 
the data, in stead of the time when the disk 
drive and interface are exchanging data, 
al lows the interface hardware to be forn1at 
independent. Th is means that, with little 

command 

check for 
errors 

move data tram buffer 
to main memory 

load 
head 

30 ms head 
settling time 

same subroutine used by 
both read and write 

10 ms transfer 
of data 

check for 
errors 

:Return from routi ne 

0-.16 s wait 
for presector 

i-------- : Return from routine 
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Since 1972 we've been a place where 

people and computers get together. 


Do you kn ow anyone wh o wants to learn how comput ers 
work? Or how to program? With out masses of tcc h11i c<1 I 
jargo n? Then se nd them to People's Computers' We're a 
bim onthly magazine devoted to demystifying com puters. 
Our pngcs aren' t p<1dded wi th ads - they 're packed wi th 
articles, tutorials , interv iews, listings. gam es, reviews 
and let ters. People's Computers covers: 
Computerese · basic princ iples abo ut how compu ters 

work: tutorials on how to progra m. 
FJucation · re<1 dy-to-use programs; tips on how to write 

compu ter-assisted ed ucat ional materials: reports on 
educa ti onal uses of computers. 

Blue Sky · Tiny BAS IC and Tiny Pl LOT were born in our 
pages; there's now talk or robots and .. . 

People & Computers ·examinat ion of the growing im pact 
of computers O il our lives and society . 

Fun & Famasy · computer games; whim sie<1 I odds and 
ends ; and our washbuckling hcro- fORTRAN Man! 

Some Com men ts about People 's Co111pu ters: 
"One of the fi rst , if no t the firs t , of the people-oriented 

compute r publications . At $8 a year, it is a good 
barga in. You 'll like it. " Kilobaud 

"The editorial navor is . intended to be readable and 
enjoyab le for the neophy te. Our resident non-computer 
people at By te grabbed the fi rst issue so quickly tlrnt it 
became difficult to fi nd a copy . . . Should be sam pled 
to be be lieved ." By te 

"People's Compu ters has been plugging away for years as a 
force for good in th e communit y" . Personal Comp11ti11g 

"For th e novice as wel l as the ex perie nced computer 
use r . .. an informal style , many use ful an notati ons 
... a so undin g board for novel ideas." Computer Notes 

" I Jere's a first rate magazi ne fo r people who want to know 
about minicomputers and microcompute rs ... Power
fu l, low-cos t technology is taking off - keep up with it 
by read ing People's Co111pu rers". The Workbook 

people's c0111puters 

Pl ease start my one-year subscription (six issues) to People's Computers and bil l me for just $8 . -----------------------------------------


Unconditional Guarantee : If yo u ever wish to discontinue 
NAME yo ur subsc ription for any reason . we will refun d the 

com plcte amount for the remai nder of your subscri ption. 

CI TY /STATE ______ZIP _______ 0 Visa Card Number 

Outside the U .S .. add $4 for surface postage. A irmail rates on request , 0 Mastercharge Expiration Date 

Send this fo rm or a facs imi le to: People's Computers, Dept 53, 1263 El Camino Real , Box E, Menl o Park CA 94025 
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or no change to the interface board , any 
hardware sectored format can be accommo
dated by the use of app ropriate software. 
With the present amorphous state of the 
home computing indust ry, forma t inde
pendence has to be a significant advantage. 

In fig ure 1, the three 2102As (ICs 4, 14 
and 24) form a 3072 by 1 bit buffe r mem
ory. The three 74177 cou nters (!Cs 5, 15 
and 25), which are associated with the three 
2102As, all ow sto rage of the serial ly ac
cessed disk data in the randomly accessed 
memories. These coun ters are incremented 
for each bit of disk data passed, and provide 
addresses for the 2102As during both the 
read and write operations. Du ring readi.ng, 
the disk provides clocking in fo rmation 
in the form of SEP CLOCK on the Memorex 
disk drive. SEP CLOCK is used to clock 
the cou nters and address the memory. 
Du ring writing, the interface card must 
provide clocking information to the disk. 
The crystal oscil lator provides this write 
clock information for the disk drive as wel l 
as for the counters which address the 
memory . 

The preceding has explained the function
ing of the counters and the addressing of 
the 2102A buffer during data excha nges 
between the disk drive and the interface 
card. Movement of data between the inter
face card and the processor takes place 
before or· after th e interface's dialogue 
with the disk dr ive, as shown by the se
quence of operations for read and write 
commands in figure 2. During this processor 
activity, the address counters take on a 
complete ly differe nt function. The proc
essor can randomly access any bit in the 
memory buffer. Therefore, the address 
for the buffer comes from the processor 
rather than from the add ress coun ters . 

Du ring this time, the add resses on the 
processor's bus, which are present at the 
preset inpu ts of the 74 l 77s (!Cs 5, 15, 25). 
are gated through to the 2102As. When the 
processor attempts to read from or wr ite 
to the buffer it will be accessing only one 
bit at a time, si nce the buffer is only one bi t 
wide. The 6800's read and write line is 
gated directly to the read and write line of 
the 2102As. Write data fro m the processor 
wil l be fed to the data input lines of the 
2102As via a three state device enabled 
by the proper address decoding fro m the 
processor bus (ICI) . When the processor 
r·eads from the bu ffer memory, address 
decoding (I Cl B) enables a th ree state 
bus dr iver and places one bit of data from 
the buffer on the processor bus. 

During a diskette read operation, it is 
desirable to use the received clock to strobe 

the received data into memory. In order to 
satisfy the minimum write pulse wi dth 
requirements of some 2102 type program
mable memories, it is necessary to use a 
oneshot (IC22) triggered by the trai ling 
edge of the rece ive clock to gene rate the 
actua l write strobe. The received data is 
latched in a 7474 (IC31 B) and maintained 
un t il the end of the write strobe . Note that 
while it would norm all y be poor practice 
to use the write strobe to change both ad
dress and data, the architecture of this 
interface and of most 2102 type program
mable memories permits this. The actual 
value of the address present at the edges of 
the write strobe appears to be irrelevant, 
provided that the address is stable. In this 
design, the address and the data change 
after the trailing edge. This ar-range
ment has been tested with severa l types of 
programmable memories, from fast new 
ones to slow obsolete ones. There were no 
problems in any instance. 

Du ring a write operation, a 4 MHz crystal 
provides clock pulses to the disk drive and 
address coun ters for the 2102As. A 4 MHz 
crystal is used to facilitate the future double 
density opt ion . A 2 MHz crysta l cou ld be 
used for standard density operation with the 
proper circuit modifications. The write clock 
and write data signals (outputs of !Cl 7 and 
IC28B) are combined into a composite clock 
and data signal and fed to the disk drive via 
three paralleled sectio ns of a 7416 high 
power in verter (ICs lOA, B, and CJ. Three 
sec tions are used to provide adequate signa l 
current into the low impedance line receiver 
within the disk drive. Altho ugh line 
receivers are recommend ed by Memorex 
for the received clock and received data 
signals at the in terface, standard TTL inputs 
(with the additio n of the pull up resistors 
shown in the schematic) have proven to be 
adeq uate. 

Software 

The sc hematic of figure 1 does not repre
sent a flop py disk contro ll er, but only an 
inte rface . The processor in tel li gence is 
needed to make the system a contro ll er. The 
bulk of the effort in establishi ng a system of 
this type occurs in the writi ng of the neces
sa ry software . Th is approach keeps the hard
ware costs low and all ows the fr ugal experi
menter to substitute his or her own soft
ware writing abil ity for the out of pocket 
hardware expenses. 

Two phases in any read or write opera
tion of the system were previously men
tioned. A thi rd phase is necessary prior to 
any actual reading or writing. The disk 
drive's data transfer head must be stepped 
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PULSE CURR ENT I 
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ro utine is wr itten as a subroutine, shown in 
listing 1, such that it ca n be cal led with the 
desired track parameler passed as a va lu e in 
another r·egister. 

to Lhe proper track. Then the system must Stepp ing takes place in response to 
inte rTogate the hardware's sector add ress individ ua l pul ses from the interface . The 
counters in order to know when it is per pu lses are fo rm ed in software by tu rni ng a 
missib le to issue a read or write command. hardwar·e bit on, and then off. The width of 

the pul se will be determi ned by the proces
Stepping to the Proper Track so r·'s execution speed. Since two or more 


There are either 64 or 77 trac ks on instruct io ns are involved, th e width wi ll be 
 Listing 1: Stepping in
fl oppy disk systems (the Memorex 651 	 several microseconds. Several NOPs can be or out routine written 
uses 64) . When power is first applied to the 	 inser·ted in the software as a safety measu re. for the Motorola 6800 
system, th e pos ition of the data transfer processor.
head is un known. It is necessary to find over 

FA3D Etb A055 STEF' ID LDA A RElHRI\which track the head is positioned. Unfor  FA40 81 3F CMf· A J63 

tunately the disk drive tel ls us nothing FA42 2F 03 E<L E *+5 
F A44 7E FF!EJF J MF' Ar•RERR

about the locat ion of the head unless it FA47 81 DO C11P A tO 

is sitt ing at the very first track of the system FA49 ~6 OF E<NE sn·2 
FA4E< C6 80 STF' l Ll)A H USO TES T TR AC K ZERO BIT

(trac k 0). Some disk drives have an additional FA 4 [1 f ~ ..J 9COO E<IT [l ~•9COO 

sensor· at the very las t track. Consequently, FA50 2'7 04 E<rn *+6 
FA52 BD 1[1 E<Sr• STEf'IN

during ini ti al iza ti on of these systems it is 	 FA54 2 0 E<RAF5 	 ST'Pl 

necessary to step the data transfer head in 	 F'A56 7F A054 CLR ACTTRI\ TRACK ZEf<D FOUND 
FA59 39 rastowa rd track 0 until the track 0 sensor is FA5A Eel A0~ 4 STP? Cl1P A ACTTRK 

tr ipped. If track 0 is r-equested (as shown in FA50 26 01 f4NE *1-3 
FA5F 39 RT S the flowchar t of figu re 3 for the stepping FAbO 2fc 04 E<Mf *i·6 

rou tine), the prog ram will ste p the data rn62 8[1 Ob Ii SR sn·our 
FA64 20 F 4 E<R/\ S1'f:·2 LOOP TILL TRACK ZERO F OUND transfer head in , while sea rching fo r a 	 FA66 fj[I 09 [~SR STEF"lN 
FA6B I~ ()20TRACK 00 signal. An 8 bit register remem	 !<RA STF·:> 
FA6A 7C A0 5q STPOIJT I NC ACTTRI\bers where the head is located. Once the FA6[1 C6 01 l.,[IA p tJ. STEF· OUT f'ULSE 

head is stepped away from tr-ack 0, th e FA6F 20 05 [lf\'A S TF'4 
FA71 7A A054 STEPrN f• EC ACTTr<K software has no way of determining what FA74 [6 02 Ll•A E< t: 2 S TEP TN PULSE 

track is currently accessed un less it knows 	 FA7b F7 9COO STf'4 STA f.• f.9COO BEGfN S TEf' f 'ULSE 
FA79 5F CLr< [•

how many step pu lses have been issued. FA7A ()1 NOP DEL AY 
Every time a ste p pulse is issued, this cou nter FA7E< 01 NOF· 


FA7C F7 9COO STA 1:< $9COO END STEP f'ULSE
wi ll be incremented or dec reme nted app ro FA7F CE llCOO [1ELAY Ll)X ucoo 
FA82 O'i' STf' 3 [ IEX priately unless the track 0 signal appears, in 
FA83 2b FD E<NE STP;l

which case the counter is clea red. This step FA85 39 ~·rs 
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r--------, 
I REQUESTED I 
I SECTOR 1--
1 ;:::is IL ______ _j 

r-------, 
I REQUESTED I 
I SECTOR 1--
1 • o IL ______ _J 

r- - ---- -, 
I CURRENT I 

SECTOR• II DES IRE D r -
1 SECTOR IL___ _ _ _ _J 

WAITS 

YES PRESECTOR 
:----1 : • 15 

PRE SECTOR : • 
REQUESTED 
SEC TOR - I 

DESIRED 
SECTOR : • 
PRESECTOR • 2 

R EAD SECTOR 
ADDRESS 
COUNTERS 

NO 

r-------..., 
I SETTLING TIME IDELAY I FOR HEAD LOAD I30mS I MECHANISM I 
L---- - - -l 

YES OUTPUT ERROR 
MESSA GE RETURN 

r ------ -, 
I I
I o -1 · 16 -1 • 15 I 
I IL ______ _J 

RETURN 

Figure 4: A routine which searches a single track until it finds the required 
presector. 

FAA4 SD 09 WAITS BSR (•E LA Y 
FAA 6 B6 A051 U•A A REOSF.C 
FAA9 81 10 CMF' A t $!0 
FAA!< 20 03 !<LT IJ S! 
FAAD 7E FBBF ,JHP ACIR ER R 
FAL~O 81 ()0 IJSI CHF' A t o 
FAB 2 26 02 !<NE WS 2 
FAll4 86 10 U•A A t $ ! 0 
FA £<6 4A WS 2 DEC A 
FAB 7 48 ASL A 
FAE<B F6 9COO IJ53 LOA B S9COO 
FABE< C4 I F AND [< t SIF 
FAE<D 11 CBA 
FABE 26 FB BNE IJ S3 
FACO 39 RTS 

IS REO ' D SECT , LEG IT. ? 

SECTO R 0 REG ' (1 

r•UHH Y SECTOR •SET UP PRESECTOR 
SET UF· HARD SECTOR NUM BER 
GET SECTOR FRO M INTFC 

REO:AC TUAL 

Listing 2: Interrogation routine written for Motorola 6800. This routine 
checks each of the sector headings on a track until it finds the requested 
presector of the desired sector. 
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Since a stepping motor is invo lved (some 
of the newer drives incorporate li near 
actua tors which are faster), a co ns ide rable 
time delay between step pulses must be 
allowed to prevent the stepper motor from 
overshooting the wrong track. The software 
stepping routine incorporates a 30 ms de lay . 
Memorex specifies a 20 ms delay, and some 
other manufacturers call for 10 ms de lays or 
less. The builder shoul d ad just the delay 
parameter to generate the necessary de lay. 

Waiting for the Proper Sector 

Since counters are bu ilt into the hard
ware, the sector address will be accurately 
kno wn within one di skette revolution after 
application of power. Anytime the software 
reads the state of the sector counters, it will 
rece ive the binary number of the physical 
sector currentl y passing under the data 
transfer head. The use of this information 
now becomes somewhat involved. 

At some ti me in the futu 1·e, a read or 
write command will be issued. Where that 
occurs is a function of the time when th e 
command is issued rel ative to the position 
of th e diskette at th e moment of issuance. 
If the user wants to write at logical sector 4 
of the current track, for insta nce, the 
write command is issued prior to the app ear
ance of ph ysica l sector 4 beneath the data 
transfer head. In other words, the command 
should take place whil e the data head is over 
sector 3 because the actual writing must 
begin at the leadi ng edge of th e sector pu lse 
that in troduces physical sector 4. 

Things are actually more com pl ex tha n 
this. Th e cou nters which address the on 
boa rd buffer mem ory must be reset prior to 
the beginning of the actual read or wri te 
operation. Otherwise, the buffer addresses 
wou ld begin in the middle of the buffer. 
In order to guarantee sufficient time fo r 
resetting the counters, some finite tim e 
interval must occur dur ing the precedin g 
physica l sector. The only way to insure this 
is to locate the end of second preced ing 
physical sector and issue the read o r write 
command at the beginning of the immediate ly 
preceding physical sector. 

Th e flowch art in figure 4 shows a sub
rou tine which , when give n the desired secto r 
to be read from or written to, will loo p 
wh ile in terrogat in g the sector cou nters until 
th e presector is found. Although the software 
of lis ting 2 appears to ignore the need to 
guara ntee some resett ing time for th e buffer 
address counters, this is not the case. Since 
there are two physical sectors fo r each logica l 
sector (32 phys ical sectors per track versus 
16 logical sectors) the software is sensi ng 



OUR OWN SOFTWARE OUR OWN HARDWARE 

A perfect team from the Digital Group 


Something new has been added to our great line of Digital Group hardware: DIGITAL GROUP SOFTWARE! 

With all new languages, enhancements to existing 
languages and new sophistication designed to give the 
Digital Group system user the greatest capabilities yet 
available in a microprocessor. 

Most importantly, you can rest assured that the same 
painstaking attention we devote to quality in our 
hardware has gone into Digital Group Software. Our 
software works - as simply as that. 

Here are just a few of the Digital Group Software 
packages: 

WOPROC 
This simple-to-learn, user-oriented Word Processing 
System is text-editing and a whole lot more. WOPROC 
automatically takes care of the menial tasks of typing, 
easily corrects errors and prints exactly as you desire. In 
short, WOPROC doesn't stop at merely editing text: it 
also processes this text in a variety of ways. Use it to 
prepare and print anything that could be prepared with a 
typewriter. 

CONVERS 
Through incorporation of a variety of software 
concepts, CONYERS, a unique, highly-flexible 
package, has evolved. It offers a combination of easy 
programming, high memory efficiency and fast 
operating speed ideally suited for many types of 
applications. 

Circl e 3 2 on i riqu i ry ca rd . 

The potential capabilities of this type of language are 
breathtaking, but for now the Digital Group 
recommends our preliminary version to those users 
already familiar with computers. 

BUSINESS-BASIC 
By adding a significant number of extensions, our 
standard Digital Group Maxi-BASIC has been 
converted to Business-BASIC an extremely 
productive and powerful language for business
oriented microcomputer users. 

OPUS/ONE and /TWO 
These software packages are major extensions of 
BASIC-type languages. This language's major emphasis 
has been to maximize function and capability and is 
particularly well-suited to personal/business type 
applications. 

ZSO ASSEMBLER JI 
An updated version of Z80 Assembler I with added 
capabilities. 

We've tried to give you a glimpse of what Digital Group 
Software has in store for you. If you have one of our 
systems already, you know our quality . And if you're 
just looking around , take a look al our hardware. 

Then you'll know how well our software works, too. 

po box 6528 denver, colorado 80206 (303) n7-7133 
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F9BB FF A05E READSV STX DE<UFF SAVE DATA DESTINAT I ON ADDR 
F9BE BD FAB6 J SR MSETUf· MOVE H An TO TRAC K/ SECTOR 

F9Cl 86 03 LDA A t3 

F9C3 B7 9C01 STA A $9 C01 REClUE ST REA[I 

F9C6 BD FA95 J SR WAIT FL WAIT FOR 'F [ NISHED' FLAG 

F9C9 E<D FBOB JSR ENPACK CONVERT DATA TO 8-BIT ~YTES 


F9CC BO FB66 JSR CHKSUM COMPUTE NEW CHEC~SUM 

F9CF FE A05A LDX CKS M can be tied to an inte1·rupt line to generate 
F9D2 BC 5100 CPX FU<U ff~ 2c;6 CO MPARE NEW W11H RECORDE~ 

an interrup t upon completion of the read or F9D5 27 03 BEO *+ ..1 
F9D7 7E FB87 JMP C~SMER write transact ion. The software examp les 
F9r1A FE A056 LDX REOADR ADDR REO'D BY CDNTROLl .ER used here incorporate a flag testi ng loop 
F9t1(1 BC 5102 CF·X RRU F+258 CDHPAR E W/RECOR DED nDDR 

F9EO 27 03 E<ECl *+5 ro utine. 

F9E2 7E FB99 JHF' TSI [•ERR 

F9E5 CE 5000 LD X tRE<UFF 
F9E8 FF A05C STX SE<UFF Operating Sequence 

F9EB BD FA26 JSR COPY 

F9EE 39 RTS Sometime prior to the passing of the data 
F9EF FF A05C WRITSV STX SBUFF X- REG DESIG NATE S SOURCE' l1ATA to or from the disk dr ive, the head load bail 
F9F2 C6 20 LDA B f$20 TEST WRTTE PROTECT 
F9F4 FS 9COO BIT B '9COO must be energized to permit the data trans
F9F7 26 03 BNE *+ S fer head to come into contact with the 
F9F9 7E FB9E JHP WP ROT 

F9FC CE 5000 LDX rn!IUFF 
 diskette. The mechanical properties of this 
F9FF FF A05E STX I•F.•UFF mechanism dictate that some time must be 
FA02 BD FA 26 JSR COPY allowed for sett ling prior to the commence
FA05 E<D FB66 JSR CHKSUH COMPUTE CHECKSUM 
FAOB FE A05A LDX CKSH ment of any data movement. Various 
FAOB FF 5100 STX RBUFF+ 256 philosophies exist o n the subject of how
FADE FE A056 U•X RE:ClA[1R 
FAll FF 5102 STX RBUFFi·258 long and how often the head shou Id remain 
FAl 4 BI• FACl JSR UNPACK STORE ASSEM!I LE n FILE loaded. Some fee l that the head shou ld be 

INTO SERIAL BUFFER 
FA17 BO FA86 * JSR MSE TU P PO SITION HEAD , EJC , loaded continuously during periods of usage, 
FAlA 86 02 LOA A t ~ WRITE TRANSACTION and that frequent loading and unloading of 
FAlC £•7 9C01 STA A HCOl 
FAlF BO FA95 JSR WAITFL WA IT T£ LL [IONE the head causes aggrava tion of the head as 
FA22 B[I FB3II JSR CHKFIL CHECK FILE UN SAFE well as a medi a wear problem. The software 
FA2~i 39 RT S 

I use assumes just the opposite: The less 
Listing 3: The WRITSV routine allows writing to the dis/?, and the READSV time the head and media are in contact, the 
routine is used to read data from the disk. When either of these two routines less wear will occu r. Memorex drives are 
is entered, the correct track and sector have been found and the data transfer particular ly vulnerab le to wear, since they 
head is already loaded and allowed to settle. use metal heads instead of newer ferrite and 

ce ramic heads. A Memorex drive using this 
software and operati ng in a suitably clean 

physical sectors and dividing the sensed environment for severa l months has had no
add resses by 2. This will allow at leas t 5 ms detectable wear to either the data head m
(the time for one physical secto r) For reset  th e diskette . I fee l that this is due to the 
ting the address counters. fact that the data head is never in contact 

with the media for more than a fraction of a
Read and Write Commands 

second at a time. The accumu lated contact 
One bit of a status word is used to iden time is kept very low. 

tify a read 01· write command. In the schema 1n the software of listi ng 3, the data head 
tics, logical 1 means read and logic 0 means is load ed just after the stepping routine, 
write. Another bit is used as the transact ion immed iately fo ll ow ing the arriva l at the 
request bit. Sett ing this byte to logica l 1 proper track. Reca ll that the system will 
enables the hardware to execute a data begin its search for the pre-presector after 
transaction when the next sector· pulse the proper t rack has been accessed. The 
occurs. During this period of time th e sector wait algorit hm co ntains a 30 ms delay 
processor 111L1st not read from or· write to during wh ic h the head load mechanism can 
th e on board buffer, since this will imme settle. An extra delay loop should be in
diately set the add r·ess coun ters to the value serted at the entry of the sector wait routi ne 
present on the processor's add ress bus. The if addit ional settl ing t ime is necessary. The 
processor needs to know if the disk drive is accumulated syste m delay, including the 
ta lking to the buffe r memmy. Therefore, sector wait routine, will probably be 
a busy or ready bit is incorporated in to adequate . 
the hardware . Proponents of interrupt Figure 5 sho ws the sequence of opera 
driven systems shou ld note th at a separ·ate tions for read and write commands and 
flip flop is set at the end of a read or wr·ite in cludes the movements of data relative to 
transaction. This shou ld be reset in software the mechanical operations. For a clearer 
prio r to issuing a new command. Hardware description, see photo 1. If a wire operation 
will reset the flip flop automatica lly at the is to take place, the first step in the process 
beginning ot each transact ion in the event shou ld be setting up the data in the inter
that software docs not do th is. Th is flip flop face's onboard memory buffer. Some sort 
can be used as a flag fo 1· a testing loop, or it of structure must be chose n for the various 
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FULLY ASSEMBLED PRODUCTS FOR THE 

TRULY COMPATIBLE SS-50 6800 BUS. 


Our Basic Floppy Disc System (BFD-68) must, in al l modesty, be 
called superb. It comes completely assembled with a disc con
troller that is plug compatible with the SWTPC 6800. The cabinet 
and power supply are capab le of handling up to 3 Shugart Mini
Floppy Drives. One drive is inc luded in the price of the BFD-68 
and others may be added easily at any time. Or you may save 
money by ordering the dual·drive BFD·68·2 or tr iple drive BFD
68·3 (pictured) . Price: BFD-68 $795, BFD·68·2 $1139, BFD-68·3 
$1479, SA-400 Drive $360. 

The BFD-68 includes our Disc Operating System Software. The 
software provides direct commands to name and rename files, 
transfer memory to disc and disc to memory and to automatica lly 
jump to the starting location of any program loaded from disc to 
memory. The direct command names are: RUN , GET, GETHEX, 

CLOSE, SAVE, DELETE, APPEND, RENAME, COPY, LIST, LINK and PRINT. In addition, the Disc File Management subroutines are 
available to create files under your program control. 

A bootstrap PROM is included on the controller board to initiate the Disc Operating System wh ich loads into a 4K memory board 
located at 7000 or optionally at DOOO. Thus, you can be up and running from a cold start in just a few seconds. 

SUPER SOFTWARE: Free patches are provided for SWTPC BASIC version 2.0 and Co-Resident Edi tor/Assembl er. These patches 
allow the SAVE and LOAD commands to work witl1 the disc or the cassette at your option. 

M-16-A: The M-1 6 -A is a single power supply fu lly STATIC 16K 
memory system. It is fully buffered and requ ires only half the 
power of a simila r size system using low power 2102's. With the 
M-16-A, you can expand your system to 48K, add one of our 
EPROM boards, our BFD-68 disk contro ll er board and still have 
room to spare. The M-16 -A is switch se lectable to any 4K starting 
address and hardware write protect is included. Price $529. 

P-38: The P-38 series modules are available in 3 configurations. 
The basic P-38 is an SK EPROM board containing room for 8 
2708's. Like all our products, it is completely assembled. As a 
bonus, one 2708 is included which contains SMARTBUG, our lK 
Mikbug compatible monitor program. The P-3S is switch select
able to any SK location. Price $179. 

The P-38-1 conta ins all the features of the basic P-38 plus a 
built in interface to the POP-1 and the Oliver Paper Tape Reader. 
Price $229. 
The P-38- FF is a plug-in interface card for the !COM Frugal Floppy 
and the other ICOM full size floppy disks . It contains al l the fea· 
tures of the P-38-1 plus an additional 2708 with the ICOM boot· 
strap software. ICOM 's 6800 FDOS-11 is included on diskette. 
Price $299. 

The PS·l power supply kit provides plus and minus 16 volts requ ired for the P-38 series boards. Also, it allows a wiring modi· 
fication to be made to the 8 volt supply that wi ll increase its output by one volt. Price $24.95. 

NEW PRODUCT: The POP-1 is a 2708 EPROM programmer that is contained in a sepa rate cabinet outside the 6800 and connected 
by ribbon cable . The POP-1 uses a separate self-contained power supply for the programming voltage. There is plenty of power to pro· 
gra m 2708's from any manufacturer - no need to choose only the most expensive 2708's. The POP-1 interfaces to the SMOKE 
SIGNAL BROADCASTING P-38-1 EPROM board and complete software is provided on cassette. The software allows you to duplicate 
an existing 2708 (making changes if you wish) or to transfer a block of RAM to EPROM. An adaptive programming technique is used 
that allows most 2708's to be programmed w ith in 15 seconds . Instruct ions are a lso provided showing how to modify the POP·l 
to program the TMS 2716 . Price $129. 
ALL OUR PRODUCTS EXCEPT THE PS· I ARE COMPLETELY ASSEMBLED . MASTERCHARGE AND VISA CARDS WELCOME. 
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zones which must be recorded onto each are conducted independent of the processor. 
sector. Memorex recom mends that a pre This simplifies troubleshooting because bad 
amble of 128 logical Os be written to the software will not comp li cate the situat ion. 
disk starting at the beginning of the sector. I suggest that you start by wiri ng the 
What goes onto the disk after that is depend sector counters and verifying their proper 
ent on the whims and opinions of the pro operation by reading sector addresses into 
grammer. In the prototype system, a single the processor. Once the sector counters are 
logical 1 fo llows the preamble and serves to working, the sector· wait software can be 
indicate that the next following bit is the written and tested by observing the varying 
first bit of the first word of data. 256 time that the software is tied up (by looking 
8 bit words are then written with t he least for the desired sector). This varying time is 
significant bit first. This is fo llowed by a for mally known as the rotationa l latency, 
16 bit checksum, a 16 bit binary number to and will be between 5 and 160 ms. 
indicate the sector and t rack numbers , and Next, wire the step i 11 step out, and track 
zeroes for a postamblc, which will end when 

1 

00 signals . The stepper motor can be manu
the hardware encoun ters the sector pulse ally tested by shorting the stepping lines to 
for the next sector. I make no claims for the ground. It is much more dramat ic to write 
elegance or efficiency of th is format. It was some simple software to exercise th is fu nc
expedient and has worked for months in a tion. At this t ime the stepping speed can be 
smal l deve lopmenta l system. To set up the set and the malfunct ioning of the stepper 
on board buffer with this in formatio n, a motor can be observed at excess ive ly high 
routine converts the source data from 8 bit step rates. 
para I lei to ser ial (1 bit per add ress} in the The first step in testing the operation of 
buffer. After the buffer is set up, t he me the on board buffer memory is to transm it 
chanical movements and commands can be data back and forth between the inte rface 
issued . and the processor. Doing so wi ll bypass the 

oneshot, address counters, etc, and make 
Operating testing much simpler. Once the memory is 

If the interface is wired correct ly with fo und to be functiona l, commun ication with 
properly working parts and the software is the dis k can be tested. Grounding pin 11 of 
bug free, the system should work without IC30B wil l force the hardware to execute a 
any adjustments. However, if you build the continuous string of read or write commands 
hardware and write the software from depending on the state of flip flop 31 A. 
scratch, there are many cha nces for error. Fli p flop 31 A can be used to choose either 
I high ly recommend that you build and test read or write commands. When writing, the 
one section at a time. When testing the data norma lly present reset signal at the timer 
circu its, a good qua lity oscilloscope, prefer counter (pin B of IC26) wi ll be lifted. This 
ably dual trace with delayed sweep, is allows the counter to count pulses from the 
desirab le. The read and write operations osc illator . Pulses from the clock gate, pin 6 

Figure 5: Timing diagram for read and write operations. A !so shown is the physical and logical layout of the data on the floppy 
disk. 
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A 16K RAM board for only $289? 
Central Data's got it! 

Central Data's l6K RAM board comes com

pletely assembled , tested and burned in for only 

$289. Our competitors find that hard to beat. But , 

the low price is not all we off er. 

The Central Data I 6K RAM board is complete 

when you buy it from us , but we offer the added 

feature of expandability to 32K. Someday you 'II 
need more than l 6K, and when that day comes , 

you 'II be ready . The cost of adding l 6K to your 

present Central Data 16K RAM board is $250. A 

32K RAM board , assembled, tested and burned in , is 

$525. 

Ci rc le 16 on inq ui ry card . 

The invisib le refresh feature of our board means 

that the performance of your system can never be 

degraded by wait cycles. Some of our competitors 

find that hard to beat too. 

Our RAM board is S-100 compatible, and it has 

an access time of 450ns. 

Each Central Data board comes with a one-year 

warranty. 

With a price that low and features that good, 

how can you afford to pass up our board? 
To order your l 6K RAM board or to receive more 

information, write to us at Central Data today. 

Central 
data 

PO Box 2484, Station A 
Champaign, IL 61820 
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Photo la: Data as it appears when first received from the disk drive for 
eventual storage in the buffer memory. 

Photo 7 b: An example of data which has been received from the disk drive 
and rearranged for storage in the buffer memory. 

of IC28A, will be a continuous stream of 
pulses separated by 4 µ s. Pul ses from the 
data gate, pin 8 of IC17, will be dependent 
on the raw data coming from the 2102As. If 
the raw data is a steady high, the signal from 
the data gate wil l be similar to that from th e 
the clock gate with the exception that the 
two signals will be displaced in time. When 
the two signals are combined at pin 8 
of IC28 B, they are interleaved. Whi le the 
interface is in forced write mode, the clock 
pulses from the clock gate are ap plied to 
the address counters, pin 8 of IC25 . These 
counters should be counting properl y. 
Whatever data is stored in the 2102As 
should be coming out seria ll y on the raw 
data line. 

To test the read function, you will need 
a working disk drive and a prerecorded 

diskette. With the head loaded, a stream of 
data and clock pulses similar to those o b
served in the write circuits should be present 
at SEP CLOCK and SEP DATA. The one
shot should fire (pin 1 of IC22) on the 
trailing edge of each clock pulse. Th e one
shot 's output should appear at the address 
counter's input and at the read and write 
line of the 2102As, pin 3 of ICs 4, 14 and 
24 . The 1 bit SEP DAT A latch IC is set at 
the leading edge of any SEP DATA pulse 
and rese t by the trailing edge of the o ne
shot's output. 

The only other circuit of any complexity 
is that of the interrupt flag. If a read or 
write operation is terminated normally by 
the occurrence of t he second sector pulse 
at the "busy" flip flop (pin 11 of IC30B) , 
then resetting the flip flop will clock the 
interrupt flip flop on (pin 9 of IC27B) 
and either generate an interrupt or be 
used as a flag. This interrup t flip flop will 
remain on until software clears it by setting 
the interrupt clear flip flop, or until hard
ware clears it as soon as the transaction 
request flip flop, pin 6 of IC30A, is set in 
preparation for another read or write 
operation. 

All other circuits are address decoding, 
latching, or bus driving functions and do 
not bear explanation here . 

Drive Power 

The lowly power supply is usually the 
least considered element in a system unti l 
it has to be paid for or fixed. Most floppy 
disk drives are extremely inefficient, due 
principally to the stepper motor. In the 
Memorex design the stepper motor co n
sumes 24 V at 2 A. I have had on ly one 
troublesome power supply probl em. It 
turned out to be due to an induced transient 
caused by a snapping actio n in the rectifier 
diodes during recovery and turn off. The 
resultant noise caused problems everywhere. 
I solved this by simply shunting th e diodes 
with .05 or .1 µf- capacitors. 

lnte rcabling 

Memorex offe rs a version of its drive fo r 
use with twisted pair signal lines and a print
ed circuit edge connector in pl ace of the 
93 n coaxial cable and captive pin connec
tor of the original. This newer version should 
definitely be specified when buying from 
Memorex. For intercabling of six to eight 
feet between the interface card and the 
drive, twisted pairs will be adequate and 
virtually any connector will suffice. Each 
twisted pair should consist of a signal wire 
paired with a ground wire and have one or 
two twists per inch. If you have a high 
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CHEAPER BY THE BYTE 


The Dual Digital Cassette Storage System 

Only $450 Only from Pheripheral Vision 


For the first time ever there's an inexpensive, 
reliable system for mass data storage. Peripheral 
Vision introduces the Phi-Deck Cassette Storage 
System for the S-100 Bus. For only $450. 

That's right. $450. That gets you two Phi-Decks, 
controller card kit and power supply. Which 
means you get more bytes per buck. Take a look. 

The features: 
• 	 Controller card supporting mutiple drives 
• 	 Computer-controlled operating system 

an 8080 version of PhiMon 
• 	 Large data capacity: 

254,000 8-bit bytes on C-30 cassettes 
508,000 8-bit bytes on C-60 cassettes 

• 	 Software error rate less than 1 bit in 10s 

What our system allows you: 
• 	 Indexed software controlled program file 
• 	 Indexed random retrieval 
• 	 Multipass compilers 
• 	 Duplication and backup of important data 
• 	 Large data files - lists, names, business 

accounts 
• 	 System residence 

What our software operating system offers: 
• 	 8080-based design 
• 	 Cyclic redundancy check (CRC) error 

detection 
• 	 System retries after soft errors 
• 	 Automatically bypasses hard errors 
• 	 Block size from 1 to 256 bytes or 256-byte 

increments 
• 	 Phi Deck Monitor Operating System 

Circle 87 on onquiry card . 

How to get connected: 

With Peripheral Vision's new four-port 1/0 board. 
It's another one of our bargains. Only $85. To save 
you bucks. 

We've only given you a glimpse of our exciting 
new cassette storage system and the four-port 1/0 
board. For more details, just fill in the coupon 
below. For cheap little bytes. 

PO. Box 6267 Denver. Colorado 80206 303 777-4292 

O.K., I'll byte! Send me details on your cheaper 
way to store data and get it connected! 
Name______________________ 

Address------------------ 
City/State/Zip _____________ 

BYTE J..mu.u~· 1978 75 



density application you shou ld consult the 
manufacturer of the drive for recommended 
cab ling, since comparatively high speed 
signals are involved. 

Error Conditions 

Three fundamenta l types of errors should 
be allowed for in the system: 

• 	 Desired data not access ible due to 
improper recording, dirt, or no ise 
during reading. 

• 	 Wrong data accessed due to wrong 
track or sector. 

• 	 FILE UNSAFE error flagged by disk 
drive. 

All three types of errors must be discovered 
by the software in order to estab lish reliable 
operation. 

The FILE UNSAFE error is probably the 
most common ty pe encountered. It typically 
results from attempting to write to a write 
protected diskette or attempting to write 
while the door of th e drive is open. Malfunc
tions of the electronics within the disk 
drive will also cause a FILE UNSAFE 
error. These are quite rare, at least in Memo
rex drives. Since this type of error is typi
cally due to the operator, Memorex rec
ommends that manua l intervention be 
required to reset the error condition. 

Accessing wrong data beca use of being on 
the wrong track or sector will occur if the 
step rate of the pulses formed by the step
ping software is too fast for the stepper 
motor or if electrical noise ca uses the sector 
counters to miscount. Th is type of errnr can 
only be detected during a read operation, 
and only if the sectors being read are for
matted with information describing their 
intended physical location o n the diskette. 
This is the purpose of the track sector 
identification (TSI D) word included with 
each record written to the disk. When the 
record is read, the track sector identifica
tion is checked to see if it agrees with what 
was supposed to have been read. If it does 
not, an error has occurred. In practice this 
type of error shou ld never occur unless 
there is some serious malfunction due to 
faulty design, improper operation, o r· bad 
software. In my prototype software, all 
operations halt when this type of error 
occurs and the operator is required to 
restart it. 

The first of the three errors I isted above is 
supposedly the most common. In my experi
ence, though, it is quite rare ifthe dr·ives and 
diskettes are kept clean and operated ~rop
er ly. The error is detectable by virtue of 
the checksum, a bi nary sum of all bytes of 

recorded data which is recorded at the end 
of the data fie ld in the record. When the 
operating software reads a sector, it com
putes its own checksum and compares it to 
the recorded checksum. If the two sums 
disagree, an error has occurred. 

Improvements 

Since one step has already been taken in 
making the interface useful in an interrupt 
dr-iven system, it might be sensible to make 
the interface more completely interrupt 
driven. In other words, eliminate the req uire· 
ment that the processor wait during the 
rotational latency. This could be accom
plish ed by simply adding latches and com
parators to the sector counters' circuitry such 
that the processor cou ld issue a desired 
sector number and a read or write command, 
then go abou t its business while the com
parators sea rch for the proper sector and 
initialize the read or write operation. This 
feature wo uld probab ly o nl y increase the 
chip count slightly and might be a worth
while addition to units used with sophisti· 
cated disk operating systems. 

The design I've discussed has been fu r·
nished to Mi dwest Scientific I nstru men ts 
Inc for ma nufacture under license. The 
addressing structure of the Midwest Sci
entific vers ion differs from that shown in 
the schematic of figures 1 and 2 in that 
they added peripheral interface adapter 
(P IA) chips, through which al l communi
cation between the processo r and the 
interface must pass . This does no t change 
the fundamental operation of the system, 
but it does increase the chip count. Budget 
minded users with the ability to build the ir 
own hardware are advised to build their own 
system, since it is basical ly not very compl i· 
cated. 

As an aid to persons building their 
own systems, the complete software, 
excerpts of which are used in this article, 
consisting of a 7 K byte microdisk opera
ting system, is available for $10 in source 
form for the 6800 processor. Send to 
David M A I/en, 13 77 Central Av, Kansas 
City KS 667 02. This software is written 
to utilize the routines of MIKBUGTM 
and provides named files of assignable 
length. Persons interested in hardware 
and software systems based on the inter
face discussed here should contact Mid
west Scientific Instruments Inc, 220 W 
Cedar, Olathe KS 66067, (973) 
764-3273. • 
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$995 

parts and labor 
i 

• Reliable, heavy duty selectric 
mechanis1n 

• Off line use as typewriter 

Anderson Jacobson, Inc., 521 Charcot Avenue 

San Jose, California 95 131, (4081 263·8520 

r--------------------------,
CLIP AND MAIL WITH ORDER I 

THE AJ 841 1/0-A COMPLETELY 
REFURBISHED IBM SELECTRIC 
TERMINAL WITH BUILT IN ASCII 
INTERFACE-JUST $995 

Features: 
• ASCII code 	 • High quality selectric printing 

• 14.9 characters per second printout 

• Special introductory price 
(regularly $1195). 75% discount over 
original price of new unit. 

• 	Choice of RS 232 Serial Interface*or 
Parallel Interface (requires 3P + S) 

• 	Order direct from factory 

• 30 day warranty 

• 	Nationwide service locations 
•Available March 1978 

AJ 841 WARRANTY AND SERVICE IS 
AVAILABLE IN THE FOLLOWING CITIES: 
Los Angeles Cincinnati 
Philadelphia Detroit 
Hackensack Dallas 
Co tumbus Houston 
Cleveland Atlanta 
San Jose Chicago 
Boston New York 
Washington, D.C. 

HOW TO ORDER ANI AJ 8411/0 TERMINAL SELECT EITHER:I 0 RS 232 Seria l Interface (Available March 1978)
1. Make cashier's check or money order pay- O Parallel Interface (requires 3P S) 

II 
able to : ANDERSON JACOBSON, INC.I 	 Number of units @ $995 . each $_______ _
Address your request to: II Personal Computer Terminal Local Sa les Tax s: _______ 

ANDERSONJACO BSO N, IN C. Shipping and handling $35.00 each II 	 521 Charcot Avenue (excluding San Jose ) $ _______ _ 

SanJose, CA 95131 II 	 TOTAL $2. 	 Upon written notification, pick up your ter· -------- II minal at the AJ service office located in one NAME 
oftheabovecities.All owsixtoeight weeks ----- ----------- --- - II for de livery. 	 ADDRESS 

3. Afinal check of your unit will be madeat the - --- ------- -------- II local AJ service office at time of pick up. CITY STATE ZIP ___ 
4. For warranty or repair service, return unit II todesignated service location . PHO E (____, ____ _____________ 

L--------------------------~ 

Circ le 3 on inqui ry card. BYTE l•nua.y 1918 77 



Some people build personal computers lor the love of building. And 
lhe syslems Ihey buy are usually more lun to build than to operate. 

The Equinox System TM, on the other hand, 1s designed for people who 
build lor the love ol computing. When you put it together, it's really to· 
gether. Ready to work for, and with , you in the development of your own 
prolessional. mtellectual, busmess and even scx:ial interests. 

The Equinox System TM goes together easily with construction aids 
like parts legends and solder masks. The Equinox System TM fits together 
perfect ly, and will contLriue to be a perfect fit with luture hardware and 
soliware . And irs all S- 100 compatible, so you'll be able to work together 
with the largest group of peripherals, software. suppliers and system 
users m personal compulmg. TM 

Mamlrames, mlerfacing, memory, software-The Equinox System 
has ii all together now. 

Really together. 

THE MAINFRAMES 
The Equinox System TM offers an important choice in mainframes. 
The Equinox l 00 TM mamlrame mlegrates the popular 8080A CPU 

lnto a powerful front panel programming center. For users who prefer 
another C PU, however. we also offer the Equibox ™-a fully engineered 
cabmet, power supply and S-100 busboard system ready for installation 
ol your choice ol CPU 

It would be d ifhcull to forego lhe speed and convenience of the 
Equinox 100 TM lronl panel. however. II allows you to work in concise 
octal digils on a 12-key keyboard and digital LED dlSplay. H allows you 
lo monitor and/or alter the contents of any CPU register or register pair, 
110 device or memory location. And the Equinox l 00 TM front panel 
will perlorm these operations while fully halted, single-stepping, or Slow
Steppmg TM at a programmable rate! 

It is, quite simply, one of the most powerful, intelligent and wonder
lully convenient lronl panels in the world . And comparisons of The 
Equinox System TM mainfraIDes don't slop at the front panel. 

Both Equinox l 00 TM and Equibox ™compare directly to full -scale 
and mini computers in reliabili ty of operation. Both Equinox 100 TM and 
Equibox TM are equipped wilh massive 26-amp Constant Voltage (ferro
resonant) power supplies to protect your programs from in-home appli

ance loads, system loads, and even area-wide Llne voltage drops as 
low as 90 VAC. 

And the exclusive Noiseguard TM system on our 20-slot busboard 
produces signals that are "textbook clean," eliminating a major source 
of data errors and interlacing problems that plague most other 
personal computer systems. Plus, there are dozens of olher fealures Al
to make your mainframe 
more convenient : carrying 
handle and lilt -up sland, key · 
operated power switch for 
system security, spare power 
regulators for your small 
peripherals. and more. TOGE

It's no wonder that Equinox TM 

mainframes have been acclaimed as a major advance in per 
sonal computers. Equrnox l 00™or Equibox TM _each has the 
features you want all together in one elegant package. 

THE INTERFACING NCInterfacing your input/output de·1ices lo your mainframe can 
be a frustrating , expensive and time-consuming process. 

1hal's why The Equinox System TM offers all the interfacing 
you're likely to need m one low-cost kit. TM 

The Equinox l/O Interface is a sing le board that plugs right into your Equinox l 00 bus. And 
you're ready to plug in 3 audio cassette units with individual motion control, a Teletype · or 
RS-232 terminal , and any 8-bit parallel device . . . including graphics display, line printer or 
paper tape reader. 

The Equinox I/0 Interface has l K bytes of RAM and ROM on board, preprogrammed with 
powerful Casselte Operating Executive (COPE) software. COPE handles dozens of interfacing 
and data handling tasks to increase the efficiency 
of your software. Your programs can store and 
retr ieve cassette data wilh a simple CALL COPE 
instruction. Data is formatted , checked and trans
ferred in blocks up lo 64K bytes with a smgle READ 
or WRITE instruction . COPE can even bootstrap 
your programs. 



.L 
All Equinox software is designed to make full use of COPE capabili

ties . So loading your Equinox software is as simple as selecting an 
address and pressing RUN . Cassette data storage has never been 
more convenient . 

The Equinox 110 Interface is programmed for the highly-reliable 
300 baud Kansas City Standard for casset e data transfers . . . but can 

be reprogrammed for faster 
rates in the future. Your lTY/ 
RS-232 channel also features 
user-programmable rates up 
to 4SOO baud. And you have 
access to all COPE routines. 

There is no more cost 

W! 
effecllve way to handle your 

system interfacing . And the Equinox 110 Interface is even 
more attractively priced when purchased with a complete 
system. 

rBER 
THE MEMORY 

You can gel your Equinox System TM together with more 
low -cost memory. 

The Equinox Sy~lem™is the first system to offer the 
ECONORAM 111 1MSK x S memory board with the advanced 

SynchroFresh TM natural-timing refreshing system. TM 

Configured as two individually addressable 4K blocks, the ECONORAMn!J I comes as
sembled, tested and guaranteed to work perfectly in your Equinox System for one lull 

year. It is also available as a lower-cost kit. 


For llqht budgets, the K-Ration TM 4K x 8 static memory kit is also available for your Equino: 
System™. This high-efficiency design is one of the most widely used, lowest power and lowe,t 

cost memories available for S-100 systems. 
And the memory savings are even greater 

when you purchase your Equinox System™ 
all togelherl 

THE SOFTWARE 

The Equinox System™ now includes wo pnm ry software packages : 

EQU!ATE for text-oriented programming, editing and assembly. ar.d 
BASIC-EQ language for number -oMen ed programming. 

Both of these powerful programming languages have been greatly 
enhanced by full 1ntegrat1on with our COPE interfacing software. 

EQU/ATE g ives you the power of a fully programmable text language. 
Using EQU/ATE, you can create programs to edit copy, keep inventory. 
manipulate your files of addresses or recipes, and more. 

EQU/ATE is also one of the most powerbl editor /assemblers available. 
EQU/ATE writes, assembles and executes your programs. It is fully 
symbolic, accepts global symbols and assembles programs larger than 
available memory. 

EQU/ATE 1s also an extraordinary text editor which works interactively 
with you lo edit by cha racier, string or line It also offers full number edit
ing of memory contents in octal , hex or decimal. 

Yet, EQUIATE 1s extremely compact. occupying only 4K of memory 
with SK total memory required . 

BASIC-EQ 1s a powerful, interactive, high-level programming lan
guage developed for math and science applications. Its primary use 1s 
in the manipulation of numbers, although 1t 1s capable of st ring orien:ed 
opera ion . O ur version, BASIC-EO. occupies 5K of memory. 

Both BASIC-EQ and EQU/ATE are supplied on cassette, ready to_ 
load themselves into your Equinox System™. They are competitively 
priced...and are even more attractive when purchased together with 
your Equmox System TM 

GET IT TOGETHER! 
For more information and ordering: 
BY MAIL Send check or money order to Equinox 

Division. Parasitic Engineering. P.O. 
Box 6314. Albany. California 94706 

BY PHONE 800-648-5311. BankAmericard/Visa and 

Master Charge accepted. 


IN PERSON See The Equinox System TM at your local 

computer shop. 



Continued from page 35 out pape1-, purchased programs, etc) wh ich 
have limiled life spans and were not inc luded 
under cost of goods sold and/or operations 
in Schedu le C-1. 

Taxing Situations at Home 

If you 're working out of your home 
you may on ly claim deductions if some part 
of your home is used regularly and 
exc!usi11ely "(a} as your principal place of 
business, (b) as a place of business used by 
your patients, clients and customers in 
meeting or dea ling with you in the normal 
course of you1· trade 01- business, or (c} in 
connection with your bus iness if it is a 
separate structure that is not attached to 
your dwe lli ng unit." [Page 23 of the 7976 
Federal Income Tax Forms package contain
ing Form 7040, Schedules A and B, 
Schedule C, Schedule D, Schedule E, 
Schedules R and RP, Schedule SE, Form 
244 7. Dept of the Treasu1y1 Internal 
Revenue Service./ This means that if some 
portion of your home is used solely for 
business purposes on a regular basis, you can 
deduct a percentage of your light, heat, 
te lephone, trash removal, and rent or house 
payment for it. Thus, if you use l S% of your 
houst: in this way, you can deduct 1 S% of 
each of the expenses listed. Some people 
figure their percentage on the basis of the 
numbe1· of rooms in the house (thus, if one 
room or a S room house is so used, 20% is 
deducted); but I prefer the floor space 
method, whereby 200 square feet out of 
1000 total square feet of floor space must 
be used for business purposes to justify a 
20% deduction . This method reduces the 
risk of chal lenge. Be wary of tak ing th is 
deduction, however, since using the area in 
question fo1· any nonbusiness pu 1-pose can 
make a deduction il legitimate. Also, since 
computer entrepreneurs are most likely to 
work on their businesses at irregu lar 
intervals, it may be impossib le to claim that 
the area is used on a regular bas is for 
business. If you can legitimate ly claim 
these deductions, however, they increase 
the total ded uctib le business expense 
considerably. 

Line 20, which is the result of all these 
entries and computations, shows the sum of 
all deductions (lines 6 through 19k). If this 
is larger than the sum on line S (total 
income), enter the difference, p1-eceded by a 
minus sign on li ne 21 as net business loss. If 
it is smal ler, again enter the difference on 
line 21, preceded this time by a plus sign, as 
your net business profit. In either case, enter 
the figure that appears on line 21, with its 
appropr iate sign, on line 29, business income 
or (loss} (attach Schedule C), of form 1040. 

Schedu le C-4, expense account 
information, probab ly won't apply to com
puter entrepreneurs. Only expense account 
allowances which, added to sa lary, exceed 
$25,000 need be entered. 

Schedu le SE 

Schedule SE is for computing your social 
security self-employment tax . If you aren't 
making a profit above a certain amount 
(currently $400, subject to change by law) 
you don't have to pay social security tax; 
but it's advisable to fil l out the form 
anyway, because it proves that you owe no 
socia l security tax. 

As usua l, there is a place at the top for 
yoU1· name, social security number and type 
of bus iness. (See figure 3; Schedu le SE has 
no printing on back.} Part I is for those 
engaged in farm se lf-employment. It doesn't 
apply to nonfarm people and can be ignored. 
Part 11 , for nonfarm self-employment, how
ever, does app ly. Fil l in line Sa with the net 
profit or loss figure calculated fOI' line 21 
of Schedule C. Lines Sb, c, cl and e probab ly 
will not app ly. Line 6, the total of lines Sa 
through Se, represents total nonfarm self
employment income. Some adjustments to 
your bus iness income pe1·mitted in the 
figuring of Schedu le C are not allowable in 
figuring your income for the purpose of 
Schedu le SE; the latter are covered on line 
7. These adjustments include, for example, 
net operating losses from a previous year, 
income of publ ic officials, rentals rece ived 
from certain kinds of rea l estate, and the 
like. They are not like ly to affect computer 
entrepreneurs, so I only note their existence 
here and refer you to the I RS instructions 
for Schedu le SE. Business income (or loss) 
plus these adjustments is shown on line 8. 

The nonfarm optiona l method, lines 9 
through 11, may be used by those who did 
make a net profit and whose profit is both 
less than $1600 and less than two thirds of 
the i1· gross profit. It involves comparing two 
thirds of your gross non farm profit {or 
$1600, wh ichever is smaller) with $1600 and 
ca lculati ng your social security tax on the 
sma ll er amount. For most computer entre
neurs, th is won't apply, at least during the 
first few years. 

Social security se lf-employment tax is 
calculated in part 11 1. Enter your business 
profit or loss (from line 8 or line 11) on line 
12b. Add to it (on Ii ne 12a) any farm earn
ings (probably 0 in th is case) and add 
them on line 13. If the resulting amount is 
less than $400, you owe no tax and can-stop 
f il ling in the schedu le right there; if it is 
greater than $400, you must total your 
wages and tips, etc, subject to FICA (the 
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Federal Insurance Contributions Ac t) on 
lin es 1Sa Lh r ugh l Sc and subtract the 
to tal fr om the maxim um amoun t sub ject 
to socia l security tax, which is shown on 
line 14. Th e result of this subtrac tion goes 
on lin e 16 and whichever am ount is smalle r, 
line 13 or li ne 16, goes on line 17 as the 
bas is of your social security tax . In 1976, 
the max imum amount of earnings subjec t to 
social security was $15,300, and whoever 
had Lhis much or more was required to pay 
$1208.70. The tax on any amount less than 
the maximum was compu ted by multiplyi ng 
the amoun t by 0.079 . Th ese figu res are 
subject to change, however, and shou ld be 
used only as a ge nera l gauge of tax amoun ts. 

B ~ing Prepared 

Most people begi n th eir compu ter enter

prises in the hope o r picking up a little cash 
to help imp rove th eir home systems. They 
rare ly bother to accou nt fo r expenses, 
assum ing that they wou ld have "spent the 
money anyway, " and they usually pay 
littl e heed to profits apart fr om spend ing 
them qui ck ly for more or better computing 
equipm en t. But hobby income is taxable , 
and if one sudde nly fin ds him/ herse lf with 
a produ ct o r service that is sel ling li ke the 
proverbia l ho tca kes, he/she ca n also build 
up a hefty tax bill without rea li zi ng it. 
Simi lar ly, if one doesn' t reco rd the ex penses 
that the enterpri se entai ls, a th ousand do ll ars 
co ul d easil y be spent to attain an incom e 
of on ly $227. Either way, it can get 
uncom fo rtablc. 

Keeping even the mos t sim plified 1·ecords 
fro m the start wi ll help so lve th ese pro bl ems. 

~:;,~~o~~~o~E Computation of Social Security Self-Employment Tax 
Dt p,.ut'""I of•~• Tru•~IJ ~ C.ch '!le tt~mptoyftl pen.on must fi le • Sduid ule SL ~ Ankh to Form 1040. '~®76•~11 r>1 1I li:n1111ut !l•ntce ~ ~ 1n111ru c-1 iofa for Sc:lledule SE (form 1Q4.0) . 

e 	 If you hod wages , inctudinB ' lps, of Sl 5,300 or more that were sub1cct to social secut11y or railroad rehrcrnent t <1xes1 do no t hll in 
this schedule ( unlo-ss you are chftiblc for ! he Earn(ld Income Credit). Sei!! l n !>~ruc11on s 

e 	 U )'OU had more limn one bu:ilnes.s, combine proltts aud losse1 from :tll you r bus~l.1rms on this Schcd 11lc SE._ _ _ 

lmpo r1 .~tnt .-'H1e Stl l ~mptoymtnl lfltlilnt rtPO.J ted bcfo1t \ll' lll be trtd1lt<3 Ill yo1,11 i.oc•'I u c1,1rir, l t(Qta 1na uotd '" t1v..111in 1: "°°"'' !>«.ur1lr b~ncf1t i.. 

NAME OF SCLf·EMPl OYED PERSON (AS SHOWN ON SOCIAL SECURITY CARO) ISodll W"C;u rit)' numbv" at I 
~A~AlJJJ<; :TNS-1.J P W tNSTEtt/) ,.,,..mp..,.."""""' • --!.,. j 'll,iff 

Businl!'ss activitic-s su bject t o sclf·cmploymcnt t ax ( 9 roc~~ore. restaur.1nt, 1nrm. etc.) .. PR.lHll b. £ ~fl,.. SERYICJJ~ 
• 	 If you ho ~c only !a rm income complete Pa1t r; I und Ill. • If you have only nonfilrm Income complete Parts II and Il l . 
• 	 If you hova bo th fa rm and nonlarm income compl~tc Parts I. II, and Il l . 

l:mm Computation of Net Earnings from FARM Self·Employment 

You ma)' elect t o compute your nc-t farm earn ings using the ciPT16NAL1.1ET H-~-~, o~o--~ ...J~~ 1 ,.,
7~OO-lccm~ J . ,..,~coO o ---in(! the Hct.!u lar Method. lmt1 
2, If your ,ernss profits arc : (1) $2,400 or less, or (2) more than $2.t:OO and net p rofits arc lc:-.s than $1.600. llowcvcr, hne~ 1 ;,nel 
2 must be completed even Jf you elect to uso the FARM OPTIONAL METHOD.IDREGULAR METHOD Schctlule: F, l ine 54 (c.ash method), or line 72 (acc ru.11 m clhoct ) J h l- ----- l·- 

l Net prolit or (toss) from: b farm p:irtneuhips • • • • • • • • • • • • . • . , l b 

2 Ncl eamlnes horn farm self ·em p1oyme.nt (add llnt's la and b) • • • • • • • . . . • . 2 

F~RI~8~~·~::~ts METHOD J a Not more than $ 2, 400, enter two·thhds of the gross pro fi ts • · l 
i rom farm l l')g i a re: l b :i1 01e ttun $2.4 00 ~nd ttte nt t to11ra iuoti f ' ' IHS lnln S l ,600, (n!er Sl,COJ 3 l- --- --I·="" 
1 Clrcn J'l'P t.1 1. from t.. rmfnB .1re l ~t 101.;i l g1 o u p1.a f•h ''"'" Sa1ed utr. r , lone ;oa f coh Mt11' 0111 '" hnt' 70 1.:i ccr ., .11 7-;(:f~;: 

mt'lho.11, plus Utt d j"<lbut1ve slta'e ol fO<OU pJc tirs t1 oni 1111un p~n ll•• '5" • tn 1Sc n•tJu le 11; ~ 1 {f1:1rm J .;6!1 ,, ,, ,.,,. U J I ·;:,·!;~kf1.. 
.,, 1up1.. 1ne~ lri 1nt.H11cUon1 ' o r !lctoC'dul• $[. , ,,, . ". ; ._ , , ,~)" 

4 [ ntc r htrc :lnd on l ine 12.). t M _ ' mct_ o<J 4 _amount on line 2. or line 3 if you el~ct th e f<Jrm op !lona~_ __h_ _._______ ~--

!Litil9 Computation or Net t arnings iromN ONFAlfMseff .Employment 
S:;i - -s-.qa Schedu le C, hne 21. (Enter combined :ttnou11t 11 more tn.'tn one bus111css.1 
Sb 00 

c Service a& a m1111 ster, ml'1obcr o f a 1ehg1ous order, 01 a Chnstr.Jn Science 

0b P.:irtmu ships, joint ventu re:'!, elc. (othe r !h;,'tn f.J rm!ng) • • . , • . , 

REGULAR METH OO pt.)Ch110 1 1 ~r. (Include rCnlltl valul!: o l p MSOrh1ij, CI or ren l ;ll .l llowu11c1• lur · 

5 Net profi t or 
 nishcd.) If you blot.I Form ·1361 , check here ~ [] and enter 1e10 on this 


(loss) from: 
 Sc oO 
d Service wi1 h a fordr.n government or lnt~rnat1onal organirahon • , • . 

lino . • • • • • , • • . • • • • • • • . . • • • • 
Sd 

oO5•c Ot he r ~:1:~1o~~~- 11~~ 3~".J Spcc1ly • -----------·-···-··· •.. 
6 Tolal (add lines 5.1 through c) • • , • • • • • • , • • • , • , , , , • • 

O()7 Enter adjustmen t 'oi if any (a tti.1ch slat crnen l ) • • , • , • , • • • • • . . • • • 
8B Act1us tetl nl! t e3rn1ng$ or (loss) ltoni non form self-employmt>nl ( line 6, a!i. =id1ustccl by line i') . . 

If hnc 8 Is $ ! ,600 or more OR 11 you do not elecl lo uso l he Nonf.:irm Op t iona l t.lclhod , om•! 1111~5 g 

throueh 11 ;tind enter amoun t flom hnl? 8 on line 12b, Part Ill. 

Nol• : You rn.ar uu rl'llf' n1:1nr.1rm o:illnn.11m•rliod 41m• 9 rtot o.,gn ,,,,If JI J oti ly ,, l·n• a'' 1.. n " '"'" l l .C!:-0 :t " •1 In~ 


~~QO ~~ 1:1~:·,':~o~1 !i01~1o:t~' !,"~'1~t•J7.,fi~~,'~~ ·,~:~~.)'~9,J~~9!1.";rn~ '""J 1:1'/,:'1J~~5 ;~~~~,~
1

:; ~::~;; ·~.:~ :.:~ 
C"•n only J:o,.. used to r !'i t1u.:1 .ble 1 ,.. .1rs. 

NONFARM OPTIONAL METH OD 
9 a Maximum amount rcpOrt<'lble, under both optional methods combined (faun :uid non larm ) 9,, $1,600 00 

b Enter amount lrnm ltn.c J , (If you did not elect lo use t he farrn op11o n;il rt1IH hod, enter :rcro) 9h 

c Ba l,ince (s.ub1r.'lct line 9b from Une 9a) • • • • , . • . • • • • • • , , 
 9e 

JO Entet two-l hirds al cross nonfofm prof i t~ ' or $ 1.600, whlehe...cr is $rn.111cr , • , , • • • 10 
1 1 F. nter here and on l ine 12b, l he 3rnou11t on line 9c or line JO, wtnr.hcv!!1 1s sm allr r • , , 11 

r Gr1:11s prof1r1 rrom llO"'"'' m tiu• •~c·n ll•lf 111• ro r.1 r c l lne l(IO$t. prOM\ rrom Sc f'llf'du l• C. l•ne J. ro l., , :,. ,. a · ~ l lf l:l u 

l •lf'll tl'l•tc o t l!r i:tu prolrl\ l1 om nanr.nm p .1 r lA• •tl'l•O• CSclliii Llu le 11{ - I ~ for •n f 06' ' l •n ii J .i 1 "' lf'• l' '-' '""..f "' ... ,, . ...~ 

1Jons ror Scl'l•dule SC. A, lso. Jnclud e 11r1on p roMs tr1:1m IHV•C~ rl!po•trd a n ' ' " " ' ' · " · ,..,;J "· ..n ,,,, 1.,,:.. J 


~rlno 'l.

•=• •• Computat ion of Social Security Sclf·Employment T~----------.-----,---,-

Cl 
C) 

0 
-s'2q Il 

0 

- ~ 2q 

--0--:::-
12 NC't ea1 nlnns or (loss}: a From farming { lrom hn~ 4) • • • • • • • • • • . . • . 12a 0 	 l!>Q 

l 2b l---~='2~qr l -qzfh From non farm (from hnc 8, Of line J l 1l you rl~cl t o u5e: the Noii fJ rrn Opt ional Metho(t ) , , 

13 	 'Tot.ll net £?amines o r (loss) ft om s~lf-emp loymenl reporte-d on line 12. ( If !Inc 13 15 less th;> p $400, 

:r-ou are nol 5ubicc-t t o sell·cmplo:.im ent tax. Do no t fill In rest of ~chgdu.l.c.) • • • , • • • l J -	 S'2q !J3
14 	The largt>s t nmount 01 combin~d wages and sel f-employment N •runes 5ubiec: t to soc ial sec:uttly or 

ral!rood reti rement t:txM for 1976 ls • . • • • • • • • ! • 515 , 300 00 
JS ::! Tol :il "P:ICA"' w.lf~~s and "ARTI\" compen!i.at ion , • . • ,;.tz~L:_~:_r----· 1---

b U111e"°rced lip~ 111bi~tt lo rlr.A lu Jrnm form 4137, l1n11 9 or lo RITT A • 1~-----1~ 
c Tol al ol lines l 5a i.1 nd b • , , • , • , , .. • , , 

16 Bala nce (Subl rtlCI Une l 5e ' rom tlne M ) . • • • , • , • , ~:·i 1- - ----1--
l? Self·Cl'!ll)IO)'men t 1ncome--llnj! 13 or 16. wl,ichcva r Is sm3 11er . 

JS Self·employmenl li.1 11:. (H line 17 i ~ $1 5,300.00. entN $1 ,208.70: If \U$. mult;ply the ounouf'l t on /ml! 
17 by .079.} rnt~r here and Qn F"o rm 1040. l ine 58 . • • • • . . • • . • • 18 

Figure 3: Schedule SE, 
"Computation of Social 
Securi ty Sel f-Employment 
Tax. " 
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Then when the point is reached at whi ch 
taxable income is emerging, i t is possibl e to 
convert fa irly painl ess ly to the mo1·e detailed 
documentation that is des i1·abl c Lo suppor t 
tax forms. It is importan t, however·, to star-t 
keep ing records of some so1·t immediately. 
Paper bags work wel I fo r some people, a 
simp le spiral notebook fo r o the1·s {the1·e are 
perhaps as many systems as there are 
people), but without records, no tax losses 
can be cl aimed, no bus in ess ex pe nses can be 
substant iated, and no firm idea o f the enter 
prises 's success or fail ure can be developed. 

Auditory Nerves 

Any tax form is regarded as potent ia l ly 

the legitimacy of any thing you claim, you 
need have no fear . 

Conclusion 

I f you're trying to make some money 
wi th your home system, why not start 
recording what the enterpr ise is cost ing you 
and wliat you're earn irig from it? You may 
be a smal l busi ness already and you may be 
able to derive tax benefits from that status . 
Almost more important, would n' t it be ni ce 
to know whether or not your en terp1·isc is 
profitab le? Give it a try, and before long 
you'l l fi nd that the additional tax forms 
hold no terrors for you.• 

fraudu lent and, if it comes up for review, it 
is winnowed for any defect. (I have been 
reviewed in the past and i t resulted in my 
rece1v1 ng a larger re fund .} New smal I 
businesses are especial ly sub ject to 1·eview, so 
ex treme care is necessary wh en documenting 
expenses; but that ca re can pay off as a 
hand some tax loss or a water ti ght set of 
forms with wh ich even the most eagle eyed 
taxman ca n f ind no faulL. I f you operate on 
th e principl e that you must be able to prove 

USEFUL GOVERNMENT PUBLICATIONS 
Available from the Internal Revenue Service 
(free, on request) 
Tax Guide for Small Business - publication 
334 
Recordkeeping for a Small Business - publica
tion 583 
Tax lnformarion on Depreciation - publication 
534 
Tax Withholding and Declaration of Estimated 
Tax - publication 505 

THE ALPHA-1 SYSTEM 
vRATED A BEST BUY 

IN MASS STORAGE 
SYSTEMS 

VAPPLICATIONS 
• 	 BUSINESS appl ications incl ude mailin g lists, payro ll , 

bill ing, and inventory . 
• 	 CASSETTE BACKUP for disk-based Systems not 

only provides large amounts of storage at low cost, 
but also provides for convenient storage o f histori· 
cal records. 

• 	 DEVELOPMENT SYSTEM features include a power· 
ful operati ng System with an Ed ito r, Assembler, and 
Debugger, plu s a variety of Syst em utilities which 
speed development. 

• 	 OEM applications include P.O.S. data capture , word 
processing systems, aud io-visual presentation sys 
tems, telephone cal l tran sfer systems. 

VHARDWARE 
• 	 Stores greater than 500K bytes per side of a C-60 

tape. 
• 	 Access a fil e in 17 seconds average on a C-60 tape. 
• 	 Load BK of data in less than 11 seconds (6250 baud). 
• 	 100% interchangeab ility of cassettes with no adjust· 

men ts required or allowed . 
• 	Compatib le with all popular S-100 Bus Microcom 

puters. 
• 	 Aud io t rack under computer control. 
• 	 Eliminates the need for ROM /PROM monitors. 

VSOFTWARE 
• 	 MCOS, a powerfu l stand-alone cassette operating 

system, is operat ionally much simp ler than a D.O.S., 
handles variabl e length named files, will update a 
file In place , packs or copies tapes with a single 
command . 

• 	 EXTENDED BASIC with MCOS pe rmits array hand· 
ling and co ncat enat ion of files, plus all capabilities 
of MCOS. 

V PRICES START AT $240 

V FREE BUYERS GUIDE 
If you are shopping for a tape or d isk system for your 
S-100 Bus Computer System , you do not have all the 
Jacts unt il you have the MECA " BUYERS GUID E TO 
MASS STORAGE." This 10 page guide book prov ides a 
framework tor evp.luat ing cassette . car tridge, and disk· 
based syslems. Write for your copy today. 

For comple le in formation inc luding the Dealer nearest 
you , wri te or phone: 

111eca 
7026 O.W.S. Road, Yucca Vall ey, CA 92284 
(714) 365-7686 

82 BYTE l•nuary 1978 	 Circle 59 on inQuiry card. 



Now you can gain all the speed and flexibility of a front panel and walnut cabinet with one, two or 
disk-based PolyMorphic microcomputer system three floppy disk drives,controller, power supply, fan 
without scrappingyour POLY 88. and 2K of ROM.You also receivetwo copiesof our 

Our POLY 88 Upgrade-to-Disk Kit enables you to system disk, containing our powerful disk 
quickly and easily convert your POLY 88 into a operating system, fully extended BASIC and versatile 
complete System 8813, a very versatiledisk text editor and assembler. Thesingle-drive POLY 88 
system with one, two or three floppy disk drives. Upgrade-to-Disk Kit costs $1,450. 

You retain all the essential parts of your POLY 88 Why wait? Drop by your nearest PolyMorphic 
system (including the powerful BASIC software Systems dealer today and have him demonstrate 
library) and gain the increased access speed and the speedy and flexible new System 8813 for you. 
programming flexibility of PolyMorphic's remarkable Then, ask him to show you just how quickly and 
new System 8813. easily you can perform adisk transplant on your 

Our POLY 88 Upgrade-to-Disk Kit conta insevery- POLY 88. 
thing you need to perform aquick "disk transplant" If you can't drop by your dealer, please call us at 
on your POLY 88 at home,using afew simple tools. (805) 967-0468. Or write PolyMorphic Systems Inc., 
Each upgrade kit contains abrushed aluminum 460 Ward Drive, Santa Barbara, CA 93111. 
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The Motorola 6800 Instruction Set 


Paul M Jessop 
1157 Warwick RdTwo Programming Points of View 

Instruction Field Encoding. 

Solihull 
West Midlands 891 3HQ 

ENGLAND 

When faced with the problem of trying to 
hand assemble a machine language program, 
the task of look ing up each of the op codes 
in the manufacturer's data can be quite 
daunting. Admittedly, some becom e fam iliar 
before very long but the less common in
structions still cause problems {do you 6800 
users remember the hexadecimal op code for 
TPA ?) . Two so luti ons to th is d ii em ma are 
suggested here. The first is suitable for 
"switch flippers" a nd the second for users 
of MI KBUG and other systems with hexa
decimal dump and load functions. 

The First Solution: Use Instruction Fields 

nyone who has seen the programming 
books for the DEC PDP 8 will be familiar 
with the princip les involved. In the PDP 8 
instruction set, the first three bits of the 
12 bit word defi ne the type of instruction 
and the remaining bits each have a separate 
functio n. This is of cou r·se a gross simplifi
cation an d is not true for memory reference 
and 10 instructions but it under! ines the 
basic ideas. Now, study of the 6800 op 
codes reveals some interesting facts at the bit 
level. These are ou ti ined in figure 1 . 

These patterns are naturally related to the 
instruction decoding which goes on 
inside the chip, but they are a godsend to 
the programmer who must work in binary. A 
couple of words of explanation are needed . 
Branch to subroutine occurs in an unex
pected place but it is easy to remember if 
thought of as Jump, mode immediate. The 
generalization in group 1 bit 6 that a zero 
implies accumulator or stack pointer 
address ing does not hold true for compare 
ind ex register (C PX), where it imp li es index 
register addressing. Naturally, the store 
instructions (ST A, STS and STX) do not 
exist in immediate mode in the publ ished 
definition of the 6800 instruction set. 

The Second Solution: The Ordered 
Manual Lookup Table 

The appropriate information is co ntai ned 
in figure 2. This should be a great boon to 
anyone who, for lack of memory or 10 

I 1 I x Ix Ix I I 
/ ..__,,_,~ 

00 = I OP 
1 = B. X 01 = D 

10 = x 
11 = E 

0 = A, S 

I oI Ix Ix I l I I I 
~ 

00 = I OP 
01 = D 
10 = x 
11 = E 

lolololoJoj J .._.__,, 
OP 

~ 
OP 

Io Io Io 11 I I I I I.._.__,, 
OP 

I0 I0 I1 I0 I I I I I 
~ 

Condition 

._,,._ 
OP 

...__,,._, 
OP 

Group 1: Dual operand instructions 

Group 2 : Sin gle operand instructions 

Group 3; TPA. TAP and NOP 

Group 4 : Condit ion code instructions 

Group 5 : Accumulator instruct ions 

Group 6 : Branches 

Group 7: Stack and index regis ter contro l 

Group 8 : Interrupt and subrout ine contro l 

Figure 7: One way to organize one 's viewpoint of the Motorola 6800 instruc
tion set is to view it as a number of instruction groupings, broken down by 
internal binOJy fields for selection of instruclions within the group. This 
viewpoint is most appropriate for those working directly in binary, or or
ganizing the code generation ports of an assembler or compiler. 
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devices, has no assemb ler. The table is 
arranged in such a way that the fir'st hexa
decimal digit is the horizontal coordi nate, 
just as the x compo nent comes first in a 
pair of Cartesian coord ina tes. The credit for· 
insp irin g this technique must go to Mr Fugitt 
(March 77 BYTE, page 36) for his 6502 
tabl e, but th is table for the 6800 is some
wha t more useful for both assembling and 
disassemb ling because of the way the codes 

The Ordered Manual 
l ookup Table 

D Accumulator A 
as one operand 

D Accumulator B 
as one operancl 

D Misce l laneous 
instruc ti ons 

8 Unimpl emented 

Undocumented 
instruct ion : ~ 

F 

E 

D 

c 

8 

A 

9 .. 

:0 ..a B 
> z 

:;; 
0 " u 
Ill 

!:'.'! 6 
3: 
0 

..J 

5 

4 

3 

2 

0 

fa ll into grnups and the address ing modes 
fal l into neat vert ica l lines. 

By way of a fin al word, the table can, if 
red uced sma ll enough, make a very handy 
reference ca rd. Min e has, on the front, 
tables to conve rt between hexadecima l, 
octa l and decim al, and, on the reverse, 
th e condit ions requirnd for branches, 
the resta rt vectors, details of the contro l 
code registe r and the stack register. • 

NBA = And accumulators 
HCF = Halt and catch f ire 
STS, STX, ST A, ST B = s1ore immedia1es 

See " Undocumented 6800 ln siruc1ions" 
by Gerry Wheeler, page 46, December 
1977 BYTE . 

SEI • BL E SWI 

CLI • BGT WAI 

SEC . BLT • 
CLC • BGE • 
SEV A B'A_,, 

~ 
BMI RTI 

CLV • BP L • 
DEX OAA BVS RT S 

INX • BVC • 
TPA ;;t/ BEO PS H 

B 

TAP TA B/ BN E PS H 

/ A 

• • BCS TXS 

• ~ BCC DES 

• • BLS ~UL 
B 

• • BHI PU L 
A 

NOP cs-A"'
_,.# • INS 

. _,)JJA"' BRA TSX 

ACCA ACCB x E I 

CLR C LR C LR CLR · ~ 
' 

• • JMP JMP LDS 

TST TST TST T ST BSR 

INC INC INC INC CPX 

• • • • ADO 

DEC D EC D EC DE C ORA 

ROL RO L RO L ROL A OC 

ASL AS L ASL AS L EOR 

ASR AS A ASR ASR : ~ 
ROR R OA ROA RO R LDA 

• • • • BIT 

LSR LSR LSR LSR AND 

COM COM COM COM . 
• . • • SBC 

• • • • CMP 

NEG N EG N EG NEG SUB 

D x E 

STS STS STS 

LOS LOS LOS 

~ JSR JSR 

CPX CPX CPX 

ADD ADD ADD 

ORA ORA ORA 

ADC AOC ADC 

EOR EOR EOR 

STA STA STA 

LOA LOA LOA 

BIT B IT BIT 

AND ANO ANO 

• . • 

SBC SBC SBC 

CMP CMP CMP 

SUB SUB SUB 

I D x E 

I ~ STX STX STX 

LOX LOX LOX LOX 

• · ~ • • 

• • • • 
ADD ADD ADD ADD 

ORA QRA. ORA ORA 

ADC ADC ADC ADC 

EOR EOR EOA EOR 

· ~ STA STA STA 

L OA LOA LDA LDA 

BIT BIT BIT BIT 

AND ANO AND A ND 

• • • • 

SBC SBC SBC SBC 

CMP CMP CMP CMP 

SUB SUB SUB sue· 

2 3 4 5 6 8 9 A B c D E F 

High (First) Nybble 

0 

Figure 2: A second way of viewing the 6800 instruction se t is from ihe viewpoint of a hexadecimal matrix. Here a mop of the 
6800 instruction se t h as been brol?en up into several 011era!I regions, 1vith color coding indicaling references to accumulators A 
and B. Unimplemented and undocumented instructions are shown with a black do/; undocumenled, bu/ implemented instruc
tions are shown with cross hatching to indicate "use at own risk" 
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and has an avocational interest in personal computing. 

A User's Reaction to the SOL-10 Computer 


Robert Bumpaus 
212 NFord 

Golden CO 80401 

Figure 7: Memo1y alloca
tions of the SOL design. 
Within the 10 area at 
DODO to FFFF, the 
SOL-70 has a UART dedi
cated to the tape interface, 
a UA RT dedicated to the 
serial communications 
interface, a parallel /?ey
board interface, one 8 bit 
input port and one 8 bit 
output port. 
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When I fir·st saw the Prnccssor Techno
logy SOL it was love at first sight. After 
acquir ing the SOL sys lem, I fou nd that it 
has eve rything {al most) a hobby ist needs 
in one package. 

The SOL-10 system wh ich I pur·chased 

MEMORY MAP 

PROGRAMMABLE MEM ORY 
OR PROM MEMORY 
!USER SUPPLIEDI 
0000-BFFF 

ROM OR PROM 
OPERA T.ING SYSTEM 

IK USER MEMORY 
CBOO-CBFF(PROGRAMMABLEI 

I KRAM VIDEO DISPLAY 
CCOO-CFFF 

USE R SUPPLIED 
0000 - F FFF 
MEMORY OR 10 

0000 

coco 

CBOO 

ccoo 

CFFF 

FFFF 

consists of a single 10 inch by ·15 inch boar·d 
co mputer, a keyboard, a power supply and 
cabinet Figure 1 shows a memory map or 
the sys tem which gives an idea of ils overal l 
st ructure. Processor Technology also makes 
the SOL-20 which has a heavier duty power 
supply and backplane fo r five extra S-100 
cards. 

The SOL single boa rd computer is a com
plete beginning system. The board con tains 
an 8080A processor with fully buffered d;ita 
and add ress buses which are brought Lo a 
connector at the ce nter of the board where 
an S-100 compatible bac kp lane da ughter 
board ca n be plugged in. It also has a co m
plement of 10 ports. The board and oper
at ing sys tem are or iented aro und the paralle l 
keyboard input port and video d isplay 
out put port. 1 K of the 2 K of program
mable memory on the board is used Lo sLme 
the 64 character by 16 line video disp lay 
co nten t . The output of the display dr iver is 
an EI A composi te video signal ( 1.0 to 2.5 V 
peak Lo peak) which will drive any sL;indard 
monitor or even a modified TV set. The ful l 
128 upp er and lower case ASC II charac ter 
set is ava ilable for display. With the addition 
of a video monitor the system becomes a 
smar t video term inal with either full or half 
dup lex commun ica tions modes se lectable 
fro m the keyboard . 

The SOL design has an asych ronou seri al 
interface port with switch se lectab le data 
rates from 70 to 9600 bps. This ser ial 10 
port has both an RS -232 and 20 mA current 
loop output. Also included is an 8 bit 



Go tell it to 

your computer for $189. 


You can have 
low cost 

•voice entry 
to your
computerwith 
SpeechLab. 

Heuristics' original 
Model 50 SpeechLabr"' at $299 
was a great success. So, not 
content to rest on our laurels, 
we went back to our design 
bench and came out with the 
Model 20. It sells for $189 
completely assembled and tested 
for use with any S-100 Bus 
computer such as Sol, IMSAI, 
Altair or Cromemco and as 
the 20A, the Apple. 

ow obviously, we had to 
do a few things to bring the 
price down. The Model 20 has a 
somewhat shorter m anual. 
Technically, it's not quite as 
complex. Don't kid yourself 
though, the Model 20 does a real 
job. You can control your 
computer to do such tasks as 
data entry, quality control 
and everything else where you 
want a " hands-off" operation. 
Elsewhere in the ad we've illus
trated some examples of the 
kinds of things you can do. 

About the Model 20 
Heuristics' new Model 20 

handles up to 32 words. Software 

C1l'cle 49 on inqui1·y card . 

~ 

_. 
' 

is ROM based. The Model 20 
uses 64 bytes per spoken word 
which is callable from BASIC. 

Hardware includes 
2 band pass filters with 2 bit 
amplitude, 2 zero crossing 
detectors and a linear amplifier. 

The combined hardware/ 
software/ lab manual includes 
10 experiments. 

The ROM based speech 
recognition program occupies 
2K bytes of ROM. 

The Model 50, still a great 
buy at $299. 

Here's an S-100 
compatible system ( 8080 or Z-80) 
capable of handling a 64 word 
vocabulary using 64 bytes per 
spoken word. You'll get high 
speech recognition. 

Software includes 
SpeechBasic BASIC program
ming language in source and 
paper tape, assembly language 
~peech recognition program 
m source and paper tape, hard
:"'are and self- test program 
m source a nd paper tape. 
Speec~~asic plot, correlation, 
recog01t1on and advanced 
recognition programs are 
offered in source. 

The assembly language 
program uses less than 4K 
bytes for a 32 word vocabulary. 
It loads at lOOH. A high core 
version is availab le. SpeechBasic 
BASIC interpreter loads at 
0 and requires SK. A diagnostic 
program is included . 

Documentation includes 
a 275 page lab manual with 35 
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experiments and a 100 page 
hardware manual. All manuals 
are now available as separate 
items. The big manual is ideal 
for schools and colleges as 
an introduction to speech and 
pattern recognition. 

Hardware includes 3 band
pass filters ( 6 bits amplitude), 
1 zero crossing detector, a linear 
amplifier, compression ampli
fier, 6 bit AI D converter and a 
beeper. The raw waveform 
is available for advanced experi
ments. A new noise cancelling 
microphone is also offered. 

Prices (f.o.b. Los Altos, CA ) 
Model 20A (Apple ) $189 
Model 20S (S-100 Bus) $189 
Model 20 manual $ 15 
Model 50 $299 
Model 50 lab manual $ 25 
Model 50 hardware 

manual $ 15 
(both manuals $35) 

Model NC-1 noise 
cancelling microphone $ 85 

More information. 
For more information 

visit your nearest computer 
store. Most dealers now carry 
the Heuristics line . Or if more 
convenient write for literature. 
Please address Heuristics , 
Inc., Box B , 900 N. San Antonio 
Road , Los Altos, CA 94022. 
Phone (415) 948-2542. 

Heuristi~s 

INC. 

BYTE l>nu>cy 1978 87 



5V 

u 3q 

74LSO'l 
 ~ ~~ 

5 >06- 

4 + 5V 
UB4 

+5v 12 4029 

13 

3 l 'l 
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9T94 

06 
3 53- 1 

75 BP S 
COUNTER S3 - 2 
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05 
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04 
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30 0 

03 
6 53- 5 

6 0 0 

02 9 53-6 
1200 

QI 
II 

L- 2400 M 
2400/490 0 

00 12 9600 
CK K- 4600 

TO RCVR OF 

"-._BREAK TH IS RUN 
TAPE UART 

19200 Hz TO AL LOW 4 800 
BP' S J UM PER 

38400 Hz 

153 .6 KHz 

Figure 2: One minor printed circuit bug found by the author in testing out 
the SOL computer was the run from point L to point M from U86 to the data 
rate selection switch. If 4800 bps operation is desired as an option, the run in 
question has to be broken and a jumper wire from point K to point M on the 
board has to be substituted. 

par·a llel 10 port which allows a user to drive 
any externa l peripheral. 

An option wh ich I lhink is imponant Lo 
any system is the cassette interface. Thi s 
optio n, used wilh the SOL, al lows the user 
to read or write programs or dala to a 
cassette tape a t a softwar·e se lectable rate of 
300 bps or 1200 bps using standard 
asychronous Manchester coded signa l al 

1200/2400 Hz or 600/'I 200 Hz. 
The SOL-PC board itse lf is a hi gh qua li ty 

do uble sided G-10 type materia l with plated 
thru ho les. There is an excel lent so lder mask 
on the board with all component locations 
clea rly labeled. The uni t I received, which 
was Revision D of the board, had two 
defects which Processor Technology asked 
th e asse mbl er to change: two lines crossed 
on the same sid e of the boar·d and two lines 
to the S-100 bus were reversed. Both were 
easy to correc t and 1'm sur·e these defects 
will have been corrected on the next revision 
of the board. 

I also di scovered what I think is another 
error on the board. In the circu it that 

se lects the serial data rate there is ~ jumper 
that enab les either 2400 or 4800 bps to be 
switch selectable. The board had the ~witch 
permanently connected to the 2400 bps 
position. T his ca used the se rial 10 to work 
imp roperly when 4800 bps was selected. 
Because the re are lines feeding from this 
ci rcu it to the cassette interface circ ui t, the 
cassette interface would not work properly. 
The problem is easily corrected by breaking 
the lines between the L and M jumper 
contacts (see figure 2). 

There is a moderate amoun t of large scale 
integration on the board. The 8080A pro
cessor, th e ASC II 7 by 9 dot matrix encoder, 
the two UARTs used for the serial and 
cassette tape interfaces and th e 5204 (512 
by 8) EROMs in the personality module 
are the LS I chips used. The progr·ammab le 
memory for the comp uter and display is 
made up of 2102 parts. All of the 10 se lec t 
switches and the 10 con nectors are located 
at the rear of the board for- easy access. The 
personality module is located along the 
back edge to allow an easy change of the 
opera ting system. 

The system timing is derived from a 
14.31818 MHz crysta l con troll ed oscil lator 
that feeds the video character generator-, 
UARTs, and 8080 clock divider· circuits, 
MS! and SSI TIL along with an AH 0026 
dual MOS clock driver suppl y the 8080 
clock signals. There is an RC charge-up 
circ uit that provides an automatic reset 
signal when power is turned on and a 
controll ed "wait" period immediately after 
the reset signal. 

The keyboard sup pl ied as part of the 
SOL-10 system is a custom unit from 
Key Tronics which connects to the SOL-PC 
board through a ribbon cable con nector 
which plugs into a header on the board . 
The keyboard uses no LS I encoder and no 
mechanica l contacts a:id can eas ily be dis
assembled for cleaning. 

The keyboard is easy to assemble and 
check out. All of the data bits are latched so 
that they can be examined at leisure. The 
strobe bit is on ly on fo r a very short time, 
two to ten µ s. There is only one tricky part 
of the keyhoard assembly procedure. This 
is the insta llation of the four SIP resistor 
networks. Extra care must be used in in 
stalling these since they are not as clearly 
marked as most of the other items, and 
the two differen t sets of values will not 
allow the key boa rd to work proper ly if 
interc hanged. 

The power supply for the SOL-10 con
sists of a power transformer, an ex tern al 
filter capacitor for the 5 V sup ply ~rnd a 
regulator card to supply the r·eq uired vol 
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01 orseor 
Horseplay?

-· ------ -
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Sol tware systems lrom TSC a re designed for 
tough business and industrial uses on the job 
or just plain fun off the job. Whether you are 
looking for a system to be used primarily in 
a working situa tion or a system for the hom e. 
look into TSC software. 

ssembly Language Programs (Include 
Source Listings) 
SL68-29 6800 Text Processing System· $32.00 
SL68-24 6800 Text Ediling System· $23.50 
SL68-26 6800 Mnemon.ic Assembler · $23.50 
SL68- 19 6800 Micro BASIC Plus · $15.95 
SL80-9 8080 Space Voyage S12.00 
SL68-5 6800 Space Voyage· S12.00 
SL68-27 6800 Disassembler S 9.00 
SL68-28 6800 Program Relocator S 8.00 
PD80-2 8080 Game Package II $1 4.00 
SL80-8 8080 Blackjack S 6.50 
MUB-68 Multi-User System-Write for details 
·Kansas City Standard object code cassette 

tape available for an additional $6.95. 

Paper tapes available for some programs. 

Send 25C for complete catalog. 


TECHNICAL S YSTE MS 
CONSULTANTS, INC. 
BO X 257' W. L AFAY CTTC I HOI AH A 4 790 6 

/, /_-.-- - -- -----~ JI7 · 742 75og
/#.:.'':..-:. = . - - .·:< 

·0 ·-- --- -_--- . 
:!P e:C IALIS TS IN SOFT WAR E & HARDW A RI!'. FOR IND U S TRY & T HE HOBBY l5 T 

Circle 10 8 on inquiry card . 

Program-of-the-Month Clubw 
One year m embership for $2 .00. Discounts 
offered with no obl igations. 
To Order: Include 3% postage. S l .00 handling 
on orders under S 10.00. and Indiana 
residents add 4 % sales tax. Check your 
dealer! 

TSC Monthly Feature: 
8080 Text Editing System 
Al Last! An 8080 version of the famous 
TSC 6800 Text Editing System. 

Writ ten in assembly language. approx
imately 5k is required allowing local. 
g lobal. content. character and Ii. e opera
tions. For example. with one command you 
can change the second occurrence of the 
string "1 2345" in the next 35 lines to the 
string "XYZ". 

Included are Tabs. Overlay. block Move 

and Copy, Header. Append and Zones. 

This Editor is actually better than many 

large scale computer Editors! Source 

listing included. 


SL80· l 0 8080 Text Editing System $28.50 
PT80·3 Optional Paper Tape $ 9.00 
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Photo 7: Processor Tech
nology SOL, with cabinet 
cover removed to reveal its 
inner secrets. 
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tages (12 VDC at 150 m , 5 VDC at 2.5 A, 
- 12 VDC at 200 mA) to the SOL-PC and 
keyboa rd. The SOL-20 system power 
supp ly, in addit ion to these vo ltages, pro
vides 16 VDC at 1 A unregu lated, - -16 VDC 
at 1 A unregulated, and 8 VDC at 6 A un
regu lated for the backplane Altair (S-100) 
bus daughter board . The regu lated 5 V to 
the SOL-PC board has an over voltage 
crowbar on its output which, on my 
original version, had an overly sensi tive 
turn on characte ristic. Processor Tech
nology has since sent a rev isio n which 
corrected this problem. 

The SOL system ca binet is shee t metal 
with solid wa lnut sides. It is designed to 
house th e SOL-PC, the key board, power 
supply, backplane and five add itio nal 
S-1 00 cards in a fan cooled card cage. 
The cab inet is constructed so tha t the 
power suppl y is iso lated fro m any rad io 
Frequency in terference {RFI) switch ing 
transients in the memory or processor 
cards. The whole system looks well 
shielded, whi ch is an important consider
ation in thi s age of CBers. The walnut 
sides come sa nded but unfinished; they 
look ni ce but take a Jot of time to finish 
properly. 

The assembly manua l that came wi th the 
system describes the asse mbl y procedu re 
very wel l. It features the kind of comple te, 
step by step format that kit bui lders have 
come lo expec t. It seems very compl ete, 
including p ic tures and drawings of how to 
assemble the components and subassembl ies 

into a usefu l computer and ter·minal. How
eve r, there were no flowcharts, block 
diagrams or exp lanatio ns of how the differ
ent sections of the computer Me sup posed 
to work, or how they in teract with each 
othe r. As of thi s writing {spring 1977) I 
have st ill not received two sections of my 
manual, oper·at ing procedures, and theory 
of operat ion. Most of the in rormation that 
I have on the operation of the machi ne has 
come from an ar ticle in the Feb ruary Digital 
Design by Lee Felsenstein of LGC Engi
neering and Robert Marsh {vice president of 
Processor Tech nology), who are th e co
deve lopers of the SOL te rminal system. This 
art icle gives a fair ly complete though not 
detai led description of the operation and 
interactions of the SOL system compone nts. 

The CONSOL opera ting system, which is 
the minima l operat ing syste m, is stored in 
1024 K bytes of E ROM starting at COOO. 
This operating system has seven comma nds 
that can be executed from th e keyboard, 
sufficie nt Lo allow the operator to en ter 
hi s or her own prngrams or prerecorded pro
grams and execu te them. The fo ll owing are 
the commands available through CONSOL: 

1. 	 DUmp ADDRl ADDR2 dumps 
the contents of memory between 
add ress 1 and add ress 2 onto the 
CRT term ina l in a hexadec imal 
fo nnat. 

2. 	ENter ADDRl enters hexadec imal 
format data in to memory start ing 
at address 1. 



UNDERSTANDING MICRO
COMPUTERS answers these 
and hundreds of other ques

L_ IQ:. ~1.131 COMlllrlHle cONUlDINti INC. 

If you are at all curious about 
small computers, you must own 
this 300 page no-nonsense text 
that reads like a simple book! In
cludes an easy-to-use glossary 
of key microcomputer oriented 
words. UNDERSTANDING MICRO
COMPUTERS. The name says it 
all. Order your copy now! 

IL_ IClllEI COMll>lfllll 
lf9 CO~llJIIl~6 l~C. 
.,.... Dept. 000 

Post Office Box 133 PP STN 
Milford, CT 06460 

Price shown for North Ameri can customers. Master 
Charge, Postal and Bank Money Orders pre ferred. 
Personal checks delay shipping up lo 4 weeks . 
Pric ing, specifications. aval labl llly subject lo 
ch ange wi thout not ice. SCELS I Books are avail

able In many fine Computer Stores. 

IMPORTANT! Include 75¢ postage / handling 
for each item delivered by U.S. Mail Book 
Rate; or $2 for each item shipped First 
Class or via UPS. 

tions clearly in this profusely il
lustrated , easy-reading " must" 
book. You ' ll find fundamental 
concepts behind the operat ion of 
virtual ly all microcomputers, writ
ten in simple English so that any
one can gain the extra knowledge 
needed to read and understand 
computer magazines, manufac
tu rers' literature, and feel " at 
home" around computers. Here 
are just a few items discussed ... 
- How a CPU is organized and 

how it follows sequences of di
rectives to solve problems 

- Illustrates basic instructions 
from almost every class of mi
croprocessor 

- Discusses common memory 
addressing modes- illustrates 
typ ical uses 

ow v II ble in h rdcov 

- What you must know to tell a 
computer what to do when us
ing machine language pro
gramming methods 

- Explains use of flow charts, 
program worksheets, hand as
sembly of source codes into 
object codes, memory maps, 
purpose of an Ed itor, Assem
bler, Monitor 

- Benefits of using a high level 
language 

- Introduction to BASIC 
- How a computer communi

cates. Types of commonly used 
input/output devices and their 
operational concepts 

- Practical aspects of selecting 
a small computer system 

- Plus, hundreds of other practi
cal facts and information 

r for only $14.95 ... 
and pa rback for only $9.95. Order yours today! 
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Photo 2: The SOL 's display generator produced this video character graphics 
pattern on the author's television monitor. 

3. 	 EXecute ADDR l executes a pro
gram in memory starting at address 
1. 

4. 	TErminal is a program designed to 
allow the SOL system to be used 
like a standard CRT terminal with 
serial 20 mA or RS232 interface . 
This ab ility could make th·e SOL 
system very attract ive to a small 
business user who needs an inex
pensive termina l. 

5. TL (tape load) loads a prerecorded 
cassette tape into memory at an 
add ress specified by the tape. The 
information supp lied with the 
software doesn't give a very good 
definition of how the TL command 
looks at the tape header data. 
Because of this, it is very difficu lt 
for the user to conrigure a tape
header for any data he or she wou ld 
like to store on a cassette. 

6. 	BAsic executes a progra m loca ted 
at address 0000, typical ly BASIC. 

7. 	The fi nal comma nd is the MODE 
command which calls a program 
that allows all th e other commands 
to be entered on the keyboard and 
recognized by the comp uter sys
tem. 

Th e ea rly version of CONSOL which I re
ceived docs not have a command to dump 
data from memory into a cassette tape. This 

is a great disadvantage when trying to 
develop a program. Whether the program 
being developed bombs out or is successfu l, 
it is nice to have a copy so it doesn't all liave 
to be typed in agai n. 

The purchaser of a SOL system is also 
supposed to receive a 5 K BASIC operating 
system with the purchase of the on board 
audio cassette interface. Th is 5 K BASIC 
includes two computer video games. I had 
not yet received this. when this article 
was written in the spring of 1977. 

I ordered my SOL system on September 
4 1976 and anxiously awaited its arrival. 
Only a port ion, the SOL-PC, arrived on 
November 18 1976 alo ng with part of the 
manual. When I opened the box I was 
confronted with what appea red to be a 
rathe r large, random acc umul atio n of parts. 
However, all of the parts called out in the 
parts list were there. The assembly would 
have gone faster if the components had been 
sorted, placed in small bags, and marked as 
to the section of the assemb ly procedu re 
they were for. 

The procedure given in the manu al ca ll s 
for construction and checkout to proceed 
together. To fo ll ow the manual you must 
have a power supply and keyboard to pro
per ly assemble the complete SOL system . 
Because I didn't have either of these items, 
I was only able to proceed with the assembly 
until I came to the first step, which req uired 
the power supply; there I stal led . I spent all 
of Christmas 1976 lurking around the mail 
box, awaiting the delivery of the rest of my 
system. Finall y, on January 4, it arrived 
and off to my basement "laboratory" I 
scurried, not to emerge "ti l the beaste was 
up and running." 

After much so ld eri ng, bendi ng and clip 
ping, I reached the point of the first oper
ations test. I plugged in my TV monitor, 
turned on the SOL system power, hit the 
MODE key, and typed in the DUMP com
mand. Nothing! All I could get was the 
CU RSOR in the upper left hand corner 
of the screen. This is when the lac k of 
block diagrams and exp lanations of the 
system real ly hi t me. After what seemed 
an extremely long time, I managed to 
so lve the probl em. The disp lay uses the 
first severa l words of user memory to 
store the li ne and character positions fo r· 
the video display, and somehow, in my 
haste to comp lete the asse mbly, I had 
bent a pin un der on one of the memory 
chips. Dumb, but almost impossible to 
locate. Once th is problem was so lved, 
the rest of the system went together very 
smoothl y. 

The total assemb ly time, excluding the 
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time I spent looking for my own error, 
WJS abou t 36 hours. The sandi ng and 
coa ting of the wal nut cabine t ides too k 
abo ut five more hours. I used clear 
s;itin polyure thane fin ish of the type fo un d 
in mos t hardware to res. Th is is a very 
hard, clear, fast dry ing 1·es in that puts a 
tough, mar 1·esistan t sea ler on the sid e 
panels. 

Overal l, I feel that the Processor Tech
nology entry in the microprocessor race is 
J good buy. I have had what seems to me 
excessive delays but I believe that now 
th at the product ion of these units is in 
fu ll swing, the1·e should be a minimal 
amount of le;id time on the system hard
wMe. Processor Tech nology says that they 
have sold al mos t 1,000 of these systems. 
The so f" tware de velopmen t, however, seems 
LO be lagging well behi nd the hard ware as 
might be ex pec ted fro m the hi story of com
puter scie nce in general. 

If you are pla nn ing to deve lop your own 
software or plan on buying it somewhere 
other than Processo r· Technology, the SOL 
system wil l se rve you nicely. The CONSO L 
rou ti ne provi des a step up fro m the front 
panel togg le switch design phi losoph y of 
most of th e oth er mic roco mp uter manu 
l'acture1·s and I feel it warrants the purchase 
of th is system. • 

Edi tors' Note: 

At the time this article was edited 
(A ugust 15 7977) a OL-20 with 76 K 
memo1y and CONS OL was residen t 
in our office at B Y TE. 5 K BASIC is 
now being de/i11ered, according to 
Ten y I-lo/mes of Processor Tech
nology. 

Th e Following Commen ts Were Received 
from Bob Bumpous wi th His Author's 
Proofs on October 7 1977. 

Since completing my SOL-7 0 I have 
written a couple of short programs to test 
the various hardware options of my system. 

I have also purchased the SOL upgrade 
kit which adds the larger power supply 
fan and backplane and an IMS 8 K memory. 

I have received the two missing sections 
of my manual and my BASIC tape. I have 
not yet been able to run BASIC due to a 
problem I 'm having getting my cassette 
tape interface to operate properly. 

I have also received my SOLOS operating 
system; all of the fu nctions excep t the tape 
interface seem to work well. 

I BM Correspondence 
- compatible or 

standard ASCII (w ith Break and 
Control code features). RS232·C 

interface. 

or BCD Code .. . .......$795.00 

RECONDITIONED SELECTRIC 

a TERMINALS 
CONTACT KEN PAYNE 

Dal-Data Inc. · 1111 W. Mockingbird Lane 
Su ite 1400 ·Dallas, Texas 75247 • 214-6309711 

• IBM 2741 Compatible 
• RS232C Interface 

ASC II Cod e ....... ... .. $995.00 
• 30J Baud 200 C haracte r 

Print Bulfer 
• RS232C Interface 
• Break ond Control Code fea tures 
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Walter Banks 
Computer Communications Network Group 
University of Waterloo 
Waterloo, Ontario CANADA 

Figure 7: The Waterloo 
RF Video Modulator. This 
circuit works by modu
lating the power supply 
voltage of a digital inte
grated circuit. The fre 
quency of oscillation is set 
by resistor R 7 and should 
be adjusted for best 
reception on the chosen 
channel. Capacitive coup
ling between two DC 
isolated sections of ordi
nary twin lead gets the 
signal in~o the television 
set without any worries 
about AC ground pro
blems. 
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The Waterloo 


RF Modulator 


In recent months a number of proj ects 
have taken advantage of the special input 
characteristics of Schmitt trigger TTL parts. 
They have been used as oscillators, mono
stable multivibrators and signal conditioning 
elements. This reminds me of a simple 
circuit I used as a video radio frequency 
generator when I worked on a low cost 
terminal development project . 

As can be seen from the schematic, I Cl A 
is a conventional free run ning Schmitt 
trigger oscillator running at one third of the 
desired television channel carr ier frequency. 
For example, channel 3 would require it to 
oscillate at about 20 MHz. !Cl B acts as a 
buffer whose output is a squ are wave at the 

RI 

10011 10011 

fundamental frequency of the oscillator·. 
A square wave has odd order harmonics, 
the second of which is at three times the 
fundamental, the third at fi ve times, and so 
on. 

Ql modulates the generated radio fre
quency output by varying the effective 
power suppl y voltage to !Cl. Since standard 
vid eo is one volt peak to pea k, the modu
lation depth is about 20 percent in this 
circuit when using a standard 5 V supp ly. 

Most low cost television sets have a hot 
chass is, therefore a simp le capacitive con· 
nection is provided by connecting a 6 inch 
piece of 300 ohm twin lead to the output 
of !Cl B and the compu ter 1s ground, and 
taping a second piece of 300 ohm twin 
lead to the top of the firs t making physical 
contact but not direct electr ical contact. 
The second pi ece of tw in lead is then con
nected to the set's antenna terminals. 

As with all radio freq uency devices, 
normal caution shoul d be e1(ercised with 
this dev ice in preven ti ng unwanted inter
ference. (For example, don't leave your 
antenna connected to the set if you want 
to keep peace with your neighbors.)• 
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WhatYou SeeisWhatYouGet! 


Now, A Video System You Can Afford! 
MSDV-100 

Video Display System: 


The \'ideo Display System is a high 
quality 80 character. 2-1 line l'idco outpu t 
de\'iCe for the S-100 hus. Many ad1'anced 
features hm·e hcen incorporated which are 
not normally found on units cos ti ng ma ny 
ti mes ~1c price. 

The character set includes upper and 
lower case characters w; ll'e ll as fu ll 
punCl\1alion . Any character can be 
underlined, a feature usefu l in word 
processing. A character can abo be made lo 

bli nk at a user sclectahle rate , often used 
for ;darm or warn ing situa ti ons. /\dd.itio11;d ly 
a character can appear in reverse fie ld 
(black 0 11 while) or, if composite l'ideo is 
used, i ndividuaJ characters can be 
intensified. 

Also inc luded in the .\lS0\'- 100 is the 
abi lity to generate high quality continuous 
forms overlays. Charts, graphs, or order 
ent rv forms are e<L~Y to produce on the 
video screen. 

A third significant feature of the Video 
Display System is the abili ty to display grey 
sca le elements in any of nine levels in any 
of 1920 positions on the sc reen. This is 
especial.ly useful for bar graphs and for grey 
sea.le graphics or animations. 

Internally, the MSDV-lOO is a two-board 
S-100 based ~ystem which occupies 2K of 
RAM address space and iwo 1/ 0 ports, user 
selectable. The microcomputer can wri te 10 

th e screen directly wi th horizontal retrace 
~·ynchronizalion if desired for a flicker free, 
very high speed display. 

Software support for tile MSDV-100 is 
complete with both machine language code, 
including full y commented source listings, 
and a comprehensive Basic software 
package implementing all MSDV-100 
fea tures. Assembly language drivers allow 
the sophisticated user to eas ily customize 
the system fo r specilized applications. 

Programs are provided that permit ll1e 
user to link the video system to high level 
programming languages such as Basic. A 
link program, provided in Basic, permits 
the user with no knowlqlge of assembly 
language programming to immediately 
obtain video ou tput. The link fully 
implements the forms capability of ll1e 
MSDV- 100, including direct cursor 
addressing, as well as the other advanced 
features of the Video Display System. 

MSDD-100 

Floppy Disc System: 


The MSOO-IOO Floppy Disc System is a 
significant advance in low cost, high density 
mass storage systems. L;sing the ind 11stry 
standard Shugar1 SA400 mi niOoppyr'1 drive 
and a highly reliable LSI controller, the 
singl e card MSOD -1 00 floppy Disc Sj1stem 
represents a major cost/ performance 
breakthrough fo r the hobbyist and 
busincssman . 

Ma ny features not provided on larger 
disc Si'Stems arc standard on the MSDD-100 
Disc ~vs tem . The controller wiU support up 
to three drives and provides all of the disc 
timing func tions, therefore no software 
timing loops are required. A very fl ex ible 
onhoard vectored interrupt structu re is 
provided, a valuable feature for use in 
modern multi-tasking apµLi cations. 

The <li sc controller design is totally 
svnchronous. requiring no "one shots". 
Ease of maintenance is evidenced by the fact 
that there are no adjustments required for 
operation. 
Circ le 71 on inqu iry card. 

The Altair/ SJOO compatiblt• clisc 
con troUer is a single board design , and 
features very low power consumption. 

l11cl11ded free with each ~1SOO-IOO 
Fl oppy Disc System is a sofiware package, 
pro1·ided on diskeuc . for forma tting, 
certi~'ing, and cop)'1ng discs. as we!J as 
programs for creating fully customized 
memorv-to-disc and disc-to-mem0t")' 
rou ti ne~ which may he put in read-only 
mcmmy. In addi tion , assembly language 1/0 
driver listings are pr01•ided to facilita te 
custom applica tions programming. 

Also included are disc driver routines for 
Altair Basic, which allow program and data 
st0reage on disc, and permit sector level 
1/0 th rough Basic. Many programs and fi les 
may be kept ou a single disc, and cassette 
1/0 is retained. These dri1·ers work with SK 
3.2, SK 4.0, Extended 3.2 and 4.1 versions 
of Basic._ ____ ____ _ ~ 

ffiSQ) 

27155 $g ColoJndo B~Yd . Su i t l! 11 0 01m•11 f, COB.022'? {.J.Ol)l~-14 1 1 

Sanyo Monitor {VM4209) ... .. .. .. . $150 
Micro-Floppy Disc System . ....... S499• 

{Assembled) .. .. .. .. ...... .. ... $599• 
Video Display System . ...... • .... S285 

{Assembled) .................. . $385 

Add itional Drivers .... .. ......... $350 ea. 

Diskettes ....................... . $4.25 ea. 

• Power Supply nor included. 
To place Order, send check. money order or BA 
or MC Card It wilh exp. dale and signalure. 
Uncerlified checks require 6 weeks process
ing. Phone orders accep ted. 
Please Send me lhe fol lowing : AMOUNT 

TOTAL: 
Name ----------~ 
Address - - - ------- 

City, Stale, Zip ------- - 
C Send me more informal ion 
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sense organs, and th e design and execution 
of movements in space, lend themse lves 
perfectlv to parall el processing in smal l 
subunits. Here the brain can vastly out
perform our typical current computers 
which have only one, or at most a few, 
processing units capable of simu ltaneous 
operation. For examp le, al l of the data in 
the visual fi el d is avai I able simultaneously on 
th e surface of the retina. Rather than dealing 
with it point by point, the brain sucks it all 
in at once in one enorm ous byte and sets to 
wor k on the analysis of many small areas of 
the visual field simul taneously . (We shall 
examine its algorithms in deta il later.) 

Even with the small cheap processors 
avai lable to us now, we could obvious ly 
never afford to match the brain in quantity. 
However, we don't have to go to the other 
ex treme and try to do it point by point 
se ri ally with a single very fast processor as 
has been typically atte mp ted. The job is just 
too large for even the fas test machine to do 
this way, and there are certain advantages as 
wel l in terms of th e feature ex trac tion 
process to having a basical ly paral lel system. 
On the other hand , we do have a speed 
advantage an d it certainly shou ld be possible 
to simulate the operation of a number of the 
brain 's processors with only one of ours in 
the same time fra me. (There wil l be some 
increase in complex ity wh ere the resu lts of 
neighbor ing units arc in teractive .) just how 
to optimize this so rt of tradeoff is, of 
course, a matter for much study . A first step 
which we shall take here wi ll be to examine 
some of the tr icks and shortcuts in the 
fea ture extraction process that the bra in 
itse lf uses to save time. 

Th e third system characteristic which 
resul ts from th e brain's hierarchical organi
za tion is high survival value. We wil l learn 
nothing about Asim ov's first two " laws" of 
ro botics (the protection of human beings) 
by studying th e brain. The th ird law, en
suring the survival of the robot, has always 
been a major concern of brain arch itecture. 
It is annoyi ng, but no t usually fata l when 
th e big machine in the comp uter center 
develops a fau lt. Whe n it hap pens to a brain, 
or in the situations we wi ll send them in to, a 
robot, the wh ole device may be des t royed. 
The redundancy inherent in the brain's bas ic 
structure is, of course, valuabl e in this 
regard, but there is more to it than that. 
Reca ll two facts about the brain: There is an 
evol utionary order of developm en t to its 
structure, and the major func tions have 
representation at al l levels . These two facts 
are related. Wh ereas our comp uters have 
neve r been ex pected to incorporate pieces of 
earlier models, the br·ain in the present form 
contains most of the parts of its ear lier 

forms. The simplest early brains obviously 
had to be capable, in their own inelegant 
way, of getting the organism around in the 
environment an d sur·vrving. During the 
course of evo lu tion, more complex struc· 
tu res capab le of more sop h is ti ca ted hand I ing 
of the same basic func t ions became avai l
ab le. Rather th an el iminating the older 
structures an d du pli cating their functions, 
the newer ones simply took contro l of the 
old er and use d them as subprocessors. A 
fai rl y general principl e of organi zation 
evolved in which the higher level stru ctures 
contro l the lower not by turning them on 
when needed, but by inhibiting their ac tions 
except as desired . The beauty of this sys tem 
is that if a higher center is sudde nl y 
damaged, the older, more primitive units 
which it normally hol ds in inhibition are 
re leased to func tion on their own . Thus, 
damage te nd s not to elim inate vital func
tions, but on ly to downgrade the co mpl exity 
with wh ich the jo b can be performed. This is 
especial ly tru e of functi ons such as defense . 
Th e ty pi ca l result of damage to higher bra in 
center·s is a " nasty" animal, ie: one which 
can adequatel y fight, but which fai ls to 
make fine discrimin ations about the appro· 
pri ate stimulu s conditions for doing so, an d 
which defau lts in the safe direction by 
attack ing any strong stimu lu s sou rce . Of 
course this kind of thing has its limits, and 
thi s is particu lar ly true of th e most h ighly 
developed brains where so me of this type of 
organization is sacrificed in order to give the 
highest cen ters cl i rec t access to th e I owes t 
for feedforwa rd in the contro l of co mpl ex 
operations. 

In the case of damage to lower cente rs, 
the mu ltitude of processing elements ava il · 
ab le al lows some of the higher levels to be 
reprogrammed to take over the functio ns of 
lower level sys tems by simu lating their 
operation . The process takes a littl e time to 
organize, but it can be quite effective if the 
organism can survive for a few weeks while 
reorganization takes place. 

Wh ile it is apparent that it is not possi bl e 
to give a definite answer to the ques tio n of 
wh ere a functi on of any complexity is 
performed in the brai n, it may be useful (for 
ori entation to the device) to identify some 
of the anatom ic al divisions of the bra in 
shown in figures 3 and 4 with some of the 
functions which have important representa
tion at those I eveIs. 

The lowest leve l of the central nervous 
system, th e spinal cord, is a major ro ute of 
input and output to the rest of the brain. 
Wi th the excep ti on of a few spec ial cases, 
most of the sensory input from the body 
and most of the ou tput to the muscles passes 
through this structure. Although it contains 
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immense fiber tracts, it sho uld not be 
considered merely a cable. The nuclei of the 
spinal cord perform many important func
tions as intelligent terminal s on both the 
input and output sides. Moreover, some 
simple actions are processed ent irely at the 
level of th e spinal cord from inp ut to 
output. Everyone has seen an example of 
such a "spinal reflex" in the knee jerk 
prod uced by their doctor 's rubbe r hammer. 

The medulla and pons are also important· 
ly involved in "intelligent terminal " types of 
10 activit ies, but at the so-called supra
segmental level of control. That is, these 
structures are frequently concerned with 
coordin ating the activities of the 10 routines 
in the cord so as to direct activities that 
involve the enti re body rather than ind i
vidual segments such as a single limb. For 
example, the pattern of motor activity in
vo lved in walking requ ires the coordination 
of the whole body to maintain balance as 
the center of gravity shifts, etc (such things 
as the decision to walk, and the choice of 
direction are in the provi nce of higher 
cente rs). The medu lla and pons also have 
important relations to a num ber of the 
special senses such as hearing an d balance 
which are not re presen ted throughout the 
body. Some of this sensory information is 
ut ili zed immediate ly as input to supra-seg
mental reflexes, and some is processed for 
output to higher centers. 

A com plex phys iological organism re
quires a grea t deal of regulation of its 
internal environment; the temperature must 
be exact, the heart rate must be regulated, 
inhalation must be controlled. These "house
keep ing" routines also have representation at 
th is level of the brain. 

The mesencepha lon is in many ways 
similar to the pons and medulla in its 
functions. In general, there is a transition 
from higher to lower degrees of abstract ion 
in these 10 systems as one progresses from 
the mesencephalon down to the medul la. 
The mesencephalon is in add ition one end of 
a system, originating in the limbic system of 
the forebrain, wh ich is impor tant in regu
lati ng the type and intensity of the high leve l 
processing performed by the more advanced 
structures of the fore brain . There are two 
systems of the brainstem (medu lla, pons, 
and mesencephalon) which may be men
tioned in this context. The first is a system 
known as the reticu lar formatio n which has 
important functions in the brain analogous 
to the vectored interrupt system of the 
compu ter. It continually monitors the input 
of al I the sensory systems, more for quantity 
of act ivi ty than for detailed analysis, and 
controls the degree of activation of various 
portions of the higher centers on this basis . 

Thus, it can imm ediately arouse th e brain 
when a novel or intense stimu lus is en 
countered, and jump the whole system to a 
stage of attention to, and analysis of, the 
important event. It also seems to exercise 
similar· fu nctions on the output side of 
operat ions. 

The second "system" of the brain tern 
might be called the "am in e" system, because 
it consists of a set of interacting nucl ei 
which use var ious compounds of the chemi
cal class known as "amines" in their opera 
tion. Th is system has a great dea l to do with 
the mode of operation of the r·est of the 
brain . Like the reticular formation, with 
which its ac tivities are integra ted, it sends its 
axons into all parts of the bra in to make 
synaptic contacts with large groups of 
neurons in the forebra in and th e brain stem 
an d cord. Since the axons of these few 
neurons make mil lions of synaptic connec
tions with vast numbers of neurons, we 
might expect that their functi on was a 
regulatory bias rather than the transmission 
of very specific information, and thi 
appears to be the case. These nucle i arc 
involved in such functi ons as regulati on of 
waking, sleep ing, and dreaming tates, and 
apparently other "altered states of con
sciousness" since the hallucinatory dr·ugs 
such as LSD are thought to exert their major 
effects here. Problem s in some of these 
amine systems appear to under! ie such ab· 
normal opera tional modes as schizophrenia . 
Some portions of the am ine system also 
regu late the intensity and selecti on of the 
va ri ous detailed patterns of activity 
generated by higher structures. Thus, in 
Parkinson's disease, which involves a dis
order of part of thi s system, the abil ity to 
execute vol un tary activ iti es is impaired, 
although the conception of them is not. The 
systems of the brainstem thus exe r·t a very 
major contro l over the genera l types of 
activ ity in which the higher levels of the 
device engage. A very interesting develop
ment here is the closing of this loop by 
return pro ject ions from the highest leve ls of 
the brain, the cortex, wh ich allows the 
machine to gain control over its own status. 
Th is I o op i s fund a men ta I to th c 
pheno menon of consciousness. 

Lying above the pons is the structure 
known as the cerebe ll um. This device is a 
subprocessor fo r some types of motor out· 
put. It is basical ly involved in the parall el to 
seria l conversion of output that is not to be 
continuously modified by feedb ack control 
to the higher levels which specify its input. 
It can accept a parallel byte which defines an 
action to be undertaken, modi fy it to 
incorporate the current status of many 
variables of limb position, load in g, etc, and 
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convert the instruction to a ser ies of se
quenced operations with spec ified du rations. 
Damage to th e cerebellum has no effect on 
conscious processes, but se rio us ly impairs 
the performance of muscul ar actions. 

Above the mesencephalon, we encounter 
the diencephalon. Th e two major ub
divisions, thalamus and hypoth alamus, are 
quite differe nt. The hy pothalamus is heavi ly 
involved in the sort of housekeeping func
tions mentioned earlier . It contro ls the 
secretions of th e endocrine sys tem, fo r 
example, an d is involved in a wide range of 
functions such as tempera tu re regul at ion. In 
its role as chief execu tive of intern al opera 
tions it, of course, must con tinu ally monitor 
interna l cond itions. These interna l condi
tions in turn are frequently the ult imate 
sources of th e whole brain 's functional 
orientation. Thus, if the hypo thalamus de
tects a low leve l of sugar in th e blood, it 
initiates a state which we ex per·ience as 
hunger. Th is state represents a reorgan iza
tion of the brain's sys tems for the control of 
goal directed behavior which causes the 
organism to engage in food seek ing behav ior . 
Th e hypothalamus thus contai ns part of the 
brain's analog of a computer 's priority in
terrupt system. On the outpu t side, the 
hypothalamus is important in changing the 
state of the internal body functions to 
corre la te with higher priority interrup ts. For 
example, if the limbic system ini ti a tes a 
"danger encounte red" state, which we ex
per ience as fear, the hypothalamus must sec 
to it th at the body is mobilized for ac tion 
with regard to blood flow, adrenal ine levels, 
etc . The hypo thalamus is also an importan t 
li nk in th e limbic system -mesencepha lon 
organ iza tion that in ge neral specifies goa ls 
based on dr·ive an d emoti onal states for use 
in select ion of overt behavioral activity. 

The thalamus, th e o ther maj or com
ponent of the diencephalon, func tions as a 
very high level 10 processor which prepares 
inform at ion for, and in part organizes the 
activi ty of, th e cerebr;i l cortex. Arrival of 
sensory input in the tha lamus is sufficient 
fo r some rudimentary consciou experience 
of sensation, at leas t in some sensory 
modalities, but any very de tailed resolution 
of the ex perience requires the enormous 
digital processi ng power of the cerebral 
cortex. In many r·espects, the va rious cortica l 
areas act as subprocessors do ing detai l work 
or the various nucle i of th e thalam us wh ich 

route the info rmation to and from them. 
Some thalamic-cortical sys tems are con
cerned with simple fea ture extraction of th e 
in put data, others with extrapo lation of 
current events, and ye t others with trans
mission of these ex trac ti ons and extrapola
tions to other parts of the brain which , for 

example, evaluate them for relevance to 
current drive states or return sets of sim ii ar 
data from memory. 

In th is ac ti vity, the limbic system fu nc
tions in the analys is of current and extrap 
olated data for relevance to the organism's 
needs. Thus, when we are hungry and see 
food, th e limbic system in conjun ction with 
the other structures mentioned ea rlier 
ini tiates a state which enables the se nsory 
signal of food to initiate ap prop ria te be
havior, which is generated in detai I by the 
cor tex-thalamus-s tr iatum apparatus. We ex
perience the operation of thi s state of the 
limbi c sys tem as pleasure. If on the o th er 
hand , the limbic system recogn ized un
favorab le situations, other sta tes <ll'e 
generated (experienced as fear or ange r·) 
which cause other sorts of detailed actions 
to be ge nerated. 

The stri atum , like the cerebellum , is 
importantly involved in the organi za tion of 
motor output. It generates patterns of move
ment on th e basis of inp ut from analytic 
corti cal areas, which are regu lated in in
tensity by in pu ts from the am ine systems 
under the direction of the lim bic system, 
and it outputs these patterns both to the 
movement controlling areas of th e cortex, 
a nd m o re direc tly to lower· motor 
mechanisms. Un like the cerebellum, the 
movements generated in the striatum are 
under continuous contrnl of the cortex, and 
since th e cortex is contin ual ly receiv ing and 
processing sensory in formation from the 
environment, a closed loop system is 
for med. This system is impor tan tly invo lved 
in "voluntary" and learned movements. 

We have already mentioned most of the 
functions of th e cor tex since it is of 
necessity involved in almost al l the higher 
functio ns of the other brain stru ctures. Its 
operation is esse ntial ly that of a vast de
codi ng and encoding network which gives 
ana lytic and syntheti c power to the opera
tion of the other systems. With out it, their 
operation would be the same in type, but 
wou ld be much reduced in capability due to 
the loss of capacity for fine distinctions and 
discr iminations on the one hand, and large 
scale ge nera lizat ions and sy nthes is on the 
other. The cortex first ap pears in other than 
rudimentary form with the evolutionary 
appearance of th e mam mals. Their be
hav ioral dive rsi ty and plasticity as compar-ccl 
wi th the ste r·eo typed, reflex ive, in sti nctive 
behav ior of the reptil es is probab ly as
sociated with th is str ucture. 

Th is brings me to the final general point I 
want to make about the brain before we 
cons ider· the detailed oper·ation of some of 
its functions . One of the most important 
features of the brain is that it learn . Our 
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compute rs learn in a li mited sense during 
programming, and so me program s can learn 
to imp rove their performance on the bas is of 
experience. This latte1· type of learning is 
characte1·istic of the way the brai n ope1·a tes, 
and it app lies the process to almost every
thin g it docs. 

You will notice that when I described 
some of the ge neral fu nctions of the 
di fferent regio ns of the bra in, I made no 
men tion of memory. This is because we have 
no idea where it is. Indeed, the evide nce 
suggests that the brain's memory is in cor
porated into its structure at whateve r· po int 
the store d in formatio 11 is to act. Its memory 
then may be thought of as be ing distributed 
throughout its str-ucture. At pr·ese nt, we can 
offer onl y specu lation as to the physica l 
nature and detailed processes of the brain's 
memory storage . Fortunate ly, we know a 
gr·eat deal about the operation of the brain 's 
memory as a "black box" so that we can 
understand how it ente r·s into the brain's 
algorithms, and we do not real ly need to 
un derstand its detailed physi cal natu re to 
effect ive ly use its princip les of operation. 
Our cu rren t memo1·y chips are a little in
fer ior to the bra in's memory in terms of 
capacity, but they are superior in speed and 
acc uracy . Some prog1·ammab le scratc h 
memory an d ROM ch ips assoc iated with 
each of a robot's processing clemen ts wou ld 
do nice ly, especial ly if supp lemented by a 
disk for slow mass storage. 

Resea rchers id ent ify at least two ty pes 
of learning th at the brain penn its, both ve r·y 
pragmatic. It has fou nd that things that have 
occurred sequential ly severa l ti mes arc like ly 
to do so aga in , so it learns to associate them 
and act in antic ipation. Thus, if the reflexive 
response of the nervo us system to a painfu l 
stim ulu s ap plied lo Lh e foo t is to qu ick ly 
flex the leg, and if such a painful stimu lus is 
repeated ly preceded by a "neutra l" stimu lus 
such as a bel l sound, the brain wi ll qui ckly 
lea rn to fl ex Lh e leg wheneve r the bel I 
sou ncls. Th is is the so-called "Pav Iovian 
cond itioned reflex ." The potent ial ut ili ty of 
th is scheme is obvious. Assum ing the 11atu 1·al 
reaction to the painfu l st imu lus is of use to 
the org<\ni sm, then performing the 1·eaction 
i11 response to the an tececlcnl neu lnl timu 
lu s all ows the organ ism lo get a jump on the 
wor ld and perform more effic ienlly . This 
kin d of ;1ct ion, although no t the capac ity LO 

learn it, is employed in some computer 
memory systems wh ich ant icipate the nex t 
adcl1·ess cal I. Two Iim italions of th is type of 
lea rning shou ld be noted. The first is tha t 
the on ly th ing that can be learned is Lhe 
ea rly performance of the natura l response to 
the second stimu lus. Thus, the 01·gan ism's 

behav iora l repertoire is not expanded, just 
made more efficien t. The other is that al l 
that is necessary for th is type of lear nin g is 
tcmpo1·a1 co ntigui ty of the events; it docs 
not matte r whether or not the antic ipati on is 
successful in improvi ng the results. If you 
tape an electrode to the foot so that a shock 
fol lowing a bel I occurs whether or not the 
leg fl exes, the flexion of the leg stil l gets 
conditio ned to the bell. 

A second type of learn ing in wh ich the 
b1·ai11 engages is ca ll ed "operant cond ition
in g." This is the type of learn ing that 
permits us to expand our behavioral reper
toire and base such expansions on the 
qual ity of the results. Simp ly stated, this 
type of learning is based on the principle 
that behav iors immediate ly preced ing a re
ward are increased in future probab ility of 
occurrence. "Rcwa1·cl" here refers eit her to 
some pleasing event occ ur ring, or some 
unpl easant state being terminated . Thus, 
be hav iors that lead to good res ults will tend 
to recur. If we now acid to thi s the second 
principl e, that the behav iors immed iately 
preced ing the 1·eward are the most strongly 
affected, it fo ll ows that 11101·c effic ient be
haviora l ro utes to the reward ar-e more 
strong!y affected than less efficient ones. In 
Lhis fa sh ion, who le new behaviora l patterns 
are built up out of successfu l components of 
more or less random exp lorato ry be hav im, 
and these qui ck ly become welded together 
in to tight and effec tive beh avior·al sequences. 

The mo1·e deve loped bra ins re ly very 
heav iIy on learning to produce most of their 
beh aviora l patterns. Less deve loped ones rely 
most heavily on prewircd infl ex ible be
hav iors. Thus, evolutionaril y pr11nit1ve 
b1·ains, such as those of fish, amp hibians and 
reptiles, whi le capable or limited lea rning, 
genera ll y re ly on wired in behav io1· pallerns 
that ar·e available at birth . The adva ntage is 
ear ly ability of the immatu r·e organism to 
fe nd fo r itself. The disadvantage is infl ex ible 
behav ior th ;lt cannot eas ily adapt to an 
env ironmen t that diffe rs from that in which 
the spec ies evo lved. Advanced mammals on 
the other han d, particu lar ly man, are charac
tci-ize cl by h avy rel ian cc on lear ned be
hav ior, wh ich resu lts in a protracted stale or 
infant il e helplessness fo llowed by enormous 
behaviora l fle xibil ity and adaptiven ess. 

The par·all el with our cu1-ren t <1 tl empr s al 
robots is obv ious. Th e major hu 1·dle is 
des igning a system that can operate in a 
ge nerali zed env ironment rather th an being 
restricted to a speci;t lized one with wh ich it 
is preprogrammed Lo deal. Th e answer is also 
obvious. A successful robo t must be capa ble 
of operant condi tion ing includin g the 
abi li ty to be rewarded for successful at· 
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The difference is value. 
Take a look at our low-cost 
microcomputer's heavy duty 
cabinet. Even with the cover 
removed, it maintains its rigid 
structural integrity. But we 
don 't stop there. Quality built 
Vector Graphic products, from 
boards and kits to complete 
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Memorite turn-key text editor 
shown below - beat all 
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Control your Premises! tcmpls and to feel punished otherwise. This 
device is carried to such an extreme in

with INTROL 	 advanced brains Lh at even our basic ab ility 
to sec, ou r perceptual structure, is learned in 
infancy. A newborn child has on ly the most 
rudimentary abil ity to interp1·et its visua l 
enviro nment; the relation between move· 
ment of the limbs and the 1·esult in visual 
space , the relation between ce rtain outp ut 
commands and the result on aucli to ry input, 
all this and much more is painfu ll y learned 
by trial and error in adva nced bra ins. The 
resu It is the abil ity to modify behavior 
towards desired ends rather than react to 
stimu li in a preprogrammed fashion. The 
apparently random play of infants is in fact 
a deadly serious matter. Its emu la tion in 
our machines will be of the utm ost impor· 
tance to the ir handl ing of the generalized 
environment. 

From this overview of the brain and its 
funct ional organization, it is apparent that 
we must now select a limited set of brain 
functions to discuss in detail . I think that 
those of most practical interest to robot 
designers at the present time are: 

1. 	The brain's mechanisms of output 
control, including coordination and 
timing, and the use of feedback in the 
design and execution of movements in 
space. 

2. 	 The brain's mechanisms of sensory 
perception, includi ng its princip les of 
feature extraction, and the tricks and 
shor tcu ts that it employs in pattern 
recognition. 

3. The brain's mechanisms fo r ach iev in g 
goa l-di rected behavior, incl uding 
mechanisms of emotion and motiva
tion and their control of behavior 
patterns. 

4. The bra in's mechanisms 	of consc ious
ness, intelli gence and learning. 

wil I attempt lo cover each of these 
subjects in some detai l in this ser ies of 
art icles. Next month the ser ies contin ues 
with a discussion of the outp ut generat ions 
of bio logical computing devices. • 
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the Intelligent 

Remote Control System 
Mountoln Hardware's new lntrol '" system Is a sophisticated 

remote control system that communicates over the standard 
110 VAC power lines. The AC Controller'" board Is an S-100 
compatible board that is capable of controlling up to 
64 remote units anywhere in your bui lding. The AC Remote'" 
unit has two independently controllable AC sockets that 
can turn two 500 watt appliances on or off. The computer can 
also " poll " the remote to check its status (on or off). 
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to monitor and control remote devices. Ali future remotes 
(temperature indicator. remote terminal . and status sensor) 
will be compatible with the AC Controller board. An Apple II 
version Is also available. 

A functional Intro! system requires one AC Controller board 
and at least one remote unit. Complete documentation 
is provided with each component of the lntrol system along 
with software subroutines for your own controller programs. 

OROM Advanced SKPR Memory System 

PROROM is a 7.SK EPROM + 512 RAM board thot Is S-100 
compatible. It has a bui lt in programmer which allows you to 
program the AMl-6834 EPROMs one byte ot a time without 
special software. The kit Is complete with sockets. manual, 
256 bytes of RAM and one 512 byte PROM, preprogrammed 
w ith on 8080 system monitor. 

KIT ASSEMBLED 

AC Controller ... ................... .. .....................................$1 49 $189 

AC Remote .... ... ...... .... ............ ................ ..................... $99 $149 

PROROM ............................................. .................... $164 $214 

6834 EPROMs.................................. .................. $ l 0 eo. 


Available now at most computer stores or directly from 
Mountain Hordwore, Inc. Viso ond Moster Charge accepted. 
Calif. res. odd 6% soles tax. (408) 336-2495. 
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ilai1 Box ll33 Ben Lonwnd, CA 95005 
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and CHESS 4.6 Conquers All 
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Peter Jennings is author of MICROCHESS, a 6502 chess playing program 
developed for the KIM-1, and seen in operation at the PC 77 sho w in Atlantic 
City NJ. MICROCHESS 7.5 versus DARK HORSE is a match that Peter 
expects to report upon in the near future to give personal computer users an 
idea about the prospects of entering small systems in international chess 
competition. 

Peter R J enn ings 
27 F irstbrook e Rd 
Toronto, Ontar io 

CANADA 

The Second World Computer Chess 
Championships were held on Augus t 7, 
8, and 9 1977 at the Hotel Toronto in 
downtown Toronto Canada under the 
sponsorship of the In Lerna tional F edera tiun 
fo r Information Processing (IFIP). 16 pro
grams From the United States, Canada, 
USSR, Un ited Kingdom, Sw itzerland, 
Netherlands, West Germany and Swed en 
competed in a 4 round Swiss sty le tourna
men t fo r th e world ti tie. 

The event drew large aud ience of spec
tators including co mpu ter and chess ex 
perts from around the wor ld. In at tend ance 
was Mikha il Botvinn ik from the Soviet 
Union, world human chess champion du ring 
the pe riod fr om 1948 to 1963. Also at tend
ing the event was Hans Be rli ner, former 
world corre pondence chess champ ion and 
author of J Biit, an ear lier chess play ing 
program. Li ve ly expert commen tary was 
provided by interna tional master and com

puter chess au th or, David Levy , who is 
wa tching computer chess developments 
ve ry closely these days because his wage1· 
of 1968 th at no computer chess program 
will beat him in a tourname nt before August 
1978 is abou t to run out. 

The trend ev idenced by the competi ng 
programs seems to be toward larger pro
grams run ning on faster mach ines. Th 1·ee 
of the programs ran on Amd ah I 4 70/V6 
computers, and CHESS 4. 6 was runn ing on 
CDC's Cyber 176. At the other encl of Lhe 
spectrum, OSTRI CI was the only program 
ru nning on a computer at the tou rnam ent 
site. A Data General Supernova was used. 
Communications were prov ided to remote 
data centers as distan t as England, Germany, 
and California for the nonportab le programs. 

The 16 en u·ants w re in itial ly ranked 
on the basis of previous play before the 
tournament. In the first round , the eight 
superior programs were played agai nst the 
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CHESS 4.6 

For the next three years CHESS 4.6 will 
be the reigning world champion computer 
chess program. CHESS 4.6 was written in 
the CDC assembly language by David Slate 
and Larry Atkin at Northwestern University 
in Illinois, and runs on the CDC Cyber 176 
located at Arden Hills MN. Initial work on 
the program began in the spring of 7968 and 
revisions have followed almost continuously 
since that time. Different 11ersions of the 
program have held the US Computer Chess 
Championship title in 79 70, 79 77, 79 72, 
19 73 and 79 75. The program placed second 
in 1974, and second at the First World 
Computer Chess Championships, also that 
year. 

CHESS 4.6, like almost all chess pro
grams, plays chess by generating the possible 
legal moves for each side and evaluating the 
resultant position. The evaluation of this 
resultant position usually requires the 
generation of subsequent moves until a 
value can be ascertained, or until the time 
allotted to the evaluation has expired. 
Because of the number of moves normally 
m10ilable in a chess position (average 42), 
the number of terminal positions which 
must be evaluated grows exponentially 
with the depth of the search. Many pro
grams restrict the number of moves they 
examine as a means to extend the depth 
of search. CHESS 4.6, on the other hand, 
conducts a full width search but is con
sequently restricted in the maximum depth 
to which ii can evaluate a position. It must 
also evaluate each terminal position as 
rapidly as possible. 

Th e evaluation of each position is based 
upon the material and positional factors. 
The material factor is considered lo be the 
most important as most chess players wi!! 

agree. The positional factor is limited in 
imf. ortance lo less than the value of 10 
pawns in material difference. The 11Glue 
of any given position is based on the mate
rial difference between the sides and on 
penalty and bonus points allocated for 
positional factors such as: the pieces under 
attack, the pawn structure (doubled, iso
lated, passed or bacl?ward pawns), the roe/? 
positions (squares controlled, enemy !?ing 
tropism, doubling, file control and seventh 
ran!?), the bishop position (square control 
and development), the !mights (l?ing and 
center tropism, and development), the 
queen position (square control and !?ing 
tropism) and the king position (safety, 
center and pawn tropism). Two different 
algorithms are used: one for positions in
volving an even material position, and a 
"mop up" algorithm for positions in which 
one side has a clear material advantage. 

For further discussion of the evaluation 
routines the reader is directed lo a chapter 
in reference 7 by David Slate and Lany 
A t/?in in which they describe their program 
in some detail. 

The CHESS 4.6 program plays extremely 
good chess. It is capable of beating 99.5 per
cent of all USCF rated players in the United 
States under tournament conditions. Per
haps even more remarlwble is its play in 
blitz games. With restrictions of a five 
minute time limit for 60 moves, the pro
gram has already beaten many master 
players including David Levy, Hans 
Berliner and Lawrence Day. If any pro
gram hos a chance to beat David Levy 
before next August, it will be CHESS 4.6. 
The authors will be working hard to im
prove the program between now and next 
summer. • 
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Game 7: White: DUCH
ESS. Black: KA/SSA. 
For the record, here is the 
full listing of the victory of 
DUCHESS over KA /SSA. 
In the first round of play, 
KA !SSA was unexpec1ed!y 
defeated by DUCHESS in 
an upset which will long 
be remembered. Post game 
analysis fingered a bug in 
KA !SSA introduced by a 
fast minute "impro ve
ment" of the program. 

Note: At the last minute, 
we discovered that BYTE's 
"automatic" chessboard 
drawing algorithm had 
used inverted logic, so 
please note that the chess
board diagrams in this 
article are all drawn with 
Black's home squares at 
the bottom (Sometimes 
we think we could use a 
little artificial intelli
gence). .. CM 

110 ll Tl ''"""Y 191~ 

White : DUCHESS Black: KAISSA 

1. P-K4 P-04 
2. PxP N-KB3 
3. P-04 NxP 
4. N-KB3 P-KN3 
5. B-K2 B-N2 
6. P-094 N-N3 
7. N-93 0-0 
8. B·K3 B-N5 
9. P-95 N·04 

10. 0-0 P-K3 
11. Q-N3 P-N3 
12. NxN PxN 
13 . B·KN5 Q-02 
14. P-K R3 B-B4 
15. Q-B3 R-K1 
16. R-K1 B·K5 
17. N-02 Q-B4 
18. B·K3 Q-K3 
19. NxB PxN 
20. PxP BPxP 
21. R(K1)·0B1 

Better is R (R 1)-QB1 . Wh ite has a positional ad· 
vantage due to the contro l of the open f i le and 
the weak placement of Black's knight. 

21. N-02 
22. B-N4 Q-04 
23 . Q-B6 N-B3 
24. B-K2 R(R1)-Q1 
25. Q-R4 R-K2 
26. B-N5 O-KB4 

Position after 26. . . O-KB4. 

This is the move which was apparently caused by 
a bug in the KAISSA program . 

27 . R-82 N·04 
28. R(1) -QB 1 B-93 
29. Q-N3 P-QR4 
30. P-KN4 0 -K3 

Black's queen is terr ibly res tr icted. 

3 1. R-86 P-R5 

KA ISSA sacr i f ices the rook pawn in order to draw 
DUCHESS' queen away from the l ong d iagonal. 

32. OxP R-03 

The KAISSA program rejected Q-RB as an im
portant threat, and had consequently no t fu lly 
analyzed the continuation which follows. 

33. RxR QxR 
34 . O·R8ch ! R·K1 

If 34 ... . K -N2, then 35. Q-B8ch KxQ, 36. B-R6ch 
B-N2, 37 . R-98, and mate follows. 

35. OxRch K-N2 
36. P-N5 B-01 
37 . B-QB4 Q-K2 
38. QxQ NxQ 
39. 8-94 N-B4 
40 . 8-05 K -81 
41 . R-88 K-K2 
42. R-B4 N-N2 
43. BxP N·K3 
44. B-K3 N-82 
45. P-05 N-N4 
46. 8-83 K-02 
47. P-QR4 N-03 
48. R-86 N-94 
49. BxP Resigns. 

weaker or untried programs. Th e previous 
wor ld champion, KAISSA, from the lnsti· 
tute for System Studies in Moscow, was 
paired with ninth ranked DUCHESS From 
Duke University in Du rha m NC. It was 
expected that KA ISSA would have an easy 
win. 

Both KAISSA and DUCHESS uti lize 
an "opening book" computer chess strategy. 
KAI SSA's book contains 10,000 possible 
opening positions, whe reas DUCHESS' book 
contains only 3 ,000. The use of an opening 
book al lows the programs to play rapidly 
for the first few moves of each game while 
maintaining a I ine of pl ay previously deter
mined to be the best by human che~s mas
ters. Only two of the programs entered in 
the tournament played without opening 
books. 

After 25 moves, the DUCHESS program, 
pl ayi ng white, was judged by Dav id Levy 
to have only a marginal positional advantage 
over black. To this point, KAISSA had 
used only 14 minutes of its avai Iab le time 
while DUCHESS had used 59 minutes. 

Under the rules of the tournament , each 
side must complete 40 moves in the first 
two hours, and at least ten moves in each 
succeeding half hour. Several programs, 
including KAISSA, made use of thei r op· 
ponents' time by preparing rep lies to the 
most probable move expected. Very often, 
the expected move would be played, and 
the program could respond instantly. 

On move 26, KAISSA unexpected ly 
moved its queen from 04 to B4. Although 
this move appeared to be of little signifi
cance, four moves later it became apparent 
that black was in troub le. KAISSA's bl ack 
queen was dangerously restr icted and 
DUCHESS was threatening checkmate. A 
roo k sacrifice was necessary to preven t the 
immediate loss, but a win for black was 
almost impossib le from th at point onward. 
After move 48, DUCHESS was dec lared the 
winner, and the previous world champ ion 
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TE~!!T:AMAR.,-
TARZANA, CALIFORNIA 91356 

IN THE L.A. AREA (213) 344-0153 

IMSAI COMPUTER $875 
A SSEMBLE DMODEL 8080 MICROPROCESSOR SYSTEM 

AND TEST ED 

INCLUDES CPU, MAINFRAME WITH 22 CARD SLOTS, FRONT PANEL, 
AND POWER SUPPLY . COMES ASSEMBLED AND READY TO PLUG IN AND ENJOY! 

BK RAM BOARD $225 
250 nS LOW NOT A ASSEMBLED 

ACCESS I IPOWER l<IT AND.TESTED 

• S100 BUS : PLUGS RIGHT INTO ALTAIR / IMSAI, OR ANY COMPUTER USING THE "ALTAIR" BUS 

• CONVENIENT DIP SWITCH SELECTIO N OF ADDRESS ASSIGNMENT A ND WAIT CYCLES

• MEMORY PROTECTION DIP SWITCH SELECTABLE IN INCREMENTS OF 256, 512 1 K, 2K, 4K, or 8K BYTES 

• FULLY BUFFERED ADDRESS LINES ALLOW USE IN LARGE COMPUTER SYSTEMS 

1&K 2708 EPROM BOARD $99 
INC LUDES ALL SUPPORT CIR CUI TRY AND SOCKETS READY TO PLUG-IN 16 2708 IC'S 2708'S NOT INCLUDED 

• ALLOWS CONVENIENT STORAGE AND ALTERATION OF YOUR OWN CUSTOMIZED COMPUTER PROGRAMS 
• S100 BUS: PLUGS RIGHT INTO ALTAIR / IMSAI, OR ANY COMPUTER USING THE " ALTAIR " BUS 

• DIP SW ITC H SELECTION OF MEMORY ADDRESS ASSIGNMENT 

• DIP SWITCH SELECTION OF MEMORY WAIT CYCLES 
• ASSEMBLED AND TESTED , NOT A KIT 

BK 2708 EPROM PROGRAMMER BOARD $145 
COMPLETE SYSTEM FOR " BURN ING IN" PROGRAMS INTO THE 2708 'S 

ELECTRICA LLY ALTERABLE 2708 MEMORY NOT INCLUDED 

• S100 BUS ALTAIR / IMSAI COMPATIBLE 
• COMPLETE 2708 PROGRAMMING SYSTEM 
• DOUBLES AS 8K NON VOLATILE PROG RAM STORAGE 
• ASSEMBLED AND TESTED, NOT A KI T 

2708 EPROMS $1850 I 21L02 250 nS $175 

TOP QUALITY PARTS - NOT SECONDS 


74 SERIES IC's COMPLETE LISTINGS
74LS SERIES IC's 

IN OUR CATALOGLINEARS 

SOROC IQ-120 TERMINAL $995 
• RS -232 COMPATIBLE 24 LINES X 80 CHARACTERS INCLUDING BLOCK MODE OPTION 

-

8080 A s14 I POWER SUPPLY 12 VOLT $995 
- --

$1400PER SCI DUAL DRIVE 
• 8-INCH FLOPPY WITH IMS CABINET AND POWER SUPPLY 

Many other parts available-Just call or write for free catalog 

NEW PRODUCTS COM IN G - WATCH FOR OUR ADS - INFORMATION AVAILABLE 

WE WELCOME INQUIRIES 
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Figure 7: An interesting 
foible of the "opening 
book" strategy is revealed 
when a nonstandard open
ing occurs. In the game of 
DARK HORSE versus 
CHAOS, CHAOS was un
able to recognize the trans
posed standard opening 
token by DARK HORSE, 
and as a result it was 
thrown immediately into 
its middle game mode of 
operation. Here is the situ· 
ation in DARK HORSE 
versus CHAOS after move 
3, P-K4. 

had been upset in the first rou nd by a pre· 
viously un known program. 

It was learned the fol lowing day that th e 
disastrous move had been the r·esu lt of a 
bug in the program in troduced wh en the 
programmers made last minute changes 
the evening before the tournamenl. Th e 
complete score of this game is printed in 
game 1, along with commentary. 

The tournamen t favorite, CHESS 4.6, 
met Don Beal's BCP in the first round of 
play. Due to a system fail ure , the CDC 
Cyber 176 used by CHESS 4.6 was not 
avai lable at the scheduled start of play. 
Tournament rul es allow each team up to 
30 mi nutes or down time during which the 
chess clock may be stop ped . When this 
period has ex pired , the clock must run and 
the time used is deducted from th e two 
ho urs ava il ab le for the first 40 moves. 

CHESS 4.6 had almost an hour on th ei r· 
clock when se rvice was restored . However, 
th ey was ted no time in defeating the English 
program in a rapid 27 move game which was 
the first game lo end in the fir'st round , 
despite the delays. 

At th e end of round one, CHESS 4.6, 
DUCHESS, CHAOS, MASTER, DARK 
HORSE , and OSTRICH had one point, 
BELLE, BLACK KNIGHT, ELSA, and 
BLITZ V had one half point, and the others 
had no point . For the second round , th e 
progr·ams all played agai nst opponents with 
the same num ber of points from the fi r·st 
rou nd. 

KAISSA showed the strength it had no t 
disp layed in the firs t round, defea1ing TELL, 

Results of the Second World Computer Chess Championships 

n Program Round 1 Round 2 Round 3 Round 4 Tota l Rank 

1. CHESS 4.6 1 (W.13) 1 18,6) 1 !W.3) 1 (B,5) 4 1 

2 . 
3. 

KA ISSA 
DUCHESS 

O 18,3) 
1 (W.2) 

1 IW,16) 
1 (8, 11) 

1 (8.4) 
0 (8. 1) 

1 (8.7) 
1 IB.6) 

3 
3 

2 
2 

4 . 
5. 

CHAOS 
BEL L E 

1 (W,15) 
Y, (W,71 

y, (8, 10) 
1 (B ,12) 

0 (W,2) 
1 (W. 10) 

1 (B,12) 
O(W,1) 

2 Y, 
2 Y, 

4 
4 

6. 
7. 
8. 
9. 

10 . 

MAST ER 
BLACK KN IGHT 
WITA 
ELSA 
DARK HORSE 

1 (W,14) 
y, (B.51 
018,11) 
Yi (W, 121 
1 18,16) 

O(W. 1) 
y, (W,9) 
1 (8,13) 
y, (B, 71 
y, (W.4) 

1 (B,9) 
1 (B, 11) 
Y2 IW, 15) 
0 (W,6) 
0 (B.5) 

0 (W,3) 
0 (W.2) 
y, (W, 10) 
1 (B,15) 
y, (B,8) 

2 
2 
2 
2 
2 

6 
6 
6 
6 
6 

11. 
12. 
13. 
14. 

OSTR ICH 
BLITZ V 
8CP 
CHUTE1.2 

1 (W,8) 
y, (8,9) 
0 !B, 1l 
0 (W,61 

0 (W,31 
0 (W,51 
0 (W,8) 
y, (B,15) 

0 (W,71 
1 (8, 14) 
1 (8, 16) 
0 (W,12) 

y, !B,13) 
0 (W,4) 
y, IW,11) 
1 IB. 16) 

1 Yi 
11':· 
11:, 

1 % 

11 
11 
11 
11 

15. 
16. 

BS'66 '76 
TE LL 

0 18.41 
0 (W,101 

Yi (W,14) 
0 (8,2) 

y, (8,8) 
0 (W,131 

0 (W,91 
0 (W, 141 

1 
0 

15 
16 

Table 7: The Second World Computer Chess Champion hips ' results at a glance. In this table, 
each proqram 's results in the four rounds of the tournament are sL11nmw·i/ed. / \ 1wint (I) is 
awarded for each 1vin, a half point (I /2) for each druw, and /ero for each loss. In the nu/flt ion 
of each round, the score color and opponent are given in 1he no/al ion ' (c. n) 1...;here s is !he 
score (or the round (1, 7/2 or 0), c is the color which !he proqram played (1.3 or W for black or 
white) and n is the number of the oppone111 in !hi.' /isl ofprograms. 
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4800 BAUD CASSETTE RECORDER 
An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop. Error 

rate 108 at 4800 BAUD. Can be used from 110 to 4800 BAUD into a UART or "Bit 
Banger PIA " - no clocking required. This is not an audio recorder. It takes RS232 or 
TTL signals from the terminal or computer and gives back the same signals. No audio 
interface is used . Motor start/stop is manual or through TTL or RS232 signals. 

Tape speed is 3.2''/second nominal; 1.6"/sec. optional. 110 volt, 60 Hz, 5 watts. 
(220 Volts on special order). Can use high quality audio cassettes (Philips Type) or 
certified data cassettes. Can be used in remote locations from a 12 Volt battery. 

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PRO
GRAM RELOADING and DATA STORAGE. Especially recommended for 6800 
systems, 6502 systems, 1800 systems and beginners with the 8080 systems. Manual 
control except for motor start/stop. 6800 or 8080 software for file or record searching 
available on request with order. Used by major computer manufacturers, Bell Tele
phone and U.S. Government for program reloading and field servicing. 

AVAILABILITY - Off the shelf. 

PROVIDES MONITOR AND TAPE SOFTWARE in EPROM. EXPANDS 6800 CONTROLLER for SWTP 
MIKBUG with 1 K of ADDITIONAL ROM PROGRAM. 

MODEL CC-8 $175.00 


This is a comp le te tape controller for the SWTP 6800 system . Has 3 K of EPROM 
space for your own programs. A l K ROM (2708) is provided with all tape and moni
tor functions. The ROM program is identical to our extensive 8080 ROM program. 

Has one ACIA for one or two tape drives, one USART for an additional Serial port 
and a 4 bi t parallel port for motor control. Will control one or two CC ·B or 3M3A 
drives with the software provided. Can be used with other tape drives controllable with 
4 TTL bits if appropriate software changes are made. 

Extra serial port is provided for your use with a second terminal or prin te r. (RS232 , 
TTL or 20 ma) 

The ROM program supplements the MIKBUG program and is entered automatically 
on reset. 

AVAILABILITY - Off the Shelf. $190.00, Tested & Assmb. ($160.00, Kit) 

PROVIDES MONITOR AND TAPE SOFTWARE in ROM TERMINAL and 
TAPE PORTS on SAME BOARD CONTROLS ONE or TWO TAPE UNITS 
(CC-8 or 3M3A) 

This is a complete 8080, 8085, or ZBO system controller. It provides the terminal 
1/0 (RS232, 20 mA, or TTL) and the data cartridge 1/0, plus the motor controlling 
parallel I/O latches. Two kilobytes of on board ROM provide turn on and go control 
of your Altai r or lmsai. NO MORE BOOTSTRAPPING. Loads and Dumps memory 
in hex on the terminal , formats tape cartridge files , has word processing and paper 
tape routines. Best of all, it has the search routines to locate files and records by 
means of six, five, and four letter strings. Just type in the file name and the recorder 
and software do the rest. Can be used in the BiSync (IBM), BiPhase (Phase encoded) 
or NRZ modes with suitable recorders and interfaces. 

This is Revision 7 of this controller. This version features 2708 type EPROM's so 
that you can write your own software or relocate it as desired. One 2708 prepro· 
grammed is supplied with the board. A socket is available for the second ROM 
allowing up to a full 2K of monitor programs. 

Fits all SlOO bus computers using 8080 or Z80 MPU's. Requires 2 MHz clock 
from bus. Cannot be used with audio cassettes without an interface. Cassette or

2SIO (R) CONTROLLER cartridge inputs are RS232 level. 

$190.00 ($160.00 Kit) AVAILABILITY - Off the shelf. 

80 BOARD for SWTP COMPUTER : Now you can use the 8080/Z80 software programs in your SWTP 680] 
machine. Replaces your MPU board with a Z80 and ROM so that you are up and running with your present 
SWTP memory and MPC card . $200 assembled and tested. ($160 kit) 

AVAILABLE - November ' 77 . ~ 
0 VERSEAS: Export Version 220 volt 50 hz. Write factory or: Mega tron -Da rameg, 8011 Purzbrunn, Munchen, Germany; Nippon Automation 
5·16-7 Shiba, Minato-Ku, Tokyo, Japan; Hobbydata, FACK 20012, Malmo, Sweden; G. Ashbee, 172 lfield Road, London SW 10-9ag: Trin· 
cronies, Ltd. , 186 Queen Street W., Toronto, Ontario, Canada; EBASA, Enrique Barges 17, Barcelona 14, Spain; ARIES, 7, rue Saint Ph illipe du 
Roule, 75008 Paris; M icro/em 20131, Milano, leafy ; Eagle Electric, Capetown, S. Africa. 

For U .P.S. del ivery, add $3.00 Overseas an d air shipmen ts charges collec t. N.J . Residents add 5% Sales Tax . WRITE or CALL for further 
information . Phone Orders on Mas ter Ch arge and BankAmerica rd accep ted . 

~ati()nal Multiplex £:().-p()r-ati()n 
3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201) 561-3600 TWX 710-997-9530 
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from Switzer land, in a remarkab le 16 moves, 
th e shortest game of the tourn ament. TELL, 
written by Joh an n Joss, was European 
champ ion in 1975, and placed third in 1976_ 

In an interesting game, DARK HORSE, 
playing without the aid of an opening book, 
used a nonstandard opening against CHAOS , 
a program with an opening book of 7 ,500 
positions. Since none of th e book openings 
had prepared CHAOS for the very unusual 
N-QB3 move, it had to revert to its midd le 
game analy sis rather than responding in
stant ly with a tab le lookup resull. After 
three moves : 

1. N-Q83 P-K4 

2. N-83 N-Q83 
3. P-K4,, 

the posi ti on was transposed to a sta ndar-d 
Fo ur- Knight's game usually ob tained by: 

·1. P-K4 P-K4 
2. N-K83 N-QB3 
3. N-83. 

CHAOS, having d iscarded its opening tabl e, 
was now unable to recognize that this was 
a stand ard position , and wasted preci ous 
time analyzi ng the posi t ion to detem1i ne 
the correct response (see figure 1). 

At the end of the fi rs t two ro und s o r 

Tech nicl' I Comp;m rn ns Au• ho1 Inf ormati on 

Rank r ,ogram Compurnr La 11 tJuayc 
Program 

Size 
Wo r d 

Lenglh 
Oµ cn ing 

Book 

Av cr!lge Numbor 
o l Pos1 1iom 

E 111 armncd pur 
Mo'll e Aui h o rl sl A ffili ation Loc;:ition of Compu101 

CHESS 
4 .6 

CDC Cv · 
11c r 116 

ASSl'Hl ll l'Y 15 t< t 

cxwrnu l co re 
60 5,600 

1JOs 11 1nn'5o 
400,000 O.J1110 S1.1te 

L c1r ry /Hk.m 
Northw(~Stef'll UrWVf!J51 l y 

Eva nsrnn I L 
Auten Hi lls MN 

KA1SSA IBM 370 ' 
168 

Asscmhll' 250 K 32 10.000 
pos1c111 ru 

90.000 01 M V Oonskov 
OJ V /\rl;1z;:irov 

lnst11urn 101 Sys tem S1ud ies 
Moscow USSR 

C:rnada Svs te n is G1o up 
To ronto. On1a110 CANADA 

DUCHESS 1BM 3701 
j 65 

PU I and 
Assembly 

300 K 32 3,000 
posi1mm 

1.200 Tom T1u sco 11 
Brncc Wru1h 1 
Enc Jensen 

Duke Un 1vu1 sl ty 
Durhom NC 

Tri;1ngle Un ivcr:mics CC 
T1iangle Park NC 

BELLE PDP- I I 
wit h chess 
h ardware 

··c"' BK 16 10.000 
posi1ions 

30.000 Ken Th o rnm;o ri 
Jnc Co ndo n 

Be ll T clephonc Li'.Jbs 
Muuav Hill NJ 

Sel l Telcphont'!' L:ibs 
Murr.JV H ill NJ 

CHAOS AM DAHL 
4 70 V /6 

FOn TF1AN J me-11.ibvtn!> n 7,500 
pus11 11ins 

30,000 Mr kr. Alcx.md1?r 
1 McB ri de 
Fn:d S1NiHli' 
Odl To1kk:,1 
Vic: Bar m a n 
Joe Winoqrad 

Unive rs11y o t M1c t11qnn 
Ann A1Uu r M l 

/I. mdah l Co rpor<1110 r1 
Suruwvalc CA 

B L ACK 
KNIGHT 

UN IV AC 
1110 

FOR TRA N 30 K 36 70,000 
pos1! 1lJr 15 

7,$00 Ke ri Som1u 
F rerJ Prouse 
GiJ 1v Mal 11(~n 
l4 in ri y Let);1hn 
E ll1 c)t AtLuns 

Sperry Un iv;-u:; 
S t Paul MN 

Spcuv Un ivac Rosev ille 
S1 P.1 ul MN 

DARK 
HORSE 

CDC 6600 FORTRAN 2~ K GO NO BOOK 12.000 U lt R<l1 11'5oP tli11l Telt.Jlon All LM E 11 c s$00 

Stoi::'k hol ni SWEDEN 
Mu ltiple Access Compuwr G ro u1l 
Toronto, On t:iuo CA NADA 

6 E LSA Tf'le-
lu1lkf?ll 
lR440 

Assem t1l y 100 K 48 500 
pos11 1or1s 

Lui1.lw1'!] Z..iq l ~1 T t~c t 1 n i sdum Univc1 s11a1 
M u nchcn W EST GE AMAN Y 

Tc-chnisch t'll Univ1~1s 1 1at Munc'1fm 
Mu ni ch WES l GERMJ\ NY 

6 MASTER IBM 3101 
168 

r u 1 170 K 32 '1 50 
11r1ric1t1o r1-s. 

I00,000 J A !311m 1nr1 h. 11n 
P1~ t c r Kc-1u 

Ru•herlord Lo t1 .;rn(I AERE 
t-1 ;11 wcU. OxlorcJstii re UK 

AERE H.:11well UK 

6 WI TA AMDAHL 
4 70 V IG 

ALGOL W 350 K 32 9_000 
f10S111ons 

250 'To rly M.1rs l.irul Un1vers1 ry o t A Jben.1 
Ecfmonton . A lbe r rn CAN AOA 

Un 11,1ers11v o f A IUert:1 
Edmo nton . Albona CANADA 

11 BCP CDC 6400 FORTRAN 
anrl 
A%~mllly 

24 K 6 0 1,000 
pos.111or1s 

1,000 pr1 
ScCO rl t l 

[)4rn Bc ~1 I Ouc~~n M.1rv Co ll ef!C' 
LomJon ENG LANO 

McMm1c1 Ur1ive1 sity 
Ha mi fton, On1.Jr io CANADA 

1) B LI TZ V XEROX 
SIGMA 9 

FOR T RAN 24 K 32 5.000 
µt'ls.ll1o ns 

500 flubtHI l ly<lll Un1~ersnv ol Sou th r,rn Miss.1s.sipp 1 
H;'lt t iesburn MS 

Uo1..,e rsi 1y ol Sou th ern M 1ss1rn11"1J1 
Hacticsburg MS 

11 CHUTE 
1.2 

AMDAH L 
470 V /6 

BPL IE'" 
cc rH..lc t i 
XPLI 

250 K 32 4 5 
VlH IWll Or\S 

900 M i ke V,1lr.n t1 
Zvor~ko V1~1n as 1 c 

Un ive rsity of Tor-on to 
Toron to, Ontn ri o CANADA 

lncJustriiJ I Li fe Techn ical 
Services ( ISTf 
Mon1re.1I , Ouchec CANAD A 

11 OSTR ICH D.1ta 
Gl! nt! 1al 
SunC'rne>va 

A-ssem[.)ly 20 K 16 NO BOOK 10.000 Mo ri r·oc Nt!ll'Jl 1u rn 
G~o..-ge A1 nokl 

f\lkGil l Umv(.'rS ity 
Montrc;i1. O uebc-c CANADA 

A• 1o urnar11e1H s11e. 

15 BS"66 ' 76 IBM 3701 
168 

FORTRAN 200 K 32 1,000 
po~i l i0n5 

150 0LJr{' nd SwcH5 Pt1varn (' r'ltry 
Til11org NE THERLANDS 

o,1rn-c: rown Limned 
Tomme. O r1i<uia CANADA 

16 TELL DE C K l 10 ALGOL 60 15 K JG Juh •.um J uss E 1 rl genos~isch e fec hn 1sche 
Hoc hschu le 
Zur; ch SW I TZER LAND 

Darn I in e Sy Si ems 
Toro nrn . OIHiJOO CANADA 

Table 2: Technical characteristics of contestants. This table lists the major characteristics and source of each program entered 
into the Second World Computer Chess Championships. A total of 33 people were actively involved in 1he design and pro
gramming of the 16 programs entered in the contest,· while no personally owned microcomputers were entered in the 79 77 
championships, we expec I some future editions of the contest to include contestants from the world of personal compulers. 
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·-------------------------------------------------
A BIT OF Everything 


__The Best of Creative Comput ing 
V olume I 
__The Best of Creative Computing 
Volume II . Cu lled from pages of Crea t ive 
Comput ing Magaz ine. these two volumes 
provide fict ion, fun, foolishn ess, and ple nt y 
of nuts and bol ts commentary and pro
gramming information for anyone curiou s 
or ser ious about the wonderful world of 
persona l compu ting. $8 .95 per volume. 

__ Structu red Programming in AP L by 
Denn is P Gelle r and Daniel P Freedman 
" . . ..Our approach is to present th e funda· 
mentals of structured programming in AP L . 
Students may go o n from here to learn to 
write faster programs or more compact 
programs. or more aes thetic programs; th is 
we hope is where they learn to write 
working programs." F rom th e Preface. 
$8.95. 

APL-An Interact ive Approach Second 
Ediuon . Revised, by Gi lman and Rose. 
Here's an exce ll en t way to int roduce you r· 
sel f to the APL language. A PL is rap idly 
becom ing o ne of the m ost popu lar high leve l 
languages in the compu ter fie ld because of 
its clarity and co nciseness. Gil m an and Rose 
have extens ively updated the ir popu lar book 
to inc lude the la test in format ion about the 
language and th e various forms of it w hich 
are now in use. Since the examples are all 
carefully spelled OLJl, APL - An Interac t ive 
App roach is particul ar ly recommended fo r 
those who do no t have access to an APL 
term ina l. Answe rs to all p ro blem s are 
included. $ 1 1.95. 

Structured_ 
Programming 
in APL 

-

... 

. 

..........._.

__How to Program Microcomputers by 
Wil l iam Barden . Jr. Here is a guicle to 
assembl y language programming of the 
Intel 8080. Motorola MC6800, and MOS 
Techn o logy MCS6502 microprocessors . It 
is wri tten especia l ly for beg in ning pro 
grammers w i th hobby is t m icrocomputers 
based o n one of these th ree chips . The 
top ics covered range from data m anipu· 
lat ions at t he b it level up to han dling of 
tab les and lists and from simple adds and 
subtracts up to floating point operat i ons. 
$8.95. 

Bar Code Loader by Ken Budnick is 
the key that unlocks the door to Paper
byteTM Software Boo ks. Included in th is 
publ ication is a brief history of bar codes. 
a look at the PaperbyteTM Bar Cocle format 
includi ng flowcharts, and a general bar code 
loader algor i thm . Well documented pro · 
gram s with complete impl ementat ion and 
checkout procedures are included for 6800, 
6502 and 8080/ Z-80 based systems . Indi· 
vidual s with computers based on these 
processors can use the software d i rec t ly. 
Individuals wi th other processors can use 
the provided funct ional specif icat ions and 
detail exa m p les to create equivalent pro· 
gram s. $2.00 . 
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Game 2 : The shorlesl 
game of /he tournament 
was KA !SSA 's defeat of 
TELL in /he second round. 

White : KAISSA Black: TELL 

1. P-K4 P-K4 
2. N-KB3 N-QB3 
3. B-N5 N-B3 

The Berlin defense. As Fred Reinfe ld pointed 
out, "The drawback of th is once popular defense 
is that it leads to a weak pawn position fo r Black." 

4. 0-0 NxP 
5. P-04 NxP 
6 . NxN PxN 
7. OxP N-B4 
8. R-K1ch N-K3 
9 . N-QB3 P-OB4 

10. O-K5 P-KR47 
11. N-05 B·K2 
12. B-N 5? 

Position after 12. B-N5. 

12. O-R4 
13 . BxB P-QN3? 
14. OxNP R-R3 
15. 0 -N8ch N-B1 
16. OxN mate 

play, onl y two programs, CHESS 4.6 and 
DUCHESS, had two wi ns to the ir cred it. 
These two progra ms played each oth er in 
the third round. Afte r a hard fought 50 
move game, CHESS 4.6 extended its winn ing 
streak to th ree games. 

Throughout the tou rnament, the moves 
o f th e OSTRICH prng ram were punctuated 
by the fam il iM clatter of Momoe Newbo rn 's 
ASR 33 Teletype, audible to th e entire 
audience. On the sixteenth move of his 
game agai nst BLACK KNIG HT, th e Tele
type began to clatt er madly . It was obv iou s
ly in an open loop. The cover was removed, 
and an u1·gent cal I was made for any AS R 33 
ex perts in the audience. Unable to continue 
play, OSTRICH wa~ fo rced Lu resign from 
the game. Later it was lea rned th at, al th ough 
the Tele type was making the noise, th e fa ult 
lay wi th the ser ial 10 in terface of the mini
computer , and not with the ter minal. 

Prn bl ems were not co nfi ned to th e on 

site m1n1computer. In the fin al round of 
pl ay, CHESS 4.6 was matched with BELLE, 
running on a PDP-11 located at the Bel l 
Telephone Laboratories in Mul'l'ay Hill NJ. 
The ga me was inte rrupted for seve1·a1 
minutes because BELL E was experienci ng 
commun ications difficulti es. 

An in teresting aspect of the BELLE 
system was the use, fo r the first time, 
of a mi cro programmed hardware move 
generato r added to the PDP- '11 . This featu1·e 
all owed a much fast.e r generation of posi
tions for analysis and is tho ught by many 
to be the route to better chess playing co m
puters. In this case, it was not eno ugh. After 
52 moves, CHESS 4.6 mated BELLE to win 
the game, and the tournament. 

The fi nal results, shown in table 2, show 
that CHESS 4.6 was the undisp uted cham
pion wi th four wins, KA ISS A and DUCH
ESS tied fo r seco nd with three wins each, 
and CHAOS and BELLE tied fo r third with 
two wins and a draw each . 

Prizes of ano lhe1· sorl went to the fo l-
lowing program mers and their prog rams: 

1. One program mer insel'Led (j ust 
for fun ) a message in to hi s pro
gram to print " POSSIBLE MAT E IN x 
MOVES " each time a mate threat 
was di scovered in the analysis . When 
the position became dangerous dur·ing 
round 1, the nu mbcr of possible 
mate threats became eno rmo us. The 
programmer was un able to interrupt 
lhe program as it listed page after 
page of poss ible mate combina tions 
in 2, 3, 4, ... 16 moves . As a result , 
the o ppo nent's move could not be 
entered and the game was los t cl ue to 
a time fo 1·fc it. None of the mate 
threats we1·e irrefutab le. By rou nd 
2, the message had been removed . 
2. A bug in ano th er program was no t 
a new one. It had been in th e program 
fo r nearly ten years. Unabl e to locate 
th e exact cause of a fatal run time 
error which occurred sporadica ll y dur
ing the prngram execu tion, the pro
grammer devised a subtle so lu t ion to 
preve nt th e program from abe nd ing 
dur in g a game by trapp ing the error 
code before the operating system 
could react to it and init iat ing an error 
recovery routine which wou ld restart 
the program and skip the crTo r· prone 
analys is. A message was d i1·ected to 
the line printer to in fo rm th e rJl' O· 

grammer th at the recovery routine 
had been ca ll ed . This procedu re had 
allowed th e program to compe te 
successfully in several to urn aments 
without a ingle fatal aben d. Dur·i ng 

116 BYH '"""'l' 1978 



--

I ·--------------------------------------------------· 

__ Introduction To Microcomputers, 
Volume 0, is written fo r the abso lute be
gin ner, the person who "knows nothing" 
and needs the elementa ry understanding 
necessary to ask questions and decide where 
he wants to go . "The Beginner's Book" tell s 
you what microcomputer system s are all 
about : the component parts, options avai l 
able. and what they can do for you. Volume 
0 also gives an introduct ion to microcom
puter logic. $7 .50 . 

I 

__Getting Involved With Your Own Com 
puter by Les l ie Solomon and Sr an ley Ve i t 
answers the qu es tions: "What can small 
compu ters do? Which is bes t lo my p ur· 
poses?" Whether your in te res t is busi ness 
applications. wo rd p rocessing, educat ion. 
secu ri ty , etc., th is luc id text wi l l b r ing you 
111 touch w i th an exciti ng new world des
t ined to affect us al l . S5 .95. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Get Do~n 


to 

Business 


PA t'ROLl wrrll COS1' ACCOU1\'fh\'(; 

_ IN BASIC 

o.. 
LON fooL E 

M.<RI' HORCl/£115 

_ _ Payroll With Cost Accounting in 
BASIC is now avai lable. The book incl udes 
program I is t ings with remarks, clescript1ons, 
discussion of th e po inc iples of eac h progrnm. 
file layouts, and a complete user's manual 
with step-by-step ins truc t ions. f low charts 
ancl sa mple reports w 1 th CRT d ispl ays. All 
35 prog1ams are writte n i n the wide ly usecl 
compu tcr language BAS IC. anrl w ork 
together to produce a payroll. righ 1 clown to 
the pnnt ing of paychecks ancl m mn ta 1n 1ng 
of employee recorcls. $12.50. 

__Microprocessors: From Chips to Sys· I 
tern s by Rodnay Zaks is a complete and I 
detai led introduction to microprocessors I 
and microcomputer systems. Some of the I 
top ics presented are: a comparative eval u 

Iation o f al l major m icrop rocessors. a jou r 
Iney inside a m icroprocessor ch ip , how to 


assemble a system, appl icatio ns. interfac ing 

(i nc luding the new S-100 bus) and program

m ing and system development. $9.95. 


I 	 I 

__ Microprocessor Interfacing T echniques 
by Aus t in Lesea and Roclnay Zaks describes 
the comp lete assembly o f a m icroprocessor 
system : asse m b ling a processor: 10 tec h 
niq ues; interfaci ng to a keyboard. LED 
display . Teletype, pr inter , f loppy disk, video 
disp lay, casse tte-tape ; incluscrial interfacing: 
analog to dig ital (an d v ice versa) techniques ; 
commun ica t ions; and standards, including 
Alta ir (S-100) . IEEE488, CAMAC. A 
comple te case study is prese n tecl for a 
mu l ti -channe l commun ica tion system ancl a 
chap ter is dedicated to troubl eshoot111 g 
techn iques. Actual intercon nec t s are pre
sented for a number of microprocessors 
including the 8080 and the 6800 . $9 .95 . 

MICROPROCESSOR 

INTERFACING 
TECHNIQUES 
............ 
..... :... 
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Game 3: The final game 
of !he tournoment was 
BELLE versus CHESS 4.6, 
listed here. 

White : BELLE 

1. P-K4 
2. N-KB3 
3. P-04 
4. N-B3 
5. P-K 5 
6 . P-OR3 
7. PxB 
8. B-N5ch 
9. B-03 

10. N-N5 
11. N-83 
12. PxP 
13. B-K3? 
14. 8xORP 
15. 0-0 
16 . RxR 
17 . 8 -0B5 
18. B-06 
19. O-R1 
20. OxO 
21 . R-R1 
22. P-B3 
23. R·R4 
24 . PxN 
25. R-KN4 
26. 8-82 
27 . R-OR4 
28. R-R1 
29 . PxP 
30. 8-N1 
31. K- R1? 
32 . N-04 
33. N-K2? 
34. N-N1 
35. R-R5 
36. P-83? 
37 . P-R4 ? 
38. PxP 
39. K-R2 
40. R-R47 
41. K-N3 
42. K-R3? 
43 . R-R8 
44. K-N4 
45. K -R3 
46. K-R2 
47 . R-OBch ? 
48. R-KN87 
49. R-N7? 
50. R-KR7 
51. R-R 3? 

Black : CHESS 4 .6 

N-083 
P-K3 
P-04 
8-N5 
N/1- K2 
8xNch 
N-R4 
8-02 
R-081 
P-KR3 
P-084 
RxP 
RxP 
N-85 
Rx RP 
NxR 
O-R4 
N-85 
N-B3 
Nl3x0 
8 -81 
N-B3 
Nx8 
K-02 
P-K N4 
KxP 
P-N4 
P-ON5 
NxP 
8-02 
P-84 
R-08 1 
8-N4 
R-88 
R x8 
8-B8 
R-N7 
8xPch 
PxP 
8xPch 
8-R4 
P-85 
8-N3 
R- N7ch 
RxN 
R-N5 
K-K4 
8-K5 
8 -86 
N-06 

rnund ·1, the er-ror recover·y routi ne 
was called three times. In rnund 2, 
iL was cal led Len Limes; in the third 
rn und , 20 times. But in round 4, 
the positi on of the game somehow 
triggered a tight loop around the 
patched code. The run time error was 
trigge red 800,000 times. The error 
recovery routine was ca lled 800,000 
li mes, and 800,000 lines of printed 
output awaited the program mer at the 
data center the next day. The program 
did not abend, but it also did not win. 
It probably spent most of its time in 
the error recovery routines. 

The standard of play ev id enced by the 
programs competing in th is tournament 
shows considerable improvement ove r· that 
demo nstrated th ree years ago in Stockholm 
al Lhe First World Computer Chess Ch am
pionships. Still, no program available at this 
time is capable of defeating a master ranked 
player in regu lar pl ay. Room for improve
ment still lies in the need for the in cor
poration of long range plans in to the com
puter chess algorithms. This is an aspect o f 
chess play which is vital to good human 
strategy and yet comp letely lacking from all 
conventional computer chess programs. 

Also needed are some fundamental 
improvements in the end game play of the 
programs. Most of the current algor ithms 
suffer the consequences of the "horizon 
effect," a term coined to describe the 
blun ders made when a program fai ls to see 
threats or opportunities one or more leve ls 
be low the maximum num ber of plies it 
has searched. Th is is a particular problem 
in end game strategy, where short term 
heuristics are not necessari ly re levant to the 
winning combination. 

Current advances in artificial intell igence, 
pattern recognit ion and multiprocessors arc 
likely to enable sign ificant improvements in 
the chess abili ty of future computer sys
tems over the next few years. It is now quite 
conceivable that master level play will be 
achieved within th is decade, and yet it is 
still entirely possible (if not probab l:!) that 
grand master play wi ll not be achieved in 
th is century.• 
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We Speak Your Language... 

Practical Microcomputer Programming: 

T he Intel 8080 by W J Weller. A V Shatzel, 
and H Y Nice . Here is a comprehensive 
source of programming information for the 
present or prospective user of the 8080 
microcomputer, including moving data, 
binary arithmetic operations, mul tip l icati on 
and division, use of the stack pointer, sub
routines, arrays and tables, conversions. 
decimal ar i thmet ic , var ious 10 options. real 
time cl ocks and interrupt driven processes, 
and debugging techniques. 

Th is 306 page hardcover book is well 
worth its $21.95 pr ice and should be in 
every 8080 or Z-80 user's Iibrary. 

A 
COLLECTION 
OF 
PROGRAMMING 
PROBLEMS 
ANO 
TECHNIQUES 

::·~;-~?;~~]~~~- '"J 

. ... 
_;~~~~;~;·- ·~:; 

__ A Collection of Programming Problems 
and Tech niques by H A Maurer and M R 
Wi ll iams. Here is a book that presents you 
with problems-nearly 400 of them : pro
blems and games like chess, bridge, NIM; 
practical problems such as applications of 
the law of science, Kramer's rule for solving 
simu ltaneous equations, and applications 
of Latin squares to problems of probabi l ity; 
and more advanced compu ter science topics 
such as the use of Backus Naur form. One 
quarter of the book is devoted to an appen
dix that gives stymied readers hints on how 
to proceed with solutions of the problems. 
The most valuable feature of the book is its 
careful and thorough explanation of the 
use of algorithms to solve problems. No 
dyed-in-the-wool programmer or experi 
menter will be able to read this book for 
very long before tr y ing to solve the tanta 
l izi ng and well presented problems. $13 .50. 

$9.00 

THE FIRST 

BOOK 
OF 

KIM 

ORB 

_ _ Top Down Structured Programming 
T echniques by Danie l McCracken who has 
called structured programm ing "a major 
intellectual invention ." What is structured 
programming? Clement McGowan and 
John Kelly answe r this quest ion in their 
li vely, well written book, Top Down St ruc 
t ured Program m ing T echniques. Discover 
the three basic types of flowcharts and 
how to optimize them . One sect ion deals 
with the best ways to manage programs 
be ing wr i tten by a team of programmers. 
An important fea t ure of t his book is i ts 
universal i ty: prac t ically any program in any 
language can be improved by using the ideas 
descr ibed in it. $15.95. 

__ The F irst Book of KI M. Attention K IM 
users! Here is the book you've been wait ing 
for. In it you ' l l find a beginner's guide to 
the MOS Technology K IM-1 m icrocomputer 
as well as an assortment of games including 
Card Dealer, Chess Clock, Horse Race , 
Lunar Lander and Music Box. Also featured 
are diagnostic and ut ility programs for 
testing both the computer and external 
equipment (such as cassette recorders), and 
chapters on expanding memory and con 
trol l ing analog devices. This 176 page 
volume should prove an esse n tial add it ion 
to any K IM user's l ibrary. $9.00. 

_ 6800 Programm ing fo r Logic Design 

_ 8080 Pr ogramming for L ogic Design by 
Adam Osborne. These books are sequels t o 
Adam Osborne's previous books, An I ntro
duc tion t o Microcomputers, vo lumes 1 and 
2. They explain how an assembly language 
in a microcomputer system can replace 
combinatorial logic such as TTL l ogic and 
the li ke. I f you're a logic designer, you' ll 
discover how to do your job in a new way. 
If you're a programmer, you'll f i nd many 
new and valuab le techniques includ ing the 
use of macros. high level la nguages, Per i· 
pheral i n ter face adapters (PIAs), and so on. 
A lso included are complete chapters on 
assembler language, direct digital log ic 
simulation. and large sections devoted to 
the implementat i on of all these ideas 
using the Motorola 6800 processor and 
the 8080 processor. $7 .50 each. 
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LEARNri1) 

PROGRlUI 

'I It'H.4,t'0,1Pl r'l'EH.S 
And at an affordable price . The 
Modu-Learn ™ home study course 
from Log ical Services 
Now you can learn mic rncompuler 
programming in ten comprel1ensible 
lessons. Al home. In your own time. At 
your own pace . 
You learn to so lve complex problems 
by breaking them down into easily 
programmed modu les. Prepared by 
professiona l design eng in eers. 111e 
Madu-Learn™ course presenls sys
tematic soflwa re design lec hn iques . 
structu red program des ign , and prac
11cal examp les from rea l 8080A 
micro-computer app li ca ti ons. All in a 
modu lar sequence of 10 lessons 
more lhan 500 pages. bound into one 
pracl rca l notebook for easy reference. 
You gel d iverse examples . problems. 
and soluti ons . With thorough back
g round material on micro-compuler 
architecture . hardware/software trade
ofls . and useful reference tabl es. All 
for on ly $49.95 . 
For $49.95 you lea rn design tech
niques that make software work for 
you . Moclu-Learn™ sta rt s with the 
basics . Our problem-so lution ap 
proach enab les you to "g raduate" as 
a programmer. 

Circ le the reader service number be
low to rece ive our free descriptive 
brochure and course outline 
Use your Master Charge or VISA 
card to orcie r today. Call Pat at (41 5) 
965-8365 . 

Ci rcle 58 on inquiry ca rd. 

711 Stierli n Road 
Mountain Vi ew. CA 94043 
(4 15) 965-8365 

LOGICAL 

SERVICES INCORPORATED 

EYTE'sEits 

NCC Perso na l Computing Festival 

A Persondl Compuli r1~ Fest ival w i ll 
sh:i rc th e publ ic spo l li~hl i n co nju nc lion 
wi1h the 19 78 N;ition,tl Computer Co n 
lercncc to be he ld J unc 5-8 i n A naheim 
Ci\. A call for p.1pcrs has bee n issued for 
Lhc Festival pro~r;im 10 be held ) unc 6-8 
al th e Disney land Hotel ,1c.Jiacenl 10 the 
Anaheim Co nvc n1ion Ce nter. Included 
as part of the 3 clay pro!;ram will be pre 
sen tati ons ol invi ted papers, con1ribu1cd 
pdpers, and 1u1oria ls, as we ll as panel 
discussions relcv,int Lo persona l com
puting. L l:llers of inlenl to p.irti cipatc 
as either an author, pdnel ist or session 
ch.1 irpc rson must be submitted by 
Fcb ruJr y I 1978. Authors who have 
rece ived nolificalion uf acceptance must 
submit f inal p<1pers by March 15 1978 
in a specified came ra ready format. 

Chairperson of the Fest ival program 
is l im C Warren Jr . editor , Dr Dohb 's 
j ournal of Culisrhenics and Orlhodontiu, 
Wood side CA. Accord ing 10 Warren, 
app roxima tely 30 scs ions arc pl anned 
with cmphJsis on !he fo ll owing areas, 
alt hough pJpers and sess ion proposa ls 
on 0 1l1 er topics arc enco uraged: 

• 	 Tu toria ls lor computer novices. 
• 	 Spccd1 sy nlhcsi s and speech 

recognition. 
• 	 Computer driven and com puter 

assisted music sys tems. 
• 	 Computer graphics and video art. 
• 	 Personal compute rs for the phy

sica ll y disabled. 
• 	 Personal co mputers for education. 
• 	 Business sys tems using "home" 

computers. 
• 	 Hardware ;ind oftware design and 

imp lcmentalion. 
• 	 St Jnclards for hardware, interfaces 

and so ftware. 

Papers presented during the Fes ti va l pro
gram w ill be pub li shed in a so ftbound 
boo k, Festival Digest 78, which wi ll be 
avai lable during the NCC. 

Potent ial authors should immediate ly 
se nd a "lellcr o f intent " includ ing an 
abstrac t of the ir proposed 1alk !O: Ji m C 
W.irrcn Jr, S1,11· Rou l e POB 11 1, 
Redwood City CA 94062; (415) 
85 1-7664 . Festiva l au th or k i ts, whi ch 
wi ll be llhli lcd 10 authors, co ntain in 
struc tions and the necessary materials 
lor prepJri ng !he camera ready copy . 

Sess ion ch.1 irperso ns must su bmit 
two cop ies of J 250 word abs 1rac1 de
scribing the scope of the proposed ses
sio ns <1 nd lcnlative t it le of presentati ons 
by February I 1978. In the case of panel 

sc sio ns, th e prospe ctive organiLcr 
shou ld !isl proposed pa nc li s1s, their tit les 
dnd affi li ations, and d brief biography 
of e.1ch speJl..er. Prospective session 
chairm en w ill be norified as ro 1hc 
d isposition ol suggested sess ions by 
February 10 1978. 

In addi t ion lO the t"estiv.i l program, 
the re will be an exhi bit of pcrson,11 
comput ing p.-oduc 1s and serv ices ;in d ,in 

ex hibition of individua lly designed l10rnc 
and hobby computers .incl app li ca tions. 

lnform;ition on NCC 78 may be ob
tained from AF IPS, 210 Summit Av, 
Mon1vale N J 07645 o r by ca ll ing (201) 
39 1-9810. • 

Whcr1 l s ASCII Not ASCII? 

One reader recentl y wrntc in com 
plaining that a product advert ised as an 
ASC II keyboard was in his opinion not 
an ASC II keyboard at all. ASCI I is the 
American S1andMd Code for Infor 
mation Interchange. a 7 bit definition of 
data and comma nd codes mai n t;i ined b\' 
ANS I , the American National Standard s 
Institute. The crux of this re<1cler's 
comment about !he product in question 
is that: 

• 	 First, !he keyboard in question 
only defined an ASCII subset. 

• 	 Seco nd, the contro l seque nces 
generated by th is keybo ard were 
no ! whal he wanted. 

To the lirsl point, one migh t com
ment that rare is the keyboard which ca n 
generate all 128 possible codes of an 
ASCI I sc i ; it is sometimes hard enougl1 
finding one which gives bo th upper and 
lower case. 13ut just because 1he fu ll 
ASC II sci is no! ge nera iccl docs 110 1 

me.in th at we don ' ! have an ASCII key
board . I f the keyboard ge nerat ed 
EBCD IC (E x tended Bin.iry Cocl" d 
Decimal Informa tion Code, I BM 's 
non A SCI I code) or other codes, then ii 
could vJ lidly be said nol 10 be an ASCII 
key board: !Jul th is reader's keyboard 
did indeed put out ASC II codes lor 
ASCI I gra phics. To Lhe second point, 
one might comme nt. 1ha1 the ASCII 
definition says nothing abuul how the 
codes arc generated in a parti cul ar piece 
of hardware. I n many insta nces, 1hc 
CTRL key docs indeed acl as a shift key 
of sor ts, but this is not the only possible 
way to ge nerate conlrol characte r values 
in hardware given human inp uts . • 

http:t"estiv.il
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Circle 64 011 i nqui ry ca rd. 

'MORE 6800 SOLUTIONS: 

FOR SWTPC 6800 

AS·1 ANALOG INTERFACE MODULE 
• 	 FAST, ACCURATE A/D, DIA 

CONVERSIONS 
• 	 EIGHT ANALOG INPUT CHANNELS 
• 	 ONE HIGH-SPEED ANALOG OUTPUT 
• 	 OCCUPIES ONE 1/0 SLOT 
• 	 $87.50 KIT $115.00 ASSM. 

SC-1 SERIAL INTERFACE CARD 
• 	 RS-232 SERIAL INTERFACE 
• 	 FULL CONTROL SIGNALS 

IMPLEMENTED 
• 	 MOST VERSATILE SERIAL 1/0 

AVAILABLE 
• 	 $30.00 KIT $40.00 ASSM. 

U.S. Orders Postpaid 

FOR MOTOROLA "02" 

DA-1 UPGRADE KIT 
• 	 CONVERTS D2 TO TERMINAL 1/0 
• 	 RETAINS FULL CASSETIE 1/0 

CAPABILITY 
• 	 INCLUDES RT/ 6BMX ROM 

MONITOR/O.S. 
• 	 ALLOWS USE OF BASIC, EDITORS, 

ASSEMBLERS, ETC. 
• 	 RS-232 SERIAL INTERFACE 
• 	 DA1 w/70 p. MANUAL $69.95 

MOTOROLA MMS68104 16K RAM 
• 	 16K BYTES DYNAMIC RAM 
• 	 ENGINEERED SPECIFICALLY FOR "D2" 
• 	 EXORCISOR - TYPE BUSS 
• 	 $395.00 ASSEMBLED 

Master Charge & VISA Welcome 

M6800 SOFTWARE 

A/BASIC COMPILER 
• 	BK EXTENDED BASIC COMPILER 
• 	 CONVERTS BASIC PROGRAMS TO 

FAST, MEMORY EFFICIENT 
MACHINE LANGUAGE 

• 	 DESIGNED' FOR RT/68 - SUPPORTS 
MULTl PROGRAMMING 

• 	 EXTREMELY VERSATILE 1/0 
• 	 KC CASSETIE + MANUAL - $49.95 

RT/68MX OPERATING SYSTEM 
• 	 EXPANDEDCONSOLE MONITOR ROM 
• 	 REAL TIME OPERATING SYSTEM 
• 	 DIRECT MIKBUG REPLACEMENT 
• 	 PIA OR MULTl-ACIA 1/0 
• 	RT/6BMX ROM w/MANUAL $55.00 

Write or call for Free Catalog. 

MICROWARE SYSTEMS CORPORATION 
P.O. BOX 954 • DES MOINES, IOWA 50304 • (515) 279-9856 

An Inreresr ing Point About the 
State of Computer Techno logy 

I n a recent conversa t ion , Stephe n M 
Hicks of FO RT H Inc made an in teres ti ng 
po int <1bo u1 personal comp uters ,111d the 

unders tandi ng what goes on in co mpu1er 
sys tems (whi ch are seen th roug hout 
in dust ry and comm erce today) via work 
ing exa mples of programs and ap p li 

cat ions. T his general aware ness of com
puter sys tem s and their ex l ensi ve effec t s 
is perh aps part of the w iden ing p ub li c 
fasci na1io n w ith co mpu1ers .. . CH• 

presrnt state of pub l ic awareness o f 
tech no logy: the personal comp u ter 
viewe d dS a toy is 10 p resc 111 cl ;iy i cc h
nology what ! he "e rcc10 r se t " was to 
mechan ism and strucl ura l tech no logy 
in an ea rlie r era. Wh en mechan ica l 
co ns1r uc1ion toys firs1 caug ht on, the 
public was <1ware of numerous exam pl es 
o f ex ist ing struct ure in t r.1 nsporta ti on 
and general ind us1ry tha t co uld be 
moclcle<l ancl cmu la1cd through the 
learni ng dev ice o f the co nstru ct ion toy. 
Viewi ng the perso nal comp u tc r as an 
educat ional toy , the pre cnl dJy co n· 
sumer has a mea ns o f learn ing abo ut Jncl 

ACM 's New Special Interes t Group 
on Person al Comput ing 

The Associat ion fo r Co mpu t ing 
1'vlacl1 incry l1as d1Mtercd ;1 new SpcL ial 
l n tctcst Group on Perso n.ii Comp u t ing 
ca lled SIGl'C. SIGl'C will be operated 
cxc lu,;ivcly lor cd uc,t1iona l ancl sc ienti fic 
pu rp oses in l h•· dc;ign and appliLa t ions 
o l comp uter 5\'s tcms fur l1omc, clerica l , 
sma ll busi ness , m,rn agcmc nl Jnd 1ectca 
tionJI uses. I1 ;dsu includes the 1cc h 
nu logy ol suc h sys tem s in soft w.irc and 
hardwJre , Jnd cmph.1s iLes tech niques 
;tp prnpriJ LC to th e in lcgrJ tion ul such 
too ls as graph ics, ;pecch , data m,1 11 ;tgc 
mcn1 Jnd nll"ic sys tem>. Dr Portia 
l sJacson, who chJ ircd the 1977 Na ti onJI 
Compute r Confere nce, hJs been 
Jppo in tcd cllJ irpcrson ol SIGPC. To jo in 
SIGPC, wr i lc l o th e Associ Jtion lor 
Com put ing M.tchincry, 1'013 I 21 05, 
C11utcl1 Strce l St,t, New Yo rk NY 
1024~. · 

HOBBYISTS! ENGINEERS! TECHNICIANS! STUDENTS! 

Write and run machine language programs at home, disp lay video graphics 
on your TV set and design microprocessor ci rcuits - the very first night 
- even if you 've never used a computer before! 

SPECIFICATIONS RCA COS MAC microprocessor/mini
E LF II ka tun:s :t n RC A 
COS~l..\C COS MOS $-bit 
mkropro.:cssor :-iddrcss 
able to 64k b yt e s wi th 
DMA . inter rupt . 16 reg is
:e rs . AL U. :'56 byte RAM . 
full he x keyboard . two 
di~i t hex o utput di splay, 
5 s lo t plug- in e xpa ns io n 
bus. s ta b le cryst J I cloc k 
for t i min~ pu rposes :i nd a 
d o ubl e-s id ed pl a t cd 
th ro u gh P C bo a rd plu s 
R C A 1861 video IC to d is 
p lay a ny segm e nt o f mem
ory on a video monitor o r 
TV scree n. 

USE ELF II FOR .. . 
GAMES 
Play inte ractive keyboard games . 
games with analog inpu ts. games 
ut ilizing your TV set tor a video 
di splay! 
GRAPHICS 
Create pictures, designs. alpha
numerics and fabulous animated 
effects on your TV screen for 
hour aft er hour of family fun! 
CIRCUIT DESIGN 
Des ign circuits using a micro· 
processor. Use ELF 11 as a 
counter, ala rm system , lock , 
con troller. the1 mostat , timer. 
tel eph one dialer. etc. The pos
sibiliti es arc in fi nite! 
Coming Soon ! 
Exclusi ve Netro nics Plug- In 
Program Debugger and monitor 
allows visual di splay of any 
program on a cloc k pulse by 
clock pulse basis 10 help you 
learn programmi ng l·a ·s· t l • 4k 
memory • Cassette 1/0 • D to 
A, A lo D • Cont roller plug-i ns . 

computer 
A THOUGHTFUL Gt FT 


FOR ANYONE WHO MUST 

STAY UP TO OATE IN 


COMPUTERS ANO 

ELECTRONICS' 


Elfn sgg95
"P"9------ SENOTOOAY------,
I 	 NETRON ICS R &D LTD.• Dept. BY! I 

JJ .l Lit ch fie ld Ro ad, Ne w Milford . CT 06176 Ph o ne l~OJ) :i s ~-93 75I 	\'es~ I h'tmt to r1 111 f' rOKro 111 .~· a t 
lto m t: a u d hrl\' t' e 1H·/ns i: d : 

I 
I 0 $99.95 p lus SJ p&h fo r 1icA 

COS '.\IA C ELF II kit. Featured 
in POP LAR El.ECTRO ICS . 
Inc lud es a ll com po nent s p lus 

I 

I cve ry1h i ng you need to wr ite 
anc.J r un machine language pro -I grams plus th e new Pixie chip 
th a t le ts yo u c.Ji spl ay v i de o 
graph ics on your T V sc reen . D e
~ i 1rncd to g i\'C e ngi ne e rs p ractiu.:

I in com puter prog r amming. an<.l 
mic ro p rocessor cirrnit d esign . 

I ELF 11 is a lso pe rfec t fo r college 
and co llcge -bo u11CI studcnLS (who

I mu. t understand compu ters fot 
any e nginee rin g. sc ientific o r I busi ness ca ree r ). Easy in stru c
tions get yo u s t a rted r ight a way, 
even if you've never used a com-I pu ter befo re ! 

A s your need fo r compu t ingI 	power grows. fi ve ca rd expJ n
s io n bus (lc.s connec tors) a llows 

1 
I memo ry expansio n, pro~ram de

bu gge r/ mon ito r . casse tt e 1/ 0. A 
10 D a nd D to A converte rs . 

i:onlrol lers. c tr.:. (so0n 10 he 
ava i lab le ilS k it s). M anu:d in ~ 
elud es instru cti ons for asse m b ly , 
t es t ing, p rog ra mmin g , v ide o 
~raphics a nd ~:i mes 1' it1s how 
you ca n get E LF I I User '> C lub 
bulletins. Kit can be assembled 
in a. single cvenin{!. •ind you 'll 
still have t ime to run prog rams. 
incl uding game s. "idea graphics . 
contro llers. etc .. before going to 
bed ! D $4 .95 fo r 1.5 a .m p 6. J 
VAC po wer supp ly, re quired for 
ELF II kit . O SS.00 fo r RC A 
t ~02 Use r's Manual . 
O I ·want mine wired and tested 
with Ch e power cransfo rm cr and 
RCA 1802 User's Manual for 
S l 49.95 plus $3 t>&h. 
Conn . res. ad<l sa les tax . 

NAM E_________ _ 

ADDRESS,________ 
CITY 

STATE____21P_____ 
0 Send info on o ther kits • 

PROM, AS C II keyb oa rd inputs . D ealer Inquiries InvitedL 

Circ le 74 on inquiry ca rd . 	 IJY l L f,rnu.ir)' l '.178 121 

I 

http:f,rnu.ir
http:Person.ii


David A Higgins 
Langston Kitch and Assoc iates 
715 E 8th St 
Topeka KS 66607 

BEG IN PROGRAM 
( 

VEARREPORT PR OGRAM 
t1 .v ~ 

Structured Programming 

with Warnier-Orr Diagrams 

Part 2: Coding the Program 

In part 1 we carcfu lly constructed a er rors resulting from shoddy coding tech
des ign structure. In orde r to make the most niques as wel l as prob lems with maintain
of that structure a few words about pro ability seem to indicate that a gr·cal deal 
gramming sty le arc in order. Wh il e it is true of care should be exNc ised in the co n-
to a certain extent tha t any meth od of t ruc tion of the actual program code. 
cod in g the stru ture will produce a logical ly For th i particul ar example, I 'll use d 

correct program, matte rs of syntactical fa irly standa rd version of BAS IC th at 

OPt:N F 1LE~ 
SCT IN IT IAL VALVES 
READ rmsT neconu 

(SKIP 

BEG IN 1'.ION H + 
{ 

PAINT ll FAO INGS 
PAINT ST AATING B/,L.l'1NCE 
INITIALIZE RUNN ING BALANCE 

BEGIN DAY (SKIP 

MOVE CHECK NlJM8 EA , CHECK "'TO", AND 
CHECK AMOUNT TO PRI NT LINE 

SUESTf.IACT CHCCK AMOUN T FROM RUNN ING RAl.ANCE 

DEB IT 
I0, 1 l 

MOVE RUNNING OAlANCE TO PA INT LINE 

PA INJ" A LI NE 

PA INT SECOND LINE l0. 11 

SPACE ONE LI NE 

MONTH 
11.m l 

OA'\o' 
11.tll 

fll /l.NSr1 CTIONS 
( 1,1\ 

MOVE DEPOS IT AMOUNT. OEPOSIT DESCAIPit ON 
TO PR IN T LINE 

CREDIT 
10, 11 

[ 

Al)O OEPOS ll AMOUNT TO RUNNING BALA 

r.1ovE RUNNING fMLANCE TO PR INT LINE 

PA INT I\ LINE 

SPACE ON LIN E 

CE 

HJO fAANSAC T ION (GET NEX T RECORD 

($!( IP 

END '.lONTH ( rr·UNT t: URftll.J r BAlf\f'Vt( 

E.'\llJ Y(/\FI 

ENO PrtOGtll\M 

Figure 7: Final Warnier-Orr diagram description of the chec l~boo!? balance report program (reproduced from part 1 ). 
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COMPL EMENT 
DI FFERENCE 

YES 

_____Y_E_S--< 

YES 

VSIGH T 
TO DETERM INE 
SIG HTING 
FL A G STAT US 

USE HMATCH 
TO DETERMIN E 
SIGHTING 
FLAG STATUS 

runs on a J100 Jacq u Jrd Sy terns com
pu tcr. The concepts <l nd co nstruc ti on 
rules arc just as appli ca bl e to Tiny BASIC, 
asse mbly language, anci especia lly APL . 
Obey ing the ro ll owin g rive coding con
ve ntions wi ll help you write a program that 
wil l execute on the rirst time. 

Cod ing Convention 1 : Names Should Be 
Indicative of Fu nction 

For versions of BAS IC that only al lo w 
one leuer names, thi s is often a littl e hard, 
but for most o th er langu ages with multiple 
character sy mbo ls, it is a mus t. For instan ce, 
J fie ld that contains an amoun t houl d be 
l<1 beled AMOUNT, an address field should 
pro bab ly be ca lled ADR ESS, and so 
fo rth. Cutesy names: SNEEZY, DOPEY, 
GRU MPY, HEL L (a pNe nn ial favorite label 
for c1do lescent COBO L prog rammers) are 
to be str ic tl y avoided . 

Coding Convention 2 : Comments Shou ld 
Be Used Freely 

Com men t lines in programs wri tten in 
obswre languages, APL for in tance , sh ould 
probab ly outnumber· ac tu al li nes of code. 
Com men t li nes are espec ially useful for 
ex pla inin g unclear methods of calcul ation, 
co mplex decis ion s, etc . 

Cod ing Convention 3: Every Bracket of a 
Warni er-Orr Diagram Should Represe nt a 
New Subroutine 

La ngL1 ages that do not pe rn1 it subrou
tines or languages th at li mit th e leve ls of 
nes tin g of subrnu tines are very tr icky to 
u>c and shoul d be avoi ded if at all possible. 
Save your- spa1-e change fo r tlHee or fo ur 
weeks and go buy <i bette r vers ion o f BAS IC; 
there arc ple nty or good ones on the mar
ket. In B.t-\S IC, each subrout ine should be 
clearly labeled with REMark statements. 

Coding Convention 4: Subroutines Should 
Be as Short as Possible 

If ;1 subrout ine conta ins too many sta te
ments iL is di ffic ult to understand and main
t;1 in. It also means yo u arc probably doing 
something in this subrnutin e th at shou ld 
be pu l in anothe r subsequent subroutine . 
In most high level langL1ages a prac tical 
limi t of 10 to 20 statements is ap propriate. 

NEGATIVE 

r -------, 
: DIFFERENCE L 
I >EXTENT I 
L_______J 

,------, 

I DIFFERENCE 1-1
J • 8 
I I
L ______ J 

MATCH 

SUB T RA CT 

SUBJEC T V 

FROM 

OBJECT V 


GET 
IDENTIFI CATI ON 
CODE 

RE TURN 

r-------, 
-~ D~F;ERENCE I 

I IL __ _ ___ .J 

GET VERT IC AL 
EXTENT OF 
OBJ EC T 

NO 

USE 

RETURN 

Figure 2: This a a flowchart chosen at random for comparison to a Warnier
Orr representation. 
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1~ 
Ul 
'if 
[') 
ir

1 
ir-
IO 
m 
iii' 
ir
'if ...... 

Thi> ru le is standard structured prog1·,11n
ming practice. 

Coding Conve ntion 5: GO TO Should Be 
Avoided 

In higher level languages, GO TOs can 
often <1ncl should be elimin ated entire ly. 
Howe ver, in versions of BASIC that do no t 
have a DO verb and in assemb ler, GO TO 
arc often necessary. Utmost care i tffgcd 
whenever 2. GO TO i u eel; it should only 
be used as a last resort. In <1sscmbly lan 
guage, u c of arbitrary jumps or branche 
should be avoided. 

Wh en cocl i ng the program, the 01·dcr of 
the subrouti nes is not cru cial. Th e only 
piece or code that mu st be fixed in ,my 
certain location is the highes t level bracket 
which must be the first execu table line , 
or lines, of code. One po sibl e way of 
codi ng the first cction is to omit the fi 1· t 
bracket and conside1· the code as the nui n 
prug1·am. For BAS IC, subroutin e calls a1·c 
left unnurnbc1·ed until the sub routine is 
actua lly written. In thi s case, we use nnn to 

indicate an unknown number. 

I Oil JH:M Cl l ECKBOOK 13/\LJ\NCE 1u:roRT PROGRllM 

1 10 Rl·:M BEGIN PROGRM\ 
1 20 GOSUB nnn 

130 1n:1-1 YE:1\R ( 1 , y) 

l •lO LET ENDYR = f"1\LSE 
150 GOSUB nnn 
160 Ip ENDYR = f',\LSE T l lEN GOTO 150 

170 REM END PROGRA:·! 

180 GOSUB nn n 

190 END 

Another way to program thi s section would 
be to have the above piece of co de a; ~1 sub
routine to an even higher leve l proccdu1·e as 
fo ll ows. 

80 Hl·:M CllECKI300f\ Ot~d.i\)~CC Hl:Pn!\'J' PHfH jl ~ J\."t 

'JO 1;0SIJB 110 
95 END 

. 100 l h r o uc1!1 180 "15 .1bov1 

200 llETURN 

Either way of coding is acceptable. Note 
that th e GO TO in sta tement ·160 i u -ed to 
create the ·true tu re of a DO UNT IL, a 
feature th at is not available with thi s pai-
ticular BASIC. 

The center path of the Warnie r-O rr di a
gram is the easiest to begin to code at th i 
poi nt. So the code for the YEAR, the 
MONTH, and th e DAY mu tine is shown 
next; fo r the subrout ine YEAR: 

2'i0 Hl~M YEJ\lll.Y PHOCEDLIHE 

260 HF:M BF.GIN YE,\R 

270 GOSun n n n 


280 REM MONTHS ( 1 , M) 
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290 LET C:\DM\I = f'1\L.>E 
)Q() G0SUB nnn 
310 l: E:,:D:·iO = 1·;,i,sr. T llF.N ,OTO 300 

3 20 HE M t.:N D \'E1\Jl 
330 1;0SUB nnn 
HO HE'l'IJRN 

For the subroutine MONTH: 

350 RE M :·\ON'l 'll l.Y PROCEDl'ilE 

360 R!:M BEG I N MON'l' H 
370 GOSUB nnn 

380 1n::·1 ll1WS ( l ' DI 

380 RE."1 D1iYS (! , Ill 
.l90 I.ET END1i\' = f,\l,Sf. 
.100 GOSUfl nnn 
·110 IF Et: D1\Y = f",\J.S I: '!'llEN GOTO 4 00 

·120 11r:1-1 END MO:ff ll 
·l 30 GOSUB n:in 
·1·1 0 IU'.TURN 

For the subrou Linc DAY: 

.1;0 RC~! [),\IJ.Y PROCEDL·;n: 

·160 llEi-1 B£f;JN Df1\" 
·170 GOSUB nnt'l 

·1 80 HEM 'l'RJ\NS,\CT l ONS ( l.'1') 
·I ' 0 LE'!' END'l'llN = Ft\LSE 
500 GOSU!l nnn 
';I 0 Ji' LNDTR:-J = Fi\ I.SE T HEN GOTO 500 

520 !lE:-1 END Dl1Y 
530 GOSUB nnn 
'> 4 0 HETU RN 

The TRANSACTIONS proces breaks down 
a> fo llows: 

'l' !U\NS,\CT J ONS ROUTI NE 

560 kE:·t CR EDI T ( 0 , I) Of! DF.flJ 'I' I 0 , l) 

':;70 If' CD!'L,\G = CREDIT T l! F. GOSU!l nnn ELSE GOSUfl nnn 


'>80 Rr::.1 r: :: o Tfl.,\~S i,C'rIOCl 

; 0 r iOSt.;U nnn 
c,,OQ RETURc; 

SubrouLinc DEB IT is coded a bi t dif· 
rc r·c ntl y rrom the way i t wa designed ror 
one simpl e reason. BASIC will le t you out 
put from Lhe same fields that were read 
in as input; many languages do not. There
fore, the only code remai ning in the sub 
routin e i> the subtrac t.i on of the ;imount 
from th e running balance and th e print 
command>. 

r.1 0 ru: :-1 llt-:IJ ] T i'ROCEDU ru: 
r,20 I.ET l!UN!JAL = HU NIJi\L - t\MOUNT 

Pru NT l)N PR J NTH : 1>1\ \', C: llKN!IM. Df.SC l ' DRM·l'I' . Cll;\MT ' i!UN IJ.111. 
II' 111:sc2 ' SPACES TllEN PRIN'I' ON PHlNTt:R: llf.SC2 
PP J~:T n~: PHJ~;TR : SP!,CES 
HE'fl'H:: 

The ymbol :;:: i the 11 01 equc1l to operator. 
Nole that th i> code 111<1kcs no dt Lcrnp t Lo 
format Lhc output line. A l though th e facility 
is Jvailablc with Lhis version of BASIC , it 
differ·~ grc,nly from other line formatti ng 
BAS ICs around , and would er·vc onl y to 
confuse th e immediate isSLJC. 

...with our Model 150 

S-100 bus 


Logic Analyzer. 


D PLUGS INTO ANY S-1 00 SLOT 

D 	MONITORS ADDRESS, DATA, STATUS, 
INTERRUPTS AND CONTROL SIGNALS 

D CAN ANALYZE EXTERNAL EQUIPMENT 

D OPERATES WITH ANY OSCILLOSCOPE 

How does this grab you? 
The Model 150 plu gs into one slot of an S-100, 

computer and '"grabs'" lltty·six ma1or signals. 
Fifty-ab: . That's more troubleshooting and train
ing visibillty than any o lher logic analyzer can of
fer you. Need to look at srgna ls e.l( lerna l to 1he 
bus? No problem. The Model 150 even incor 
porates a fu lly-independent 8-channet analyzer 
Identical 10 the popular Model 1OOA (See Popular 
Elec tronics. Feb . 1977.) 

A remote-control plug-in pod provides flngertlp 
control over au 1riggermg. data coltectlon and d is
play functions. So plug the Model 150 Into you r 
computer - you may never unplug it again . 

Complote kll and manual ...... .. .. $369.oo· 
A aaembled unit and manual . . ..... $449.oo• 
Date probes for external analyzer . $10.95 pp d 
Separate 100-page owner's manual . $7.95 ppd 

·Add SS 00 tor /\IA srupp1r:g n U S , $ 15 00 rorc1gn 
Cali/ 1esrdems plertsc r1da app101u1;ue sales rax. 

~ PARATRON~CS, INC. 
~	11.UOl "i\IH LJT A\•(r;U[ . :; .~·. Jrt:,f • fA11r11A r. IA · 'i1~131 

TH 14081 2GJ 1252 

If possiblo. plaass use busmoss addtess m place 
o f home address on reader servico card. 
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Figure 3: The original flowchart converled into Warnier-Orr diagram. This is a much simpler 
looking diagram and is easier to follow and explain to someone. Since II is brol?en down into 
sections it can be programmed as a series of subrout ines that can be easily maintained and 
modified. 
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I. 1-rr"'I ~ ,._... "- ... .. 

.LIU 1cnr~LC ~~c MAGAZINE PRESENTS 

MICRO BUSINESS '78™ 

CONSUMER 


SHOW 


MICRO BUSINESS '78™ wi ll provide a series of marketing 
forums and exhibits to introduce the small independent busi · 
nessman to the new low-cost , high-power business microcom· 
puter that wil l reduce his company 's costs, place him in a more 
flexib le marketp lace and provide time ly data information. 

Emphasis will be on the small budget requirements for pur· 
chase of an in -house computer. The show will demonstrate the 
latest systems , exhibiting complete hardware and software 
from smal l hand-held programmable calcu lato rs to full turn-key 
compu ters. 

• Latest in Word Processors 
• Newly-Re leased Business Software 
• Low-Cost Text Editi ng Typewriters 
• Modularized Computers 
THE LOW COST, dependabi lity , simplicity of operation , and 

cost savings advantages of mic rocomputers will be discussed 
in a series of lectures to re move the many misconceptions the 
average businessman may have about the microcomputer 
technology . Lectures by such companies as IBM, Commodore 
Bus iness Machines and Radio Shack will present the 

DATE: 	 MARCH 17, 
18, 19, 1978 

PLACE: PASADENA 
CONFERENCE 
CENTER 
PASADENA, CALIFORNIA 

busin essman w ith the latest inform at ion about application, 
service and investment. 

Author Adam Osborne will d iscuss bus iness software. 
OTHER LECTURES on the program include: 

• Small Business Computing Systems 
• Evaluating Your Business Computer Needs 
• So ft ware Companies 
• The Mainframe Companies & The Small Computer 
• The Small Business Computer Company 
• Computer Stores and the Small Business System 
• Retail Mass Marketing of Microcomputers 

Sponsored by : INTERFACE AGE Magaz ine 

EXHIBITORS: PLACE YOUR RESERVATION NOW! 
Produced & Managed by: 

Show Company International 
8687 Melrose Avenue 
Los Angeles, California 90069 
(213) 659·2050 

Ed Tavetian 
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who needs to u e it, which is omething 
that we havr not been able to ,1ccompl i h 
until very recentl y. Admittedly, the tech 
nique fo r developing progr,1ms presented 
here is omctimes tedious and no t ve1·y 
rn.:ative, but it will get the job done. In the 
personal compu te r fie ld a lot of cnthusia L 
probab ly enjoy prog1·a111111ing on the ny 
and spendin g all night debugging. Bu t 
for th ose wh o don't, including myself, 
and who aren't sa tis fi ed with just runnin g 
omcone cl e 's canned programs, the1·c is 

an alternative. As the pioneer in th is 
methodology, Jean-Dom inique Warnier , pu ts 
it : " If you don 't have time to do it 1·ight, 
do you have time to do it over?" Real· 
istical ly, one cannot say that this me thod· 
ology i the ul tirn aLc in so ftware procc~s 

design or th at it is comple tely 1·ight. It i. 
not. Something is urc to come ,dong in the 
future that is bettc1-. But, for now, it i~ 
ce rtainl y a large sLcp in th e 1·ight di1·cction . 

Once I finished reading about the ease 
with which Warnier-Orr diagrams could 
be used I decided to ta/?e a sample flowchart 
and convert it into the Warnier-Orr form to 
see how much of a difference there actually 
was. I happened to be working on an article 
by Geoffrey Gass (entitled "Starfleet") 
which contained a large number of flow, 
charts. Choosing one at random I co1werted 
it. Figure 2 is the original flowchart. Fig~ 
ure 3 is lhe converted diagram. I think 
the Wornier-Orr form is much easier to read 
and understand. 

When designing with flowcharts it is 
sometimes difficult not to cross lines or 
have a great deal of redundancy in the pro
gram which makes it difficult to follow. 
All the arrows going across the paper are 
very distracting and hard to follow. Th e 
Warnier-Orr diagram does not have this 
disturbing problem. I t is ve1y easy to fol
low the program through the various 
subroutines. 

The Warnier-Orr diagram lends i tself 
to structured program writing. I f you con
sider each of the separate brackets another 
subroutine it is very easy to write the pro
gram just as it stands from top to bottom. 
When we use conventional flowchart tech
niques we end up leaping about the program 
to perform statements that are at various 
ports of the same routine. In my opinion 
the Wornier-Orr diagram is a quantum leap 
in the direction of aid for structured pro
gram designers. 

Rav Cote 
Coop Editor 

690 REM 
700 
730 
7 40 
7 50 

760 REM 
7 3 
770 

7 7 fj 
778 
780 

790 REM 
800 
SlO 

820 REM 
830 
8 40 
8 50 
800 
87 0 
880 

8 0 REM 
900 
920 

The CREDIT process is very imil a1· to 
the DEBIT process. 

CREDIT PROCEDURE 
LET HU:-JB/\ L = RUN[lf\L > 1\/o!OU ~ 'l' 
PRINT ON PRINT!l : 01\Y . llESC l' CRAM'!" . IJHMl'I' . R1Jtmr11. 
PRIN1· ON PRI N'l'H : SPf\C l·:s 
RETURN 

The only rcm<lining subrouLincs to be 
coded appea1· below : 

f:ND TRl\NS/\C'l'lON 
LF:T 0 1.1101\ \' = D1\ \' 

I NPt•'l' Fl<OM Cl!J;("K I : 111\\" . 
C!IKNli.'l , .1.. 1\.:\\0C:>l'I' 

ON ENDFILE GOSUR nnn 
Tr OLDD/\Y , DI\\' TllEN t.l:T 
RETURN 

r.:m 01' CHECK l'ILI:: IJEl'i\UL'I' 
1.F.T END/\\' , ENDTll, ENllMO , 
HP.TURN 

BEG IN MONTll P ROCCDU IU: 
PRINT ON PRINTR : l lDH1$ 
LET RUNl'l/\ L = 13/\L/\NC 
P RINT ON PRI N'l'll : HUNlli\L 
Pll I N'l' ON l' IHN'l'R : 11Dll2$ 
PH l NT ON PR I N'l'R : SPl\CBS 
RETU RN 

END MONT I! PROCEDLll!E 
PRINT ON PRlNTR : RUNU/\L 
RETURN 

LUFLA'~ , Dl'.!-1(.' l , u1:sc2 ' 

ENDf\'I' = 'l' IUJI-: 

SUBROU'I' I NF. 
END\'R = 'l'llll l: 

LisUng 7: BASIC source listing for the checkbook balance reporl program. 
Each of the subroutines can be matched with one of lhe brocl?ets in Lhe 
diagram of figure 7. The individual modules that do not con tain any code 
should be left a they ore lo facilitate easy maintenance in the future. 

JOO RDl CHECKllOOK Bi\Li1NCE ru:POH'l' l'llOGRMl 

The progra m is fi nished with Lhc BEGIN 
PROGRAM and th e END PROGRAM sub
rnuti nes, which are not developed here, 
and the replacing of the unlagged GOSUBs 
coded befo1·e . The modules for which a 
GOSUB was generated should probably 
remain a part of the program even though 
they contain no code . They make main
tenance much easie r. The enli re working 
program with formaning an d other embel
lishments appears in listin g ·1. 

Conclusion 

The art of prngr·am ming has become 
a process which can be taugh I lo anyone 

110 
1 20 REM 
J JO 
Ji! 0 
1 50 RE:Ot 
160 
1 70 
180 
190 
200 RE ·I 
210 
220 
2 30 
2 4 0 REM 

13CG1N PHOGRMl 
GOSUJl 1090 

YE1\ ll ( 1 , Y) 
t.r:T F.NDYR = F'/\l.S " 
GOSUJl 280 

IF P. NDYR = 


END PHOGl'V\ · 

GOS UB 1290 

t::ND 

l'ilLSP. 'l' ll EN (;QTO 170 

250 RE:·l YE/\RLY P ROCEDURE 
260 
270 REH BEGfN YEl\H 
280 GOSUB 1470 
290 

300 REH MONT I! ( l , M) 


310 LET END·lO FA LSE 
320 GOSUl3 430 
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Listing 7, continued: 	 1210 PRINT Cll ECKB/\Ll\NCE REPORT ' 
1 220 PRJN'!' FOR 'rllE MONTll OF ': MONTH ; YE/\R 

330 IF EKDMO Fi\LSE TllEN GOTO 3 20 1230 !'Rl NT : SPACES, 'llAL/\NCE F'ORl·:J\RD OF '; llALANC 
3-10 1 23~ l,ET RUNBM. ~ B/\L1\NC 
350 REM El'D YE,\R 1 240 PRJNT : ' Dl\Y CHECK# FOR DEBIT CREDI"!' Bl\LANCE ' 
360 GOSUB 1390 1 250 RE'l'URN 
370 
380 

RETURN 12(10 
J 2 65 REM •~ *k*~* * *******~**** * *~***************~ 

390 REM •** -****•* *'• ****~********* ***** ****'*** 1270 REM END !'ROG RJ\M 
400 REM MONTH LY PROCEDURE 1280 
'1l 0 1 2 0 CLOSE CllECKS 
420 REM BEGIN MONTH 1300 RETUllN 
430 
440 

GOSUB 1210 13 10 
131 ~ HEM If*** 11: *"' "'* II;* *" ***It .... "<I: * II* **~ ****ff.*** If" • * * 

450 RE M Dl\YS (l , D) l 3 2 0 REM END MON'l'll 
460 LET ENDI\Y = F/\ L SE 1 330 
'170 GOSUB 580 1340 PRINT : ' CURRE!\T 13/\Ll\NCE ' , RUNBf1L 
•180 TF' END/\Y = Fl\LSE T! IE GOTO 470 1350 RETUllN 
'190 13 fiO 
500 REM E JD MONTH 1365 RE~l *• •~ ~ •* ** * **************** *** *****+ * • * * 

~] 0 GOSUB 1340 1370 REM END YEl\R 
520 RETURN 1380 
530 1 390 llETUllN 
540 REM ************•********* ** ********** ****** 1 •100 
550 REM D/\ILY PROCEDURE 1405 REM * ***************** * ***************•*•** 
560 1'110 RJ:M END DllY 
570 REM BEGIN D1\Y 14 20 
580 GOSUB 1500 14 30 RETURN 
590 l <1 •10 
600 RE M 'rRANSACTIONS ( l, T) 14~5 REM ********* ************•******•*****•**** 
610 LET ENDTR = FALSE 14 50 REM qEGIN YE/\R 
620 GOSUB 720 1•160 
630 IF ENDTR = F/\LSE THEN GOTO 620 147 0 RE'l'URN 
640 1•180 
650 RE:·\ END DAY 148 5 J(EM ·~ * ********•**********************•**** 

60 GOSUB 1430 1 •l 90 REM BEGlN D/\Y 
i65 RETURN 	 1 •19 5 
6 70 	 l 500 
680 REM **•**************••~••~**************• •* 

690 REM rRllNSllCTTONS PROCEDURE 
700 
710 RE.' CREDIT (0 , l) OR DEIJI'l' (0 , 1) 
720 IF 	CDF i,G = DEBlT TliE:·1 GOSUIJ 800 ELSE GOSUB 39 0 
730 
740 REM END TR,\NSllCTION 
750 GOSUB 965 
760 RETURN 
770 
775 
780 REM JEBIT 	PROCEDURE 
790 
800 LET RUNB/\L ; RUNB/\!. - !\MOUNT 
810 PRINT : D1\Y ; CHKNUM;DESCl; ' ' ;AJ.10UN'l' ; RUNBAL 
820 IF DESC2 ~ ' ' T HEN PRINT :SPl\CES ; DESC2 
8 30 PRl NT : SP1\CES 
840 RETURN 
850 
860 RRM •A' ** **••*•k•******• · ·~·~··-·*A****AAk ~~ 

870 RE M CREDIT PROCEDURE 
890 
890 LET RUN!l/\L ; RUNBAL + i\MOUN1' 
900 PRINT : Dl\Y ' ' ; DESCJ ; /\MOUNT ;' ' ; RUNBAL 
910 PRINT : SPACES 
920 RETURN 
930 

9•10 RE~ ~ • ••~***** -•* *****•••••*•****•****-**'** 


950 REM END TRANS,\CTlON 
960 
965 L ET OLDDl\Y DAY 
970 1NPUT PROM CHECKS : DAY , CHKNUM , CDF'LAG , DESCl , DESC2 , AMOUNT 
980 ON ENDFILE CHECKS GOSU3 1030 
985 IF OLDDAY ~ Dl\Y THEN LET ENDAY = TRUE 
990 RETURN 
1000 
1010 REM** ******************•****************** 

1020 REM END OF FILE 
1025 
1030 LET ENDl\Y , ENDMO, ENDTR, ENDYR = 'rRUE 
1040 l~ETURN 

l 050 
1060 
1070 REM BEGIN PROGRAM PROCEDURE 
1080 
1090 OPEN ' CHECKS ' , SYMBOLIC , INPUT : CHEC KS 
1100 STRING SPf1CES , CDFLAG , DESCl , DESC 2 , MONTH 
11 10 DECIMAL /\MOUNT , Bl\LANC . RUNBAL 
1 !.20 LET TRUE = 1 
1130 LE1' FALSE ; l 
1140 LET SPACES = ' 
1150 I:~PUT FROM CllECKS : DAY , Cl l KNUM , CDFLl\G , DESC l , DESC2, 

AMOUN1' , BALANC , b MON1'1 1, YEAR 
1160 RETURN 
1170 

RE~ A A •**~·~···•*** ***~******* **k \~ *~X~~·· ·1180 
11'10 P.Dl BEGIN i·lONTll 
l200 

RETUHN • 

,.. 
0 

MAKE YOUR COMPUTER PRODUCTIVE 

WITH SOFTWARE WRITTEN 

IN NORTHSTAR BASI C 

REM General Ledger 0 
and Statements$ 75 


REM Mailing Labels $50
• 	 REM Federal Income Tax $200, 
Schedule A and B 
And More to Come. 

REM Sy stem Descriptions $2 each 

REM System supplied on Diskette 
with Program Documentation 
and Operating Manual 

0 
RUN Benson & Costello 

29-02 23 A venue 
Astoria, New York 7 7 705 
27 2-932-3376 

A dditiona l programs now in p rogress 
please wri te fo r further informati on . 

• 
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Circle 2 on inquiry card. 

$ 495ALPHA Z-80 
ASSEMBLED 

• 	 12 SLOT MOTHER BOARD 

• 	 12 CONNECTORS (S-100 BUS) 

• 	 17 AMP POWER SUPPLY 

• 	 HEAVY DUTY CABINET WITH FAN 

• 	 Z-80 CPU BOARD: Al l Sockets Included , Gold Con
tac t Fingers. H igh Quali ty Glass Epoxy PC Board , 
Double-Sided, Pl ated Through Ho les, Requ ires Only 
+ 8 VDC I 800 MA. 

NOTE : 22 SLOTS/ 30 AMP POWER SUPPLY - $595. 

ADS also sells IMSAI and NORTH STAR Assembled at Kit Prices + LEAR 
SIEGLER ADM 3A Assembled at $888 .00 _ TERMS: Cash with Order. 

Prices include Freight. (N.C. Residen ts add 4% Sales Tax.I 

ALPHA DIGITAL SYSTEMS ADS D:ira Arquisition , Computation ancl Control 

ROUTE 4 BOX l 71A 

BOONE, NORTH CAROLINA 286071111 
Cont inued from page 36 

erally seek to learn a ll they can co n
ce rning the fie ld . They might look fo r 
news of the la tes t accomplishments, so 
th a t they may avoid poin tless repetition 
of d iscove ries and innovations already 
made. 

I too would like to make a robot 
move, and recognize patterns, and play 
with blocks. With the know ledge that I 
am not eq uipped for such an endeavor, 
I am high ly p leased to learn of the 
accomp lishmen ts of oth ers. 

In another light, many peop le seem 
to be missing the true meaning of art ifi
cial in tel ligence. Richard Rosenbaum , in 
the April 1977 BYTE, declares that 
artifici al intelligence is simply " the 

substitu ti on of a computer (art ificial 
mechanism) for wha t arc ordinarily 
h u man tasks (generally assumed to 
req u ire intelligence}." I must disagree. 

The problem comes in defining 
intelligence . 

In having th e computer perform 
simple opera tions, such as the fo ur 
operations of ari th metic, a re we not sub
stituting a computer for a human task? 
Is this artificial intelligen ce? IL is rather 
simulated intell igence. The computer 
appears to be operating like a hum an 
mind . However, the computer employs 
a seque nce of "mechanical" operations 
to arrive at a solution to the ari thmetic 
prob lem. The human mind makes use of 
previous ly compi led knowledge, re
orga nizing it. The compu ter ge nerates 

new data. 
With consideration, one reali zes that 

most hum an menta l func tions arc based 
upon the manipulation of stored infor· 
mation . As data is received th ro ugh the 
sensory systems, it is pl aced in th e mind 
in the order perceived. As comparisons 
are made the informat ion is co pied into 
other areas of t ile brain. Associa ted 
images arc stored together . Coll ec tions 
of data are cal led out aga in wl1 e11 the 
senses rece ive a piece of information 
common to the group . Menta l stru ctures 
grow and are enhanced constantly; so 
grows the mind from the rnorncnt of 
birth to the instant of death. 

Obviousl y, present day experimenters' 
computers do not have the capacit y co 
handle information on the same sca le 

PROGRAMMING THE 
6800 MICROPROCESSOR 

- Bob Southern 

A self-instructional workbook 

for assembly language and machine code 


programming of the 6800 family 

of microprocessors and peripherals. 


- Binary and Hex Numbers 
- Accumulator Operations 
- Index Register 
- Branching - Symbolic and Machine Code 
-ACIA 
-	 PIA 
-	 Subroutines 
-	 Interrupt and Stack Operations 

- More than a text, this self-instructional workbook is 
like a personal tutor , available anytime, anywhere. 

- Starts right at the beginning , with binary numbers . 
and works up to interrupt, with lots of prog rammed 
input/ouput in between . 

- Already tested with class-sized groups. 
- Includes complete listings of running programs. 

SEND ONLY $6.75 - U.S. Funds for U.S. delivery 
- Canadian Funds for delivery in 

Canada. 
Postage is included in the above price. 

DISTRIBUTED BY 
ALGONQUIN COLLEGE BOOKSTORES 
1385 Woodroffe Ave. 
Ottawa, Ontario 
Canada K2G 1VB 
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as the human mi nd. However , all animal 
min ds seem to f unct ion in essentia lly the 
sa me man ne r. A s a matter of observa
tion, emotional ca pac i ty and in te lligence 
seem to have a direct relationsllip to th e 
physical size of a particular species' 
brain. ll may be possib le to sy nthesize 
th e mental f unctions of less intell igen t 
animals ; insec ts, rodents, pr imates. One 
might eve n conside r synthesizing the 
in fa nt human mind . Whi le we may not 
ac tu all y create complete minds , it is 
possible to develop the basic foundat ions 
of self evo lving intelligence. 

Innovations in cybernet ics are 
maki ng it possib le to give th e computer 
nece ssary perce ptual input. Vocal input 
and output devices and digi tal " eyes" 
are making i t possible for the computer 
to hear, see, and stimu late i ts environ
ment in order to obtain new information. 

I wou ld like very much to communi
ca te with anyon e in te res ted in the study 
of artificial intel l ige nce. Perha ps by 
coord ination of effo r ts we can make 
more rap id progress. 

Scott Jarol 
3401 E Shaw Butte Dr 

Phoenix AZ 85028 

MORE MUS INGS ON A l 'S WHYS 

I l1 avc been reading wi th some inter
es t the ongoing d iscussion in " Ask 
BYT E" of the relat ive merits of artifi cia l 
intell igence and robo ts. I feel however 
th at al l sides have missed the central 
quest ion wh ich is : what effec t can we 
reason abl y expect the m icrocompu ter 
or , for that mat ter, any ne w tool or 
techniqu e to have on the qu al ity of 
human l i fe? 

On one ex treme is the possibi l i ty th at 
the grea t inc rease in productiv i ty fo r th e 
average worker whic h wi l l resu l t fr om 
use of microco mputers wi l l allow us to 
eni oy a signi fi can t ly bette r standard of 
l ivi ng than wou ld be otl1 erwise possi bl e. 
At the oth er ex t reme is th e probability 
th at this same increase in prod uctivity 
wil l ena ble us to support th e ever 
increasing masses of humanity, which are 
al ready almost beyond imagining, with 
out measurable benefit to ourse lves. 

T he ce ntral ques tion , stated in its 
si mples t form , is an o ld one. Who do 
you fee d fi rst , your fam ily or someone 
else 's? 

As for arti fi cial intelli gence, the raw 
materia ls (a monoli thic cen t ral processor 
and monoli thic mass memory ) are 
already available an d the incen ti ves 
become stronger dai ly as human wor ke rs 
pr ice the msel ves out of the marke t . My 
only hope is tha t tl1 e robo ts we develop 
wi ll be offspring we can be prou d of. 

Mark Wil l iamsen 
607 Barron Av 

Evanston IL 60202 

GETTING UV BULBS 

Tl1 e article on the "Coffee Can 
Special " ( January 1977 BYTE, page 91) 
by Lawrence Bu rbey Jr fa i led to men

t ion th e ty pe of lamp to use. 
We bui l t a simi lar device months ago 

and after much di fficu l t y we found the 
G E#G 451 1 lamp was cheap, worked 
well and was re lat ive ly easy to obtain. 

Stephen Pump le 
The Computer Place 

186 Queen St W 
Toronto CANADA MSV lZl 

Dl or D2? 

You r response to Paul E Pen ni ngton 
in the Septem ber 1977 BYTE / p age 
l 78/ con tain s an error. The M otorola 
MEK 6SOOD 'J does con tain the M IK BUG 
moni tor. The Motoro la ME K6800D2 
con tains the )BUG monitor. I am sure of 
th is since I possess bo th uni ts. 

J C Hausler 
67 Fisher Rd 

Rochester NY 14624 

A NORTH GERMAN 

COMPUTER CLUB? 


Ca ll for inte res ted individuals in 
(northern) Germ any to fo rm a hobby is t 
compu ter c lu b. Please con tact ll ja 
Burkoff, Parkal lee 105, D-28 Bremen . 
T el : (0421) 347 179. 

Sin ce your magaz in e is being read 
intern ationa lly, cou ld you coax your 
advertise rs into lea k ing the names 
and addresses o f fo re ign dealers and 
dist ri butors in th ei r ads' 

ll ja Burkoff 
Management Consultan t 

Par kellee 105 
D-28 Bremen W GERMANY 

TY PEBALLS 

In the Octobe r 1977 BYTE (page 12) 
you see m to be answer ing a qu es t ion 
that reader Rob Lor ing real ly wasn ' t 
ask ing. If I rea d his le t te r correc t ly , he 
was as king wh ere he cou ld buy a Selec
tr ic ty peba ll with both human readab le 
charac ters and also mach inc readab le 
ba r codes. Nowhe re did he say he 
wanted Lo design one, he just wan ted 
to buy one . I BM se lls at least two such 
typcballs fo r th e qu ite reasonable pr ice 
o f $24 eac h. Both have upper and lower 
case p lus numeral s and special char 
acte rs. If ne ither of these wil l do the jo b, 
th ere arc at leas t th ree o th ers availa ble, 
at $32 each, from the Dataty pe Corpor 
atio n, 'J050, N W I 63rd Dr, Mia mi FL 
33169, (3 05 ) 625 -84 51 . Th ere is cer 
tainly no need whatever to reinvent the 
wh eel, or th e typeba l l. 

Jim Day 
17042 Gunther St 

Granada H i l ls CA 91 344 

Th e balls IBM and Daratype sell are 
optically encoded, y es, bu t 110 1 in the 
fo rmat of the bar codes used in our 
Paperby te TM sofnvare representations. 
Th e availabillty o f the IBM optically 
scannable fo nts was brough t hom e to 

Your 
indispensible 
reference 
for selecting, 

designing, testing ... 


MICROPROCESSORS 

AND MICROCOMPUTER 


SYSTEMS 

By G. v _Rao 

AMECOM Divis ion , Litton Systems Inc. 

Now you can have a thorough ly up-to-date 
guide to the state of the art in microproc 
essors and microcomputers-written by 
one of the nation's leading experts. Turn 
to this compact, explicit vo lume for expert 
coverage of presently available hardware 

and software. Subjects of special interest 
inc lude the use of sil icon in m icrocompu
ter techno logy ... organizat ion of low-cost 
microcom puter system s . . . MNOS memory 
. . . charge-coupled devices . .. and an ex
tens ive treatment of data commun ications. 
T ime-saving reference tab les enable you 
to q u ick ly choose a speci fic chip for a de
sired app lication . Scores of illustration 
make every subject easy to understand and 

apply by novice and specialist a li ke. 
$24.95, 288 pages, 120 illus. 

----FREE EXAMINATION - - - 
Van Nostrand Reinhold 
7625 Empi re Dri ve 
Florence , Kentucky 41042 

Send me a free-t rial copy of Microprocess ors 
and M ic ro c om puter Sys tems . Af te r 16 days I 
wil l rem it 5 24 .95 pl us postage and hand l ing, 
or rel urn Iha book and ow e no th ing . Offe r 
good In U.S. only, and sub ject to cred i t de
partment approval. Paymen t must accompany 
orders to P. O. box addresses . 

Name ____ _ __________ 

Address _________ ____ _ 

City---------- - - - - 
State Zi p _ ____ 

D SAVE• Check here if enc losing payment 
w i th order and publ isher pays postage and 
handling. Same 15-day return-refund guar 
an teed . Be su re to add local sa les lax. 
0-442-22000-6 B 7301 
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Discover New Ways 
To Solve Problems 
And Play Games... 
PERSONAL 
COMPUTING 
Learn more about personal computing at a 
lull-day Saturday IEEE Computer Society 
Instructional Workshop in a city near you : 

Jan. 7 Oenver Mar. 25 Toronto 
Jan. 14 Seattle Apr . 1 Bos1on 
Jan. 21 Albuquerque Apr. 8 New York 
Jan. 28 Salt Lake City Apr . 15 Atlanta 
Feb. 4 New Orleans Apr. 22 Cincinnati 
Feb. 11 Detroit Apr. 29 Los Angeles 
Feb. 18 San Juan May 6 Kansas City 
Feb. 25 Pinsburgh May 13 Dallas 
Mar. 4 Milwaukee May 20 Toledo 
Mar. 11 Vancouver May 27 San Francisco 
Mar. 18 Philadelphia 

The Instructional Workshop features an in· 
depth, comprehensive survey and analysis 
by one or more IEEE Computer Society 
lecturers, a manufacturer-independent 
experienced practit ioner in microcomputer 
design: 

*lectures on microcomputer 
hardware and software 

* comparisons and evaluations of 
microprocessors, anc1 systems 
such as AlTAIR. IMSAI. Heath 
Sol , etc . 

* discussions on reliability, avail
ability, serviceability 

* " hands on " experience with 
class microcomputers 

* " how to " applications workshop 
- designing a TV game 
- design of a music synthesizer 
- design of a home control 

system (lights, TV, etc .) 
- how to profit from your 

microcomputer designs 

1978 Spring Workshop 
Registration Form 
*IEEE COMPUTER SOCIETY 
To regi ster . lill out and return the coupon below 
woth a stamped. sell -addressed envelope and the 
tuition fee at least two weeks before the meeting. 
The tuition lee inc ludes course text. manuals 
and other hand-out materials_ 

Students with ID . .... .. _..... _ . . _ . . . . $25 
IEEE Members .. _.. . ... _ . . . .. _.... ... $60 
Non-members . .. _ . . . ... .. . . . _ .. . .. ... $85 
IEEE or IEEE Computer Society 

Membership Number _______ _ 
Name _______ ___ _ _ _ _ 

Address _ _ ________ _ _ _ 

City/State/Zip 

My payment for S ____ is enclosed 

I am registering for Workshop Date 

on at ________ 

Mai l To: 
IEEE Computer Society 
71 North Moger Avenue 
Mount Kisco . New York 10549 

For lunher information : 

Call Cary Ringe l (201) 488· 1200 
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m e when I ordered a couple of new 
balls for my Selectric from the IBM 
office products sales brochure. Aside 
from optical charac ter recognition 
(OCR} compatible fonts, IBM offers a 
font with a unit bar code printed below 
each letter . ..CH . 

MORE ABOUT -ILLION 

T he or igin of bi lli on, accor·ding to 
th e Concise Oxford Dicrionary , is 
" Fre nch, co ined in the 16 th century out 
of bi- & mill ion to denote the second 
power of a mi l lion; mea ning afterwards 
cha nged in Fra nce (so US) but not in 
England ." 

Grea t Britain and Germany know a 
" thousand mi ll ion " as a " m i lliard." But 
why srnp there? Both the UK and the 
US have a simple scheme for hi ghe r 
powers of 1000 using L atin Numeral 
Prefi xes ( LNP) as follow s: 

UK LNP ·dl1on = tm1ll1onl LN P 
US lNP -1l lio n ;; lthousandJ :ic (thou'ia ndJL.NP 

an<i SO ' 

UK us 
106 m1 ll1on mdl1on MegLJ 
109 m1 ll1;ud b 1l l1on G19a 
101 2 b l Ilion 1n ll1on Te ra 
1015 thousand bllf 1on quadril lion 
1018 tril l io n qu1n11H1on 
1021 1hou~and iril l1on S" ex11 ltion 
1024 Quad r 1ll1on s.ep11ll1on 

and so o n 

The decima l point is written ra ised 
(·79) in England, rather than as a period, 
and is pronoun ced po int seven nine, not 
point seven T nine. Where the UK and 
the US use a co mma, most of Europe 
uses a spac e. No doubt a l iteral trans
lat ion of our "float ing point" is as 
amusing LO the Germans as th e literal 
t ranslat ion of the ir " showing comma" 
is to us_ 

Michae l J Cook 
1658 S Stelling 

CL1 pertino CA 95014 

TWO T IPS FROM TEXAS 

T o answer pa n of I an Kok's question 
in the September t 977 BYTE (page 
t 79 I. Accordi ng ro th e Ox ford Eng/ish 
Dictionary, billion was created in 1hc 
16th ce n tury as th e second power of 
mi ll ion : 

·1062 :1012 

Sim ilar ly t r i ll ion was the third power 
and quadri ll ion the fourth. (M ay I specu 
late that the need arose from inflation 
and expa nsion? ) Tl1e OED also sta ted 
th at French arithm e1icians changed th e 
usage of the word s (presumably in the 
deve lopment of the metri c system) to 
indi cate th e number or thousa nd s rather 
than mill ions. Ameri can usage probably 
aro se when we ado pted th e me tri c sys
tem for money , though we never go t 
arou nd to adop ti ng (unti l now) the res t 
of the sys tem. 

I ca n not f ind a speci fi c reference to 
the European usage of the com m a where 
we use the poi111, but I wo uldn't be sur

prised to lea rn it was adop1 ed by the 
French w ith the metr ic sys tem , part ly 
to be di f ferent and partly based 0 11 
d ifferent use o f punctuat ion in French. 

I woul d also li ke to suggest an answer 
to Ira Rampi l 's reqL1es t for an alterna 1ivc 
cutring device for Sli t -N-Wrap. I use a 
pai r of small blunt nosed sc issors 
(R evlon 2051) wh ich are so ld for cl i\ 
ping hai rs f rom ca rs and noses without 
damage. T he broadened ends mean the 
t ips are st i ff, and do not twist around 
the wi re and w il l not scra pe the ci rcu i l 
board. 

Mike Finh 
104 N St Mary 

Dalla s TX 75214 

SR -52 AND PR-100 EXPER I MENTS 

Webb Simmons in September 1977 
BYTE (page 176) discovered tl1at t l1 e 
T exas Inst rume nts SR-51 ca lcul ator ca n 
be coupled to a PR-1 OOA to provide 
printout capa bility. I have obtained 
similar results when I used my SR-SIA . 
Unhapp ily, a more re ce n t version of 
the SR -5 1, (the SR-5 1-1 1). canno1 be 
connected to the PC-1 00A because of 
a redes ign of th e battery com pariment. 
Although the S R-SOA has a pr int cradle 
connector simi lar to the SR-5 1, and fi ts 
on the printer, apparently it is no t 
preprogrammed for printout. 

Incide ntally, the "othe r " position 
of the PC -lOOA 3-posirion swi tch is fo r 
rhe new T l -58 and Tl-59 programmable 
calc ula tors. 

Ralph Mednick 
6 Hopkins Rd 

Peabody MA 01960 

SR -52 AND PR-100 EXPERIMENTS , 

CONTINUED 


I read with interest th e letter from 
Webb Simmons in the September 1977 
BYTE (page 176) concerning use of the 
Texas Instru ments SR-5 1 with the PC· 
1OOA printer. I con nec ted my S R-5 I 
to the pri nter af ter se lecting the SR-52 
mode as Webb ind ica ted_ The prin t mode 
wor ke d fi ne but I never could get the 
t race mode to work _ livery time I 
se lected the trace mode I go t a " 1 " 
and a "?" on my pr intout. The t race 
mode works fi ne wi th m y Tl 59 cal· 
culator so I know there is nothing 
wro ng with rhe prin ter. Perhaps al l 
SR-51s are not the same . I wo uld be 
interested to hear what lu ck o ther 
rea ders have had wi tl1 tl1i s experi ment. 

Car l Oehmann 
9048 Posada Way 

Sacramento CA 95826 

MORE ON 	SR -51 AND PC-100A 
COMBOS 

I wish to th ank you and Webb 
Simmons (S ep tember 1977 BYTE , 
page 176) for the note, " More Hidden 
Gold : PC-IOOA Opera tes wilh SR-51. " 



In fact, the Texas Inst ruments' 
PC -1 OOA also works perfect ly we ll wi th 
th e SR·51A hand calcula tor in ex act ly 
th e same way as does th e 5 R-51. 

However, the 5 R-5 1-11 does not have 
the 12 pad con nector strip, so that it 
is not possible to obtai n hard copy from 
a PC -lOO A and S R-5 1-11 combi nati on. 
This devel opment see ms to make used 
(but in good condition ) SR-51 and 
SR-51 A model calcu lators desirable 
items. 

One must also note that the new 
Hewle tt-Packa rd HP-10 seems to be 
designed to fil l the same need s as an 
SR -51 and PC-lOOA combin ation. 

Aroun d our laboratory the re are 
four SR·51As and on e SR·51; th e 
proud owners of these ca lcu lato rs now 
wan t some PC-1 OOAs. (They will pro b· 
ably pool resources to ge t one.) 

I wonder, however, if the SR-50 
and S R-40 were also designed to fit a 
PC-l OOA? 

Phi lip 5 Bar ker 
59 Acadia Ba y 

Winn ipeg, Manitoba R3T 3J 1 
CANADA 

S IMULAT ING ONESELF ? 

I jus t rece ived the Octobe r 1977 issue 
of BYTE , and I was readi ng an articl e by 
Mr Ch ung entitled "An 8080 Sim ulator" 
(page 70). It is on thi s artic le th at I wish 
to comment. 

While there are clearly usefu l ap plica· 
t ions for simu lators that allow the exec u· 
tion (or in terpre tation) of assembly (or 
eve n mach ine) language programs of 
some macl1ine on a differe n t machine, 
it escapes me why one would wan t to 
emu late one machine's instruction set 
on itself. An appa rent except ion is the 
tester and debugger prese nted in the 
article. It appears that by interp re ting 
each ins truc ti on individually it is pos
sible to discontinue execut ion of the pro
gram a t any poi nt, cal led a breakpoint. 
A break may occur because the user 
wished to discontinue execu tion whe n 
ce rtain cond itio ns were sat isfied , or 
even each time execut ion passed some 
address in the program. Bo th are 
obviously extremely useful when de· 
bugging. Upon detecting a break , the 
debu gge r pres um ably could ente r a com
mand mode where the user could 
examine and change memory loca tions 
and reg isters. Eventual ly execution could 
be resu med through some com mand , at 
wh ich poi nt th e debugge r wou ld start 
inte rpreting the instructio ns agai n, 
watch in g for breakpo in ts. All very use· 
ful, but very slow. Each instruct ion is 
interpreted by the debugger, and con· 
seq uen tly 1h e debugged program 's exec u
tion time might well be increased by 
several orders of magnitude. 

I would like to propose a much more 
efficie nt method for impleme nting the 
same faci li1y. Readers familiar with the 
DECsystem·lO de bu gger DDT will 
recogn ize the 1ech nique I am about to 
present. It l1inges on the fo llowi ng 

canada 
:; ys l om .s, inc . 

I !I
I I I., .. 
I I I -

1 

Circle 14 on i nqui ry card . 

Boards DO Something 

$98-Kit 

CL2400 
Real Time Clock 

S135- Assembled 

If your system needs to know what time it is , our CL2400 is 
the board for you . Th e present t im e in hours. minutes . and 
seconds is always ava ilab le for in put . and is con tinu ously 
updated by the hig hly acc urate 60 Hz power li ne freq ue ncy . 
Need periodic interrup ts? The CL2400 can do that. too. at any 
of 6 rates . Reference manual with BASI C and assem bly 
lang uage so ftware examp les included . 

PC3200 
Power Control System 

PC3232 $299-Kit 
PC3216 $189-Kit 
PC3202 $39 .50 Kit 

$360-Assm . 
S240-Assm . 

S52 Assm. 

If your system needs on / all control of l ights , motors , 
appliances , etc .• our PC3200 System components are for 
you . Con trol boards allow one t10 port to control 32 (PC3 232 ) 
or 16 (PC 3216) ex terna l Power Contro l Un its , such as the 
PC3202 which co ntrols 120 VAC loads to 400 Watts . Optical ly 
isola ted . low vo ltag e. curren t-l im ited co ntro l lin es are 
standard in this growi ng product li ne. 

canad a 
syslems, inc. 

(former ly comp rek) 

P.O. Box 516 
La Canada , CA 91011 

(213) 790-7957 
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Get the best in 

Business Data 


Processing Systems 

Accounting, Inventory, General Ledger, 


Timesharing Applications 


Also a complete line of personal computers 

and peripherals, including: 


• IMSAI • Polymorphic 
• Digital Group • OTC 
• Compucolor • North Star 

• Books/Magazines 

HARDWARE/SOFTWARE SUPPORT 

Our experienced staff is ready to help you 


configure the best system to suit your needs 


I tIU"3·Mi'iBIM·Nil 

A company of Business Sol utions, Inc. 

124 H Blossom Hill Road • San Jose, CA 951 23 
(408) 226-8383 

1nnounc1nli 
ORADliE COUDTY'5 

mast Canuenient 
& mast Rllordoble 
Computer Store 

WE OFFER A COMPLETE LINE OF MICROCOMPUTERS, 
PERIPHERALS AND ACCESSORI ES 

IMSAI SEALS PRINTERS 
CROMEMCO HAZEL TINE BOOKS 
BYTE 8 SOROC 

VISIT OU R STORE ANO SEE THE 
LATEST IN AF FORDABLE COM PUTERS 

I 

\ 

MAGAZINES 

•!\ f 
\ \ ...• -----t>---+--,,,-•• -. 

674 EL CAMINO R~~L ''""'"•l ' 
EL CAMINO PLAZA 
TUST IN. CA 92680 

PHO NE ( 714)731-1616 

"Cl' I HllR 11 · 7 
I ~I 11 lj 

'i A I 111 b 

sim ple co ncept: Replace the inst ruction 
in the breakpoint address with a sub· 
rou tine call ins t ructio n. (I am not 
familiar with th e 8080 instruction set 
so I am not able to give a particu lar 
inst ructi on , although I do not doub t 
th at one exists.) This ca ll wo uld be to 
a rou tine in the debugger ! T he rest is 
easy. The routi ne saves the program 
registe rs, res tores debugger regis ters 
(saved earlier) an d dispatches to the 
command interpreter rou t ine. Th is ro u
t ine mus t be clever in two respects: 
fi rst, i f the user attempts to examine a 
breakpoin ted locaiion , this mus ! be 
detected . This is so that !he origi nal 
instruc t ion may be displayed. Of course 
rile breakpoin 1ed loca Lion will sti ll con
tai n the "call " ins1ruc1ion, which is no t 
wha1 th e use r wants to see. (By the same 
toke n , i f he wants 10 modi fy the break
po inted loca t ion , we must modify the 
saved breakpoi nt instruction [in a break
poi nL instruc t ion table somewh ere] , not 
the actual instruction in tl1 e break
poi nted loca t ion, which of course wi ll 
hol d the "call " that caused the break· 
point to begi n wi th. ) Second ly, when 
the user resumes t11e executi on of th e 
program , the de bugger mus t first 
(indiv idua ll y) execu te the saved break· 
point in struction (remember to firs1 
res tore registers) before returnin g to the 
main code. 

I f my presentation was lucid, it 
should be c lea r that this techniq ue 
is qui te a lot more effic ient tl1an 
Mr Chung's method of i n1erpreting eac l1 
ins truct ion. I L will execute the program 
at processor speed, up to th e breakpoi nt . 

I read your journal with great interes1 
and en joy it im mense ly. I hope th at thi s 
contr ibu tion will be of use to you r 
readers and add to the excelle nce of 
BYTE . 

Ralph Salas 
29C Wycoma Way 

Waltham MA 0215 4 

Use of the 8080 simulator is t111 

excellent way to trace the operations 
of a program, in a mode which depends 
on human responses rather than on 
absolute sp eed. I t is thus not clear that 
the floating breakpoinc technique would 
be the best m ethod to employ. {I coin 
the term "floa t ing breakpoinr" to de
scribe the ..ict of setting a breakpoint, 
then restoring original code at the brea l<
point while inserting a new brealipoint 
after the next instruction in sequence. 
An article by Robert Grappe/ and j ack 
Hemenway in the December 7 9 77 BYTE 
(see "jack And Th e Machine Debug" 
paqe 9 1) goes into the generul design al 
such a floating breakpoint meth od of 
single step execu tion and tracing. 
Where tracing or debugging of read only 
memory software is involved, the sinw
/ator technique is the only one which 
will work, since breakpoints can nor be 
set in read on ly memory. 
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In a recent phone call, Chuck Adams 
ac Texus A & M University reported 
that the 8080 simulator by Kin -man 
Chung proved an excellent tool in the 
understanding of some otherwise un
documented software he was lool1ing 
at. 

COMMENTS ON WALSH FUNCTIONS 

It was interesti ng to see the articl e 
on Wa lsh fu nctions by B F Jacoby 
appearing in your September 1977 issue 
(page 190), The application of Walsh 
functions was a very active field about 
five years ago , but interest has dropped 
off since the n mainly because advances 
in digital circu its have made it possib le 
to use digital circuits in the Fourier 
domain. However, it is still ve ry usefu l 
for designers to know about Walsh func· 
tions because they offer excellent solu· 
tions to many des ign problems. In the 
past couple of years we have seen severa l 
wavcshaping circuits chat ac tual ly used 
Wa lsh functio ns al though che designers 
apparently had developed the circuits by 
t ria l and error. The mate ria l in your 
artic le wou ld have led ch em quick ly co 
che solu cio n. 

The mention of my own work app ly· 
ing Walsh fu nctions to electronic music 
synthes is has brought in severa l inquiries . 
The use of Walsh functions for this pur· 
pose was firs t suggested to me by 
Dr Carl Fred cr ick in 1972. A summary 
of my wo rk can be found in journal of 
the 11 udio Engineering Society, vol ume 
21, number 8 (October 1973), and in 
volume 23 , number 7 (September 
1975), as well as in our own E/ectronotes 
publ ica tions. At about the same t ime, 
Hal Chamberlin was doing a comparative 
study of Walsh and Fou rier synth esis 
and we published this report. To my 
knowledge, there arc probably only a 
few music synthesis projects using Walsl1 
functions stil l under investigation, 
although quite a few are still in use. 

Any reader looking for more infor
mation on Walsl1 fun ctions can fi nd 
addi tion al references li sted in my papers 
mentioned above, or they may wri te 
ro us for any special ri eeds since we have 
lists containing hundreds of refere nces. 

Bernie Hu tchins, editor 
Elecrronotes 

1 Pleasant Ln 
Ithaca NY 14850 

IVa/sh functions are far from dead, 
however. For example, the IEEE Trans
actions on Computers has a table of 
conrents category "Walsh Transforms" 
which is represented by one paper !11 
tire !lugust 7977 issue (volume C-26, 
11umber 8) . For elec1ro11ic music, how
ever, //1e need of weighted resistors 
makes chem more complicated as u 
design elem e11t than a number of simpler 
techniqu es. • 
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BUY, SELL OR TRADE 


YOUR NEW OR USED HARDWARE, SOFTWARE 

OR LITERATURE THROUGH OUR NATIONWIDE 


SMALL COMPUTER SYSTEMS DATA BASE 


Enter any item you wish to buy, se ll o r t rade in our Small 
Computer Systems Data Base. We w i ll process your 
entry aga inst all others in our data base and mail you a 
p rintout of al l ma tching entries. You then con tact the 
correspondents listed in those entries to effect your buy, 
sell or trade. Your entry w ill remain act ive in our data 
base for three months. A ll incoming entries will be pro
cessed against your item and your entry will be mai led 
to all those that match. Thus you are assured of a wide 
coverage for your buy, se ll or trade. 

The cost of your f irst entry is $4 .00, each addit iona l item 
submitted at the same time is $2.00 . Send the entry form 
below togeth er with your check to : 

THE SHALL COMPUTER SYSTEMS CO. 
P.O . Box 4344, Warren, New Jersey 07060 

D BUY D SEL L 0 TRADE 
D HARDWARE D SOFTWARE D LITERATURE 

Name ____________________ _ 

Street _ ____________________ 

C ity __________ State_ ___ Zip____ 

Telephone (Include Area Code) ---------- 

Attach description of item (approximately 50 words). 

I AIMICROCESIGN 
----+ ---------------~ 

J mic rocomputer produch 

2708 
SK TMS 2716 
16K EPROM/RAM 
VERSATILITY• Individual Addressing • Shadow allernates ROM wilh RAM • External 
RAM disable • Optional IK on·board RAM • S 100 compatible • Power·on jump or 
boolslrap capabihly • All sockets included 

MR 8 KIT . For 2708 99.50 

MR 16 T KIT . . . FOR TMS 27 16 . 99 .50 


EPRO M (shown) no11ncluoeo 


FIRMWARE • 2K Mon itorlU!i lily • Supporls Tarbell casselle. paper tape • Now 
available to1 SIO. MIO, 3P I S, SIO 2 

MM 2K . . . (two 2708 lype EPROMS) . . . . 79.50 
MM 2 T . (one TMS 2716 EPROM) 74.50 

EPROMS • Prime. lu ll speci licalion • programming available 

2708 lype . 1024 x 8 . 30.00 
TMS 2716 . . , . . .. .. 2048 x 8 . . . . . . . . . 55.00 

MICRODESIGN 
679-I S. Stale College Blvd., Fullerton CA 92631 

714-738-8080 
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BYTE SHOP EAST 

Come to the Grand Opening of our new Byte Shop 
East, Inc. at: 

Hou rs: 

130 East 40th St. 
(Corner of Lexington Av e.) 
New York , NY 10016 
(212) 889-4204 

11 -7 Tuesday through Friday 
10-5 Saturday 
Closed Sunday, Monday 

We special ize in Small Business applications and Educa
tional Packages that use personal computers. Come and 
see our complete line ! 

NOTE: Our store in Levitcown is still going strong. Come 
visit us at: 

27-21 Hempstead Turnpike 
Levittown, Long Island 
(516) 731 -8116 
Two blocks east of Wantagh Pkwy . 

12-9 Tuesday through Friday 
10-5 Saturday 
Closed Sunday. Monday 

16K Static RAM 
250 nsec fast 

State of the art TMS 4044-25 
Fully static • No clocks • No refresh • No wait 

• IMSAl / ALTAIR/ POLY 88/ SOL 20 
S-100 bus compatib le, requires av only. 

• COMMERCIAL QUALITY COMPONENTS 
First quality factory parts. fully socketed, buffered. 

• VERSATILE Each 4k addressable to any 4k slot. 
on-board memory protect , RAM disabl e. 

FULLY ASSEMBLED, TESTED $375 
KITS AVAILABLE AT $355 

Delivery: S1ock to 4 weeks Pho ne orders we lcome Post Paid 
Washingt on resi den ts add 5 .4% sales tax 

Enter my order for 0 Assembled and Tested $375 
0 Kit $355 

(Add 4% for charge cards.) 
Name __________________ 

Address Phone ___ 

City State __ Zip ____ 

Payment Enclosed : 0 Check 0 Money Order 

0 VISA 0 Master Charge Exp. Date _ ____ 

Card Number _____ 4-Dig it No. Over Name __ 
Signature _______________ _ 

Seattle Computer Product.s, Inc. 
16611-11 lth S.E., Renton, WA 98055 (206) 255-0750 

Practica l Microcomputer Programming: the 
Intel 8080 by W j Weller, A V Shatzel and 
H Y Nice, Northern Technology Boof?S, 
7976, $23.95. 

Th is is the first text on 8080 assemb ler 
programming which I have run across, and 
as such is a welcome supplement to (01· 
rep lacement for) previous books on the 
subject . The new book is an introduct ion 
to 8080 assembler written for beginners; 
begi nners here meaning those who do not 
know any assembler language. The book 
would be very hard going for someone who 
did no t know BASIC, FORTRAN, or some 
other higher level language ; the authors 
assume familiarity with loops, sub routines 
and programming in ge nera l. Most of the 
sample programs in the book could be used 
on any 8080 machine; some of the 10 and 
in terrupt sections are machine dependent. 
The authors use an Altair and a minicom
puter based cross assembl er. 

The first three chapters introduce binary 
arithmet ic, logica l operations and the basic 
structure of the computer. This section 
co ncl udes with an introduction to the con
cept of programm ing and what an assemble r 
does. The next few chapters concentrate on 
the most commo n tasks faced by the pro
grammer: moving data, memory addressing 
modes, binary arithmetic and logical oper
at ions. The third logica l segment (CS ECT?) 
concerns the use of the stack, of sub
routi nes, and of tab les and arrays. Next the 
authors descr ibe and illustrate sim ple and 
complex 10, conversion between bi nary 
and othe1· ways of representing data 
(dec imal , BCD, hexad ecima l, ASC II ), and 
graphica l representation. The latter is con
tained in the comp lex 10 chapter where a 
dot matr ix printer is made to print in the 
Russian alphabet using "R US Kl I" (Russian 
Unified Standard Key for In format ion 
In terchange, an invention of the author·s). 
Decimal arithmetic and digital to ana log 
convers ions are then taken up, and th e 
fina l two chapters proper are devoted to 
interrupts. There is a final chapter on 
debugging, and then append ices which 
give source and object code for the de
bugger, a loader, the cross assembler, and 
a table used to produce the Ru ssian alph a
bet. 

Generally I fou nd the book excel lent. I 
was only able to find a couple of relat ively 
tr ivial typos (on page 153 RA R should be 
RAL, and on page 182 OSVCE should be 

Hours: 
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CS VCE), and the il lustrat ions were very 
good . I would have I iked to have seen a 
sec t io n on floating point ari thmet ic, and it 
would have he lped to give a tab le of the 
ins tructio n set somewhere, but the authors 
must p1·esume this is ava il ab le elsewher·e. 

John A Leh man 

716 Hutchins #2 
Ann A rbor M l 48103• 

APL An Interact ive Approach, second 
edition, by Leonard Gilman and A llen Rose, 
j ohn Wiley & Sons, Inc, New Yori?, 79 74, 
384 pp, $7 7.95 (paperback}. 

An important element in the tit le of thi s 
book is "interact ive." APL, A Progra mming 
Language, is indeed intCl"active. Through out 
the book this feature is not only accented; 
it i capi tal ized upon. On e does not mere ly 
read the book . A budding APL programm er 
ca n ei the r· interact wi th an APL workspace 
that has been preprogrammed to track the 
book or, when this is not practical, he 01· 
she can interact with th e compu ter surroga te 
fou nd in let"woven in to the text in the fo rm 
or a list ing which in clu des both human input 
and compute1· response. 

A PL An Interactive Approach gives an 
under tandab lc presentation or APL oper
ato1·s (also cal led APL funct ions), user pm· 
g1·;11m (called derined runctions), workspace 
ma n;:igement, and info rn1at ion whi ch can 
best be descr ibed as "advanced top ic." 
Al though these "advanced topics" might 
not be implemented on home microcom
puter· AP L systems of the near ruture, the 

SPEECH CREATED 


VOICE RESPCNSE ENHANCES GROWING 1.PPLICATIONS OF $· 100 BUS COMPUTERS 
10 SMALL BUSINESS SYSTEMS, PROCESS CONTROL. ANO AUTOMATIC TEST 

• 	 M 188 is a tow data rate voice gonor<Hor - 120 by1cs per second o f speec h horn co m· 
pu1or memory or on·t>oard EPROMs 

• 	 M188 comes •.v1 1h 6•t·word cassc ll e vocabulary Load 1t m to memory aod a slmp!e 
prooram leis yo u speak words ilnd phrases 

• 	 Laroe available voc~burancs arc dl?dYcd from com pu ter analysis o t re al speec h. pte· 
serving o uts1anding clarity and naturalness compared 10 omer methods o r tow data 
rtite syn 1hesls 

• 	 Wllh vcctor~d mtcrrupl many M168·s share common vocabulary data, and 1here is 
ncgliglbte slowing o l com putm operations or 1nterlerence w11t1 t11gh·speeo peripherals 

OTHE R MODELS I PRICES I TECHNICAL INFORMATION - CONTACT· 

SPEECH TECHN OLOGY COR PORA TION 

631 WILSHIRE BLVD .. SA NTA MONICA. CA 90401 
(213) 393-0101 

HEM~ 11 r.t MIOWES1 DIGl7A L EOIJ IPMErn EXHIBIT P,UNNEAPOLIS FEBRUARY 15fH f.. 16TH 

BUILD YOUROWN 

VIDE:O TE:P.MIHAL FOP. 


$85 "PLUS"* 


e Ser ial ASCLI or BAU DOT • 16 li nes X 64 characters 

• 	 Full X-Y C ursor control • St OO Compatability 

• 	 128 Characters, including • No Supporting Software 
upper and lower case required 

• The SCT-100 Single Card Terminal interfaces directly to any 

computer or modem having serial ASC II or BAU DOT capability. 

It requires on ly the addi tion of a standard ASCII keyboard, end e 

TV monitor. It is available as a pa rt ial k it for $95.00 including 

t he PC board, character genera tor ROM, end the 387 0 micro

computer. The comp le te SCT-lOO kit is $155 .00 ($185 .00 

pre wired & test ed). 

To order, call or write todi1v. MC, B1\ C Accepted. 


XITEX C O RP. P.O. Box #20887, Dallas, Texas, 75220 
Phone (214) 620-2993 
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Don Lancaster's ingenius design provides software 
controllable options including: 

• Scrolling • Full performance cursor 
•Over 2K on-screen characters with only 

3MHz bandwidth 
• Variety of line/character formats including 

16/32, 16/64 .... even 32/64 
• User selectable line lengths 

:.TELLME.MORE!..(..).~:.; ,; ·i;,~:..~~:i~,; · .~,;; ,;~! ·r~.: ;~: ..r~:;_~.l~i·t .: 
\vllh full opc ralionnl detail s . $1 t'ncloscd. · 

: ( ) SEND FREE CATALOG 

Name:-----------

~ Ac lrln:SS: ___________ =·.mua: 
'. ELECTRONICS,INC. Cily: - ---- State: --- 7. ip: _ 

'. DEPT. 1-B. 1020W.WILSHIRE8LVO. , OKLAHOMACITY. OK 73116 
... .. . .. .... .. .. .... .. ... .. . .. . . .. .. . .. ..... . . .. ··· ·· · ··· ·· ·· 
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adage that too much is better than too 
little seems peninent. 

The genera l tone of the book is tech
niq ue and, as cou ld be expected, the type 
of techniq ue emp hasized is the use of AP L 
functions. (Branc hi ng is not discu ssed unti l 
halfway through the book . Howcve1·, the 
authm have chosen lo stress the alternatives 
ro branching which APL prnvides in order to 
combat wh at must be a natural tende ncy 
to branc h.) Technique is but one course and, 
"9ne course neither a mea l nm a grad ua te 
makes'" I bel ieve th at add itional emphasis 
is needed on pmg1«1111 (function ) orga ni
zat ion, the use of funct io ns a subroutines, 
debugging, and erro r correc tion. An 
add itional append ix on "erTm messages, 
the ir cau cs and corrections" and an 
expan ded appendix on "A PL runctions," 
bo th comp rehensive enough to be used as 
sta nd alone work aids, would have bee n 
helpfu l. 

A revised print ing of the second edit ion 
has been released recently, the major change 
be ing an eas ier to read type sty le. lnfo r·
mation rel ating to the use of the IBM 
5100 portable computer was also include-cl. 

Is this book fo r· you7 Assum ing you have 
a stro ng des ire for information concerni ng 
APL, I would say, "Yes." If your in terest 
is casual and yo u expect progr·amm ing lan
guages to be mme corwe r·sa tional than 
-+BOOKSTOREx l ( DE.'JI!?E>NIL ) vNEED= 
1 YES ' then my an wer wou ld not be so 
unequivocal. (No te: _, can be read as 
"GOTO" and x L as " IF;" I leave the rest 
to you') 

T ho mas E Hoge 

4 1 Fem S t 
Rocky H i ll CT 06067• 



CondLJcted by 
David Wozmak 

SOL User's Society 

On a hot Sunday afternoon, about 30 
owners of Processor Technology SOL com
puters gathered in a Stanford University 
auditorium to organize the SOL Users' 
Socie ty (SOL US). The meeting was arranged 
by Bill Burns, Ron Find lay, Dave Fylstra, 
and Ben Milander, who had been cond ucting 
pr·eliminary SOL users' meetings at the 
Homebrew Computer Club. As the SOLUS 
steering comm ittee, these four men dis
cussed the goals, structure, and functions 
of SOLUS. 

It was decided that SOLUS wi ll have a 
cooperative but independent relationship 
with Processor Technology. T he goals of the 
soc iety are: to faci l itate communication 
among SOL users and to provide a mecha
nsim for exchange of SOL compatible 
hardware and software products by inde
pendent sources. Membership is open to 
owners of SOL computers or of other com
puter·s configur·ed li ke the SOL. The Society 
is primarily a personal co mputer users' 
grnup, although a commercia l interest group 
may be formed within SOLUS. 

The item above is from Stan Sokolow, 
!.he editor of SOLUS News. To get in touch 
with SOLUS, write to Stan Sokolow, ·1690 
Woodsid e Rd #219, Redwood City CA 
94061. 

The International ClassifieC: Advertiser for 
Computer Hobbyists (Bitbucket) 

Bitbuc!?et is publ ished twi ce a month 
and sent via first class mail. Computerfest 
announcements, club meeting schedu les, 
interc lub requests, and news articl es {flea 
markers, special events, etc) are publi shed 
free of charge. Bitbucl?et i mailed free to 
all clubs. To send for rnor·e informati on, 
w1·ite Bitbuc!?et, MC Cor·poration, publisher, 
POB 314, Libertyville IL 60048. 

SR-52 Users' Club 

Here's a club for owners and users of 
Tex as Ins trurnents programmable ca l cu

C1rc lP. 100 on inquiry card . 

Software 


Games • CRAPS (Las Vegas style) $6.00 
• 	 MULTIPLE LUNAR LANDER $8.00 
• 	 SLOT MACHINE $6.00 
• 	 GAME PACKAGE: Russian Roulette. Mod 

Scientist. and ABM $8.00 
Graphics • PICTURE MAKER with AMP'L ANNY $12.00 

• 	 GRAPHICS PACKAGE I: Laser Beam. Space 
Shuttle. and Blast Off $10.00 

• 	 GRAPHICS PACKAGE II: Rain In Greece. Flea. 
Textwriter. Random Walk $10.00 

Scientific • FOURIER FIT: Does curve fitting $15.00 
Systems • RANDOM NUMBER GENERATOR TEST $5.00 

• 	 HEX MEMORY LOADER $10.00 
• 	 MEMORY DUMP PROGRAM $10.00 
• 	 MEMORY SEARCH $5.00 

All Programs Written in BASIC 

Complete Easy to Read Documentation 


Programs Completely Tested 


SOFTWARE RECORDS 
P.O. BOX 8401 -B 

UNIVERSAL Cl1Y. CA 91608 
(co l residents odd 6% sales tax) 

l{IMSI 


t/~ 
The KIM to S-100 bus 


Interface/Motherboard 

• 	Combines the power of the 6502 with the flexibili ty of 

the S-100 bus 
• Attaches to any unmodified KIM 
• Complete interlace logic and fully buffered motherboard 

in one unit 
• On -board regulation of power for KIM 
• 	Eight slots of S-100 compa tibility for additional RAM, 

Video and 1/0 boards. PROM Programmers. Speech 
processors ... 

•Includes all parts. sockets for I Cs. one I 00 pin connector . 
and full Assembly/Opera ting documentation 

•Kit $125 , Assembled $165 
•All units shipped from stock 

FORETHOUGHT P RODUCTS 
P.O. Box 386-F 

Coburg, OR 97401 
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THE BETTER BUG TRAP 


DEBUG 

AND 


CONBUER 

Altair/IMSAI compatible board catches program bugs and 
provi des t iming for real-ti me applications. 

Four hardware breakpoint addresses. Software breakpoints 
o nly po ssible at ins tr u·ccions in RAM. Better Bug Trap 
breakpoints c a n be in ROM or RAM, and at data or 
i nstructions in memory , input/output channels, or stack 
locat ions. 

Board can stop CPU or interrupt CPU at a breakpoint . 

R ea l-time functions: watchdog timer , rea l-time clock (for 
t ime of day cloc k ), interval timer. 

Sophisticated timesharing made possib le! 

Unique interrupt structure: generates a CA LL instruction to 

y our subroutine any where in memory. not a RSTI 

Addressed as memory . All parameters set easi ly by software. 

All this and more for about the price o f a rea l-time clock 
board , but nothing else does the job of the Better Bug Trap. 

$180, assembled and tested. 2 manuals plus software. 90 day 
warran ty . Shipped UPS. Delivery from stock. 

!lirrnnirs inc. 
BOX 3514, 123 WEST 3RD ST., SUITE 8 
GREENVILLE, NC 27834 • (919) 758-7757 

Prototype boards for SWTP 6800 
and other systems 

The larger board ISWT-2) is the same size as the system memory board 
and plugs into a memory location. The smaller board ISWT-1) is the 
same size as an 1/0 board and plugs into and inpulloutput connec tor 
location. The proper Molex connectors are provided. Please add $1.50 
per order for shipping, handling and insurance. 

Prototype boards for S-100, Heath H-8 and oth ers ava ilable. 

SWT-2 $ 15.95 

SWT-1 $ 8.95 


Adapter boards available to interface Heath 
H-8, Radio Shack Z-80, and Intel SBC 80/10 
computers to the S-100 bus. Permits use of 
North Star and other floppy disk interfaces 
with these systems. 

Order from your nearest dealer or 

P.O. Box 6215, Syracuse, New York 13217 (315) 422-6666 
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lators . Membership is open to anyone. The 
club is neither sponsored by nor official ly 
sanctioned by Texas Instruments. To date 
the re are over 700 members. The cl ub 
publi shes a newsletter, 52 Notes, which 
contains programs, ro uti nes, and various 
other info rmat ion. Wri te to R C Vander
burgh, 9459 Taylo rsville Rd, Dayto n OH 
45424. 

RICH 

The Rhode Island Computer Hobbyists 
hold meetings on th e third Tuesday of every 
month. Upcoming meeti ngs will fea ture 
presentations of so lar energy projects, the 
new Heath line, and terminals for the deaf, 
to mention a few. The new NET message 
service allo ws anyone with a termina l and a 
modem to dial a club com puter to get news 
and receive or leave messages. Contact the 
Rhode Island Computer Hobby ists, POB 
599, Bristol RI 02809. 

Lincoln NE Computer Club 

Computer hobby ists in the Linco ln 
NE area are invited to joi n the Lincoln 
Com puter Club. Th e club was formed in 
early 1977, and has been meeting monthly 
ever since. Meetings are held the first Wed
nesday of each month at 7 PM at the South 
Branch Lib rary at 27th Av and South St. 
For furthe r infor mation co ntact Hubert 0 
Paulson Jr, 422 Dale Dr, Lincoln NE 68510. 

Computer Amateurs of South Jersey 

A new cl ub, the Comp uter Amateurs 
of South j ersey, invite the participation of 
all interested parties, both novices and pro
fessiona ls. User groups have bee n formed fo r 
th e 6800, 6502 and the 8080 processors. 
Meeti ngs are he ld at 7:30 PM o n the last 
Tuesday of each mon th at the Natio na l 
Park Municipal Building, 7 S Grove Av, 
National Park NJ . For additional in for
mati on please call (609) 541-8296 or write 
Charles Knott, 3088 Congress Rd , Camden 
NJ 08104. 

Tidewater VA Computer Club 

This clu b, located in the tidewater area of 
Virg inia (Norfolk, Vi rginia Beach, Chesa
peake, Portsmouth) has a membership of 
about 100. Club meeti ngs are held in the 
Electronics Computer Programming Insti
tute, Janaf Offi ce Bui ldi ng, janaf Shopp ing 
Center in Norfol k at 7:30 PM on the first 
and third Tuesdays of each mont h. Contact 
C Dawson Yeomans, 677 Lo rd Dunmore Dr, 
Virgi nia Beach VA 23462. 



Electronotes 

This is the newsletter of the Musica l 
Engineering Group . Bernie Hutchins has 
been publishi ng this unique and va lu ble 
news leller since th e ea rly 1970s. It co ntains 
technical materi al pertaining to electronic 
music an d re lated subjec ts . There are 20 to 
25 pages in every issue, all of them infor 
mat ive . To submit articles or to subscribe, 
write to B A Hutchins, 1 Pleasa nt Ln , 
Ithaca NY 14850. 

Calculator Lib 

There exists in Oxnard CA a man named 
Gene Heged ux who edits a newsletter 
called Calculator Lib. This publication is 
devoted to the spread ing of information and 
ideas abo ut calcul ators. In it are various 
tr·icks, hidden secrets and humorous items 
about ca lculators (not ju st programmable 
ca lculato rs, either). To subscribe contact 
Gene Heged us, POB 2151, Oxnard CA 
93034. 

Alamo Computer Enth usiasts 

ACE is a group of microcomputer enthu 
siasts in the San Anto nio TX area who have 
gotten together to publish a newsletter. 
The club meets on the fourth Fr iday of each 
month al 7:30 PM in room 104, Chapman 
Gradua te Center, Trini ty University. Contac t 
john Stanton, 7517 Jonqui l!, San Antonio 
TX 78233. 

Southern Ill inois Computi ng Association 

The Southern Illinois Compu ting Asso
ciat ion (S ICA) draws its members fro m th e 
academ ic, business, profess ional and 
hobbyist fields. The orga nization meets th e 
first Monday of the month at Southern 
Illinois University, Carbondale IL. For 
fu rther in formation and a current copy of 
the organization's newsletter, contact Jame 
E Honey, SIU General Stores, Carbondale IL 
62901. 

Computer Hob by ist Group of North Texas 

This group, led by Ne il Ferguson, pres i
dent, and Bi ll Lewis, vice president, is 
located in the Dall as area. It is an in forma l 
clu b in which peop le d isp lay the ir syste m , 
exchange information, and so on. Their 
news letter, The Printed Circuit, looks good 
and conta ins vital club information, classi
fieds, and coming events. If you want to 
become a member, or get mo re in for mat ion , 
contact Neil Ferguso n, POB 1344, Grand 
Prairie TX 7 5051. • 
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"We've Got It!!" 
A NEW ADDITION TO OUR STOCK OF 

SURPLUS ELECTRONIC EQUIPMENT 


The IBM Selectric'-'> Based 

1/ 0 Terminal $695.00 


• 	 INTEGRAL MODEM 
• 	 BCD OR CORRESPONDENCE CODE 
• 	 TABLETOP MOUNTING 
• 	 22"'W, 22"D X 8"H, 58 LBS 
• 	 ASCII CON V ERSION AVAILABLE 
• 	 DOCUMENTATION INCLUDED 

• 	 KE YBOARDS - ASCII 

ENCODED $40.00- S60.00 


• 	 CRT TERM IN ALS 
• TAPE DRIVES $650.00 e PRINTERS Ma ny 
e EQUIPMENT CABINETS • TRANSFORMERS Other 
• 	 POWER SUPPLI ES • WIRE·CABLE Items 

/iilllr,~ Send for a free ca ta log or ca ll B ill Bl an ey 

~II!/ toll free 800-258-1036. In N.H . 603-885 -3705 


V isit OurWl:JflLIJWllJE E~EC:Tfll:JlllC:S, lllC:. Store 
10 Flausto 111' Oriv" · Hud son. N<!w Hampslrn e 03051 

@OMPUT~ 


@o o : I~ 

S-100 BUS 

CSR I 

SYN TH ESIS-BY -RULE 


SOF TWARE 


t 


SPEAK "KAAMPYUTAOLKER" 


MODEL CT-1 SYNTHESIZER 
CSR1SOFTWARESYSTEM 
DEMONSTRATION CASSETTE 

( .'\llF RESJOE.NTSA006"• SALES TA>t 

395.00 
35 .00 

2.95 

WAITE FOR INFORMATIVE LITERATU RE 

COMPUTALKER CONSULTANTS 
P.O . BOX 1951 , DEPT . B, SANTA MONICA, CA 90406 
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2708 

~i-JPD458 
~ TMS2716 

PRAMMER III 

by xybek 

The Ultimate EPROM Memory Board 
For Your S100-Bus Computer 

* Accommodates from 1kto30k of the above EPROMS, in 
any combination. each add ressable on any 1k boundary 
within the board's 32k address space. 

* 1k of scratch-pad RAM. 

* On·board programming for all three EPROM types. 

* Tri·state buffers on all address and data lines. 

* Empty EPROM sockets do not require address space . 

xybek • P.O. Box 4925 • Stanford , CA94305 
Telephone: (408) 296·81 88 

G$36.00 

R1 
P.O. Box 10767 
Salem Station 
Winston-Salem, N. C. 

27108 

(9 19) 748-8761 
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Continued from page 6 

executed (or shal l I say, "understood"?) 
by the computer system. When we figure 
out what it is that we want to get done, 
then the process of automating that in ten
tion reduces to a purely mech anica l pro
cedure. 

The amplification of our thoughts r·ep re
se nted by a computer's operation comes in 
several ways. The computer can automate 
and execute procedures orders of mag nitud e 
faster than a human brain can operate; a 
computer can record procedures in some 
form of storage, for recall at the direction 
of its user; by req uiring explicit and con
sisten t instru ctions, a computer acts as a 
tireless crusader for consistency and accu
racy in our knowledge of innumerable sub
jects. Ra lph Waldo Emerson commented 
that " . . .a fool ish consiste ncy is the hob
gob lin or little minds, adored by little states· 
men and phi losophers and divines." With 
the aid of these new menta l amplirier·s, 
we might add computers to the list of 
"little minds." 

As a mental ampl ifie r, the compulCI' is 
perhaps the "u ltimate too l" of our tool 
mak ing species. Recogn izing the nature 
of the computer as such a too l helps one to 
understand the multip le facets of 
personal computing. The general-purpose 
computer system is not cnnfincd by design 
to any particular app lication; its gene r·a lity 
is the secret of its enth usiasm with uscr·s. 
Computers are indeed used in dedicated 
app licatio ns, and with great success, as 
evidenced by the newest crnp of compIi
cated video game machines, computer 
contro lled sewing machines, and computer 
contro lled automotive systems. But in such 
ded icated applications, we merely use the 
results of the amplified thoughts or the 
designer of the application system, and if 
those thoughts disagree with our own 
thoughts on the way the system should 
work, then there is little prospect for im· 
provement or customizat ion of the appl i
cation. The general-purpose computer in 
con trast is oriented toward an interactive 
user who needs the mental amp lifi cation 
process in an individualized context. The 
key to such computers' enthusiastic recep
tion as "persona l comp uter·s" is this flexi
bility which is present in the user who 
knows how to program with the tools 
ava il able and can proceed to create an 
app lication or modify a can ned app li cation 
to fit a custom situation. 

Th ink of an analogy to the piano or any 
other musical instrument which requires 
some sk ill to play . As an avocational pianist, 
I buy a "stock" program for an "appl i
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cation" of the piano, fo r example a Scott 
Jopl in piano rag, a Waldteufel sa lon sty le 
Viennese waltz, or a piano sonata by 
Beethoven. I do not pretend to be an 
original "programmer" of the mu sic, so I 
purchase the printed form of th ese works 
and proceed to play them in my own im
per fec t style, customized as i t were to my 
own clrnilc terist ics as a piano pl ayer. (I can 
buy completely ca nned music, Loo, in the 
form of mass produ ced record albums of 
famous drlists wh ich are musica ll y the 
equ iva len t of game programs purchased for 
speci ri c ga mes machines and written by the 
ga mes ' art ists.) The piano is my genera l 
pu r-pose musical instrument which can be 
adapted to any one of a wi de diversity of 
mu sica l sty les and emotional sta tes. In a li ke 
manner, the personal compu ter as a general 
pur·pose com pu ter is not confined to any 
one mode of operat ion - it merely provi des 
a mechanism for· imp lementa tion. 

The users of the personal compu ter in 
the past have tended to be those indiv iduals 
who have most to gain from this personal 
thought ampli fier, namely indivi duals in 
volved in personal endeavors which can 
benefi t fro m the automation of thoughts. 
Since everyone thinks to a grea ter 0 1· lesser 
degree, the marke t for personal compu ter 
equipment may in princip le be limi ted onl y 
by the size of the human popu lation; but for 
the near term i t is those indiv iduals who are 
involved with intellectual processes from ar t 
to business who benefit mos t from th e small 
computer. The art of computer program
ming is a sk ill which I view as essential, 
in the ame way that the ar t of dr iving is 
re qu ired to take advantage of the mobil ity 
of the automobi le_ Not everyone need 
be the programming equivalent of a sk il led 
race or ra lly driver, but for peop le now 
growing up wi th programmab le compu ters 
readil y availab le, a programming sk ill ana
logous to the ordinary person's au tomobi le 
dr iving sk ill s is requ ired. Anyone who would 
thin k o therw ise is ignoring the essence of 
what makes the personal computer personal. 

So, then, what does it rea l ly mean Lo have 
a personal computer? A t an emotional level, 
i l enhances one 's understanding and though l 
prncesses through the abi l ity Lo perform 
simulat ions and ex periments; it gives one 
the oppor tu nity to experi ence a joy of 
crea t ion and pract ica l be nefi ts at wh atever 
level programming is done. I t gives its use r 
a too l fo r understan ding and in terac ting 
with the world which was not previously 
ava il able and which enhances the human 
th ought processes by allowing simp le auto
mati on of well-d efined operations. The total 
feedback in both spiritual and mater ial 
benef its can be enormous.• 

Indusbial Quality
CAMBION XQCom--.-.. 
for Hobbyis~. 

Famous CAMBION com
ponen ts are now available 

fo r hobbyists, personal com
puting enthusiasts, and home experimenters. Get them at 
your local retail electronics store, or by mail. The same 
high quality XQ components that Original Equipment 
Manufacturers depend on for pro fit around the wor ld, are 
now yours for pleasure, at home. IC sockets, component 
adapters, breadboards, wrap tools, wire, patch cords, 
plugs, jacks, sub-mini connectors, test points, cl ips, basic 
hardware -and you name i t. 

For your FREE new, enlarged XQ Components Catalog, 
write Cambridge Thermionic Corporation, 445 Concord 
Avenue, Cambridge,MA 02138.Or pick up a copy at your 
local re tail store. 

Guaranteed to be the r ight connection. 

Winter shut-in blues??? 
Do what you 've been wanting to do at 

prices you can 't afford to pass by . . . 

PRICES IN EFFECT UNTIL FEBRUARY 15, 1977 

OUR 

LIST CASH PR ICE 

IMSAI 8080 699°0 $56995 

Solid State Music VB1 Kit 14995 119 95 

Percom Cl-812 Kit 8995 7505 

Tarbell Cassette 
9995Interface Kit 12000 

TDL ZPU Board 269°0 22995 

Other Z-80 CPU boards as well as BK, 16K, 32K m emory boards avai l 

able at sensation al savi ngs . 

A ll pr ices plus sh ipp ing. A dd $ 1.5 0 per board o r $ 10 fo r IMSAI. 


Send for free catalog. 


S-100, Inc. 
7 White Place 

Clark, N.J. 07066 
201 -382-1318 
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Simulation of Motion Part 3: 

Model Rockets and Other Flying Objects 

Stephen P Sm ith Since beco mi ng involved in personal com 
POB 841 put ing, I've only met a few real appl ications 
Parksley V A 23421 oriented users. Most mic roco mp uter owners 

are either hardware oriented, eg: hams o r 
other elect ronics hobbyists, or they are soft
ware hacke rs. Bo th groups ten d to love their 
machi nes for their own ake and not neces
sarily because they are useful. The use rs I've 
met who are more interested in the answers 
they get than in how they got th em have all 
been runn ing fina ncial programs. Despite 
this thin showing, I believe that the next 
large group to "di scover" personal com 
puting is go in g to be appl ications orien ted. 
They will be the business people and hobby
ists who need more compu ting power than 
is available in a pocket calcul ato r, bu t who 
can't justify access to a la rge com puter. 

Amo ng this group wi ll be the model 
rocket and aircraft bu ilders. Those people 
delight in creating mi niatu re NASAs, but 
they have always lacked one important 

Body Cd 

f lat plate (1 square merer) 0 .7 
sphere (0 .1 m eter diam eter) 0.003 
ai rplane bodv 12 square meters) 0.08 
w ing o r fi n edgewise (1 squ are me ter) O.Q12 
m odel rocket (2 cm diam eter) 0.000 1 
autom obile (2 square meters) 0.6 
m otorcycle and rider (2/3 squ are meters ) 0.25 

Table 7: Drag coefficients for various bodies. These coefficients include the 
body area and air density term (7 /2 x 7. 7 92 kg/m3). They are intended to be 
used in an equation of the form: 

DRAG = SPEED2 x Cd 

I f larger or smaller bodies are used, a simple ratio of areas will convert the 
coefficient. 

resource, comput in g power. The govern
ment and the aerospace ind ustry invest a 
great dea l of effort in sim ulati ng flights 
long before any hardware is put together. 
Few hobbyists cou ld do this unti l now. In 
thi s article, I'll show how a microcomputer 
can be used to si mulate the flig hts of mode l 
or amateu r rockets and aircraft. The simula
tions can be used as ai ds in design and 
"mission" plann ing. I also hope to demon
strate the des ira bility o f personal computi ng 
as an adjunct to other pastimes. 

As in my previous articles, these simula
tions are intended to se rve as examples. The 
tec hniq ues involved can be applied in almost 
any real world app lication. The lu nar lander 
game, for exam ple, se rved to il lust r·a te how 
si mulations are se para ted in to degrees of 
freedom, and how speed and position are 
pred icted for steps into the fu tu re. Those 
co ncepts were also app lied when we simu
lated the motion of an automob il e suspen
sion system . That si mul ation ii I ustrated how 
forces cou ld de pend di rectly on the mo ti on 
being simulated . It also served to introduce 
some powerful numerica l techniques. All of 
these concepts wil l app ly to the flight 
simul ations . In add it ion, I' ll show how to 
calc ulate the effects of a fo 1"Ce whi ch acts 
in two degrees of freedom at the same time. 
I ' II also in troduce angu lar motion and 
demonstrate the way in whic h a simula
tion keeps track of how fast a body is 
tur ning an d whe re it is poi nting. While 
developing a fl igh t simulation in detai l, I' ll 
try to po in t out spec ific areas where these 
new techniques can be applied to the earl ier 
ap plications. 

Let's begin , in fact, by outlining a game 
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simu lation you can program. In the lunar 
lander game, aerody nam ic forces were 
neglected, but these forces must be con
sidered for atmospher ic fl ight. Th ey also 
prese nt a good exam pl e of fo rces which act 
in more than one degree of freedom. We wil l 
investigate them through the use of a si mple 
game I 'I I ca l I EVE L. The object of the game 
is to se lect the ramp angle and speed with 
which to leap a motorcycle over a given 
number of cards and land successfully on 
the downward ramp. The motion wi ll be in 
two degrees of freedom, vertical and hori
zo ntal. The forces wi ll be grav ity and aero
dynamic drag. 

We have see n in the previous artic les how 
gr·av ity affects speed, and most peop le have 
an intuitive un derstanding of drag. Drag is 
the force you fee l when you hold your hand 
ou t the window of a moving car. It is the 
res istance of air to a body moving through it 
and it acts directly oppos ite the motion. 
Drag is ca lcu lated in much the same way as 
the force created by an automob il e shock 
absorber. In th at examp le the for·ce was 
equal to the speed multip lied by a damp ing 
coefficient. To calcu late drag, we wi ll mul
tipl y the speed squared by a co nstant 
ca ll ed the drag coefficient (symbolica ll y Cd). 
Drag coeffic ients fm some common bodies 
are give n in tab le 1. Cd takes in to accou nt 
the size, shape and surface texture of the 
body. In ou r simu latio ns, it wil l also include 
a factor for the de nsity of th e ai r (1.19 kg 
per cubic meter). More detailed simu!at ions 
wi ll take into accou nt the changes in air 
dens ity and temperature which occur at 
higher altitudes and adj ust the aerodynami c 
fo rces acco r·d i ngl y. To avoi d th is comp I ica
tio n, we wi ll restrict our sim ulat ions to 
altitudes withi n a few th ousand meters of 
sea level. The form ul a we wi ll use for ca lcu
la ting drag is DRAG= SPEED 2 x Cd. 

IF the only motion is upward, the drag 
ac ts only in the vert ica l degree of freedom. 
There are also cases in which it acts on ly 
horizontal ly; but in ge neral, there wi ll be 
motion in poth directions, and the drag, 
whic h acts directly opposite the motion, 
will be fe lt in both degrees of freedom . 
Because of its depe ndence on the square of 
the speed, we cannot calculate separa te ver
tical and horizontal drags. We must calcu
late one fo rce and appo rtion it between the 
two degrees of freedo m. 

Figure 7: The total speed and flight elevation angle can be calculated from 
the horizontal and vertical speed components. 

Figure 1 shows a typica l case. Here a 
daredevi l motorcyc list has just left his 
takeo ff ramp. Su ppose we know fro m a 
previous simul ation step that his vertica l 
speed is 30 meters per second (m/sec) and 
hi s horizontal speed is 40 m/sec. To cal
cu late drag, we must fi r·st find the total 
speed. Our· fortu nate se lection of degrees 
of freedom now becomes appar-ent, because 
the vert ica l and horizo ntal veloc it ies can be 
seen to fo r·m two si des of a right tria ngle . We 
can compute the thi rd si de, or hypotenuse, 
by apply ing the theorem of Pythago ras 
(C 2 A2= + 8 2 

). The total ve loc ity wil l be 
equal to the sq uare root of the sum of the 
squares o f the speeds in each degree of free
dom. 1 n this case, the daredevil is mov ing at 
J 302 + 402 = 50 m/sec. Using Cd from 
table ·1, we calc ul ate a drag of 0 .25 x 502 

= 625 newtons, ac ting at some angle be
tween horizon tal and vertical. This angle is 
ca ll ed t11e flight elevation (sy mbol ic al ly 
GAMA in some computer programs). It can 
be found using a lit tl e trigonometry. If we 
let horizontal be 0 degrees, an d let vertica l 
be 90 degrees, then GAMA is eq ual to the 
arc tange nt of the vertica l divided by hori
zontal ve locity. In thi s case, GAMA = arc 
tan (30/40) = 36.87 degrees. Knowing th e 
angle, it is easy to apport ion th e drag. The 
forces which r·esLilt are called components 
of drag. The vertica l com ponent (sym
bol ica ll y Dv is given by Dv = DRAG x SIN 
(GAMA). The horizonta l component, Dti, is 
given by D11 = DRAG x COS (GA MA). In 
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GAMA 

Figure 2: The direction of flight is ca/fed the flight elevation (GAMA). The 
direction the rocket is pointing is ca/fed the body elevation (THETA). The 
difference between them 
- GAMA). 

is 

Part 7 of this series, 
"A n Improved Lunar 
Lander Algorithm," began 
on page 78 of November 
7977 BYTE, while part 2, 
"An Automobile Suspen
sion," appeared on page 
7 7 2 of December 7 9 77. 

ca/fed the angle of attack (ALPHA= THETA 

the cu rrent example, Dv = 625 x SIN (36.87} 
= 37 5 newtons, and Dh = 625 x COS 
(36.87} = 500 newtons. You can check these 
calcu latio ns by noting that '13752 + 5002 

= 625. Readers fami li ar with trigonometry 
will be ab le to co nfirm that 

in every case. This is the same formu la we 
used to find the total speed, so it should not 
be surprising to rind that the vertica l and 
horizonta l speeds are also re ferred to as com
ponents. 

The effect that the components of drag 
have on the com ponents of speed depe nds, 
of course, on the mass . If our da redevi l is 
fai rl y small, and rides a light motorcycle, the 
tota l mass in flight might be ·150 kg. During 
a step of 0.1 seconds, the hori zontal speed 
will decrease by 500/l 50x0.l =0.333 m/sec. 
A similar change occurs in the vertical speed, 
but there we must also include gravity. 
Remember from the previous simulations 
that each second, gravity subtracts 9.8 m/sec 
from the vertical speed. In 0.1 seconds it will 
change from 30 rn/sec to 30- (375/150 + 
9.8)x0.l = 28.77 m/sec. Knowing the new 
speeds, you ca n compute the new position, 
the new drag and the new flight elevation. 
The simu lation can be stepped forward again 
and agai n Lintil the daredevil re turns to earth. 

Because the drag components depend on 
the square of the speed, it wi ll probably be 
necessary to use the pred ictor-corrector 
formulas from my previous art icle to obta in 
realistic results. The initial conditions of 

total speed and ramp angle must be chosen. 
For the first simu lation step set GAMA 
equal to the ramp angle and let th e vertical 
speed component equal SPEEDxSIN 
(GAMA) and th e hori zo ntal component 
equal SPEEDxCOS (GAMA). Figure that a 
car is about 6 meters long, a bus about 15 
mete rs, and the Sn ake River Canyon is 
1451 meters wide. Good luck . 

In many respects, a rocket or airc raft in 
flight is much like our daredevil. It will be 
mov ing horizonta lly and vertical ly and will 
be ac ted upon by gravity and drag. There are 
some other forces to be consi dered, how
ever. For exampl e, early in a rocket's flight , 
its engine will be produc ing thrust. Un less 
the rocket is poi nting directly upward or 
direct ly paralle l to th e ground, we will also 
have to apportion thi s fmce between hori 
zo nta l and vertical directions. 

One way to do th is is to assume th at th e 
rocket always po in ts in exactly the direction 
it is moving. The fl ight elevation angle, 
GAMA, can then be used to apportion 
thrust just as it was used for· drag. At each 
simul ation step, the program can interpolate 
a tab le to fin d th e value of th rust co rrespon
ding to the cu rrent ti me. It then computes 
th e componen ts and applies th em to predict 
new speeds and position. In this manner we 
can build a two degree of freedom rocket 
trajec tory simulation. This simu lation might 
also be used for a game. Set up a due l 
between two arti ll ery battalions, or better 
st il l, program a rea l time simulation like the 
lunar lander game of my first article and try 
to h it a moving ta rget. 

For most fl ight vehicles, the tendency to 
point in the direc tion of movemen t is a 
desirabl e characteristic . Un fo rtunately, this 
is not generally the case. Vehicle im perfec
t ions, th e effect of wind, and ju st the fact 
that it takes a fi nite amount of time to turn 
the vehicle, all affect the pointing of a 
rocket. In o rder to indicate where the rocket 
is pointing, we define another angl e, th e 
body eleva tion angl e ( ymbolica lly THETA). 
THETA tells us where th e vehicle is pointed 
and is used to apportion th rust. Th e di f
ference between THETA and GAMA is 
called th e angl e of attack (symbo lica ll y 
ALPHA}. It is illustrated in figure 2. 

Unlike GAMA, there are no components 
which may be used to compute THETA. We 
must keep track of it with a th ird degree of 
freedom. just as altitude is calcu lated as the 
position in the vertical degree of freedom, 
THETA may be ca lcul ated as the position in 
this third, or angular, degree of freedom. 
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Angular motion is hand led in exactly the 
same way as the linear motions we have 
already been simulat ing. j ust as posi tion has 
its angular equiva lent, so do speed, force and 
mass. It is as easy to calculate the speed with 
which a body turns as it is to find the speed 
with which it fa ll s. 

First we must calcu late the angular 
eq ui va lent of a force. These are ca ll ed 
moments (also cal led "torque"), and have 
me Lric units of newton meters. A the units 
imply, each moment has a force as part of 
its definition, but iL also depends on how 
much leverage the force has. For example, 
suppose you apply a force of 10 newtons to 
Lhe end of a 15 cm (0.15 mete r) wrench. 
A moment of 10 x 0.15 == 1.5 newton meters 
wil l be transferred to Lhe bolt. If a 25 cm 
wrench were used, a moment of 10 x 0.25 == 
2.5 newton meters woul d result, and the 
bo lt would be proportionately tighter. In 
rocket flighLs a moment results as an aero
dynamic effect whe never TH ET A is not 
equal to GAMA. It has its own coeffic ient, 
Cm. For small angles of attack, this coef
ficient i multip li ed first by the square of the 
speed (linear speed, not angu lar) and then by 
the ang le of attack {A LPl-IA==T HET A

GAMA) . The aerodynam ic momen t is there
fore caused because the rocket i try ing to 
po int itself in the di rection it is movin g. 

The next clement to be cons idered in the 
angular eq uation is the equ ivalent of mass. 
This is ca lled moment of inertia, and the 
leverage concept appl ics to it also. The 
moment of inertia (usual ly shown sy mbo li c
al I y as an upper case I) depends on the mass 
of the body, and also how widely spaced the 
mass is. For example, a 50 kg set of bar 
bells wou ld have a much larger moment of 
inertia than a single 50 kg weight. The uni ts 
of I are kil ogram mete r·s. Like mass, moment 
of inertia is a property of matter. In our 
rocket simul ation, both may change as fuel 
is bu rned, but their values can be de termi ned 
at any give n time. It is general practice to 
co nstruct tab les of mas and moment of 
inert ia wh ich paral lel the thrust table we 
have already introd uced. In each simulat ion 
step, our· program wi ll interpo late the tab le 
to find the current va lue of moment of 
inertia and use it to find the effect of the 
moments. The va lue of the metric units wil l 
now become appa rent. 

Just as the force in newtons was divided 
by the mass in kil ograms Lo fi nd exac tly the 
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100 REM PITCH PLAHE TRAJ ECTOTY SINULATIOH 
110 REM INITIALIZE VA RIABLES 
120 DATA 0, 0,0,0,010,0,0,0,0,e,0,0
130 READ U,M,u,u1,M1,v2,x1,21,g1,F1,"1,11,K
140 RE" IHITIALIZE TI"E CT>,STEP SIZE <H>, PRIHT INTERUALCKll 
150 H•0 . 01 
160 LET T=0 
170 LET Tl=T 
171 LET Kl=0.l / H 
180 RE" SET IHITIAL ALTITUDE <Z1>01 
190 LET Zl•I 
200 RE" SET DRAG <D> AHO MO"EIH <P> COEFFICIEHTS 
210 LET D• -1.0E- 4 
220 LET P•-3.0E-5 
230 RE" SET LAUNCHER LENGTH<R> AHD ELEUATION CL) 
240 L=90 
250 PR I HT 'LAUHCH ELEUAT!OH =·; L; " DEGREES" 
260 LET L=L•0 . 01745 
270 LET LI=L 
272 LET G•L 
200 LET RzZl+I 
300 RE" SET WIHD SPEED 
310 H,.5
320 PRIHT 'MIHD SPEED •"IHI" "ETERS/SECOHD'
330 LET UI•H 
340 RE" EHD IHITIALI2ATIOH, BEGIH TRAJECTORY 
350 PR I HT •Tl "E ALTITUDE RAHGE SPEED• 
360 PRIHT "<SEC> <"ETERS> <"ETERS > ("/SEC>"
370 RE" GET THRUST<F >, "ASS (" ) ' ~ "O"EHT OF IHERTIA <I>" 
390 GOSUB 950 
398 LET T•T+H 
400 LET K•l<+I 
410 RE" PREDICTOR FOR"ULAS 
415 RE" B,M,2,ARE VERTICAL ACCELERATIOH,SPEED L POSITIOH 
420 LET Bl•<SIH <G> •DtV2+SIH<L;iF )/M-9. B 
430 LET M=Ml+HtBI 
440 LET Z=Zl+HtMI 
460 RE" A,u,x ARE HORIZONTAL ACCELE RAT ION, SPEED L POSITION 
470 LET Al• (COS<G l lDtU2+COS< L>tF )/" 
480 LET U•Ul+H*Al 
490 LET X•Xl+Ht<Ul-HI 
500 LET U2z<U+H>t2+Mt2 
510 LET U•SQR CU2> 

511 RE" NO AHGULAR "OTIOH OH LAUNCHER 

512 IF Z<R THEN 590 
513 LET G=ATN CW/ (U+H) )
514 IF U+N >0 THEH 530 
SIS LET G=G+J.14159 
520 RE" HEGLCT AHGULAR "OTION AFTER BURNOUT 
530 IF F=0 THEN 610 

535 RE" C,Q,L ARE AHGULAR ACCELERATION, SPEED L POSITIOH 

540 LET ClzPt<L-G>tU2/ I 
550 LET Q•Ql+HtCI 

560 LET L•Ll+H*QI

590 GOSUB 950 
600 RE" CORRECTOR FOR"ULAS 
610 LET B=<SIN<G>SDtU2+SIN <L>SF) / "-9.8 
620 LET MzMl+H/2t<B+BI ) 
630 LET Z•Zl+H/2t(W+WI)
640 LET Ml•M 
669 21•2 
680 LET A•< COS <G>SDtU2+COS<L >tL) / " 

690 LET u~ut+H/2t(A+AI )

700 LET X Xl+N/2t<U+UI>
2 

710 LET Ul•U 
728 LET Xl•X 
738 LET U2•<U+N>t2+Mt2 
748 LET U•SQR<U2>
758 RE" HO ANGULAR "OTION OH LAUNCHER 
751 IF Z<R THEH 880 
752 G=A TH (M/( U+H ))
753 IF U+H>0 THEH 770 
754 GzG+J.14159 
760 REM NEGLECT ANGULAR NOTION AFTER BURHOUT 
770 IF F=B THEH 889 
780 LET CaPt <L- G>tU2/I
790 LET Q•Ql+H/ 2t (C+CJ )
900 LET L"Ll+H/2t (Q+QI > 
810 LET Ql=Q 
820 LET Ll=L 
899 IF KCK I THEH 390 
890 PRINT T,2,x,u
990 LET K=8 
928 IF 2>0 THEN 390 
930 RE" STOP MHEH ALTITUDE RETURNS TO ZERO 
940 STOP 
950 REM IHTERPOLATE Tl"E TABLE FOR F,M,L I 
960 DAT 0,5.6,0.8458,l.IE-4,0.1113.3,0.844611.JE-4,0.215.6,8.8434,l.IE-4
970 DATA l.6,5.6 1 0.0337,l.0E-4,l.7 , 5.6,0.0333,! . 8E-4,109,0,8.033J,l.0E- 4 
988 IF T<TI THEH 1858 
998 LET T2:T1 
1008 LET F2:Fl 

1010 LET "2•"1 

1020 LET 12,.II
1038 READ Tl1Fl1"l,II
1040 CO TO 980 
1858 LET H4•<T-T2> /C Tl-T2> 
1060 LET F•F2+<Fl-F2>iH4 
1070 LET "•"2+<"1-"2 >tH4 
1088 LET 1•12+<11-I2>*H4 
1090 RETURH 
1180 EHO 
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A Model Rocket Simulator 

Listing 7: This BASIC program illustrates 
the use of an angular degree of freedom to 
apportion a force between two linear de
grees. It simulates the flight of a model roc
l?et that might be built from widely wailable 
kits. During the early part of the flight 
(approximately 7 meter}, the roc/?el rides on 
a guiding rod. The rod prevents the body 
from turning, so angular motion must be 
suppressed in the simulation. After leaving 
the launcher, the vertical, horiz ontal and 
angular pitching motions are all considered. 
A short time later, however, the fuel will be 
exhausted and the thrust will drop to zero. 
Because the only reason for computing 
THETA was to apportion the thrust, 
angular motion may be neglected from this 
point until the vertical position becomes 
zero (roc!?et returns to earth} and the 
simulation ends. 

This type of simulation is particularly 
useful for determining the effect of wind 
on a rocket. The tendency a rocket has to 
point in the direction it is moving also 
causes it to turn into the wind. Th e highest 
altitude may not, there fore, be achieved 
with a vertical launch. By running a series of 
simulations on his/her personal computer, a 
model rocket builder can determine in 
advance the ideal launch angle for various 
steady state wind speeds. Th e plots shown 
in figure 3 illustrate this type of study. 
Note that in each case the horizon tal degree 
of freedom is aligned with the wind. 

Because the forces and moments in this 
simulation depend 011 the motion, the 
predictor-corrector method has been applied. 
To co11Serve space, howeve1~ it is not the 
fou rth order method used in the automotive 
simulation of last month's article, but a 
shorter second order version. Improved ac
curacy would result if y ou were to imple
ment the longer formulas. You may also 
want to customize the output. For example, 
a plot of angle of attack versus time might 
be interesting. To print out A LPHA in 
degrees, use (L-G} x 57.295 to convert from 
units of radians. Special output exactly at 
apogee (maximum altitude), impact, or 
motor burnout might also be helpful in 
evaluating performance. The code is well
commen ted, so feel free to dig in and adapt 
this program to y our own needs. 



change in speed eac h second, so the moment 
in new to n meters can be divided by the 
moment of inertia in kilogram meters to find 
exact ly the change in angular speed. In 
angular degrees of freedom the units of 
speed are radians per second and the posi
tion will be computed in radians. There are 
2n radians in a ful l circle, so 1 radian equals 
57.296 degrees. Because most BASIC inter
preters pe rform trignometric calculations in 
radians, these units are to be preferred . Con
version to degrees is easily made for input 
and output. 

Once the effec t of each moment is known, 
it is multiplied by the ti me step size and 
added to the speed in exactly the same 
tec hnique used for Ii near motion. Sim ii arly 
the angular speed is multiplied by step size 
to update the angular position. The predictor
corrector method may be applied by saving 
moments, and speeds from previous steps. 
I have incl uded a BASIC program with this 
article which involves both the pred ictor
corrector formula and angu lar motion in a 
three degree of freedom (pitch pl ane) 
trajectory simu lation. Noting the similarity 
between the angular and linear equations 
used there shou ld make this techn ique easier 
to understand. 

The co ncept of angular motion is easily 
transferred to other applicat ions, but to 
make best use of it you really need some 
fami li arity with the for·ces and moments 
which may appear. For example, an auto
mot ive enthusi ast wi ll already understand 
how the road surface induces motion in 
th e body of a car. We saw last month how to 
simu late that motion for one wheel. If you 
incl ude two wheels, the front and back on 
one sid e, a second degree of freedom in 
body motion is in troduced. Most people 
would recognize that, but only someone 
familiar with automobi les might real ize 
immediately that the two ends of the body 
will not move up and down entirely inde
pendently. The second degree of freedom 
must be an angular one. It will measure the 
pitch ing motion of the car while the or iginal 
degree measures its overal l up and down 
motion. The forces created by each set of 
suspe nsion parts will contribute to the 
linear motion, and will be multiplied by 
their leverage (perhaps their distance from 
the dr·ivcr's seat} to determine their affect 
on the angular motion . At each step, the 
angular motion wi ll be combined with the 
linear motion to compute new forces, 
moments, etc, and the procedure will begin 
again. just how those angu lar motions are 
combined with the linear ones, and how the 
leverage of a force is determined, will be the 
subjects of the fourth and last article in th is 
series. • 

Figure 3: The program of listing 7 can be used to determine the best launcher 
elevation for any given wind. 
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Figure Ja: Trajectories with no wind. 
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Figure 3b: 90 ' launch with wind. 
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Now that yo u have your shiny new 
microcomputer you want to use it for some
thing. No matte r what the app licat ion, 
someplace in it you have to use numbers: 
to count, do arithmetic, input from a key
board, or output to a terminal of ome 
smt. If you are operating with a highe r leve l 
language uch as BAS IC or FORTR AN there 
is no problem since all rhe number manipul
ation programs are already incl uded. Most of 
us, however, must work in asse mbly 
language or even mach ine language , and if 
you have never been there before it can be a 
discouraging situation when you don't get 
the expected results. 

The purpose of thi s article is to ex plain 
how simple num bers arc often represented in 
a computer and how to do the four basic 
arithmetic operations. Since th e real world 
of people is decimal, no t binary ori ented , we 
have to convert from one to the other. Since 
most computer peripherals talk in a language 
called ASCI I, I wi ll also show how to trans
late that into binary and vice versa. 

Binary Number System 

All the computers you arc liab le to run 
into operate on the binary num ber system, 
where each element has two poss ible stale , 
usuall y des ignated as 1 and 0. Let' co nsider 
an arbitrary 8 bit comp uter , meaning that 
the internal arithmetic an d logic of th e 
computer handles data th at consists of eight 
bi ts at a time. 

When counting in either th e binary or 
decim al number sys tem the first number is 
designated by 0 and the secon d number by 
1. We wn into difficulti es when we try to 
express the number 2. In the decimal 

number syste m it is easy, 2. In the binary 
number system we have already used up the 
two allowable states with the first two 
numbers . What we need is an add iti onal bit 
of information. When th is bit is added we 
can now designate the number· 2 by 10. 
This ex tra digi t on the left represents a 
weight of 2 l = 2. (The r·igh tmost digit has a 
weight of20 =1.} 

Each digit position in a number is 
assigned a weight depen dent on where in the 
number it occurs. To obtain thee weights 
take th e base num ber and raise it to a power 
equal to the position of the digit in the 
numbe r·. The rightmost digit is the least 
sign ificant digit and has the position ind ex 
of zero. Fol 1 owi ng these two rul es the 
weigh ts for the decimal number system ar-e: 
100 = 1, lQl = JO, 102 = 100, etc. In th e 
bi nary number system the base number is 
2 instead of 10. Su bst ituti ng, we have the 
fo ll owing weights: 20 = 1, 21 = 2, 22 = 4, 
e tc. 

To tl"anslate a bi nary number into a 
decim al number just add up the weights of 
the digits which are ls. Tab le 1 shows how 
th e decimal nu mbers from 0 through 16 arc 
written in binary and two other forms of 
number·i ng common in comp ute r·s: hexa
decimal , which uses a base of 16, and 
octal, which uses a base of 8. 

The octal and hex adeci mal forms arc used 
to save you from wr·iting out long str" ings of 
1 s and Os which ar·e hard to r·ead and give 
plenty of opportuni ty fo r· mistakes. For· 
hex adecim al nota ti on six new digit va lue 
graphics are needed to al low a total of 
16 different digits, representing four bits. 
To fill this need the letters of the 



Decimal 
Number Binary Number 

Weights= 16 8 4 2 1 

0 0 0 0 0 0 
1 0 0 0 0 1 
2 0 0 0 1 0 
3 0 0 0 1 1 
4 0 0 1 0 0 
5 0 0 1 0 1 
6 0 0 1 1 0 
7 0 0 1 1 1 
8 0 1 0 0 0 
9 0 1 0 0 1 

10 0 1 0 1 0 
11 0 1 0 1 1 
12 0 1 1 0 0 
13 0 1 1 0 1 
14 0 1 1 1 0 
15 0 1 1 1 1 
16 1 0 0 0 0 

alphabet A through F are used to represent 
the numbers 10 through 15. To convert a 
binary number to hexadec im al start at the 
least signi fi cant end and count off binary 
digits in groups of four. If the last group 
docs not contain fo ur digi ts vis ualize 
additiona l Os to make four binary digits. 
Consider each 4 digit group as a separate 
number and write its hexadecimal eq ui vale nt 
(refe r· to table 1 ). For example: 

binary 1101011 100100011 1 
se parated 0001 1010 1110 0100 0111 
hexadecimal A E 4 7 

To convert from hexadecimal to binary 
notation just reverse the procedu re. Repl ace 
each hexadecimal digit with its bin ary eq uiv
alen t, r·emembe ri ng to add leading Os so 
th at each of the hexadecimal digit form a 
4 digit binary number. 

Oc tal co nversion is the same except th e 
binary number is broken into groups of 
t111'ec. For the previous example: 

binary 1101011 1001000111 
sep;irated 011 010 11 1 001 000 11 1 
oc tal 3 2 7 0 7 

Conver ion from octal back to bin ary i 
done by replacing each octal digit with its 
3 digit binary equivalent 

Hexadecimal Octal 

Weights = 16 1 Weights = 8 1 

0 0 0 0 
0 1 0 1 
0 2 0 2 
0 3 0 3 
0 4 0 4 
0 5 0 5 
0 6 0 6 
0 7 0 7 
0 8 1 0 
0 9 1 1 
0 A 1 2 
0 B 1 3 
0 c 1 4 
0 D 1 5 
0 E 1 6 
0 F 1 7 
1 0 2 0 

Let's r·e turn to our· 8 bit computer. If 
tab le 1 is expanded to eigh t bin ary digits 
(bits) the largest number that can be formed 
woul d be decim al 25 5 (binary 11111111). 
Counting 0, th is gives 256 different num
bers that can be expressed with eight 
bits . In some app lications 256 numbers are 
enough, but if you were going to balance 
yo ur· checkbook a maxi mum balance of 
$2.55 wou ld be rather useless. I wil l return 
to this limitation shor·tly and show yo u how 
to get aro und it; but first, in the context of 
ba lancing checkbooks, what happens when a 
number is nega tive? If we accept 0 as a 
positive number then we can assign one bit 
of the number to be th e sign, a 1 for 
negative an d a 0 fo r positive. Notice th at we 
have lost a bit from the numerical value and 
now can only have 128 different values 
each with two signs for a total of 256 di f
f eren L number·s. However, - 0 is not con
sidered 2 valid number, so there are only 255 
usabl e numbers. This type of notation is 
ca ll ed a sign-magnitude r·epresentation of a 
number. Using this notation , - 1 is written 
as: 

10000001 
_/ ·---..,,_...

sign bit \___magn itude 

If you wer·e going to add two signed 
numbers (say +3 and - 1) your program 

Table 7: 8ina1y, octal, 
decimal and hexadecimal 
equivalents of the decimal 
numbers 0 through 76. 
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would have to take into account severa l 
things first. First, if you simply add ed the 
two numbers, the result would be wrong: 

+3 00000011 
- 1 1000000"! 

sum 10000100 =-4 

Wouldn't it be nice if there we1·e a 
number notation that wou ld allow iden tif
ication of positive and negative and give a 
correct answer when added toge th er·? Con
sider add ing +l to -·1 to get 0. What 8 bit 
binary number added to 1 gives 07 

8 bit binary number 11111111 
+1 00000001 
sum 100000000 

L	 overflow to ninth 
bit 

The binary nurn ber which is al I 1 s can be 
called - 1. Wh at would - 2 be? 

- 2 11111"1'10 
+2 00000010 

sum 100000000 

We can take any positive number up to 127 
decimal (01111111 binary) and subtract it 
from 0 (assume there was a ninth bit equal 
to 1 so 0 is really 100000000). The result
ant bin ary number is ca lled the 2's com
plement. The most significant (leftmost) bit 
is a true sign bit in the 2's comple ment 
notation, but negative numbers have an 
altered magnitude value. When two such 2's 
complement nota ti on numbe1·s are added the 
answer is correct. Consider the previous 
examp le of addi ng +3 and - 1: 

+3 00000011 
- 1 11111111 

sum 100000010 +2 (in 2's complement 
notation) 

Now consider adding +l and - 3: 

+l 00000001 
- 3 11111101 

sum 111 111 10 = - 2 (in 2's complement 
notat ion) 

One method of finding the 2's com
plement of a num ber has been mentioned 
which requi red subr1·action from binary 0. 

A sim ple method that can easily be clone on 
paper, especially if you are prone to making 
errors in binary subtraction like me, is to 
first rew rite the nu mber substituting ls fo 1· 
Os and Os for ls, then add binai-y 1 to the 
result For exam pl e, the 2's comp lement of 
+5 is: 

+5 00000101 

substitute 11 111 010 

add 1 1 

- 5 
 111 11011 

To check, we should be able to take the 
2's compleme nt of - 5 and end up with +5: 

- 5 11111011 

subst itute 00000100 

add 1 1 

+5 00000101 


Subs ti tu ting 1 s for Os and Os for Is is 
called com plementing and is usually found 
as an instruction in the computer instruction 
set. Adding 1 is usu al ly ava il ab le as an 
instruction also . Sometimes both instru c
ti ons can be combin ed into one step. In 
summ ary, to make a number negative (if 
you have no negate instruction): 

• Clear the accumu lator. 
• Add th e number to the accum ul ato r·. 
• Complement the accumu lator. 
• Add 1 to the accum ul ator. 

The accu mu lato r now conta ins the neg
ative of the original number in 2's com
plement nota ti on. One interesting propeny 
which comes along with this 2's comp lement 
form is th e fact that all states of the 8 (m 
n) bits are valid and there is only one zero 
sta te. The largest negative number, however, 
has no positive value equivalent. 

Let's return to the problem of not having 
enough bits to make a big enough number. If 
we use two success ive byte size memory 
locations to represent a number we have 216 
(65,536) possi bl e numbers. Usi ng 2's com
plement notation we can have any number 
from - 32,768 to +32,767. If that is not 
enough you can expand in inc1·eme nts of 
eight bits until your needs are satisfied. 
There is a problem now, since the computer 
only operates on eight bits at a time. When a 
number is spread over more th an one 
memory location it is called a multip le 
precision or ex te nded precision number. If 
two locations are used for eac h number it is 
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called double prec ision ; if three are used it is 
called triple preci sion , etc. (H owever, it 
re mai ns a bin ary number. In large machine 
fl oating point re presen ta tions th is term
in ology has a different meanin g.) 

On e more ite rn needs to be mentioned 
befo re I descri be multip le preci ion arith
metic . All computers have some sor t f 
means to detec t an acc umu lato r over fl ow 
(or underflow). In our 8 bit exampl e this is a 
nin th bit at the ex treme left of the num be r. 
Th e status of thi s bit can be controll ed and 
tested. It increases by 1 wh en the addi tion 

An Example of Double Precision Addition 

of the eight bi ts causes a carry and decreases 
by 1 when the subtraction of the eight 
bit causes a borrow. Wh en a ro tate instruc
tion is executed thi bit receives the most 
sign ifica nt bit and loads the least signi fica nt 
bit on a rotate left. It rece ives the leas t 
significant bit and loads the mos t signi fica nt 
bi t on a rota te right. This ex t ra bi t is kn own 
by differe nt names, such as overfl ow, carry, 
and (in the PDP-8) th e link. 

The steps shown in the box wi ll va ry 
fro m machine to machi ne, depen din g upon 
ho w th e instruction se t is organized. For 
example, the 6800 instru ction set has ADC 
for add with carry inpu t, and the 8080 
instruction set has a simila r var iation. In 
these cases, there is no need to rota te the 

Resulting Values 

Carry 
Number 

Step 
Procedure Bit Accumulator 

Clear carry bit and accumulator.1&2 0 00000000 

0 1 1 1 0 1 0 0 03 Add A2 to the accumulator. 

Add B2 to the accumulator 14 1 1 0 0 0 1 0 0 
(gives C2 in accumulator). 

Store contents of accumulator in the 1 0 0 0 0 0 0 0 0 
memory location assigned for C2 . 
Set accumulator to 0 ; preserve status 
of carry bit . 

5 

0 0 0 0 0 0 0 0 16 Rotate accumulator left one bit. 

Add Ai to the accumulator. 0 1 i 0 0 1 1 i 07 

Add B1 to the accumulator 0 1 i 1 0 0 1 1 1 
(gives C1 in accumulator). 

8 

Store contents of accumulator in the 0 0 0 0 0 0 0 or 0 
memory location assigned for C1. 
Set accumulator to 0 . 

9 

To check, write out all 16 bits and add : 

A	 = 11001101 101000 
B 	 = +O 0 0 1 1 0 0 1 0 1 1 1 0 0 
c 11100111 000100 

0 0 0 0 0 A 	 { A1 = 1 1 0 0 1 1 0 

B { :; := 1 1 1 0 1 0 0 0 1 1 0 1 0 0A2 

The simple addition of two double precision positive numbers, A and 8, to obtain 
an answer C. In this example the subscript 1 denotes the most significant part of the 
number and the subscript 2 denotes the least significant part . To add two double p re
cision numbers: 

1. 	 Clear the accumulator to all Os. 
2. 	 Set the overflow, carry (o r whatever the extreme leftmost bit is called} to 0 . Often 

these two steps can be com!>ined into one. 
3. 	 Add A2, the least significant part of A, to the accumulator. 
4. 	 Add 82 to the accumulator. At this point the accumulator contains the sum of the 

least significant parts of A and B. If any carry has occurred due to this addit ion the 
carry bit will be a 1. If no carry has occurred, it will be 0 . 

5. 	 Store the contents of the accumulator in the memory location assigned for C2 . Set 
the accumulator to 0, but preserve the state of the carry bit. 

6. 	 Rotate the accumulator le ft one position. This will load the carry bit from the pre· 
vious addition into the least significant bit of the accumulator. 

7. 	 Add Ai to the accumulator. 
8. 	 Add 81 to the accumulator. At this point the accumulator contai ns the sum of the 

most significant parts of A and B plus any carry from t he least significan t parts. 
9. 	 Store the contents of the accumulator in the memory location assigned for C1 . 
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accumu lato r· from the carry fl ag prio r to the 
second addi tion, since the ADC instruction 
type takes into acco unt the old val ue of th e 
carry. 

How do you do a 2 's compl ement of a 
double pr·ecision number? Stan with the 
accumul ator· and carry se t to Os. Add the 
least significan t part of the nu mber. Com
plement and add 1 as before . The 
accum ulator now contains the 2's com
plemen t of the leas t signi fica n t par- t, so 
store it. Rota te left to load any cM ry into 
the leas t significant bit. Sto re th e con tents 
of the accum ul ator (the carry) in any con
ve nie nt loca tion. Add the most significa nt 
part of th e number to the acc umula to r-. 
Co mpl ement it on ly. Now add the pr·e
vious ly stmed carry. The conten ts of the 
accumul ator are now the mos t significant 
part of the 2 's cornpl emen t. As in th e 
simpl e ad di tion case, machin es with an ADC 
insuuction can often use the prev ious 
se ttin g of the ca r-ry flag as pan of the 
additi on. 

Addition 

All co mputer can add. They typica ll y 
add orne spec ified memory locati on to the 
co ntents of an accumulator (a buil t-i n 
memory location in th e processor). Wh en 
adding two o r rn or-e num bers toge ther you 
must be careful not to all ow the result in g 
um to get so large that you ge t an incon ect 

answe r·. For insta nce, wh en using 2's com
plemen t notation yo u can add toge th er 
two num ber which arc pos itive and ge t a 
negative answer if a carry into the sign bit 
occurs. Also be me the accumulator and 
ca rry are ini t ialized to 0. 

Subtraction 

Some computer do ub tract ion 
direc tl y, but be careful. They may only 
ubtrac t magni tud es. You have to do 
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checking of each numbe r to see which is 
larger and in what order the subtraction 
takes place in order to determine ahead of 
time what the sign should be. Si gn bits 
must be set to 0 so they don't give false 
indication of magnitude. The sign bits must 
be put back in to th e answer if you are 
using signed number notation . All of this 
takes a lot of extra software and time. If 
you are using 2's complement notati on 
you can subtract directly and the sign will 
automatically come out correct. Most of 
the common microprocessors use 2's 
complement notation an d have no prob
lems subtract in g directly. 

If direct subtraction is not possible in 
your computer, all is not lost. Consider 
subtraction by addition of a negative 
number. If you want to perform A- B=C, 
for example, use 2's complement notation 
and first make B nega tive by taking its 2's 
comp lement and then add A to get th e 
answer C. Notice that even if A o r B is 
negative to begin with, the answer will 
sti ll be correct in 2's complement notation 
without any extra software to keep track 
of the sign. This will also work for multiple 
precision numbers . You still have to be 
careful not to use numbers which are I arge 
enough to cause inadvertent sign bit 
changes . 

Multiplication 

Two problems immediately confront us 
when we consider multiplication . First, if 
you multiply two 8 bit numbers together, 
the cesu l t is 16 bits long; and second, you 
simply can' t add up 2's complement num
bers and always get the correct answer . For 
instance, if you add - 3 three times the 
answer would be - 9 (equivalent to 3 ti mes 
- 3) which is correct, but what would you 
do with a negative multip licand as in - 3 
times - 3? To solve this problem an d use 
successive addition to do mu ltiplication 
the first step is to convert al l numbers to 
a positive absolute value without sign. If 
you have been using 2's complement nota
t ion it is an easy procedure to convert. 
Rotate left to load the sign bit into the 
carry bit. Test the carry bit. If it is 0, the 
number is positive; if it is 1, the number is 
negative. If the number is positive, just 
rotate right to restore it to its original 
value and set all Os into a location assigned 
to be the sign of the number. If the 
number is negative, first rota te right to 
restore the origin al , then take the 2's 
complement of it to get the number 
positive and finally, with an al l zero 

accumulator, set the carry bit to 1 and 
rotate right. Store this in the sign location. 
What we have done is sepa1·ate the number 
into its sign and magnitude. Now if th e 
signs are added we get the co1-rect sign for 
the answer directly which should be stored 
in a location assigned to the sign of the 
answer. Two genualized techniques may 
be used to find the magnitude of the 
answer. 

Successive addition may be used by 
adding A to itself B times. If the 
instruction set allows decrementing a 
number, use that instruction to decrease B 
by 1 each time you add A to the accu mu
lator unti l B reaches 0. At that point 
you have the magnitude of the answer. 
If the instruction set allows incrementing 
but not decrementing, first take the 2's 
complement of B and use incrementing of 
the now negative number until it reaches 0. 
The disadvantage of using successive 
addition is that you have to do a potentia ll y 
large number of additions which can take 
a lot of time. 

A second technique that requires on ly a 
few operations is a direct copy of how you 
do binary multiplication by hand. For 
example, let's multiply Lwo 4 bit binary 
numbers by hand: 

1101 A 
X 1010 = B 

0000 
1101 

0000 
1101 

10000010 = c 

Notice that all we have to do is add A, a 
shifted version of A or 0, depending on 
which digit of Bis used and whether it is a 
1 or 0. Notice also that two 4 bit numbers 
produce an 8 bit answer, so if you don't 
restrict the number size, you have to use 
multiple precision shifting and addi tion. 

A technique that is sometimes usefu I 
when you want to multiply by a consta nt 
is to recognize that shifting a number left 
one position is equivalent to mu l Liplying 
by 2. Shifting left two positions is equiv
alent to multiplying by 4, three positions 
is multiplying by 8, etc. By shifting and 
adding the various shifted numbers in a 
fixed format you can do the equivalent of 
multip lying very quickly by a constant. 
For example, to multiply by 5, shift left 
twice and add it to the original: 

SA = (4 + 1) A = 4A + A 
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FOUR TRACER 

'"4 T r~11:·e1 · TT L Ad.Jp 1c1 Kt t for your O!;c1llo'Scope . 
C ti op 0 1 at 11~r n:nc (hspl~V of up 10 4 TTL signals. 
Tr igiljtH 1n ou 1 tor .1 1 1~rn .:11 e moue synt: . SCOPI! r'r"H,.1St 
prov•dt!' .'.l 1r1gge t fo1 alterna1e mode use . Ou11Jut l v 
P·P, Bu1l t -1n 1 10v pwr' supply $70.00 

SE ND TO : N ITTANY D IGITAL DEV ICES 
Sox 56 IAI 
PenniJ . Furnace, Pa . 16865 

Pie.1st' kn d me _"4 Tr.:iccrls)"' 
P.:J. r1~s 1 rlE! <n s add 6 % snles rax. . 
I ~nclose c heck Of money order for s____ 
N,1m1, f\Hrn l ~-----------

AddW~'S------------
C1w _______________ 

S1arn 

Circle 76 on inqu i ry ca rd. 

" LSI-I I vs. 8080 & 6800: 

is the H 11 wor th 

twice as much? " 


This special report w ill be sent 
free to all subscribers to 

BUSS 

the independent l).!1Wsletter for 
users of Heathk it® computers. 
For the next 12 issues send 
$6.60 to: 

Charles Flo to 
267 Willow St. 'B' 
New Haven, CT 06511 

Ci rcle 44 on inqu iry card. 

COMPLETE MICRO 
BUSINESS SYSTEMS 

SOROC 10 120 
Assembled 

s 899 .95 

L EAR SIEGLER 
ADM-3A ki t 

IM SAI 8080 kit 

$ 799 .95 

s 599.95 

CENTRONICS Business $1145.00 
Pri nter (132 columns) 

i•IM41#J 
DI SC/3 CO MPANY 
1840 LINCOLN BLVD. 

SANTA MON ICA, CALIF. 90404 
(213) 451-8911 

Ci rc le 35 on inquiry card . 

D INSTRUMENT CASES Ill 
AND CABINETS 

Excellent for small systems 
Testing & Breadboarding 
Finished in durable Grey -Blue 

Wrinkle 
Various sizes available - Som e 

examples: 

8Yix l 0 1 /8x8 - $"15.00 Ea. 
8l!ix l 2 1 /8x8 - 16.00 Ea . 
1Ox201 / 8x9 - 20.00 Ea. 

To order send check pay <1blc Lo 
PAR-METAL PRODUCTS , INC . 
Shipment wil l be made prepaid. 

PAR-METAL PRODUCTS, INC. 
1260 ATLANTI C AVENUE 

• BROOKLYN, N.Y. 11216 0 

Circ le 85 on inqu iry ca rd . 

CANADIANSI 
Introducing our kit-by-the-month 
plan available for only $500.00 down 
and $150.00 per month. 

(Writo for more information) 

IMSAI 8080 KIT: $897.50 
ASSM : $1245.20 

Canadian Duty and Federal Tax lncludod 

Hobby systems from $999.00 (Kit) . 
Business / engineering systems from 

$11 ,900.00. 

(Assembled and Installed·). 


Educat ional discounts available. We 

will develop custom application pack 
ages. Contact us for fu rther Informa
tion . Send $1 .50 for catalogue. 

VISA • ~~;~X~~;~EO... 
Cybernetics •&JI 

Box 1448, Calgary , A lta. T2P 2H9 

Phone (403) 283-8076 


{lnsta llat1on outside W&stern Canada extra). 

Circle 92 on inqu iry card. 

computer 
depot•1nc. 

(Credit Cards Accepted) 
e 3515 W. 70th SL, M pl s., MN 55435 e 

(6 12) 927-5601 . 

• 0 Motorola OJI 6800 • 
• Eva luation K it . . . . . $235.00 • 
• 0 National SCMP Kit with • 

Keyboard .. . ... . $190 .00 
• 0 	 E&L Digi-Designer Kit  • 

DesignYour Own• Circuits . .. . .... . $ 77.75 • 
• 0 	 Speech Lab K i t - Tai k To • 

• 0 	 ;~~~ ~~~~st~u·ll ·Sp~c $249.00 • 

• 	 450NS From Tl & • 
Fairchild . . . . . . . . $ 16.95 • 

• 0 	 IMSAI 8080 Complete 22 
• Slo ts Al l IC's with Sockets- • 
• Assem. & Tes ted ... $850.00 • 

0 TTL Cata log and Remember, 
• We Pay Th e Shipping. • 

• Part N o. QlY.""" Arn t. Enclosed • 

Circle 21 on inquiry ca rd . 

MOTOROLA CRT'S (Used) 

Mod.# XM 351-19 P4 

EXCELLENT CONDITION $60. 

Ready for a composite 

video signal 


Send money orders for 

same day shipment 


Documentation available 

from Motorola 


NORCOM SERVICES 

BOX98 


SOUTH BERLIN, MA. 

01549 


Circle 77 on inquiry card . 

++-+ IT'S A GREAT BIG COMPUTER WORLD - 
~ But You Only Need =:= 
++-THE COMPUT ER CORNER..,...,._ 

• SOL - A New Dawn Is He rel 
++ • IMSAI 8080 
++ • POLY - 88 
++ • TOL Z-80..... • Memories & 1/0 Boards _.,_ 
- I>! • Compu tcr Book SN vice 

++ • Magne1ic Tnpos & Disks 
• Full Line of Magazi nes 

-1>1
....... 


• Brain Games & Pu zzles ..... • workshops & Cl ub Information 

::::= Visit THE COMPUTE R CORNER for --14
1::= ~;o;~~~ ~00:~~1\0:. ~~~d~~,;~~~I ;:,v~~:. =: 

-..r- THE COMPUTER CORNER 
Wh11ci Plain' M~ ll - Upper Le~·el 

...,...__ 200 Hormlton Avenul! .,._ 
-.+-- Wtiiup ~311'11, New York 10601 -+.-
-++- hi : 19 14) WHY · OATA -;.+-

_..,,+- A"lple p_,rk1ng -J.if
,)1/< l G-6 O•l1y & Saturday ~ 

:tf;It**.t*'**'*'*** * *\,~ 
Circle 20 on inquiry carcl . 

Z-80 

COMPUTER 

S-100 SYSTEM KIT @ Z·80 CPU 
P/ C BACK PLANE - 10 

SLOTS POWE R SUP 

PLI ES & M ANUALS 
OPTIONS FOR MEMORY 

& 1/0 . 
 $299. 

5 · 100 MODULES & SYSTEMS 
2 ·80 CPU 21• MHz .. - t 35 .1175. 
6800/8080 CPU . . _ 13 5. 
RAM & PROM o r 110 OP!•On . 85. 
16K /32K RA ,\11 460 .1860. 

AL TAIR / IMSAI COMPAT IBL E SYSTEMS 
N. Sta< H-1 Z·SO & d'sc . 1.499 . 
N Sta• µchsc clnv~ . 599. 
Vector- J 8080 system .... 495. 
Poly 88 µd ,sc & v•dco. . 2.599. 
Sea ls 8< RAM 8 / 8 . . .269. 
Rae k moun 11 ny chas-s is. ••. ... 199. 
Commodo<e PET 2001 .... . _ .595 . 
Compucolor 8001 sys1em . 2.699 . 

COMPUTER SYSTEMS 
3131779-8700 26401 Ha rper 
St. Clair Shores, Mich. 48081 

Ci rc le 28 on inqu iry card. 



Division 

Division is the most difficult operation to 
do. Fim, handle the separat ion of m;tgni 
tude and sign as under mu ltiplicati on and 
use the same technique of adding signs to get 
the correct answer sign. The problem with 
division is that seldom does the answer come 
out exactly even . Usu all y there is a remain
der. You have to deci de how far you want to 
ca rry out the answer and what rules you are 
goi ng to use for rounding off. You may also 
have the b in ary equ iva lent of a decima l 
po int to consider. 

One method of dividing is by successive 
subtractions. For example, to d ivide A by B, 
cou nt how many ti mes you ca n subtract B 
fro m A before the remainder is 0 or 
negative. If the rema ind er· goes to 0, the 
value of the count is the exact answer. If the 
remainder becomes negative that means you 
went one step too fa r-. Reduce the cou nt by 
1 add B back to A and tesr the remainder 1 

t~ see how to round off. Th is wi l I give yo u a 
whole number answer·. It wil l also locate the 
binary eq uiva lent of a decimal po int if you 
want to ca rry the answer furth er. 

Alternatively, you ca n add B successively, 
count ing the m1mbe1· of times, unti l the sum 
equ als or exceeds A. Equa l to A means the 
answer is exact, and exceeds A means you 
went one step too far. 

One very limited type of division is very 
easily done. If you are divid in g by 2,4,8,16, 
etc, all you have to do is rntate the number 
to the right the appropr iate number of times. 
However, you must be car-efu l of rotat ing a 
1 through the ca rry bit and hav ing it appear 
in the most significant bit of the number. To 
avoi d this be sure the carry bit is cleMed to 
O before each rotate. A check of the carry 
bit after the last rotate ca n be used for· 
round off determination . If it is a 1, rou nd 
off the answer to the next higher number. 

In terfac ing to a Non binary World 

As mentio ned earl ier, the world is decimal 
oriented and we should be able to ta lk to the 
computer with decim al digits, and ind eed 
ou r terminals have dec imal keys and dec imal 
outpu ts. Our termina ls, however, ta lk to our 
comp uters in yet anoth er language, usua ll y 
ASC II. 

Notice the codes for the decimal ASC II 
digits 0 through 9 as seen in any tab le of 
ASC II codes. If you consider on ly the least 
sign ificant four bits you have the binary 

value of the assoc iated decimal digit. There 
are two ways of extracti ng the binar·y value 
from the ASC II code. You can fir t load the 
ASC II charac ter into the accumulato r and 
then ubtrac t 0110000 or mask it by 
"anding" the accumula tor with 1111. So 
now you have converted one decim al digit 
into its binary eq ui valent. Unfortunate ly, 
very often you need more than one decimal 
digit to make the number. The simplest way 
to handl e thi s is to use a fixed fo rm at. This 
means you have to enter leading Os so a 
num ber wil l always have the same numbe r of 
di gi ts and the orde r in which they arc 
entered defi nes their decimal rank (units, 
tens, hundreds, etc). Since each digit is now 
known it may be placed in a location assigned 
to its rank after it has been converted to 
bin ary. Yo u now have a fragmented number 
which is not usable for arithmetic. It must 
first be made into a single binary number. 

As an example, let's assume we are using 
a 3 digit fixed fo rmat and the decimal 
number we are entering is 27. First we type 
a 0 for the hundreds digit wh ich is stored in 
a location, HU NS, as a . bin ary 0, us.ing 
one of the ASC II to b111ary conversion 
techniques. Then we type a 2 and a 7 which 
are converted to binary and sto red in loca
tions TENS and UNITS, respec tive ly. Now 
to make it all one big binary number. 

First test the hu ndreds digit. It is 0 in 
th is case, so jump to testing the tens digit. 
It is not 0, so multipl y the binary equiv
ale nt of 10 (101 O) by the contents of the 
TENS location, in this case 2, and the con
te nts of th e UN ITS locat ion, and store it in 
the answer location. In the more genera l case 
what yo u do is multiply each decima l digit 
by the bi nary equivalent of its rank and add 
up all the part ial products. Finally, you have 
to convert the binary number into whatever 
notation you are using for doing ar ithmetic. 

After the arithmetic, or whatever, is 
completed, the next step is to output it in 
recognizable form (ie : ASCI I to the output 
device). The proccdur·e is essentially a 
reverse of the input steps. 

First convert the binary num ber into its 
fragmented equiva lent. Using the above 
example, first subtract the binary equivalent 
of dec im al 'IOO (1100100). In this case, the 
first attem pt prod uces a negative answer, 
which means there are zero hundreds in the 
number an d the HUNS location shou ld be 
set to 0. Nex r try subtract ing binary 1Os 
until the result goe negative, then add one 
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back . Th e num be r· of tim es you can su btract 
1Os before it goes negat ive is equ<1 I to th e 
value of Lh e 1O's dig it. The rnm ai nder is th e 
va lue of th e units digit. These di gits may 
now be con verted 	 to ASC II by simp ly 
addin g 0110000 to each digit loca ti on. The 
fin al step is to tra nsfer· each d igit (now in 
ASCII) to the output device (TTY or CRT 
term in al , etc) in the proper order·. 

It is possib le to write a program that will 
work under a vari able for mat fo r in put and 
ou tput to eliminate 	 the need fo r leading 
Os. This is more co mp licated since you 
have to count how many ind ivid ual entri es 
of digi ts ar-e made and then arrange them in 
reverse order knowing th e last entry is the 
uni ts digit rcgar·dless of how many d igits 
there ar-e. 

On e last poi nt: always veri fy each arith 
met ic program yo u write, either in th e 
compu ter (best way) 	or write it out step by 
step by hand . Use ex treme values fo r num 
ber·s, like 0, ·1, and the max imum num 
ber you r program is supposed to work with . 
Finall y, se lect a number at ran dom an d try 
it. If they all work 	 correct ly, ch ances are 
very good your program is totall y co rrect. • 

fffniDifffidi8rViCfnU1 

~ Whe1her for troubl eshoo1In g 01 analysis. , .. • .. ...............,,~.. ~ I 

~ " I some po ln1 yo u wi l l need our EX- ~ 1	 ~ 
~ TENDER BOARD WI LOG IC PROBE (S35). ' § Ours oll•rs a twi ll -In log ic probe (hi . lo. II~ 	 I 
ll!ii1 and pulse). spec ial edge conncclor l hal 	 It'll 
~ al lows c lip lead probi ng. jumpe< l in ks In I y · llrii! 
~ al l supp ly l ines. a non-sk id need lepo lnl 	 It'll 

b~ . p lu s oualily parts and a 1ea l1stic 	 llliii1 .. 	 , I

I sTm~w1erio-nrr-oT1 

5 	 The OPTO ·ISOLATORIRELAY BOARD IS117) Is I 
I 	

a na tL1ra l ror conuo ll lng aud io sys1ems. model ~ 
1raln s. robol clevlces ... more uses are d is· ~ 

t.ii1 	 covered dail y. as dese1ibed in ow appl lca1Ions ~ 
~ 	 noles. 8 reed 1e lays respond 10 an 8 bi1 wore! ~ 

lrom you r compu1 cr: 8 o p1o·isola!o<s accep l§§ 	 an 8 b ll wo rd l rom 1he ou•sidc wmld and se nd 
It back to your mac hine fo r hanashak lng or rur

~ 	 ther co nlro l purposes. 

~-----------------------------
1COMING - --Heath H-81 
~co~~-~~~~~!~~-~-~~~ 

I MULLEN COMPUTER BOARDS Is BOX 6214, HAYWARD, CA 94545 llrii! 
~ CA'H ~ ~ ' ' P1oduc cs chm moke yo U1 compu te• usefu l" "·'"'• ~IL All Hits Oll? S.·100 A ltoh/ IM5.Al com p a cib lL" . Av ailable b y moil (~ Jihip-

ped po:.cpoid ln chc- U~A fr om ~ tock: Coliroj(lolons odd ~ ole~ u:1x ) 01 0 1 

mony l ine- c:o mp ui e- r ~t ore s . De aler Inquire$invited . .,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,. 


SELECTRIC TERMINAL 
• 14.6 cps prin1 speed 
• 13 inch line length 
• 10 or 12 charac1ers/inch 
• 6 or 6 llnestinch 
• IBM 2740·1, 2 line con1rol 
• IBM 2740 keyboanllprin1er 

Tn1s Cit al can ·1~ ttea.1 11101011 1 ~· uo you i;iet aQlil•ry 
m1rn111a1lo4.alr.ic11onol 1t1cc.osror;i11ych1ngc1seon 
rnc 111.ill ket tJt1 1 ya11.iJIS011f!llVPew111e r Q~l1tyCan 

be in tc r1~ cffl t(J a m1'1•· or m1c rocom~urc1 or vseo 
w1in IBM comp1.11c1s ltll!'sf: te1m1n.1lsa1 ... wo11t1 meSUPER SALE price 0 1.11vDe.... n1 er ill1me Ou r w.;u r.l nt t!i l1m11ea 
Iii) 1elll~c in~ a..1 derec1 1 ~·c pJrl s roe a Dl!rroa ol 90 
t.1ays to[lo""·ing •ece1p101 eQu1f1-111o1:n1 1n1erchanJle · 
~r:i r.e lJ'lll11 etemen1 ol cou rSt: l ricludes i1!!cac11veJusr$675 dt!'>k OD11ona.1e1acumemat1or1 oacka~ S25 00 

CALL (313) 994-3200 TO RESERVE 

MATROX VIDEO RAMS 
~-"' ,W~1i i I 

rtt1111 
IJJ 1111NCE/Compurnan oi lers you lire leader 1n 
i11111"iCRT d'sp lay conl rollers . Mal rox Video 

Rams aret ornp letew1111 memory 11nd re
quire no processor time ior screen re · 
lre sh Whelher your applrca11on is al· 
phanume11c . graptuc or bo tll. Ma[rOx ca n 
provide a system to mee1your needs. 

MTX 8!6 Module (Upper Case on ly) Composole video oulpul 1n BImes 01 16 cha rs. 179 D 
MTX 1632 Module !Upper and Lower Case I 16 x 32 display includes blrn • op l1 on 225 D 
MTX 1632SL Module (Greal willl 256" · 21 Slave sync allows 1ex1superpos111on 225 D 
MTX 2480 Circull Board 24 x 60 requires h1gh-persrslence phOsphor (P391 395 0 
MTX 256 • · 2 Circuit Board 256 x 256 array graphic (mu111ples provide color) 630 D 
Malrox ALT·24BO Alpha ·Numeiic VAAM S·100, 24 Imes ol 80 cha r !needs P39J 295 0 
Malrox ALT·256 ' · 2 S·lOO. Video G1 aphics Board Di spla~·s 256 x 256 auay 395 0 

SORENSEN POWER SUPPLY 

$31.50 SINGLE 	P.S. D $60.00 DOUBLE P.S . 0 

• precise de oulpul • 12v de (nominal) . 2 amp. 25 wait • 9-18 exlended range • high ly 
regulated· 1. 2mv • accepts lrom 105·125v • accepls lrom 50·400 Hz . single pha>e • '"'Y 
low outpul ripple 

Th is su1ier qua111y power su1i ply. lrom Rayll1eon. uses silicon l rans1s1ors which give 111e 
uni t a w11ie ambmnHempera!ure openwng range . Also . as a mainl en ance lealure. H1ey 
red ui::e 1he num be r ol rnmpQnents. An exce llen t msl ruc: t1on man ual is provided which 
includes schematics . parts list and Jroublesh oo ti ng inlormation. 

Name ______ 

Address 

City State Zip 

Charge my BAG/VISA _ MIC Interbank# 

Card # ___ _ 	 Exp . Date ___ 

Signature 

D Please send me info on the new Commodore PET 2001 

computer 


Total for goods checked above 

Please add 4% for Shipping/Handling + 4% lax if Mich . 
resident. 

To tal Amount 

Ll m1led 90·day Warranty 

Aewrn non ·wo rkl.n g mcrch.an-d1se w11hm 90 days 101replacemenl or relullcl . Kil s are war · 

ranted lo be comple1e wilh working componen ts. All ilems subjec1 10 pr ior sale. 


NCE/CompuMart 

1250 North Main 	Street, Department BY18 
P.O. 	Box 8610 Ann Arbor, Michigan 48107 

994-4445 
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·----------------·
I The Prices? Low! : 
1 The Stock? On Rand! 1 
: The Deadline For : 
1 Orders? 1 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
1 The Company? 1 

: Computer Enterprises! : 
I Credit Cash I 

Card Price Price 
I Lear Siegler ADM-3A Kit S764 S73sl
I IMSAI 8080 with 22 Slots Kit $614 $8901 

North Star Micro Disk 
I System Kit $623 $8991I Polymorphic VTI / 64 Kit $182 $1781 

I Comp. Enterp. Extender 
Board with connector s 13 s 121

I Comp. Enterp. Cable A II for IMSAI $ 14 $ 131 
Seals 8K 260ns RAM 

I Assmbld. $238 $2291 
I Vector Graphic 8K 460ns 

RAM Assmbld. $234 $226:I vector Graphic PROM/ 

I RAMKit $ 83 $ 801 


George Risk ASC II
I Keyboard Kit $ 52 s sol 
INetronic' s ELI' II RCA ICOSMAC Microcomputer I wired & tested s146 n4o I 
I ORDER NOW FOR THESE I 
: EXCITING NEW PRODUCTS! : 

North Star Horizon 1 I 
I Computer System $1497 $1439
I North Star Horizon 2 I
I Computer System $1871 $17991 

I:MSAI VIO-B Kit $ 234 $ 226
I IMSAI VIO-C Kit $ 297 $ 286 I 
I Ask For Your FREE Computer I 
I Enterprises Catalog Today! I 
I Shipping charges, 810 per .:!PU on larger u11IU1: Sl.50 per kit. S2.00 min.I 

I per order I 
Dehvery ts stock to 30 days on rnost. tt.erns. Shipment Is Immediate for 

I payment by ca.shler's check , money order or charge card . Allow 3 weeks. 
for persona\ checks to clear. N Y. St.a.Le r as 1dant.s add approp .sa.leaI """·AVallab1l1ty, prices and specs may change withou t notice. I 
Operating Hours:

I Write or Call IM -w io-sE.s .T. 
Th-F 10-9 E.S.T . I 

Closed Sat. & Sun. 

! 
I 

~TM i 
I IP.O. Box 71 
I Fayetteville, N.Y. 13066 I 

I Phone (315) 637-6208 Today! •• 


Standard Dictionary of 
Computers and In forma
tion Processing, rev ised 
2nd edition by Marlin 1-1 
Weik, Hayden Boo!? Com
pany Inc, Roche//e Par!? 
NJ, 7977, 400 pp, 6 by 9 
inch, hardbound, $ 76. 95. 

Reviewing a dictionary is usually a simple 
stra ightforward task. How much can one 
really say about a book of definitions? Aside 
from stati ng whether or not the dictionary 
gets the job done, how else does one discuss 
its atti-ibutes? No1·ma ll y, I would agree to 
let the matter drop with a few quick sen· 
tences. This time, however, I don 't feel that 
that kind of treatment is really adequate. 

In Weik 's dictionary we have the most 
comprehensive co ll ection of computer soft 
ware and hardware terms I have seen Lo date 
in one volume . While not as deta iled as some 
books have tried to be, Weik's book stil l 
manages to give clear, concise explanations 
of the items included. This is accomplished 
by libera l use of cross-indexing and by the 
supportive use of excellent illu strations and 
examples. Particu larly impressive are the 
electron ic diagrams which eve n a novice 
could understand. 

In additio n to the over 10,000 terms 
included from the first edition of the dic
tionary, some 2500 terms from areas such 
as microprocessors, minicomputers, com
puter networks, modems, coding schemes, 
data base theory, and in formation theory 
have been added . All of the original defi 
nitions have been reviewed to ensure that 
they are up to date as well. 

This book is not without its flaws. The 
in dexing is quite often confusing, eg: for 
"bus driver" one is to ld to look under 
"driver, bus." But at least the user is 
d irected by the text, which is more than 
can be sa id for a lot of dictionaries which 
never give a clue as to where to look fo1· the 
definitions of a phrase. There are some 
dubious inclusions, such as the defi ni t ion 
of "machine," as well as many omissions, 
particularly in the area of microcomputer 
hardware. 

However, this book is good for quick , 
sim pl e, accurate definitions of a lot of 
useful terms. No reference shelf would be 
complete without it. 

Blaise Liffick, Editor• 

.. 
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Mounting a Paper 
Tape Reader 
Jack Bryant 
Mathematics Department 
Texas A&M University 
College Station TX 77843 

Several months ago I ordered a RAECO 
paper tape reader. It arr ived (a near record) 
12 days later. I ts very complete documen
tation, seven mimeographed pages, in
cluded a mounti ng template and circuit 
diagram. For $3 2.50 postpaid, it has to be 
a "best buy" amo ng paper tape readers. But 
wher·e could I mount it? Some unused panel 
space on my SwTPC 6800 processor's box 
see med ideal. 

The RAECO documentation suggests a 
100 W ligh t bu / b 1 foot above the reader 
for· illumination. This seemed a little ex
treme, and whil e looking arou nd the junk 
box for something less blinding, I ra n 
across a metal snuff box and a brass cable 
clam p. I could vague ly recal l hav ing seen 
some automobile lights with a linear f il a
ment. Sure enough, the Eveready #21 1 
{two bu lbs for $.79 at an auto parts outlet) 
fit exac tly. Photo 1 should tell most of 
the story. 

I removed the front panel from the 
computer (this is for a SwTPC 6800 system) 
and used the temp late furnished by RAECO 
and a sabre saw to cut a hole for the reader. 
I solder·ed the brass clamp to the lid of the 
snuff box and dril led three holes through 
the lid and panel. I then used ·1/8 inch 
al um in um pop l'ivets in two of the holes 
to fas ten the lid to th e panel. My cable 
clamp was tight enough to mount the light 
bulb so I didn't have to use any other 
fasteners. I soldered a wire to the light bulb 
end sticking out and ran it thro ugh the one 
remaining hol e. {The tip of the bulb base is 
the onl y pl ace which will take ordinary 
solder.) Figure ·1 shows two possible alter
natives for a lamp power source; I used 
alternative a. Chass is ground furnishes 
the return. Since the light bulb is being 
run on (at most) 4 V, it should last forever. 

For the cover , I drilled a fe w 1/4 inch 
ho les in the snuff box top with a broom 
hand le used to back up the top during 
drilling. (Mind your fi ngers, it tends to slip 
away easily.) I used a file to smooth out th e 
rough spo ts, and then finished everything 
off with a coat of black paint. 

The RA ECO optical paper tape r·eader 
Model TPR-1 is avai lable from RAECO, 
POB 14, Readvi ll e MA 02137 .• 

x 

+1 - e v 
UNREG . 

CHASSIS-1- - - GROUND 

a: Plain. 

DI 

x 

D2 
x 

R 

-1- CHASS IS 
GROUND 

b: Fancy,- DJ and D2 can be 7N4007, R 20 
ohms, 70 W. 

Photo 7: The RA ECO tape 
reader, installed in an 
SwTPC 6800 system with 
an automobile lamp and 
homebrew enclosure above 
the sensors. 

Figure 7: Lamp (L) is an 
Eveready #271 7 2 V auto
mobile dome lamp. Tl is 
the SwTPC 6800 power 
transformer. I used the 
7.25 V winding. 
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Notes on Bringing up a Microcomputer 

Sol Libes 
995 Chimney Ridge 
Spr ingfield NJ 0708 1 

About the Author 
J 

Sol Libes is an enthusi
astic microcomputer user, 
president of the Amateur 
Computer Group of New 
j ersey, a teq_cher at Union 
County Technlcal Institute 
In New jersey, and author 
of several books on digital 
logic_ and microcomputers. 

The fo llowing is my recommended proce
du re to follow when buil ding a microcom
puter from a chip set. This procedure makes 
the assumption that you've already acquired 
or drawn up a complete set of plans from 
wh ich to wire your computer. Many people 
follow this ro ute, as opposed to the kit 
ro ute, particu lar ly since man ufacturers, such 
as Intel, have sold chip sets to schools and 
students at special reduced prices. Designing 
then bu il di ng a computer is a great way to 
learn about the hardware required in micro
processor systems. However, these tips can 
also be used in troubleshoot ing kits. Getting 
a homebrew com pu ter up and runn ing and 
deb ugged requires this sort of step by step 
techniq ue, so that elimination of errors is 
made as easy as poss ible through checkout as 
each new element is introduced . 

Start by wiring up the microprocessor 
ch ip itself. Connect the power su pp ly lines 
to the integrated circu it socket. Without th e 
microprocessor chip in the socket, tu rn on 
power, check the voltages at the pro per 
terminals of the socket and verify that they 
are correct. This is impor tant since micro
processors (and other integrated circuits) are 
not very tolerant of incorrect supp ly vol
tages. 

Nex t, connect up the clock circui t and 
install the microprocessor itself. Turn on 
power an d check the clock signal at the pins 
of the microprocessor socket with an osc il lo
scope. The scope should be a DC cou pled 
unit with good freque ncy response; 20 MHz 

or better is desirable bu t in a pinch a 10 
MHz scope can be used . Check t ha t the 
correct phase relationships exist between the 
clock pulses. For example, with the 8080 
microprocessor the pu lse widths and spac ing 
are quite cr itical, and must be within the 
spec ificatio ns on the manufacturer's data 
sheet or strange things can happen. Be sure 
the clock fre quency is co rrect. An oscillo
scope can ty pically measure this to about 5% 
accuracy, with higher accu racy possible if 
you calib ra te agai nst a reference frequency 
or use a good frequency meter instead. In 
systems utilizing program mable ti mers, in
correct clock frequency can cause interface 
problems. 

If every th ing checks out so far , then it is 
time to let the microprocessor chip execute 
an instruction . Still without any memory 
connected, the microprocessor can exec ute 
an instruction . 

For exam ple, on the 8080, we can tie the 
data lines low causing the execution of a 
NOP (OO) instructio n. An even better proce
du re is to let the data an d memory address 
lines float (nothi ng connected) . Th is wil l 
cause the RST7 (FF) instruction to be foun d 
on the data lines. This restart instruction wil l 
execute a cal l to a subroutine, an operation 
which pushes information onto the stack 
(which does not exist at this time) . Since no 
memory is present, and the instruc tion does 
not . change, an " infinite loop" of RST7 
instructi9ns resul ts. The net result is that the 
address lines 9f the processor wil l scan 
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through al I the addresses in memory as 
r·ewrn add resses are continual ly pushed onto 
the stack. The 8080 processor will continue 
cycling through all the memory address 
locations, even th ough no memory is con
nected. Similar test conditions can be estab
lished with other microprocessors as we ll. 

Now, with the memory stil l disconnected, 
con nect an oscil loscope to each address li ne 
and check th at it is cycling through the 64 K 
addr·esscs of a 16 bit address space. You 
should see a count in binary fashion as 
shown in fi gure 1. 

If any of the adjacent memory lines are 
shor ted together, a very common problem, 
you will see the lines changing together. In 
this case, check carefully for solder bridges 
(if your processor was built from a kit) or 
shorts (if hand wired) between adjacent 
memory address lines. If there is no signal on 
any line, check for disconnections. Be sure 
that the addressing is sequencing in the 
correct binary order before proceeding fur
ther-, for the processor must produce a va lid 
address sequence under dummy instruction 
conditions if it is to do useful processing 
later. 

If you use the NOP (no operation) 
instruction the same pattern sho uld be ob
served; the use of a NOP instruction ·is 
requ ired in most processors for this test. 

In many processor designs, a set of buffer 
integrated circuits is used to isolate the 
externa l address and data buses from the 
processor in order to provide a higher power 
drive capability. If your processor design 
emp loys such buffering circuits, the nex t 
step is to wire up the sockets for these 
buffers and associated control logic. Then 
you should install the buffering integrated 
circuits after checking all power wiring. 
Then the tests performed for the processor 
alone can be repeated, looking th is time at 
the outpu ts of the address buffers, and using 
the data bus buffers' system side to present 
the RST7 (8080) or NOP instruction to the 
processor side of the data bus buffers. 

If everything is correct to th is point, then 
connect up the memory. Wiring up a mem
ory board is done in a manner quite similar 
to that used in getting the processor itself 
going. The first step is to complete all wiring 
and check out power voltages at the memory 
integrated circuit sockets. Then plug the 
board into the system and repeat the proc

essor address test described previously to 
verify that th e address lines at the typical 
memory socket and at inputs to decoding 
logic are functional. The low order lines of a 
memory address typically go di rectly to 
memory in tegrated circuits. 

After the directly co nnec ted address lines 
are veri fied in the system, turn off power 
and plug in the integrated circuits for ad
dress decoding of the high order add ress 
lines to the memory board. With the system 
powered up again , repeating the NOP loop 
tes t should show decoding of the memory 
board select for some percentage of the time 
it takes to cycle through al l addresses, and 
decoding of var ious chip selects for a smal ler 
percentage of time. Thus if the memory 
board is an 8 K byte board with 4 K bit 
static chips, board select should be decoded 
1 /8 of the time (12.5 percent duty cycle) 
and chip se lect for each 4 K byte segment 
should be decoded 1 /16 of the time (6.25 
percent duty cycle) as the processor cycles 
through all possible addresses. 

Once decoding of the memory board has 
been verified, remove power again, and 
install all the memory integrated ci rcu its of 

Ao 

A 1 

A 2 

A 3 

A 4 

Figure 7: Much of the behavior of a system can be checked out simply by 
looking at the address bus: the lines which contain the processor's current 
requests to memory address space. The simplest initial test of a processor is 
some form of null operation loop which continuously scans afl possible 
addresses in memory address space. When observed with an oscifloscope, such 
a loop (see tex t) will produce a regular set of square waves with the lowest 
frequency on the high order address bit and the highest frequency on the low 
order address bit. Here we see the expected scope display as the probe is 
applied (top to bottom) to address bits Ao thru A4. 
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the system as we ll as m~mory board output 
bus dr-ivers. 

At th is point, we make the assumption 
that your prncessor design inc ludes some 
method of setting the contents of memory . 
This might be a set of toggle switches which 
can take over the address and data bus from 
the processor in order to load memory. It 
might also be use of a read only memory 
monitor program which you write, thor
ough ly desk debug, and program into read 
on ly memory circuits. Whatever the method 
is, the details necessary for loading memory 
manually must be wi r·ed up and tested next. 
Now try entering a very shon program 
which wi ll put the processor in a tight loop. 
The shortest and simplest loop possible is a 
single jump instruction , repeatedly jumping 
to itse lf. For example, on the 8080, if the 
program should be located at hexadecimal 
memory address 0000 it would be as fol
lows: 

0000 C3 00 00 JMP 00 00 

When this program is executing, check 
the memory address Iines and ·data lines with 
the scope. You wil l observe the memory 
address lines counting only the three ad
dresses and at the first address time hexa
decimal C3 should be observed on the data 
bus lines. At all other times the data bus 
should be hexadecima l 00. 

If things look good so far, then wire up 
an output port {00 is a good one for· an 
8080). As with the other segments of the 
design, the wiring of th e output port sockets 
comes first, then po wer pins are tested 
thorough ly. Finally, the appropriate inte
grated circui ts are inserted into the sockets 
of the 10 port logic and we can proceed to 
check it out. In this example, a simple 
latched 8 bit output port is used for pur·
poses of ill usrr-ation. Write a minimum pro
gram to check its operation. The fol lowing 
little progr·am can be used on the 8080: 

0000 D3 00 OUT 00 
0002 C3 00 00 JMP 00 00 

This very tight loop wil l cause a pu lse to 
be generated on the "out" con tro l lin e. 
Ch eck for the presence of Lhis pu lse. Check 
the memory address Iin es for the correct 
counting pattern and the data lines for the 
proper data patterns. Th is should be done 
with the scope sy nchronized by the out 
pulse wh ich occurs once each time around 
the loo p. With the scope synchron ized in 
this manner, it is possib le to check the 
memory address lin es and data lines to be 
sure that the correct logic leve ls are occur·
ring at the proper times in the execut ion 
loop. 

If operation is not correct check the data 
lines for shorts or opens. Shorts usually 
occur between adjacent lines which means 
that identical bit patterns wil l be observed 
on adjacent lines. Opens lead to missing bit 
patterns on the open lines. 

Now check the operation of the output 
por·t with the following 8080 program loop: 

0000 3C INR A 
0001 D3 00 OUTOO 
0003 C3 00 00 JMP 00 00 

This will cause a binary count bit pattern to 
appear on the data I ines of 8080 output port 
00. These lines shou ld be checked with the 
scope. Again check for shorts between adja
cent Iines and opens. 

I f operation of longer programs is not 
correct, but th e previous short loops oper
ated correct! y, then check for swapped high 
order memory address lines. This wil l usually 
cause unexpected jumps in the execution of 
the program . Or if the processor seems to be 
executing every other instruction, check for 
an open address line. 

A final thing that you should do after 
you get the system running is to look at the 
r·esponse times on the bus. Chec k to see that 
the data coming back to the memory is 
within the proper timing re lationships as 
found in the manufacturer's specifications. 
Check to be sure that the data is stable 
before the microprocessor strobe occurs. 
Problems may be caused by slow memory 
chips and can lead to unexpected random 
errors in execution of a program. Such 
specifications should be checked under 
"worse case" conditions (such as at elevated 
temperatures) so that when normally run
ning the system timing error~ do not occur 
with any significant probability. 

These steps are typica l of the methodica l 
process of checking out (and building) a new 
computer system. The considerations dis
cussed here are typical, but by no means 
cover al I the possible systems and all poss ible 
conditions to check out. Once you get to the 
point of executing programs, most of the 
crucial steps have been successfu lly accom
plished. 

A key point to remember is tha t digital 
hard ware only does what you tel I it to do by 
way of design and wiring. Finding bugs in 
new hardware, like finding bugs in progr·ams, 
is a process of setting up key condit ions of 
the system then checking actual responses 
aga ins t those to be expec ted if the system 
were working perfectly. It requires a wi ll
ingness to learn to understand the ex
pected modes of operation, plus a bit of 
ingenuity.• 
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A Note on 

Advances in 

Technology 

Paul Robinson 
932 Olive Av 
Coronado CA 92118 

A Note on Advances in Technology 

Si nee it see ms that megaword computers 
are of high interest, readers might be inter 
ested an article in the May Scientific 
American, page 36, about "Amorphous 
Semiconductors" for memory app lications. 
This devel opment offers higher density, 
lower complexity, lower costs (because of 
manufacturing method) and higher reliabi 
lity than any of the recently marketed 
magne tic bubble memory systems, plus 
the cycle times are far below anything 
in common use, 50 to 100 ns and even lower 
t imes anticipa ted in the near future. After 
reading about "Amorphous Semiconduc
tors" it is very apparent that they are going 
to play a major rnll in changing the world of 
computing on a scale matched only by that 
of the innovation of LSI chips a few years 
ago. I 'I I be watching BYTE for further 
developments in this line. 

See also a recent Scientific American 
article on the phy sics of synchrotron radi
ation, and the possible effect of small X-ray 
synchrotron technology on the fabrication 
of ordinary crystalline integrated circuits 
with X-ray lithography. The article "Uses of 
Sy nchrotron Radiation" was in j une 7977 
Scientific American, written by Ednor M 
Rowe and john H Weaver. The reference 
to X-ray lithography is found on page 47 
and begins "Further afield, synchrotron 
radiation promises to transform the tech
nology employed in making integrated 
circuits . . . " • 

DATALYZER ... a 24 channel 
Logic Analyzer for your 5100 Bus 

/ 

24 Channel LOGIC ANALYZER , complete with 2 cards and 3 sets of probes. 

Features 
- 24 channels with 256 sam ples each. 


- Disp lay of disassembled program fl ow. 

- Dual mode operation - ex ternal mode analyses any external logic 


system. In te rnal mode moni tors users data and add ress bus. 
- Selectable trigger poi nt anywhere in the 256 samples. 
- 0-16 bi t tr igger word format or ex tern al qualifier. 
- BMHz sample rate 
- Synchronous clock sample with coincident or delayed clock mode. 

- User defined reference memory. 
- Displays and system control throug h keyboard en try . 
- TTL Logic leve l compat ible ( 15 pf and 15 µa typical input load ing.) 
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Displays in Binary Displays in Hex 	 Display of disassembled 

program flow. 

The DATALYZER 
Designed to plug easily into your S-100 Bus, the DATALYZ ER is a 

complete system - - for only $495. Display of disassembled program 
flow is a standard feature, not an extra . And the low price includes 30 
logic probes, so you can hook up immediate ly, without additional 
expense. 

The DAT AL YZ ER is available in kit form ($495), and as a fully 
assembled device on two PCB's ($595). Operators' manual $7.50. A 
substantial warranty, and the Databyte, Inc. commitment to service 
make the DATALYZER a worthwhile investment. 

7433 Hubbard Avenue 
Middleton, Wisconsin 53562

Databyte, Inc. Tel : (608) 831 -7666 
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WIRE WRAP WIRE 
TEFZEL blue # 30 Reg. price 
$ 13 .28/100 ft. Our price 100 ft $2.00; 
500 ft $7 .50. 

TOUCH TONE ENCODER t<IT MULTI COLORED PECTRA WIRE 
Footage 1 O' 50' 100'

Simplicity itself to complete . No other parts required, no 8 Cond. #24 $2.50 9.00 15.00 
ccystal fli<ed. The back of the touch pad has etched & 12 22 3.00 11 .00 18.00 
dr il led oard and you solder the encoder chip to it. Add 14 22 3.50 13.00 21 .00 
your ow mall speaker & 9 volt battery and you are done. 24 24 5.00 20.00 30.00 
A touch ';;t the pad produces the proper tone signal from 29 22 7.50 28.00 45.00 
the speaker . We furnish schematic and instructions. Great savings as these are about 1 /4 

book prices. Al I fresh & new.SP-149-B $ 12.95 

LAMBDA POWER SUPPLIESTOUCHTONE ENCODER CHIP 

LM ·D·12·0VP 12 vo lts DC 10 ampCompat ible with Be ll system, no cry · 
$60. LV·EE 5·0VP 5 voe 74 Amp stal req uired . Idea l for repea ters & 
$75.00w/specs . $6.00 

VIATRON CASSETTE 

DECKS 


The computer cassette deck alone 
$35. Set of Control boards for 
above $40. 

VIDEO DISPLAY from Viatron systems . Accepts 
composi te video signals. 9 inch transistorized 
CCTV black & white CRT monitor. Ready to go, 
checked out . 115 volt AC 60 cycle. With circuit 
diagram. 

$75.00 

FAST CHARGE AA NICADS $1.25 each 

: ~~=~ ~ 

i!y____" 

IR NIGHT VIEWER $199.00 

Custom made, complete with light source & vi ewer in one 
piece . Comes with carrying strap. Ready to operate w ith 6 
volt lantern battery. Guaranteed by the manufact urer. See in 
total darkness. Great for scientists, vi ew ing nocturna l animals 
& birds, crimina l investigation ... observe w ithout being ob
served, and a ba ll for just plain snooping!!!! So rry to say but 
no shipments to Ca lif. (lens may vary slight ly from pie) 

SP L-21 $199.00 

Please add shipping cost on abo 11e. Minimum order $10 

FREE CATALOG NOW READY # SP-10 
P.O. Box 62, E. Lynn, Massachusetts 01904 
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• • 
Career 0 pportu nities 
with vigorous New Firm 

Join this "starl·up" 01icra t1 on on the SAN 
FRANCISC O PENI NSULA manu fac ruriog low 
cost compu l!H equipmenl. .. 

•SENIOR TECH WRITER 
Lead responsibili l y for hardware an d software 
publ1ca11ons fo r a sm all IJusinm. 

•APPLICA TI ONS PROGRAMMERS 
Famil iar wi th Bas ic and COB OL. Exp. pro9ram· 
1111ny 1Jus111ess·orieoted packa9es . 

Anracrive salary structure, complete benel irs. 

Con 1ac1 DURA NG O SYSTEMS, 1010 1 Bubb 

Ro•d . Cupenino, CA 95 104. (4 081 996·1001. 


REMEMBER THE NAME 


DURANGO SYSTEMS INC. 

WE'RE WO RTH YOU R TIM E ... 

WE COU LD BE YOU R FUTUR E! 


Circle 36 on Inqu iry card. 

TYSON 'S CORNER. VIRGINIA 
(WASHINGTON. 0 .C. AREA) 

THE 

COMPUTER SYSTEMS 

STORE 


"Specializing in Systems" 

FEATURING: 

Proc ssor T ccl'lllOl-ogy Lea1 S1e-gJo1 

Pal~ MOrC1h1 C DEC 

0 1i1t:J.lo SWTPC 

E i L Seals 

Vt:!C!Dt Grapri.cs D1g1ml G1oup 

,\pplc TOl. 
CROMEMCO Boo~s - Ma;Jaz ines 

COMPUTERS FOR HOME. SCHOOL ~ SMALL BUSINESS 
Our si.at1 ""'.11h~lp you se1ec 1 rrom 1"111:!: be.SI ot each manurac 
1urer 10 cornola1e 1ne s:,is1cim oos1 ~u1tcd 10 you• needs 

~ SPECIAL: LEAR·SIEGLER AOM JA 

~ comp lEFI S\'SlEms SlDFIE 

198• CHAIN BRIDGE ROAD. McLEAN. VA 22101 
TE LEPHONE (7031 82 1-8333 

OPENING SOON 
ALEXANDRIA VA • t R~'OL KV,._ • a.AL1 1MCRE p.,! Q • OfllA.NOO FL/I. 

Circle 29 on !nquiry card. 

in the process of de· 
turn-key computer 

Th&n vou need the hardware specialist 
COMPUTER MACH INE SERVICE . 

CMS rs 1n (he busine$1 of ouombling ond repairing 
of m1cror:umputers Bfld t:aufpmcn 1. 

CMS is nor 111 llrt" business ro rnll comptJler equip· 
m11nl, 

Our pt1marv ob;ect111e is ro provide auembly se1wce 
of the h19hl)S1 qu:tlit'( as 1velJ as prune qualiry 1~aair 
servrce on microcomtwwrt and data communications 
equipmtmr. 

For informat ion call : 213-328-9740 
or 213·328 -9760 

Or wri te : Computer Machine Service 
2909 Oregon Court 

Torrance, CA 90503 

FOR ALL YOUR HARDWARE PROBLEMS 
CMS JS THE ONE TO CALL. 

Circle 25 on inquiry card. 

computer • 
depot '"a. • 

(Credit Cards Accepte<I) 

3515W. 70th St. , Mpls., MN 55435 
• (612) 927-5601 • 

~ SOFTWARE GOT YOU STOPPED? • 
• If you have a si ngle Northstar Disk , • 

• :C~~en~~~rp~~~a~;l~~~s~~~ ~~~ • 
• lowing: • 
• General Ledger with • 

Payroll . . . . . . . . . $75 .00 
• Mailing List with Coded • 
• Sort, Zip Code Son, and • 
• Last Name Sort . . . . . . $75 .00 • 


Inventory Control .... . • $75.00 

• Other packages soon 11 Write or call • 

• for details. Dealer inquiries eh· e 
• couraged . • 

• Name 

• Address 

• Part No. QtY. Amt. Enclosed • 
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BK EPROM CARD 

16 MM52040 EPROM (512 x 8) 

SS50 BUS compatible (SWTPC) 

Double sided PC board 

ALL ADDR ESS & DATA lines are 


BUFFERED 
Jumper or switch selectable to 

any SK location 
BOARD AND EDGE CONNECTOR 

$26 .00 
K its not avai lable 

IN DESIGN 

COSMAC 1802 Cards for SS50 BUS 
Mother boards for COSMAC 1802 
5204 EPROM Programmer Cards 

(SWTPC Compatible) 

DIGITAL SERVICE & DESIGN 

P. 0. Box 741 


Newark, Ohio 43055 

Order direct by check, VISA or 
MASTER CHARGE. Ohio residents 
add 4Y:.% sa les tax . 
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THECIJl':'IPUTER ~~··· 
H::0"1RRE _RRl·~ STORE J~C. 

Dealers for : 

APPLE II , IMSAI 


VECTOR GRAPHIC, KIM -1 

TECHNICO, OAE 


CYBER NEX, JIM·PAK 

TERMINA LS. PRINTE RS 


BUSI N ESS SY STEMS, BOOKS 

SOFTWARE AND MUCH MORE 


CATALOGUE AVAILABLE II 
81 8 Franklin Street 9 West Cary Street 
Alexandria. Virginia R1r,hmond . V1rg1nia 
(703) 548·8085 (80 4) 780·0348 
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TEXAS 

Computer Headquarters for 

Houston & Austin 
Get hones! help from ou r experi
enced expert personnel 1n selecting 
kil or assembled equipment and 
applications programs. 

See us for Cromemco. Vector 
Graphics. TEI , TDL, IMSAI, PerSci . 
Soroc. Lear Siegler. Poly 88 , Diablo. 
Tl -810, and AJ-84 1. 

Hours: 12-8:30 p .m ., Mon -Sat. 

MOS 

Microcomputer Orrgrn S1ore 

Div. of CPU Corporation 

Houston: 1853 Richmond . 527-8008 

Austin: (512) 4 76 ·8040 
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COMPUTER MART 
OF 

NEW HAMPSHIRE 

DEALERS FOR: 

'J\fil ~ [\$-~ 
~~ 
~~~[) 
~ 

\fd) AND MANY MORE 

170 MAIN STREET 
NASHUA (603) 883-2386 
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: r. 1 c \LP, p\?END, A 
L,. :' . . T E c H N D L 0 G y 

32K-MEMORY CARD-$410 

S-100 STATIC KIT 


2708E-PROM-$ 14 

2708 PROGRAMMED-$20 

WITH 8080 SYSTEMS MONITOR 

80 MAJOR COMPUTER PRODUCT LINES 
AND AN EXHAUSTIVE LINE OF 
ELECTRONIC COMPONENTS 
COMPUTERS 
HARDWARE AND SOFTWARE 
CUSTOM HARDWARE AND SOFTWARE 

RESEARCH ANO DEVELOPMENT 

P. 0. BOX 1239 

TWENTYNINE PALMS, CA. 92277 

71-4- 3 6 7-6 996 


FREE BASIC PROGRAM AND CATALOG 
'ALEX IS COMING' 
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MICROPROCESSORS 

The Motorola 6809: Some Rumors from Austin 

Notes by Carl Helmers 

For some time now, it has been 
general knowledge that Motoro la is 
working on a new design for a m icro
processor to be made available a t some 
unspec ified time in 1978. Rece ntly, I 
e licited some advance informat ion th at 
suggests some of the major features of 
the new Motorola 6809 design: infor
mation well worth shari ng with readers. 

The new Motorola 6809 is goi ng to 
be an evolu tionary design improvement 
crearing a major new processor archi tec
tu re th a t will be a joy for both low level 
programmers and designe rs of systems 
programming. One of the majo r enhance
ments is th e inc reased ab ility to do 16 
bit ari th metic and in dexed addressing 
relati ve to the o lder 6800 design. A run· 
down of the new arch itecture reveals the 
fol lowing features : 

• 	 The A and B registers of the 6809 
act like the separate accumulators 
of the 6800, but can a lso be con· 
ca ten a ted A:B lO become the 16 
bit "D" accum ulator (doub le 
accumula tor). This D accumu la tor 
ca n be used for the usual 16 bit 
arithmet ic ope ra tions of addition, 
subtrac t ion, load, store , and com· 
parison . 

• 	 Expansion of the index ing capa
bilities with the inclusion of a 
second "Y" index register 16 bits 
wide, thus allow ing the processor 
to maintain two 16 bit index 
registe rs. As anyo ne using the 
6800 can attest, a major portion 
of the code often boi ls down to 
loads and s tores of the index re · 
gis ter in orde r to use memory to 
emulate existence of two index 
registers . This techniq ue wil l not 
be needed with the 6809. 

• 	 Addition of one more 16 bi t 
stack poin ter, the "user stack," 
which can be used together with 
the existing systems stack to 
e nh ance data manageme nt tech
n iques. 

• 	 And of course, with a wea lth of 
16 bit poin ters in the processo r, 
the 6809 des ign imp lements all 
the regis ter to regis ter transfer 
operations and reg iste r to 
memory (memo ry to register) 
trans crs one might expect, in· 
el uding stack operations. 

• 	 With all th is machine state da ta 
sitting arou nd in the processor, 
wh<it hap pens when an in terrupt 
occars ? Peop le have oc as ionally 
complained about the time taken 
by the comp le te state save done 
by th e 6800 in response to an 
interrupt; the wea lth of data on 
the 6809 compounds th is timing 

prob lem. Motorola's answe r with 
the 6809 i to create a new 
add itional hardwa re in terrupt in· 
put line, the "fast interrupt " line, 
which accomp lishes the vectoring 
of the interrupt whi le savi ng o nl y 
the re turn address and the con
di ti o n codes. (When such fast 
inte rrupts arc used , it is of course 
the p rogram mer's respons ibi lit y 
to ta ke care of preservation of 
any reg isters or mach ine state 
information used in the interrupt 
handling routine .) 

Care and Attention to Addressing 

With all the 16 bit pointers prese nt in 
the 6809 design, one might ask: " Why? " 
The basic reason for incorporating such 
po inters in the des ign is to ach ieve a 
number of benefits in the process of 
calcul ating addresses. Si nce in any large 
system, a good port io n of the tricky 
problems of software design concern 
alloca ting and managi ng memory address 
space resources, th is ma kes th e 6809 
a very a ll rac t ive hig h level language 
machine. Feat ures conce rned with 
address ca lcu la tion incl ud e : 

• 	 Exte nsion of program counter 
re la t ive refere nces beyond the 
concept of re la t ive b ranc hes (and 
long relative branches) to incl ude 
data references using the program 
counter as an index or base re
giste r. 

• 	 Addition of a fas t mul tipl ica tion 
(8 b it operands, 16 bit unsigned 
produ c t) opera tion to enha nce 
ca lculat io n of a rray offsets in high 
leve l language code. 

• 	 Ex istence of the use r stack con
cept for data management inde · 
pendent or program flow ma nage· 
ment at ru n time. 

• 	 A fu ll com plement of indexed 
ad dressing mode, with 0 , 5, 8, 
or 16 bit off c ts , a llowing in · 
directing, "auto increment" 
or "a uto dec re ment" inde xed 
references with increme nts of 
I or 2, from e ithe r index reg ister 
or either s tatk pointer. 

Miscel laneous Hardwa re Fearnres 

All this attention to the software 
orientation of the 6809 architec ture by 
the engineers at Motoro la is no t without 
equ iva lent a ttent ion to the hardware 
detai ls. Usef ul new hardware fea tures 
include an on chip c lock desig n which 
requ ires simply an external c rysta l to set 
rrcquency, a slow memory wait line 
which allows for long memory access 
cyc les (or contention in multiprocessor 
sys tem s), and the introduction or an 

ins t ruction fetch synchronization signa l 
that ca n be used to advantage by hard· 
ware hackers w ho want lO know w hen 
instruction is begun for reasons as varied 
as the number of systems applications 
for such a machine. 

Antici pations. .. 

Th is informa ti on on the Mo torola 
6809 is a substantia l rumor abo ut 
curre nt in formatio n on the design; 
further details must await fina l design, 
which is cur rently in progress. But from 
what I've heard to da te, it looks like the 
6809 is we ll on its way to becoming 
a software oriented "dream mach ine" 
among m icrop rocessors. Readers can 
expec t more definitive informa t ion on 
this proce so r toward the middle or end 
of 1978 when Motorola re leases more 
official information. Perhaps we'll see 
some personal compute r products with 
the 6809 as their cen tral processors 
toward the first part of 1979. Designers 
of new products in th at time frame 
wou ld be well adv ised to take a look at 
whatever pre liminary in formation 
Motoro la can be cajoled to release abo ut 
this new product. • 

/M\11(~<0>68 
IABAMNUAL 

~ Electronic Product 
!l;T7 I Associates, Inc. 

6800 Based Self-Study Co urse 

Designed for use wi th the Micro·68a 
microcomp ute r trainer, this 90 page 
mic roprocessor self-study course tcacl1cs 
concepts tl1rough simple c.xcrcises in· 
volving ac tu a l use of the i:omp u ter. 
The Micro-68 Lab Mamwl inclu des 
13 chapte rs, each one d co mplet e lesson 
on topi cs suc h as input output, in ter 
rupt s and · the basic instruction se t. The 
manu al is $5, and the Mlcro·68a com
pute r is $544.50 co mplete with key
board, power supp ly and ca bin e t , from 
Elec tro ni c Product Associates Inc, 11 57 
Vega St, San Diego CA 921 I 0 , (7 14) 
276·89 I I. • 
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Hobby Conaputer Kits • • • 

MODEM Part no. 109 

Type 103 
Full of half duplex 
Works up to 300 baud 
Originate or Answer 
No coils, only low cost components 
TTL input and output 
Connect 8 ohm speaker and crystal mic. directly to board 
Uses X R FSK demodulator 
Requires +5 volts 
Board only $7 .60, with parts $27.50 

2 RS-232/TTL INTERFACE Part no. 232 
Converts TTL to RS-232, and converts RS-232 to TTL 
Two separate circuits 
Requires + 12 and -12 volts 
All connections go to a 10 pin gold plated edge connector 
Board only $4.50, with parts $7.00 

4 

6 

3 TAPE INTERFACE Part no. 111 
Play and record Kansas City Standard rapes 
Converts a low cost tape recorder to a digital recorder 
Works up to 1200 baud 
Digital in and out are TTL 
Output of board connects to mic. input of recorder 
Earphone of recorder connects to input on board 
Requires +5 volts, low power drain 
No coils 
Board only $7 .60, with parts $27.50 

4 TELEVISION TYPEWRITER Part no. 106 
Stand alone TVT 
32 char/line, 16 lines, modifications for 64 char/line included 
Parallel ASCII (TTL) inpu t 
Video output 
1 K on board memory 
Output for computer controlled curser 

5 UART and BAUD RATE GENERATOR Part no. 101 
Converts serial to parallel and parallel to serial 
Low cost on board baud rate generator 
Baud rates: 110, 150, 300, 600, 1200, and 2400 
Low power drain +5 volts and - 12 volts required 
TTL compatible 
All characters contain a start bit, 5 to 8 data bits, 1 or 2 stop 

bits and either odd or even parity 
All connections go to a 44 pin gold plated edge connector 
Board only $12.00, with parts $35.00 

6 RF MODULATOR Part no. 107 
Converts video to AM modulated RF, Channels 2 or 3 
Power required is 12 volts ACC. T .• or +5 volts DC 
Board only $4.50, with parts $13.50 

4K/8K STATIC RAM Part no. 300 
BK Altair bus memory 
Uses 2102 Static memory chips 
2-4K Blocks 
Blocks can be addressed to any of 16 4K sections 
Vector input option 
TRI state buffered 
Board only $22.50, with parts $160.00 

TIDMA Part no. 112 
Tape Interface Direct Memory Access 
Record and play programs without bootstrap loader (no prom) 
Has FSK encoder/decoder for direct connections to low cost 

recoder at 625 baud rate, and direct connections for inputs 
and outputs to a digital recorder at any baud rate 

S- 100 buss compatible 
Comes assembled and tested for $160.00 

APPLE 1 MOTHER BOARD Part no. ·102 
10 slots - 44 pin(. 156) connectors spaced % inch apart 
Connects to edge connector of computer 
Pin 20 and 22 connects to X & Z for power and ground 
Board has provisions for by-pass capacitors 
Board costs $15.00 

7 D. C. POWER SUPPLY Part no. 6085 
Board supplies a regulated +5 volts at 3 amps., + 12, - 12, and-5 

volts at 1 amp 
Board has filters, rectifiers, and regulators 
Po wer required is 8 volts AC at 3 amps., and 24 volts ACC. T. 

at 1.5 amps 
Board only $12.50 

TO ORDER 

Mention part number and description . For parts kits add "A" to 

part number. Sh ipping paid for orders accompanied by check, 

money order. or Master Charge, BankAmerica rd, or VISA 

number and signature. Shipping charges added to C.0.0. orders. 

Cali f . res . add 6 .5% for tax. Parts kits include sockets for all I Cs, 

components. and circuit board. Documentation is included with 

al l products. Dealer inquiries invited. 


Auto scroll 
Non destructive curser ELECTRONIC SYSTEMS 
Curser inputs: up, down, left, right, home, EOL , EOS 
Scroll up, down P.O. Box 212, Burlingame, CA 94010 
Requires +5 volts at 1.5 amps, and - 12 volts at 30mA 
Board only $39.00, with parts $145.00 (408) 374-5984 
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16 Bit Computer Features 
SYSTEMS Nationa l PACE 

A Personal Computer from Olivetti 

The Olivetti P6060 Personal Min i· 
comp uter features built-in extended 
BASIC, a printer with plotting capa
bility and a wide variety of interfacing 
options for peripherals. The system 
includes up to 80 K bytes of program· 
mable memory acco mmodat ing bo th th e 
operating system and a user working 
file (8 K to 48 K bytes), single or 
dual drive floppy d isk, 32 character 
upper and lower case ASCI I display, 
80 column , 80 character pe r second 
therm al printer, and a keyboard with 
specia l function keys and 1 key abbrevi· 
ations for most BASIC keywords . The 
printer features graphics supported 
by system software for scaling, fram ing, 
offsetting, axis drawing and a lph a· 
numeric labeling. The extended BASIC 
features random file handl ing and 
matrix operations. Two standard char· 
acter serial 10 ports , an RS 232 interface, 
and a direct memory access (OMA) 
cha nnel are avai lab le for interfaci ng the 
P6060 to a wide variety of devices. A 
basic configu ration with 8 K user 
memory and a si ngle floppy disk is 
priced at $7950, while a system with 
16 K user memory and dual drive floppy 
costs $10,000 . For more info rmat ion 
contac t O live tti Corporaton of America, 
Persona l Minicomputers, 500 Park Av, 
New York NY 10022, (212) 371·5500. • 

Circle 570 an .nquiiy card. 

Intell igent Terminal with 
Floppy Disk 

Complete Disk Based System for$ 2599 

' ==- ... 
--=• 

The complete OSI Challenger system 
includes a 6502 processor, 16 K o f pro· 
grammab le memory, a system monitor 
and disk bootstrap in ROM , a floppy 
disk based on the GSI 110 drive, and 
a stand alone CRT te rmi nal with a 
Sanyo video monitor. Software includes 
a disk operating system, a disk based 
assemb ler and editor, a debugger with 
breakpoint, high speed dump and 
disassembly capabi lities, and an 8 K 
disk based BAS IC with multidimensional 
ar rays, strings, a full complement of 
mathematical functions, and mac hine 
language access features . The co mplete 
system is priced at $2,599, or $2,099 
without the CRT terminal and monitor. 
Options include a dual drive floppy disk 
for $1,590, and 13 accessory boards 
which prov ide up to 192 K bytes of 
programmable memory, 16 K bytes of 
EROM, digita l to analog and analog to 
dig ita l conversion, para llel and serial 10 , 
cassette Interface, video graphics display , 
and multiprocessing capabilities. Also 
offered arc two dot matrix printers by 
OKI Data, the CPl 10 which prints 
80 character lines at 65 lines per minute 
for $1,500, and the Model 22 which 
prints 132 character lines at 125 lines 
per minute with upper and lower case 
and form size control for $2,900. The 
Ch allenger is available from Ohio 
Scientific Instruments, 11681 Hayden 
St, Hiram OH 44234, (216) 569-7905. • 

The Omron 8035 combines an 8080 
based programmable intel ligent termina l 
with a floppy disk subsystem to crea te a 
complete program deve lopment facility. 
The system includes 20 K to 65 K bytes 
of programmab le memo ry, 500,000 
bytes of space on a dual dr ive floppy 
disk, an RS232 in te rface operable at 
rates up to 9600 bps, and an F DOS 
operating system with editor, asse mbler 
and debugger. Priced from $7 ,200 in 
single quantities depending on rhe 
configura t ion , the 8035 is available 
from Omron Electronics Inc, 432 
Toyama Dr, Sunnyvale CA 94086, 
(408) 734-8400. • 

Circle 57 J on inquiry catcl . 

This fu lly assembled unit offers an 
expand ab le sys tem built a round the 
National PACE 16 bit microprocessor. 
The Micro Ml6 comes with a n EROM 
bootloader , low and high speed current 
loop and RS23 2 serial ports , and two 
1200 bps aud io cassette ports . A mother 
board accommodates up to four memory 
cards, each with 16 K 16 bit words of 
programmab le memory, four I 0 cards, 
and an opt ional front panel card. A 
para lle l 10 port card includ es two 16 
b it input and two output ports as we ll 
as EROM sockets for 10 device handler 
software. System softwa re includes an 
8 K macroassemb ler, a linkin g and relo· 
eating loader, a conversational edi tor 
and a debugger with spanshot and break
point capabi lities. The M 16 provides 
8 K PACE BAS IC which features direct 
10 and. memory access, waits for input 
or t imer, bu ilt· in hexadecimal conversio n 
and program t raci ng for debugging pur· 
poses, as wel l as the usu al BASIC lang· 
uage feat ures. Enclosed in a gu nstock 
wa lnut veneer cabinet, the M 16 Is avai l
able from Micromega Co rporatio n, 
11311 Stemmons Fwy, Suite 12, Dallas 
TX 75229, (214) 231-4777. • 

C11·clt> 573 011 lnqu1rv cJ rcl 

OS I 's Model 500 Computer 

Ohio Scientific has announced the 
new Model 500 processor board can be 
used as a stand alone computer or as the 
processor in a larger system. The board 
acce pts 8 Kor read on ly memory , 4 K of 
programma ble memory, 750 bytes of 
progra mm able read only memory, an 
AC IA-based serial port , a 6502 
processor, and fu ll buffering for ex· 
pansion . It is avai lab le com pie tely 
assemb led wirh an 8 K BASIC package 
for $298. 

The Mode l 500 is software and hard
ware compatible with Ohio Scicntific's 
400 ki ts and Challenger products. The 
board is avai lab le enclosed with power 
supp ly as the Model 500-1 for $429, and 
In an 8 slot Challenger case as the Model 
500·8 for $629 . For further inform ation, 
contac t Ohio Scientifi c, Hi ram OH 
44234 . • 
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Circle 6 on inqui ry card. 

All Prime Quality - New Parts Only 
Lowest Prices Satisfaction Guaranteed 

EDGE CARD CONNECTORS: 

Bifurcated Contacts. Not tin. Gold over nickel. 50/100 Pin (.100, 
1.25, + .156 Pin spacing). Double Read out. 

50/100 Altair Type - D ip Solder Pins $4.25 ea 5 pcs $4 .00 ea 
50/100 lmsai Type - Dip Solder Pins $4.25 ea 5 pcs $4 .00 ea 
50/100 lmsai Type with Guides $4 .50 ea 5 pcs $4 .25 ea 

lmsai Guides only $ .30/pr 5 pr $ .25/pr 

All other contacts available : Solder Eyelet, Wire Wrap, etc. All gold. 
Many other types available: 10/20, 15/30, 18/36, etc . 

When ordering: specify type of contact. 

2708 1KX8 PROM 450 NS 8080A - PRIME 
$16.75ea $12.00 ea 

5 pcs or more $15.70 ea 5 pcs $11.50 ea 

25 PIN SUBMINIATURE CONNECTORS: 

Gold Plated Contacts. 

OB25P Plug $2.60 ea 5 pcs $2.25 ea 
0B25S Socket $3.75 ea 5 pcs $3.50 ea 
OB51212-1 Hood (grey) $1.00ea 5pcs $ .95ea 
DB51226-1A Hood (black) $1.10ea 5pcs $1 .00ea 

SAVE: 
Buy a complete set : 
1 Plug, 1 Socket, 1 Hood (any) $6.50/set 
5 Sets $6.25/set 

Write for larger quantity discounts. 


Dealers welcome. 


Minimum order $10.00: Add $1.00 for shipping and handling. 
Orders over $25.00: We pay the shipping: Calif residents add 6% tax. 
No COD's: For immediate shipment send money order or cashier's check. 

When ordering: 

State method of shipment: 


Mail or UPS. 


ORDER FROM : Beckian Enterprises 
P.O. Box 3089 Simi, Calif. 93063 

4K RAM BOARD 

Assembled and tested. $89.95 

See kit below. 

4K RAM BOARD KIT 
450ns Access RAMs 
Fully Buffered 
Low Power $79.95 
Static 
5V only 
4 % x 6 inch board 

Buy 4 RAM Board kits at 
$79.95 each and an 8 slot 
Mother Board is yours 

Includes 8 connectors and card guides. FREE. 

MOTHER BOARD 

8SLOT 44 PIN BUS 

50 Pin Edge Connector 

Mother Board $20.00 ea 
Connectors 2.50 ea 
Card guides for above $10.00 per set. 

4K PROM 

BOARD- Low Power 

- 5 V Only 

- Industry Standard Bipolar PROM 

-Compatible With Our Bus 


KIT WITH 2K OF PROM $79.95 

Additional 2 K of PROM $40.00 

2102 - $1.20 Multiples of 25 only. 
Low power, 450 n.s. Access and cycle. 

DANA 2000A Multimeter 
Regularly $199.50 Our Price $165.00 

MAKE CHECK OR MONEY ORDER PAYABLE TO: 

Kathryn Atwood Enterprises 
P.O. Box 5203. Orange, CA 92667 

Discounts available at OEM quantities. For orders less than 
$25.00 total, add $1.25 for shipping. California residents 
add 6% sales tax. Estimated shipping time 2 days ARO with 
money order. For checks allows 7 days for check to clear . 
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SYSTEMS An F8 Based System Wb~t's N~wP 

A 6800 Based Integrated System A Minifloppy Based Desk Top 
Personal Computer 

This system feat ures the Mostck F8 
microprocessor with a 128 byte scratch 
pad memory, a 1 K by tc system monitor 
in ROM, and a memory interface with 
65 K byte addressing range. The system 
is housed in an attractive commercia l 
grade cabinet with a 12 slot mother 
board, a heavy duty 15 A power supp ly , 
8 K bytes of progra mm able memory, 
a 20 A current loop or RS 232 se ri al 
interface, and three 8 bit para llel I 0 
ports. A 5 K BASIC in terpreter is 
included and an 8 K BASIC and resident 
assembler and editor arc planned. The 
F800 system costs $499 as a kit or 
$699 assembled and tested. Additional 
4 K memo ry boards are $129 in kil 
form or $199 assemb led a nd tested. 
Other accessory board s arc planned. The 
F800 is available from Microdata Sys
tems, 2 Mack Rd , #101, Woburn MA 
01801 , (617) 935-9870 . • 
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8080 Based System Features 
Front Panel Firmware 

'. 

Eo.utN . 

This Altair (S-100) bus comparible 
system uses a 12 button keyboard and 
a 10 digit LED display controlled by a 
monitor program in ROM to implemcn t 
"front panel" functions such as ex
amining and alte ring the contents of any 
register, memory loca tion or 10 device. 
Single step, slow step, hal t, run and 
reset functions arc also proviclcd. The 
8080A based Equinox 100 comes with 
a constant voltage 20 A power supp ly 
and a shielded, ac tively terminated 20 
slot bus board . An al tract ive aluminum 
case with a smoked Plex iglas front 
and a key operated power switch are 
included in the basic system, wi th a 
swing open top, tilt up stand and carry 
ing handle available as options. The 
Equinox 100 , a joint ventu re of Parasi· 
tic Eng ineering and Morrow's Micro· 
Stuff, is avai lable for $699 in kit fo rm 
from Parasitic Engineering, POB 6314, 
Albany CA 94706, (415) 547-6612. • 

Circ le 578 on ioqui • v c ~rd. 

This 6800 based system features a 
keyboard, 20 charac ter alphanu meric 
display, 40 character per line impac t 
printer, single or dual tape cassette 
drives, minifloppy disk , RS232C 
ports, and 9 slot card cage in tegrated 
into one case. Programmable memory 
expansion to 65 K bytes and 16 K byte 
EROM cards are also availab le as op · 
tions. Sortware for the system incl ude s 
a powerful 6 K byte operating and 
debugging system optionally avai lable 
in ROM, a BASIC interpreter, FOR· 
TRAN compiler and linking loade r. 
The ROM debugge r features interactive 
translation of assembly langu age 
mnemonics, tape, disk and printer 
co mmands, multiple breakpoints and 
other functions. The system is ava il able 
in two configurations: th e DE68DT 
which includes a minifloppy d isk drive, 
and the DE68C which fits into a smaller 
case without the mini floppy. Prices sta rt 
at $2200 in single quantit ies, from 
Digital Electronics Corporation, 415 
Peterson St, Oakland CA 9460 1, (4 '15) 
532-2920. • 
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The Syst em 88 13 is a compact co m
plete disk bdscd mi croco mputer. The 
central un it , no large r than a ste reo com
ponent, includes 16 K by tes of progra m
mable memory and room for th ree 
min ifl oppy disk dr ives, in a walnut case 
with a brushed alum inu m front pane l. 
I ncludcd in the package is a video moni· 
tor, key board with ca ble , and complete 
sys tem software on diskette. 

Sy stem soltware allows you to pu t 
the sys tem to work immedi ately, run
ning app licat ions in either assembly 
language or in rully extend ed BAS IC. 
The sma ll sepa ra te keyboard permits 
conven ient use of the system at desk 
or table. The high speed video disp lay 
exhibits resu lts in graph ics and alphd· 
numerics. Because it uses minifloppy 
disks, th e 8813 al lows conven ient stor
age and fast access to programs and 
data by means or simple user commands. 
Prices for the 8813 start at $325 0, from 
PolyMorphic Systems, 460 Ward Dr, 
Santa Barbara CA 93 111, (805) 
967-0468 . • 

Turnkey Business System 
Offers Security 

The Mesa Two sma ll business com
puter comes co mplete with packaged 
programs for accounts rece ivable, 
accounts paya ble , inventory, payroll and 
ge neral ledger. Designed to be operated 
by clerical personne l, the sys tem features 
on line source data val ida tion, pass
words, and audit trai ls from fi nancia l 
statements back to source documents , 
prov iding sec urity and manage ment 
control "without the need for data 
processing technicians. " The Mesa Two 
can also communicate with the manu· 
facturer's centra l I BM 370 computer for 
larger scale app li cations. The sys tem 
includes a processor with 64 K bytes of 
memory, 10 mi llio n bytes of mass 
storage, a keyboard and displ ay, and a 
165 character per second printer. The 
Mesa Two is availab le from A O Smith 
Corporation, 3533 N 27th St, Milwaukee 
WI 5 32 16, (4 14) 447-447 0.• 
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NE·w 8080 and 8085 REFERENCE GUIDE 

A TOtALLY NEW CONCEPT! SAVES TIME AND MONEY! MAKES YOUR JOB EASIER I I 

A powerful new tool for every serious 8080
/ 
user- professional and novice alike. IPriceless tlmesaver for engineers, technicians, and programmers. Saves time andI money in the lab, on the production line, or in the field. I 

I 
I Convenient pocket size - 3% by 73/4 inches - gives quick and easy access to all vital I 

reference data. No more searching here and there for codes, instructions, or definitions. IIt's all there - at your finger tips - everything you need to successfully use the 8080A 
and - Intel's new 8085 microprocessor. I 
Features cross listing, for rapid assembly and disassembly, of MACHINE CODES and 
MNEMONICS • Concise description of 8080 and 8085 OPERATIONS, SIGNALS, 
PINOUTS, and INSTRUCTIONS • Convenient cross conversion of OCTAL, I 
HEXIDECIMAL, DECIMAL, ASCII, and EBCDIC codes• Easy-to-read tables of powers I
of two, eight, and sixteen ... and much more ... ISturdy • Handsome • Easy-to-use • Data Packed 
Your tlmesaver will give many years of professional service. I 
$12.95 each (plus postage & California sales tax) - 25% discount for 4 or more. I 

I 
I 

MoneyBack Guarantee: You must be fully satisfied or simply return the guide within 15 days for full and prompt refund . I 
I

URBAN INSTRUMENTS • 4014 CODY ROAD. DEPARTMENT Cl. 
SHEAMAN OAKS ·CALIFORNIA 91403 I 

I - •PLEASE SEND ____8080 tlmesavers to: CHECK/M.O.ENCLOSED 0 BANKAMEAICAAD 0 MASTER CHARGE 0 I 
NAME .. .... ... .. .. . . . . .. . . ... .......... .. .... .. .. .. ... .. .... . .. I 

CARD NUMBER .... . .. .. .. ..... . .. .. . .. . . . ...... ..... .. .... . ........ I

STREET ......... . ... . .. ... ......... ... . .. . . ... .. ............ .. . 

CITY .. . .. . ... .. . ...... . ... ... . .. _. .. . . .. .. . . . . . . .. . . .. . . . . .. . . . GOOD THAu ...... . .. .... .4 D1G1rs ABOVE NAME iMA'si-E'Fi cHA'RoEi 1 

STATE . .. . ... ... ·... .: ... ...........ZIP . . . . ............ ..... .. .. SIGNATURE ..... . . . .... ..... .. . ... ... .. . ... . .. . . ... ...... ... ....... I
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ESAT-100 LINEAR VERBATIM Removable Magnetic Storage Media 

Economical Stand Alone Terminal LM3BO N 1.39 
 PRICE REDUCTION! 
Assembled, Tested, Burned -ln ...... .. $239.00 LM340T -5, 12, 15 

Minidiskettes 1.9 10-25 26·100 
.99 

Fo1 Trtr1i,ope SCMP Joh . Kim SBC 80 U''" A reliabl e. mr.a 4 .79 4 .65 4.45
NE560 2.95 


ill\t~"'blrd , butnf'd 1n, ,\nrt 1t\ltd s:?J9 00 

1>1:11,,•lfl , ~1t c:on1~1titd Commul'l1 c.itonq l'1m•nar. complrl i!l .,. 

NE561 2.95 MD525-01 {Soft Sector) for : Inte lligen t Systems,
SPECS 32 ch11..cu11 ... 1G lint:\ • 7 o~·~ nt 5 ~ 1t101 "u111 11 64 

ch••.>etr• .ASCI I commun1ca.11n'il with it "'''di , .n~nch1onou• 11 
 NE565 1.95 Magnovox, M icrokit. and Vector Graphics 
u n 11 codtt, TTL compat1bl• from 300 to 9600 bitud Kevbo•rd NE566 1 49 MD525-1 0 (10 Sector, Hardi fo r : Digi ·log, North Star ,
Cfl•11ro li ;mp b•cli •"cl lo1 w1 rd \~U. t1nr ft1.1d. cl~at W!Jt! , o r to 

tntl o r l1n.e, 1rltt1 ~ I 01 1. runt+t.alf f'.1 1.1 010 , 1cc..1rremo1t , 
 NE567 1.49 Polymorph ic, Tei Inc.. and Wang 
cu1\Q, onib t1 odd"""'an .lno o•rirv Ou1pur 10 TV 1i-onirnr t \ LM18 12 4 .95 MD525·16 116 Sector , Hardi for : Alta i r. Comtek. 
Oimtlil"J\•l t' V1dto, JS Ohrnt K t ... bo.srd •rQU•fC'd ,, P•t.tll(l l OU ! 

Ou t 1 un•l ASCII w11h ncgui"e lrue \tlobM Kevbo;ard mh 1n1l 
 LM1889 4 .95 Micropolis, R2E, Realistic Control s, 

up 10 200 P.'\o h om tht' ESA f 100 o n lloard SV powrr , upplv 
 CPU SPECIALS and Te leray- Research Inc. 
Pm...11 1eiciu.rtd ,., I IOVAC $1 7 "' at" 

OOMMEN TARY A1 t h •\ M 1t•n9 00 1 771 , thti ESAT 100 '' 1he 
 Standard Size 1·9 10 -25 26-100BOBO A 10.95 
onl.., Sund A tone Teuro1n1l bo.:ud tll'f)L11r 1ng Oil.IV blad. ;1 nd Diskettes 5.99 5.33 4.79ZBO 12m Hz) Incl.,..,,,,i: lv \ ti •nd A.SC 11 Kevt>0111d Vo.., do no t h.1vl! 10 h av " 
.31 S 100 8u1 ~.i 111c hint . 01 f!' wN'I it computer W'.av t>1 u\ti1 111 um 18 mHz X1a l 33.95 FD34·1000 (Soft Sector . IBM Std.) 
1unc11m1 w11 h .a rvodl"m .and VOLl' hOl'nt' TV u•1 io l)rovrcU' a 11mt> 

\h)ll' IV~ l t1mrn ;il o111 ~nv 8~1.1d r <l l t! VOH clout 
 Z80A (4 mHzl inc l. FD32-1000 {Hard Sector, Inner dia.l 

No1e . commt:rc•.11 tt11r;,,1 111, use .an 80 cha•.leui r • 1•1 t.11e !a1 3GmHz Xlo l 39.95 FDGS-1000 (Hard Sector. Outer d ia.l 
m,.1 ~lnwfvtt ~ h•~I' C~\C'J I 31 eh111•Ch:1 " 16 ltnr, to1 1e1.

~1\ r 0fl u:t ,u:r!:)hC..IT•C'MH beC::tu\t o l the 1t1Thled rt\Oluhon h'~il~hlt 
 OPTOCOUPLERS Cassettes 1-9 10·25 26·100 
on mo\t TV 1fH 


NonC"1h 11 ltH . for thO)r o f ..,·o v wh<J •rr t he O\\ ntri o l 11 lhtr 
 4N26 1. 00 R-300 
ti11;ih Qua l11v v 1dttl mcmlo" , or thi!' tM:U ol .J•pan· , 1 V11:crr~4!1\ . 

PROMS Digital Direct 5 .25 4 .99 4.35 
...,e n ll tr lhf 

ScrollbO.:irrJ Al'ap ter K ol ldH1qnW 10 lo1 on ESAl 1001 Wtl h 64 
 CAP. SPECIAL : 8223 Spec ial 10/9 .95
chJorU!l!'r\ • Hi l1t1r\ and Automat •c Sct0ll1nig for S29.9S RAMS and OTHERS 
M & R $upe-r111Qd R F MvduP;11ot 101 il•lltn••a con,,ec11o r\ w1!h The Highes t Qua li ty , 825115 8 x 5 12 15.95 
vou r TV \el Rw~' (l ll o l ESAT 100 oowe1 \ upplv ta1o• ,rnd By p ass an ywhern : EPROMS 21 L02 · 1 450nS 1.25 t\Y5 · 101 3 4 .95 
bl.ac k& wh •l l! ! Q t S2'4.9~ VK 06 0 . 1/ lOOV for S0.29 2 1 L02 250nS 1.50 MM5369 1.69 

2708 650nS 12.9 5 2 11 1AL·4 450nS 2.30 MM5320 G.00 
27 08 450nS 16.95 C31 0 78Fllll Color TV Game Kit : sons 1.99 2513 Uo . 5.95 

Inc lude• MM57100 Gome Ch ip, MM53104 Clock Gen .. LM 1889 N Colo• C t 7 0 2A lOOOnS 4 .95 P04110 ·4 135nS 3 .99 2513 Lo. 6 .95 
MM5203a:~.d ~~ci°'PcJ.g~a~~ zv~~~o,i ~~~~~s~i; I t~a~ o~~rcirs t ;!·1 :.ar~~~'~a~~P~~o;e~;v:~~I 4 .9 5 IN4005 11 11. 00 

schematics lncludcd ...$25.95 4148 15 / 1.00 
Direct Reading Capacitance Meter Kit : ~~,~J~~~r~~~~r~o~~;i~~ ElectrolabsHore is o handy shop item incorporating a reliab le and accurate mea 

su re ment method whii;h works from 01 p ico -4 d to 10 micro-. d . Includes ~179 . 00 fo• 450n:> 
 POB 6.,21 'N 

l arge 6 " '§Cale analog meter movement . all electronic parts ond full doc u · 
mcnlation and theory of operat i on . Requi re s 5V and t • 12V power . Mak es ~ 2~§ : 881~; ~~?e"~oa•d I/ • 
accurnre readings d i r ectly and instantly I No tun i ng, f iddlin g or ln1erpol a 
t ion r"equ irod. Full documentation and ttieorv ... $39 .95 A~~~TMS\ i~ Stanford,CA 943055V Regulated Power Supply Kit : 

Prov ides rogula1ed 5V @ approx . 250 ma for bench work, b rcadbonrds and 415-321-5601 SATISFACTION 

~~J·~ l~~0!~~~~·101,'~~~~~~ f~o~:~~S5s . ~~u l tttor . rect ifi ers , fitter caps. and 100% GUARANTEED!
1 TO ORDER: 
Nicad Batteries and Charger: Send c heck or money order and inc lude $1 .00 f or shlpprng, 1.00 (o p · 
2 ea 2AH ' C ' size N iceds (great for memory power - fad CKTS. c old wea  1ional) for i nsurance. and pleose include 6 'h% sale~ ca}I'. .1f you aro a 
ther flashllghts, cu e. and cha rge r. .. $ 13 .95 Ca li fornia s tate rcs idenl. COD orders add .SS Thank you . . .. ~ ; 
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New DECstation Employs 
Single Chip PDP-8 

SYSTEMS 

Terminal Fea tures Mini fl oppy and 
12 Slot Mother Board 

~· I • 
--- ······~ 

T he Mode l MCS-PT processo r termi
nal is a self-contai ned comp uter system 
with display and disk storage, a full 
keyboard and a 12 slot mothe r board . 
It may be used either as a stand a lone 
processor or as a processor terminal in a 
larger sys tem. Fea tures of the MCS -PT 
includ e a 15 inch (38.0 cm) high resolu 
tion monitor, a full upper and lower case 
ASC II keyboard with eight user des ig
nated special func tio n keys and a 16 key 
numeric clus ter pad. One Shugart 

New 3 Processor System Can Run Most 
Pu b I ished Software 

The Challe nger Ill comes eq uip ped 
with tl:lree of the most popular micro
processors, the 6800, 6502 and Z-80, 
and hence is capable of ru nning most 
1>Ublished microprocessor software with 
app ropriate modifications for memory 
u sc and input output. Optional fea
tures provide au tom a tic sw itchi ng 
betwee n processors under software con
t ro l and addressing of up to 1 million 
by tes of programmable memory . A 
floppy dis k with the OS-65D operating 
system comes standard with the Chai· 
lenger 111 , and a 74 million by te ha rd 
disk is avai lable as an option . The 
Cha llenger 111 and the Model 510 boa rd 
wi th all t hree microprocessors are fu ll y 
compati bl e with other Chal lenger hard
wa re and software products. T he e n ti re 
prod uct line is descr ibed in a new 
cata log avai lable for $ I from Ohio 
Scientific, 11681 Hayden St, Hiram 
OH 44234, (216) 569-7905. • 

Ci rcle 602 on 1n 11uuv Ci! rd . 
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SA-400 Minifloppy disk drive is stan
da rd . 

The 12 slot mainframe con tai ns a 
CPU board that features an 8080 pro
cessor and a specia l circ uit that imple
me nt s a start up "jump to" routi ne to 
any user se lected byte ad dress. 16 K 
bytes o f memory are provided with 
ad ditiona l memory as an optiona l item. 
A disk controller which will ha nd le 
four drives and a vi deo board are a lso 
sta nd a rd items. T he I 0 board provides 
th ree para ll el and three serial ports 
with se lec tabl e da ta rates of 75 to 
19,200 bps. 

The whole unit is housed in a heavy 
du ty alu mi num cab inet w ith power 
prov id ed by a co nstant vo ltage trans
former powe r supply. A fa n , washable 
filter and all edge co nnectors and ca rd 
guides arc furnished. Soft ware p rovided 
inc ludes CP/M DOS and BA S IC on 
disk. T he MCS-PT fu lly asse mbled and 
tes ted is p riced at $3495, or $2995 
in kit form. T he uni t is also ava il a ble 
witho ut the disk d rive and contro ller 
at $2495 asse mb led o r $2 '195 In kit 
form. For more informa tion contact 
CMC Marke ting Corporat ion , 7231 
Fondren Rd, Ho uston TX 77036, 
(713) 774 -9526. • 

CHcle 60 1 on 1nqu11 v cnrd 

Transmitter Contro ller for 
Broadcast Stations 

T he problem of radio or TV broad
cas t station automation was d iscussed in 
Letters in the Febru ary 1977 (page 81) 
~nd May 1977 (page 105) issues o f 
BYTE. One step is this direction is the 
Autom at ic Transmitt.e r Operator from 
Widget Works Inc. This microprocessor 
based un it mon ito rs and co ntro ls power, 
mod ula tion, and transmitter hours of 
ope ration, e li mi nati ng the need for 3rd 
class lice nsed opera tors and t ransmitter 
readings. A single unit ha nd les up to four 
AM or FM transmitters with proper 
o ptions, and is guaran teed to meet FCC 
specificat ions for A TS co ntrol fo r one 
yea r from da te o f delivery . All hou rs 
of operation for the en li re year a rc pro
grammed into the un it at the time of 
manufac ture. Cali bratio n is per formed 
with a ca lculator keyooa rd . Pricing 
varies with configu rat ion and options, 
starting at $4500. For m ore informat ion , 
contac t Widget Works Inc, POB 79, 
Medina OH 44256, (216) 336-7500. • 

C1rc le 603 o n 11111 u11 v c;ird . 

T he venerab le PDP-8 I ivcs o n in 
Digital Equipment Corpora ti on's new 
DECstation , which incorpora tes a single 
chi p version of the 12 bit processor. The 
cen tral elemen t of the new system is an 
integrated processor and d isplay unit, 
the VT7 8, which includes a video 
terminal with up per and lower case 
ASC II charac ters, 16 K 12 bit words 
or programmable me mory, a rea l time 
cl ock and a floppy disk interface. Five 
10 ports on the back o f th e VT78 are 
designed to be connected to peripherals 
with si mp le cables li ke those used in a 
component stereo sys tem. The ports 
include two se ri al interfaces with 
data rates from 50 to 19 ,200 bps, a 
parallel interface for u nits such as 
printers, a floppy disk in terface, and 
one to facilitate local inp u t of p rograms. 
The DECstation ru ns unde r OS/7 8, an 
ex tended version of the PDP-S's oper
a ting system OS/8 Version 111, and 
offers FORTRAN and BA SIC comp il ers, 
the PA L-8 assemb ler, and va ri ous 
utilities. The standard DECstation co n
fi gura tion, which includ es the VT7 8 
and a dua l drive flo ppy d isk, is priced 
a t $7 ,995. More information is available 
from Digi t al Eq uipm ent Corporation, 
Maynard MA 01754, (617) 897-511 1 , 
ext 3 300. • 

C1 .-c lo 604 on tnqLHry Ciil rcl. 

System, Not Peripheral 

On page 252 of November 1977 
BYTE , the App le II press re lease was 
incorrect ly ca tegor ized as a "perip heral." 
This comp lete computer system sho uld 
have been placed in the "systems" cate· 
go ry. 

Ou r apologies to Steve Jo bs and 
Steve Wozniak. • 

http:Transmitt.er


LOW PROFILE IC SOCKETS 
14PIN-$18 22PI $33 

AUGAT WIRE WRAP SOCKETS 
16 P IN Co ld Platr-d 

TRIMM R CAP 
2 - 20 Pl- Cl:: R 4/Sl 

Mi l Qu,lity 

P. C. MOUNT VOLUME CONTROL 
Ny lo n Sha ft 1 K or lOOK . 

16 PIN - $ 20 28 Pl - $ .48 $.49 ea. 10 FOR $:1 .')5 YO R CHOICF 4/$1 
18 P IN - $ .25 LIM lffD STOCK 

16K E-PROM CARD $69.95 (KIT) 
S-100 ( I MSA 1/ ALTAIR) BUSS COMPATIBLE IMAGINE HAVING 16K 

OF SOFTWARE ON LlNE AT ALL TIME! 

KIT FEATURES: 
I. Double s ide d PC Board wi th solder mask a nd silk screen a nd 

Gnld plated contact .fingers. 
2. Selectable wa it s tates . 
J. All address lines and data line buffered! 
4. All sockets incl uded. 
5. On card regula tors . 

wow~ DEALER INQUIRES INVITED 
KIT INCLUDES ALL PARTS AND SOCKETS! (EXCEPT 2708's) 

ADD $25 FOR 
SPECIAL OFFER: Our 2708"s (450 NS) are $12.95 when purchased with above kit. ASSEMB D AND TESTED 

FULLY STATIC! $149.00 KIT 
BK LOW POWER RAM KIT! 

KIT FEATURES: 
I. Double s ided PC Board with solder mask and s ilk scree n layout. USES 

21102-1 
RAM'S. 

Gold plated contact fingers . 
2. All socke ts included! S-1 00 ( IM SA i/ ALTA I R) 

J. FuJly buffe red on all address and data lines. BUSS COM I' A Tl B LE 
4. Phantom is jumper selectab le to pin 67. 
5. FOUR 7805 regu lators are provi ded o n ca rd. 

PRICE WAR! 
For a limited time only: 

Buy two BK Kits for $129 ea. 

Fully assembled and tested. 
With schematic. 4, 8 or 16 
OHMS. 

$3.95 NEW! 

MOTOROLA 7805R 
VOLTAGE REGULATOR 

Same as stand ard 7805 except 750 MA 
OUTPUT. T0-220. SVDC OUTPUT. 
$ .44 each IO FOR $3.95 

Fully Assembled and Burned In 
Blanli: PC Board With Documentation 

Low Profile Sockel Set 
Support IC's (TTL and Regulators) -
Byp:1ss CAP's (Disc and Tantalums) 

$179.00 
29.95 
13.50 
9.75 
4.50 

JUMBO RED LED'S 

Ne w by G.E. Like MV5024 
#SSL-22 

RCA HOUSE #2N3772 
NPN Power Transistor. JO AMP. 
150 W. VCE0-60 . T0-3 . Vastly out 
performs 2N3055. Reg. Lis t $3.04 

6 FOR $1 25 FOR $3. 75 2 FOR $1 

~£_'\;'J~ 4K STATIC RAM'S New! 
2 11 4. The industry standa rd. 18 PIN DIP. Arranged as l K X 4 . Equivalen t to 

FOUR 2 1 L02"s in ONE package ! TWO chi p. give I K X 8. with da ta. 

2 FOR $24 450 N.S.! 8 FOR $85 

450 NS! 2708 EPROMS 450 NS! 

Now Full Speed! Prime new unit s from a major U.S. Mfg. 450 N.S . Access 
time. IK x 8. Equiv . to 4 1702 A's in one package! 

$15.75 ea. Special Offer: $12.95 ea. when purchased with our 

16K EPROM Kit. 

Z · 80 PROGRAMMING MANUAL 11- PRICE WAR! * 
By MOSTEK . the major Z - 80 second source. The mo t detailed exp lana tio n 
ever on the work ings of the Z - 80 CPU CH IPS . At least one full P.age on each 
of the 158 Z - 80 instructions. A MUST reference manual for a ny user of the 
Z - 80. 300 pages. Just off the press! A D. R.C. excl us ive! $12.95 

2LL02- 1 LOW POWER RAM ! Prime. 
500 N.S. FAST! 8 FOR $9.95 

8 POSITION DIP SWITCH 
By CTS. Fits 16 Pin Socket . $1.95 

TERMS: ORDERS UNDER $15 ADD$ .75. NO C.O.D. WE ACCEPT VISA. MASTER CHARGE AN D AM E RICAN 

EXPRESS CARDS. MONEY BACK GUARA NTEE 0 ALI . ITEMS. TEXAS RESIDENTS ADD 5 % SALES TAX. 

CALL FOR OUR CATALOG!Digital Research Corporation 
WE PAY POSTAGE!P. 0. BOX 401247 •GARLAND, TEXAS 75040 • {214) 271-2461 
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SOFTWARE 

Multitasking Operat ing System 
Rivals I BM 360/91 

This multiuser, multi taski ng oper· 
ating sys tem for 8080 and Z·80 based 
com puters is modeled after th e I BM 
System/360 Model 91 op erat ing system 
used at the University of California, 
Los An geles. I t supports more than 25 
user te rm inals with 64 K bytes of mem · 
ory, and permits one user termi nal to 
control many concu rren tly running 
tasks. Functions incl ude block and li ne 
ed it ing, file mergi ng and transfer, in ter· 
terminal communicatio n, passwords and 
user acco unti ng, task status reports and a 
system log, disk map display and print 
queue support. The sys tem includes a 
disk based 8 K BASIC comp ile r which 
ge nerates reentrant code. The developers 
cla im that the system provi des highly 
efficient resource management by mai n· 

•'\ 	 ra ining dynamic, noncont iguo us files , 
dynamically alloca ted memory and ex
tensive disk buffering. The F AMOS™ 
sys tem costs $1750 and must be use d 
with a specia l interrupt board ($300) for 
the Altair (S-100) bus. The sys tem is 
availab le from MVT Microcompute r Sys
tems Inc , 21822 Sherman Way, Canoga 
Park CA 91303, (2 13 ) 348 -2030.• 

Circle 592 on inqu iry card . 

An Interac tive Word Process ing System 

Th is word processing sys tem dis· 
plays your text on a video screen In the 
form in wh ich it will be pr inted, as 
you en ter new tex t or make modi fica· 
tions. Each line is continuously for· 
matted and justi fie d, and surro undin g 
te x t is moved up or dow n as stri ngs are 
in serted or replaced . Te x t can be re· 
viewed by variable speed scroll ing in 
the forwa rd or reverse direc ti ons. En · 
coded st ri ngs may be used to create 
se lec ti ve mailing lists. Line and page 
length and spacing can be modified as 
desired, and tit li ng and page nu mbering 
is incl ud ed. A ve rsion designed for the 
Di ablo Hy-Type pr inter includes charac· 
ter sµaci ng and bidirectional printing. 
"The Elec tric Pencil " runs on an 8080 
or Z-80 based computer with 8 K by tes 
of memory, a Processo r Technology 
VDM -1 or PolyMorp hi c Systems vi deo 
interface and video monito r, a Ta rbell 
casse tte interface and casseue recorder, 
and a printer. The package is priced at 
$100 or $150 for th e Di ablo vers ion, and 
is ava ila ble at comp uter s tores or from 
the aut ho r, Michael Shrayer, 3901 Los 
Fe liz Blvd # 2 10, Los Ange les CA 90027, 
{213 ) 665-7756. • 

Circle 593 on inqui ry cord . 

Want Z-80 Software ? 

Herc's so rtware for Altair (S·l 00) bus 
compa tible Z-80 based sys tems, designed 
with Cromemco's ZPU processor board 
especially in mind. A Z-8 0 monitor 
($25) fits in 1 K bytes of memory and 
al lows th e user to examine and modify 
registers and memory locations, set up 
to five breakpoints, program 2708 type 
ERO Ms us ing th e Cromemco By tcsaver 
board , and perform o th er func tio ns. The 
ROS Res iden t Opera ting System ($40) 
provides most of the mo nitor funct ions 
and also Includ es a Zilog compatible 
assembler and a text editor, all designed 
to run in 8 K bytes of memory. Control 
BA SIC ($ 40) , availab le for both 8080 
and Z-80 based sys tems, is an exte nded 
ve rsion of Dr Wang's Palo Alto Tiny 
BASIC which includes inpu t and output 
comman ds for direct 10 control, ·ability 
to ca ll user subroutines with any number 
of arguments , string inp ut and output, 
numeric field wid ths an,d other features, 
yet it fits in just over 3 K bytes of 
memory. Inc lu ded wi th Co nt rol BASIC 
is an exci tin g version of Star Trek "tha t's 
almost impossib le Lo win. " Wi sh you 
co uld run Z-80 software on y our Proc
essor Tech nology SOL-20? You can wi th 
th e ZOL modification kit ($29.95), 
which le ts you install a Cromemco ZPU 
board into the SOL's mainframe. All 
these goo di es are available from HUH 
Electronic Music Productions, POB 259, 
Fairfax CA 9493 0, (415) 457 -7598. • 

Circle 595 on inQuiry card . 

APPLE II 1/0 BOARD K IT 
Plug Into Slot of Apple II Mot her Board 

FEATURES: 

I 8 Bir Para ll el Ou tput Port 


(Expan<.lablc !o 3 Ports) 
I Input Port 
15mA Output Current Sink 

or Source 
lTL or CMOS Compatible 
A<.ldrcssa ble anywhNc in mem

ory output area 
Can be used for pcriphcrnl 

equipmen t such as pr inters. 
lloppy di scs. casse tt es. paper 
tapes, etc. 

KIT INCLL:DFS: 
P.C. Bo:ml . l.C.'s Sorkc ts anu 
Assembly Manual. 

PRICE: ---------, 
I lnpu! and I Output l'o rl 

for 549.00 

I Input :ind 3 Ou rpu r Port ' 
for 564.00 

DEALER INOUIRIES INV ITED 

LD-1 30 2708 EMM 4200 

3 digits E PROM "static" 
A/ D CONV. 1Kx8 450ns 4K RAM 

$1 l.95 $14.95 $13 .95 
SHIPPING AN D HA 'DLI 'G 
KEYBOARD SJ.50. bTHERS 1.00. 

--- - California residents add 6% sales tax----

ELECffiQNJCS WAREHOUSE Inc. 
1603 AVIATION BLVD. 

REDONDO BEACH, CA. 90278 
TEL. (213) 376-8005 

WRITE FOR FREE CATALOG 

Yo u are invited to visit our store al the above address 


JRD GE ERATI O ON Ly $63.00 
ASC II KEYBOA RD K IT 

FURTHER IMPROVEMENTS. MORE F AT RES 
• 	 TTL Logic Circuit s 
• 	 Power: +5V . :!7SmA 
• 	 Upper and Lower Case 
• 	 Fu ll ASCII Set (Alpha 

Numeric. Svmbols. 
Con trol) · 

• 	 7 ot 8 Bit s Parallel Da ra 
• 	 Optiona l Serial Ou1pu1 
• Selectable Posii ive or 

Negative Strobe. and 
Strube Pu lse Wid th 

• 	 ·N' Key Ro ll-Over 
• 	 Fully Debo unced 
• 	 Carriage Retu rn Key 
• 	 Repeat Function Key 
• 	Shift Lock . 2 Shift Keys 
• 	 4 User Defineable Keys 
• 	 P.C. Board Size : 

17-3/ 16" x S" 

OPTIO S: 
• 	 Metal Enclosure (Paint

ed 	IBM Blue and Whi te 
. . . . . . . . . S2 .5 .00 

• 	 18 PinEdi,tc Con . 2.00 

• 	 l.C. Sock ets . . . 4 .00 

• Serial Out put (Shift 
Register) ..... 52 .00 

• 	 Upper Case Lock 
Swi tch l for Capital 
Let ters and Numbers l 
.. . ....... . 52 .00 

KIT lnclu<lc.s : Key
board . P.C. Board. a ll rc
4ui red component s and as
·embly manu:il. 

NOTE: If you have I his 
63 Key Teletype Key 
board you can buy the 
Kit withoul ii for 44 .95 . 
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-- $235.00 --
-I 

We p roudly welcome our newest memory board famil y member, 
designed from the ground up for full compatibility with the Heath 
Company HS. O rganized as two independent blocks for flexibility: 
one SK block (locatable on a ny SK boundary) and one 4K block -locatable on a ny 4 K boundary. Has the same basic features o f our 
ECONORAM JI™- all static design , dipswitch add ress selection, 
swi lch selected write protect and phantom, socke ts for all ICs, full 
buffer ing - plus the required hardware and edge con nector io mate 

- ECOMORAM II™
-I--I 
-

This SK ,. S static memory Is a cons is ten t winner. whe ther you plug In.to 
an Altair, IMSAJ, or any other S-100 buss computer. Configured as two in· 
dependent 4K blocks, with separate protect for each block and vector interrupt provi-sion If you try to wri te into pro1ected memory. Handles DMA devices. All address and -dala lines fully buffered. Tri·slate outputs for use with bi·directional busses. 5 leclable 
write slrobe (wriles on either PWR or MWRITE). and dipswitch seleclable address. We 
guaranlee 450 ns speed, ahhough many users report running this board In conjunc
tion with 4 MHz Z·80s without using the on board wait state provison. The mechanical I
quality ma1ches the design, with gold-plated edge fingers. legended and solder 
masked board. sockets for all ICs. and industrial grade or betler components. J oin the 

TERMS: Please allow up to 5% lor shipping: ex· 

thousands who have made th is our most popular computer boa rdl -Kit form . . . .. ..... . ... . . , ... .. . , ... , . . .... .... ...... . ....... . $130 

Assembled, tested, 1 year warranty . , ........ ... .. . •....... . . ... . $150 

Speclall Four ECONORAM II™ kits . .. - . - ....... . .. - .... . - . . .. . 4 / $475


• new and d ynam1c: 

ECONORAM 11ITM 

Here Is the firs t SK K 8 dyna m ic RAM tha t per
form s well enough to m erit the ECONORAM™ 
name. Thanks 10 !he SynchroFresh • timing process. 
refresh fits naturally Into !he timing of the 5 · 100 buss ... 
now you can have half the power of stallcs, bul without 
ihe traditional timing hassles you·ve come to assoc ia te 
with dynamic memories. 

In addillon to low power, this boa rd runs al zero wait 
slates wllh an 8080 CPU. and Is con figu red as two sep· 
arate blocks for maximum versatility. Not a kil: shipped 
assembled, lested and read y to plug lrllo any S· 100 buss 

®.@@)m
ces< refunded . Californians add tax. COO orders 

- accop1cd with sireel address for UPS. For 
- VISA"' / Masiercharge orders call our 24 hour 

order desk a1 (415) 562-0~36. Prices good 
cover month of magazine.I·-··

mechanica lly with the HS. Now you can have o ur 12K board for 
the price o f the Hea th Company's SK ... wi th the performa nce 
you 've come to expect fro m products carrying the EC ONORAM'M 
name. I 

Also available: H S 4 K to SK conversion kit ($90). If yo u ha ve a : 
Heath Compa ny 4K me mory, plug in these IC s and you' ll have a 
full SK Kit includes e ight T l40 44 me mo ries and ma tching sockets. 

computer (Allair, IM5AI. elc.). l yea r warranty. Plug this board inlo any 5 -100 motherboard to clean up the 
Assembled SK,. 8 ECONORAM Ill '" . ... S 149.00 problems .associated with unte rminaled lines. Uses the same 
•SynchroFresh Is a lr.-,de rnetrk oi Thinker Toys circuitry as our Molherboards. ®U1J ~ FREE FLYER: These are jus1 a few of 1he ite ms 0 D 0

0 

BILL GODBOUT ELEC TRONICS 


BOX 2355, OAKLAND AIRPORT, CA 94614 


CPU POWER SUPPLY ($50) --I-
Gives a fu ll 5V at 4 A wilh crowbar overvoltage protection, I
along with + 12V at 1h A. -12V at •;,A, and adjustable bias 
supply (5 to lOV at 10 mA). Although intended for use with 
small computer systems, this Is also an excellent supply for 
bench and development work. 

10 SLOT MOTHERBOARD (590; 
18 SLOTS $124) I 

--
Add one of lhese on to an existing 5 · 100 syslelll, or use as the I
nucleus of a stand-alone system. Both kits come with all edge 

connectors and include on·board active, regulated termina· 
!Ions to min imize crosstalk, overshoot, ringing, and other 

l!lmg•ll• a • u - it h u•n•le•r• •ln - • e •d ill•s•o•f bypasstc•h•e•s •tcapsh••t•c•and heavy power traces. a•n•o•cc • r• w - m •a•t•ed lin • s•.•ln•c•lu •e•s•lo

ACTIVE TERMINATOR ($29.50) --I-
we carry for the compuler en thusiast We also 
siock a broad liM of semiconductors passive 
components. and hobbyist ilems. We _,; Li l gladly 
send you a nyer de.scribing our products upon 
receipt of your name and address. ~-··-·I 

C11·cle 4 7 on inquiry card. UYH ljnU<l') 191~ 177 



Exte nded Monitor for the KIM -1 

"X IM " (Ex tended 10 Monitor) is a 
programmi ng and debuggin g pac kage for 
the KIM-1 co mpute r. It provides com· 
mands to move , compare or se a rch 
blocks of memory, se t break points, 
ca lcula te branch displacements, load 
ASC II characters and dum p hexadec imal 
data, and disp lay th e p rocessor registers. 
" X IM" occupies just under 1 K bytes of 
memory and is easily re located . A 45 
page use r's man ual with source Iisting is 
inc luded, with objec t code on paper tape 
for $ 10 or on KIM -1 casse u e for $12, 
from Pyramid Data Systems, 6 Terrace 
Av, New Egypt N J 08533. • 

Circle 5911 on Inquiry cord. 

A New 8080 Assembly Lang uage 
Debugger 

The Dynamic Debugger is a 
diagnostic program for 8080 assembly 
language which has been announced by 
Computer Mart of New jersey. The 
program featu res an au toma t ic break· 
point mode to faci litate deb uggi ng. The 
price is $30 on paper tape or cassette , or 
$35 on diskette from the Computer 
Mar t of New Jersey, 50 1 Ro u te 27, 
lse lin NJ 08830, (201)283-0600 . • 

Circle 596 on inquiry catd. 

SOFTWARE 

A New BASIC Compiler 

Software Dynamics is offering a new 
BASI C compile r said ro feature floating 
po int ar ithmetic , subscripting, format ted 
output and character string manipu la
tion. The compiler req uires 16 K bytes 
of programma ble memory space. Th e 
price of the compile r is $ 150 , and th e 
manu al sells for $10. For more informa· 
tion, contact Software Dynamics, 17914 
Laure lbrook Pl, Cerritos CA 90701, 
(213) 962-6492 . • 

Ci rcle 598 on inquiry CiJrd . 

Extensions to Processor Technology 
Software Package # 1 

Software Package 0 .5 is a set of 
extensions to Processor Technology 's 
Softw are Pac kage # 1 (a basic asse mble r, 
edi tor ;ind operating system for the 
8080). New features inclu de autom at ic 
in sertio n and reordering of line numbers, 
commands ro find and change or insert 
strings, and an effic ient tape drive r for 
Tarbe ll or Da)e n cassette interfaces. 
Complete source code is su ppl ied for 
$14.95, with objec t code on paper tape 
for $19.95 or on T arbell tape for 
$24.95, from Objective Design Inc, 
POB 20325, Tall ah assee F L 32304. • 

Cifc le 597 on inquiry card . 

Real Time Warfare Game 

Enco unter ! is a game that exploits 
the real t ime response capab ilit ies of a 
compu ter. Unli ke most board games, 
the re is no taking tu rn betwee n two 
players; each p layer attacks and defends 
as many pl aces on the fie Id as he is 
mental ly able to mainta in . Parameters 
such as the speed of pl ay, co n figurat ion 
o f the playi ng field, location of " home" 
and " blocked" districts, "birthra te" of 
new men, and the game time limit can 
be al te red at wll l. Encounter ! is designed 
for an Alta ir (S-100) 8080 or Z-80 based 
system with a Processor Technology 
VDM-1 an d two ASCI I keyboards. Com
plete so urce code is provided, with paper 
tape for $16.95 or with Tarbell tape for 
$19.95, from Objective Design In c, 
POB 20325, Ta lla hassee FL 32304. • 

C1rc la 599 on inquiry card . 

An IBM 1130 Sim ula tor for Nova 
Computers 

Ico n Corporation has announced its 
new EL LIPSE 1130 processi ng sys tem 
designed to sim ulate the I BM 1130 on a 
Data Genera l Nova co mputer. This 
makes avai la ble a wide va riety of 
COBOL, APL, RPG, FORTRAN IV and 
othe r types of programs to the Nova user 
with no modifications needed. Contact 
Ico n Corporation , 11300 Rockville Pike , 
Suite 10 NE, Rockv ille MD 20852, (301) 
770-1885 .• 

C1 rcl (! 600 on inquiry L"a rcl . 

~ c~rrn BOARDS 

MB-1 MK-BCompuler RAM. (not S-100). 4KX8. uses 2 102 
type RAMs , PCBO only ' . . ' .$22 
MB-3 1702A EROM Board . 4KX8. S-1 00. sw1lchable ad· 
d res s and wall cycles. kit less PROMS . . . .$65 

MM Basic 4KX8 ram. uses 2102 1ype rams. may be ex
panded 10 8KX8 w1lh p1ggyback1ng. S-100 buss PC 
board . . .$30 
MB-0 Basic BKX8 ram uses 2102 type rams. memory pro· 
lecl 1n 256 10 SK sw1lchable 5· 100 buss PCBO $35 
MB-7 16KX8. S1a11c RAM usespP41 0 Pro1ecl10n. ful ly buf· 
lered 
PCBO $30 00 KIT $525.00 
MB-8 2708 EROM board . S-100. 8KX8or 16KX8 k11 without 
PROMS .. .. . .$85 

MB-9 4K X8 RAMI PROM Bo ard uses 2112 RAMS or 
625129 PROM k1 I w11 hou1RAMs or PROMs $80 
IC>-2 5-100. 8 b1I parallel llOport. 'I.Joi board is lor kludging . 
Kit $55 PCBD . . ,$30 

I0-4 Two seual 110 ports w11h lull handshaking 20!60 ma 
current loop Two parallel 110 porls 
K11 $150 
VB-1 64X 16 video board. upper lower case Greek. com
posite and parallel video w1lh sof1ware. S-100 
Kit. $150 PCBO . $30 
SP-1 Music syn1hes1zer board. S-1 00. compu1er comroller 
wave forms, 9 octaves. 1V rms Y2% d1s1oruon. includes 
sottware k•I . . . . . $200 
AHair Compalible Molher Board. 1l x· 11 I'.! x Yo '" 
Board only . $45 With 15 connectors ...$105. 
Extender Board lull size Board only . . . . . . .$9 
With connector . . . . .$13.50 

Solid stale music Cybercom boards are high quallly glass 
board wilh gold linger contacts. All boards are check for 
sho11s. Kits only have solder mask. 90 day guaraniee on 
Cybercom k1ls . 
Non-elecu1ca1cosmetic re1ec1ed PCBO from Cybercom. 
10 -2 $21 MB-6 $21 VB -1000 $25 

WmC';nc. WAMECO INC. 

MEM-1 8KX8 fully buffered. S-100, uses 2102 lype rams . 
PCBC . . . . . . . . . . . . . . . . . ..$30 

Mother Bo•nl 12 s101. 1erm1na1ed. s -100. board only$35 

CPU-1 8080A Processor boa rd S-100 w11h 8 level vec1or 
inlerrupt PCBO . $30 
10% discoun1on 10 or more ol WAMEGO PCBO .n any 
combination. 
NEW I All IC 's SockelS & na rclware 101 WAMEGO CPU·1 
inc lude all prime Eowa. 8214. 8224 . 8212 PCBO no1 in
cluded $65 

All ICs. sockels & hardware lor WAMECO MEM-\ includes 
prime 21 02AL·4·s PC BO no11ncludeel Order PCBO sepa
ralely . . $135 

Specl.i 2102AL-4 lK x 1 ram l'J less power than 21L02 
lype rams. wilh power down. prime from NEC Ea 2 00. 32 
ea 1.60; 64 ea . 1 70; 128 ea. 1 60. 256 ea . 1 50. 

9080A AMO 8080A (Prrme) 
8212/74S412 Prime 
8214 Prime 
8216 Prime 
8224 Prime 
8228 Prime 
8251 Pume 
8255 Pume 
1702A-6 AMO 402A Prime 
TMS-6011 UART Prime 
2513 Char Gen Upper Prrme 
2513 Chai Gen Lower Prime 
1702A Imel Not Prime 

20.00 
4.00 
8.30 
4 95 
5 00 
890 

14 50 
14 50 
5.00 
6.95 

11.00 
11 00 
4.00 

74LOO .25 
7•1L01 .25 
74L02 .25 
74L03 25 
74L04 30 
74L05 .40 
74L06 .30 
74LOB .40 
74L09 40 
74L 10 .30 
74L20 .35 
74i..26 .40 
74L30 40 
74L32 45 
74L42 1.50 
74L51 .35 
74L54 .45 
74L55 .35 
74L71 30 
74L73 .55 
74L74 .55 
74L75 1.20 
74L78 .90 
74L85 1 40 
74L86 .75 
74LB9 3 50 
74L90 1 50 
74L91 1.50 
74L93 1.70 
74L95 1.70 
74L98 2 80 
74L 123 1.50 
74L164 2.50 
74L165 2.50 
74L 192 1.25 
74L 193 1.20 
MH0026 295 
MC1488 1.50 

74LSOO .40 
74LS01 .50 
74LS02 .40 
74LS03 .40 
74LS04 .45 
74LS05 .45 
74LSOB .40 
74LS10 .40 
74LS12 .55 
74LS20 .40 
74LS22 .45 
74LS27 45 
74LS30 .40 
74LS37 .60 
74LS38 60 
74LS42 1.50 
74LS51 40 
74LSS4 .45 
74LS55 .40 
74LS73 .65 
74LS74 .65 
74LS76 .65 
74LS151 1.55 
74LS174 2.20 
74LS175 I 95 
74LS192 2.85 
2501B 1 25 
25028 3 ()() 
2507V 1.25 
2510A 2.00 
2517V 1.25 
251 9B 2.80 
25328 2.80 
2533V 2.80 
OM8131 2.50 
N8263 3.50 
MC1489 150 
OM8837 1.50 

1101 1.25 
1103 1.25 
2101 4 50 
2111 -1 3 75 
2112 4.50 
2602 1.60 
4002· 1 7.50 
4002- 2 7.50 
MM5262 1 00 
7489 2.00 
74200 4.95 
74C89 3 00 
82506 2 00 
82507 2 00 
82S17 2.00 
8223 2 50 
82S23 3.00 
825123 3.00 
8251 26 3 50 
82S 129 350 
82S130 3.95 
82S131 3.95 
IM5600 2.50 
IM5610 2.50 
IM5603 3.00 
IM5604 3 50 
IM5623 3.00 
IM5624 3.50 
MMl6330 2 50 
DM8573 4.50 
OM8574 5.50 
OMB575 4 50 
DMB576 4 50 
OM8577 3.50 
OMB578 4.00 
2.4576 MHZ 
XTAL 7.20 

419 Portofino Drive 
San Cartos, California 94070 

Please send for IC. Xistor 
and Computer pares list . 

Check or money order onty. II you are nor a regular custcmer ano;our 
order is la_rge please sand ett.t\EJr a cashter's ct'eOI. or a pos'81 monav 
order , 01herw(se ltlero will be a delay or fWC weeks lor the cileck 10 
cloar. All items post paid 1n tho U.S. Caht rnsidenlS add fW.. 10.. 
Monoy back 30 day guarantee. We cannol accept nuurned IC's !hat 
1iave been sokiered to. Prlees subject to change wflhOut r.otce. S10 
minimum on:ier. S1.00 Mrvlca cl\rirga on or ders .... than $10. 
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TRANSISTORS, LEDS, etc. 
1N914 100v 10mA .05 

SOCKETS/BR! DG ESDIODES/ZENERS 
2N2222 NPN (Plastic .10) .15 

1 N4005 600v 1A .08 
B·pin pcb .25 WW .45 

14-pin pcb .25 WW .40 2N2907 PNP .15 
1N4007 1000v lA .15 16-pin pcb .25 WW .40 2N3906 PNP .10 
1N4148 75v lOmA .05 lB·pin pcb .25 WW .75 2N3054 NPN .35 
1N753A 6.2v z .25 22-pin pcb ' .45 WW 1.25 2N3055 NPN 15A 60v .50 
1N758A 10v z .25 24-pin pcb .35 WW 1.10 T1P125 PNP Darl ington .35 
1N759A 12v z .25 28-pin pcb .35 WW. 1.45 LED Green , Red, Clear .15 
1 N4733 5.1v z .25 40-pin pcb .50 WW 1.25 D.L.747 7 seg 5/8" high com-anode 1.95 
1N5243 13v z .25 XAN72 7 seg com-anode 1.50 Molex pins .01 To-3 Sockets .45 
1N52448 14v z .25 FND 359 Red 7 seg com-cathode 1.25 

2 Amp Bridge 100-prv 1.20 1 N5245B 15v z .25 
25 Amp Bridge 200-prv 1.95 

- T T L 
4000 .15 

CMOS 
7400 .15 7473 .25 74176 1.25 74H72 .55 745133 .45 

4001 .20 7401 .15 7474 .35 74H101 .75 74180 .85 745140 .75 
4002 .20 7402 .20 7475 .35 74181 2.25 74H103 .75 745151 .35 
4004 3.95 74H106 .957403 .20 7476 .30 74182 .95 745153 .35 
4006 1.20 7404 .15 7480 .55 74190 1.75 745157 .80 
4007 .35 74191 1.35 74LOO .35 7405 .25 7481 .75 745158 .35 
4008 .95 7406 .35 7483 .95 74192 1.65 74L02 .35 745194 1.05 
4009 .30 745257 (8123) .25 
4010 .45 

74193 .85 74L03 .307485 .95 7407 .55 
74194 1.257486 .30 74L04 .35 

4011 .20 
7408 .25 

74195 .95 74L10 .35 74LSOO .35 
4012 .20 

7489 1.35 7409 .15 
74LS01 .35 

4013 .40 
74196 1.25 74L20 .357490 .557410 .10 
74 197 1.25 74L30 .45 74L502 .35 

4014 1.10 
7491 .95 74 11 .25 

74L47 1.95 74L504 .35 
4015 .95 

7492 .95 74198 2.35 7412 .30 
74L505 .45 

4016 .35 
74221 1.00 74L51 .457493 .407413 .45 

74LS08 .35 
4017 1.10 

7494 1.25 74367 .85 74L55 .65 7414 1.10 
74L72 .45 74LS09 .35 

4018 1.10 
7495 .607416 .25 

74L73 .40 74LS10 .35 
4019 .60 

75108A .35 7496 .807417 .40 
74L74 .45 74LS11 .35 

4020 .85 
75110 .35 74100 1.85 7420 .15 

74L75 .55 74LS20 .35 
402 1 1.35 

75491 .50 74107 .357426 .30 
74L521 .25 

4022 .95 
75492 .50 74L93 .55 74121 .35 7427 .45 

74LS22 .25 
4023 .25 

74L123 .5574 122 .557430 .15 
74HOO .25 74L532 .40 

4024 .75 
74123 .557432 .30 

74H01 .25 74500 .55 74LS37 .35 
4025 .35 

74125 .457437 .35 
74H04 .25 74LS40 .45 

4026 1.95 
74126 .35 74502 .55 7438 .35 

74LS42 l.10 
4027 .50 

74H05 .25 74503 .30 7440 .25 74132 1.35 
74H08 .35 74504 .35 74LS51 .50 

4028 .95 
74141 1.007441 1.15 

74LS74 .65 
4030 .35 

74H10 .35 74505 .35 74150 .857442 .45 
74H1 1 .25 74808 .35 74L586 .65 

4033 1.50 
7443 .85 74151 .75 

74H15 .30 74510 .35 74L590 .95 
4034 2.45 

74153 .957444 .45 
74H20 .30 74511 .35 74L593 .95 

4035 1.25 
74154 1.057445 .65 

74H21 .25 74520 .35 74LS107 .85 
4040 1.35 

74156 .957446 .95 
74H22 .40 74540 .25 74L5123 1.00 

4041 .69 
74157 .65 7447 .95 

74H30 .25 74550 .25 74LS151 .95 
4042 .95 

74 161 .85 7448 .70 
74L5153 1.20 

4043 .95 
74H40 .25 74551 .4574163 .95 7450 .25 
74H50 .25 74L5157 .85 

4044 .95 
74164 .60 74564 .25 7451 .25 

74L5164 1.90 
4046 1.75 

74H51 .25 74574 .4074165 1.507453 .20 
74L5367 .85 

4049 .70 
74166 1.35 74H52 .15 745112 .90 7454 .25 

74H53J .25 745114 1.30 74LS368 .85 
4050 .50 

74175 .807460 .40 
74H55 .25 

4066 .95 
7470 .45 
7472 .40 

4069 .40 
4071 .35 LINEARS, REGULATORS, etc. 

8266 .35 LM320K5 (7905) 1.65 4081 .70 LM340T24 .95 LM723 .50 
MCT2 .95 LM320K12 1.654082 .45 LM340K12 2.15 LM725 1.75 

LM320T5 1.65 8038 3.95 LM340K15 1.25 LM739 1.50 
LM201 .75 
LM301 .25 
LM308 (Min i) .75 
LM309H .65 
LM309K (340K -51 .85 
LM310 1.15 
LM311 D !Mini I .75 
LM318 (M in i) .65 

9000 SERIES 
9301 .85 
9309 .35 
9322 .85 
95H03 .55 
9601 .75 
9602 .50 

MEMORY CLOCKS 
745188 (8223) 3.00 
1702A 6.95 
MM5314 3.00 
MM5316 3.50 
2102·1 1.75 
2102L-1 1.95 
TR 16028/ 

TMS 6011 6.95 
8080AD 15.00 
8T13 1.50 
8T23 1.50 
8T24 2.00 
2107B-4 4.95 24 Hour Toll Free Phone 1-800-854-2211 

LM320T12 1.65 
LM320T15 1.65 
LM339 .95 
7805 (340T51 .95 
LM340T12 1.00 
LM340T15 1.00 
LM340T 18 1.00 

LM340K18 1.25 LM741 (8·141.25 
LM340K24 .95 LM747 1.10 
LM373 2.95 LM1307 1.25 
LM380 .95 LM1458 .95 
LM70918,14 PIN) .25 LM3900 .50 
LM111 .45 LM75451 .65 

NE555 .50 
NE556 .95 
NE565 .95 
NE566 1.75 
NE567 1.35 INTEGRATED CIRCUITS UNLIMITED 

7889 Clairemont Mesa Boulevard, San Diego, California 92111 
SPECIAL(714) 278-4394 (Calif. Res.) 

DISCOUNTS 
All orders shipped prepaid No minimum Total Order Deduct 

' $35 . $99 5%Open accounts invited COD orders accepted 
$100 - $300 10% 

Discounts available at OEM Quantities Cal ifornia Residents add 6% Sales Tax $301 . $1000 15% 
$1000 - Up 20%All IC's Prime/Guaranteed. All orders shipped same day received. 

MasterCharge I BankAmericard I AE Circle 52 on inqui ry ca rd. 
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New Ca ta log fr om Win tek 

PUBLICATIONS 

New Micro Store Cata log 

..... ;r1·:· •..:i~· 

... ,-'3':l'•'""1f.l>-"JI'"' ''"' 

GRAND OPENING 

Micro Store 

"' 
J1:tW.Randol Wll lood 
Ariktg to fk. f•....<U 

:\' 

•.~•1"0QUi"'fl P.Q• •""'lfto:J!OOO J 

T his 36 page catalog descr ibes tl1 e 
offe rings of th e two Mi cro Stores in 
Richardson and Arlin gton TX. Like a 
few other recen t compu ter store ca ta 
logs and shoppi ng guid es, th is one he lps 
educa te the cus tomer by in cludi ng a 
seqi on on " How to Buy a Mic rocom
puter" and by providing ex tensive 
produ c t descr ip tions (as many as five 
pages on one manufa cturer' s product 
line). Th e ca talog is ava ila ble from 
the Micro Store, 634 S Cent ra l 
Expy, Ric ha rdson TX 75080 , (2 14) 
23 1-1096.• 

A Ma rketing Resources Catalog 

A free catalog listin g pub li cations and 
services re lated to the techniq ues of mar
keting elec tronic products is bei ng 
offered by Main ly Marketin g. The 
man uals and services listed are aimed a t 
engineers, manufactu rers' represent
atives, marketing and sales peop le , and 
advert ising people. A monthly news 
le tter is also described which deals with 
this fiel d . To rece ive th e ca tal og, send 
a large stamped (24¢) se lf-ad dresse d 
enve lope to Schoonmaker Associ ate s, 
Drawer M, Coram NY 11727. • 

Cuch? 610 on inq uiry card . 

The Story of Magnetic Media 

Want to kno w more about th e fu ture 
potentia l of removable magne tic sto rage 
devices and medi a? A ne w si x page 
brochure reviews the h istory of re 
movable media and discusses curre nt and 
future app li cations. Copies a re free from 
Information Terminals Corp, 323 Soq ue l 
Way , Sunnyva le CA 94086. • 

Circle 606 on mquirv card . 
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Want to Bui ld Your Own 
Altair (S-100) Card Frame? 

Th e Crale Info rma ti on Pac ker is a 
com plete se t o r p lans for cons tructi ng 
an Altai r (S-100) com pa t i ble card frame 
and power su ppl y. The design ca n be 
adapted LO any of the avai labl e Altai r 
(S-100) mo th er boa rds, and can be 
bui lt fro m commonly avail<1ble mater ials 
fo r abou t $150. The plans incl ude in· 
form at ion on sources of ma terials, tools, 
parts for th e powe r supply, and front 
panel op tions. Eithe r a fu ll size or a 
twelve slo t card fra1 i1c c<in be bu ilt. T l1e 
inforrn ;ttion pac ket is $19.95; also avai l· 
able arc pre puncl1ed and d ri lled fro nt 
and rear pa nels fo r $11.95 eac h or $20 
per set, from Object ive Design Inc , 
POB 20 325, Tallahassee FL 32304 .• 

Circle 5 11 on 1nriu1rv card 

User Manual Ava ilable for BASIC ·E 

Users o f the BAS I C-E compi le r 
on th e CP/M operati ng sys tem for 8080 
based compute rs wi ll profit from this 
excellent , 200 page refe rence manua l 
and user's guide. It goes far beyo nd 
most BAS IC manu als an d indeed bey on d 
most tex tbooks on BAS IC prog ram ming. 
Besides its comprehensive cov.erage of 
BASI C language fea tu res, in cl ud ing cha r
ac ter string hand li ng and d is k fil e defi ni 
ti on and access, the manual prov id es 
in fo rmat ion on interac ti on with the 
use r 's te rminal in BAS IC, compi ler 
op ti ons and e rror codes , a guide fo r 
beginne rs, and ~tin ts on prob lem so lvi ng 
and program ming techn iq ues. 16 
appendices o ffer examples o r BAS IC- E 
programs and 1reat to pics sucl1 as l1ow a 
program works, compi lers versus inter · 
prc ters and st ru c tu red programmin g 
tech niqu es. Th e manual itse lf is priced 
at only $15, while a flop py disk co n
tai ning the la test BAS IC-E com piler 
and runtim e monit or, a for matt ing 
proce du re, let te r writer and name fi le 
manager, a fi le transfe r fac ili ty for 
o bject fi les, and miscellaneous oth er 
progra ms se lls fo r $60, fro m Jo l1 n K 
Jacobs, JEM Company, 2555 Leaven· 
worth St, Suite 301, San Franc isco 
CA 94133, (415) 673-8962.• 

C 1 tcl~ 6 12 on inQuiry CilHl. 
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This ca talog descr ibes the hard ware, 
so ftware and custo m services avai lable 
from Wintek Corpora ti on, inc lud ing the 
WI NCE 6800 se ri es micromodu lcs, soft
ware such as the PL/W high level 
language, reloca ting li nker and BA SI C, 
co nsulting , and in-house co urses 0 11 

microprocessors. The cata log is ava ilabl e 
fro m Wintck Corpora ti on, 902 N 9t11 St, 
Lafayette IN 47904, (3 17) 742-68 02.• 

Datapro Report on Mi crocompute rs 

Tl1is new 36 page report provides 
detai led spec ifications on 144 models 
of microco mp ute rs , and commen ts on 
their potent ial applicat ions. T he repo rt 
dist ingu ishes be twee n or iginal equipment 
manu fac turer (OEM) microcompute rs, 
micro develo pment sys tems and 
hobb yist microco mputers, an I eval uates 
p roducts in each ca tegory. Offe rings 
fro m 5 7 vendors arc covered, and names 
and addresses of vendo rs are in clu ded . 
Rep ri nted fro m the Ju ne su ppleme nt 
to Oatapro Repor ts on Min icomputers, 
th e new rep ort is avai lab le fo r $12 per 
copy from Datapro Research Corp , 
1805 Underwooq Blvd , Delran NJ 
08 07 5 ' (609) 764-0100.• 

Manuals for Floppy Disk Con t roller Chip 

T hese two manua ls desc ribe how to 
use the NEC uP D372 flop py d isk con
trolle r chi p, wh ich provides most of t il e 
fu nctio ns needed to contro l up to fo ur 
fu ll si ze o r mini flo ppy disk drives (sec 
" Wha l 's Ne w? " March 1977 BYTE , 
page 105) . Com plete assemb ly language 
li stings , schemat ics for host processo r 
con nect ions , tim ing di agra ms and narra · 
ti ve text arc included . T l1e 70 page 
manual for th e fu ll si ze flo ppy dri ve anu 
th e 44 page ma nu al fo r the mini flop py 
d rive arc $10 each from NEC Micro
compute rs Inc, 5 Militia Dr, Lex ington 
MA 02173, (6 17) 862 -641 O. • 

Ci r(: IO G07 on 1n quu v cn1d , 



MICROCOMPUTER SK STATIC RAM BOARD 
ASSEMBLED & TESTED 

M1CROPROCESSOR's PROM'S 8080A SUPPORT OEVICES 

F-8 19.95 
Z-80 25.00 
Z-80A 35.00 
CDP1802CD 24.95 
AM2901 22.95 
6502 12.95 
6800 19.95 
8008-1 8.75 
8080A 15.95 
TMS-9900TL 89.95 

6800 SUPPORT 

1702A 
2704 
2708 
2716 
3601 
5203AO 
5204AO 
6834 
6834-1 
825238 
8251 298 
82238 

5.00 
15.00 
20.00 
38.00 

4.50 
4.00 
6.00 

16.95 
14.95 
4.00 
4.25 
2.70 

8212 
8214 
8216 
8224 
8228 
8238 
8251 
8253 
8255 
8257 
8259 

3.95 
9.95 
4.50 
4.95 
8.75 
8.00 

12.00 
28.00 
12.00 
25.00 
25.00 

6810P 4.95 STATIC RAMS 1-24 25-99 100
6820P 8 .00 

6828P 11 .25 
 21L02 (450) 1.50 1.40 1.25 

21L02 (250) 1.95 1.80 1.506834P 16.95 
21L11 4.25 4.10 3.956850P 9.95 


6852P 11.95 
 1101A 1.49 1.29 1.10 

6860P 14.05 2101 -1 2.95 2.75 2.60 

6862P 17.95 2102 1.25 1.15 1.00 

6880P 2.70 2102-1 1.50 1.30 1.15 
2111-1 4.00 3.50 3.25 
2112-1 3.00 2.80 2.69 

Z80 SUPPORT DEVICES 2114 17.95 16.95 16.50 

3881 12.95 31L01 2.50 2.35 2.00 

3882 12.95 3107 3.95 3.70 3.25 


4200A 12.95 12.50 11.95 

4804/2114 17.95 16.95 16.50
F·8 SUPPORT DEVICES 5101C·E 11.95 11.25 10.25 

3851 14.95 74C89 3.25 3.05 2.85 
3853 14.95 745201 4.50 4.30 4.25 

7489 2.25 2. 10 1.90 

DYNAMIC RAMS 8599 1.88 1.75 1.60 
91028PC 1.65 1.45 1.30

1103 1.50 
2104 4.50 
2107A 3.75 KEYBOARD CHIPS KIM 
21078 4.50 AY5·2376 13.95 KIM·l 245.00 
21078·4 4.00 AY5·3600 13.95 6502 12.95 
TMS4050 4.50 6520 9 .00 
TMS4060 4.50 UART'S 6522 9 .25 
4096 4.50 6530-002 15.95AY5·1013A 5.50 

AY5·1014A 8.95 
4116 42.00 6530-003 15.95 
MM5270 5.00 6530-004 15.95TA-1602A 5.50MM5280 6.00 6530·005 15.95TMS-6011 6.95MCM6605 6.00 

IM·6402 10.80 
IM--6403 10.80 USRT 

CHARACTER S-2350 10.95 
GENERATORS FLOPPY DISC CONTROLLER W016718 29.95 

2513 UP 6.75 17718 55.95 
2513 DOWN 6.75 17718·01 59.95 WAVEFORM GENERATOR 
2513 UP (5vl 9.95 8038 4.00
2513 DOWN(5v) 10.95 SHIFT REGISTERS STATIC MC4024 2.50 
MCM6571 10.80 566 1.7525188 3.95 
MCM6572 10.80 
MCM6571A 10.80 

2533V 2.00 
MCM6574 14.75 TMS3002 1.00 
MCM6575 14.75 TMS3112 3.95 

MM5058 2.00 

MISC. OTHER COMPONENTS 

250ns. $199.95 
350ns. $189.95 
450ns. $169.95

* Will WORK WITH NO FRONT PANEL 

* * 

* * * FULLY BUFFERED 
FULL DOCUMENTATION 

SlOO DESIGN 
ADEOUA TEL Y BYPASSED 
LOW POWER SCHOTIKY SUPPORT ICS 

KIT 

250ns. $169.95 

350ns. $139.95 

450ns. $129.95 


IMSAl/ALTAIR 5-100 COMPATIBLE 

JADEZ8Q 
KIT 

-with PROVISIONS for 
ONBOARD 2708 and POWER ON JUMP 

$135.00 EA. (2MHZ) 

$149.95 EA. (4MHZ) 

BARE BOARD $35.00 

IMSAl/ALTAIR COMPATIBLES-100 

JADE 8080A KIT 


- WITH EIGHT LEVEL VECTOR INTERRUPT 

$110.00 KIT 


BARE BOARD $35.00 


...-~--El 
~ Computer Products 

5351 WEST 144th STREET 

LAWN DALE , CALIFORNIA 90260 


(2131 679-3313 


RETAIL STORE HOURS M-F 9 -7 SAT. 9 ·5 

Discounts available at OEM quantit ies. Add $1 .25 
for shipping. Cal iforn ia residents add 6% sales tax . 

CATALOG FREE WITH $10.00 ORDER 

NH0025CN 1 .70 
NH0026CN 2.50 
N8T20 3.50 
N8T26 2.45 
74367 .90 
DM8098 .90 
1488 1.95 
1489 1.95 
D·3207A 2.00 
C-3404 3.95 

P-3408A 5.00 TV 
P-4201 4.95 
MM·5320 7.50 
MM-5369 1.90 Game Chip
OM-8130 2.90 TMS1955NL 
OM8131 2.75 
OM-B831 2.50 Now Only
DM-8833 2.50 
DM-8835 2.50 
SN74LS367 .90 $10.BG 
SN74LS368 .90 

PerSci DISK AND CONTROLLER 

Use the PerSci Disk and Controller now with the 

Info 2000 Adapter for the S-100 Bus. 


INFO 2000 "SPECIAL" 

(includ es Model 277 Dual Drive, Model 1070 

Controller, Case with power supply and fan, 

and cable) $2,150 


Model 277 Dual Diskette Drive $1,130 

Model 1070 Controller $740 

Slimline case with power supply and fan $280 

Adapter for the S-100 Bus (Kit) $120 

JADE 
INTERFACE KIT 
JADE PARALLEL/SERIAL 

VIDEO INTERFACE KIT 
$124.95 KIT $89.95 KIT 

Circle 54 o n inqu i ry card. liY TE )'" " "' 197M 181 



Ex periment with This Keyboa rd PE RI PHERA LS 

Prin t 9 Part F or ms 

Mu lti p le forms of u p to nine pa rt s, 
such as airline ticke ts, invoices and 
wa rehousing sli ps, can be handl ed by 
this term inal. The Tcrm inet Mu lt i-Form 
Prin ter (MF P) p rints 80 or 1 32 char
acte rs per i'ine o n 8.5 by 1 I inch (21.6 
by 27.9 cm ) pape r at 30 charac ters 
pe r second. Othe r o pt io ns inc lude 
m agnetic o r pape r tape and T WX Direc t 
Di stance Dial (DDD ) capab ility. T he 
MFP is $1675 wi tl1 30 co 60 clays 
de live ry, or $3220 with a sing le 
magne t ic casse tte d rive, from Genera l 
Elec t ric Data Comm un ica ti o ns Dep t , 
AS &P, Waynes boro VA 22980, (703) 
942-816 1. • 

Circle 581 on lnqu1nt' card. 

Selec tric Term ina l Features 
Microprocessor 

This device uses a bu ilt- in microp ro 
cessor to make a Selectric typewrite r 
be have like a sta nda rd ASC II te rmi na l. 
It offe rs an RS232 interface and is fu lly 
bu ffe red, wit h switch selec tab le da ta 
ra tes of 110, 134.5 , 1 50 a nd 30 0 b ps . 
Whe n off lin e t he terminal ca n be used 
as a sta nd ard office typewriter. Since 
th e te rmina l emp loys a mic roprocessor 
it ca n be mod ified to mee t specia l 
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Cassette In te rface for Alta ir 680b 

T h is board provides an iludio 
cassc uc intcrf,1cc using the Ka nsas 
City reco rding s tandard for the MITS 
Al tair 680b computer. The boa rd 
inc ludes a dig it al demodulator ;111d a 
motor co nt ro l circui L for sta rting <l nd 
stoppi ng tape motion. Complete 
docume ntat ion incl uding ttst point 
w vcform s is p rov id ed . AILair 680b 
BAS IC Version 1.2 provides fac ilit ies 
tor sav ing a nd load ing soft wJrc using 
the casse 1tc interface , and is ava il able 
o n an audio casselle. T he 680 b KCAC R 
is avai lable 1·rom MITS, 2 450 A lamo 
SE, A lbuq uerque NM 87 106. • 

Cuc ll~ 585 on 11'\QlHIV ca rU . 

Casse tt e S to rage for Te rm ina l 

Th is Lape cassette d rive is desig ned 
to ope rate with term inals and da ta 
co ll ection dev ices. It offers an RS232C 
interface run ning a t 11 0 or 300 bps. 
The Model 815 D.itacasse t tc we ighs 
on ly 6 po unds (2.7 kg) and is p riced 
a t $950. A ba t tery operated mode l, 
we igh ing 10 pounds, (-1.5 kg) is rricccl 
at $ ·1095. Delivery time is 45 clays, 
from Tcc h tra n I ndustrics Inc , 200 
Commerce Dr, Roches ter NY '14623, 
(7 16 ) 334-9640 . • 

Cuch~ 586 ,Oil inqui ry c rd , 

in terfacing requ ire ments, and is avai lab le 
w ith two empty ca rd slots for user 
supplied in terface circu its. The uni t is 
pr iced a t $2 125 in single quanti t ies with 
60 day delivery; attractive OEM discou nt 
sc hed ules are a l~o avai lable, from CPT 

o rp o ration, I001 S 2nd S t , Hopkins 
MN 55343, (612) 935-0381. • 

Ci rd~ 582 on inquiry card. 

Th is user defi nable keyboard is 
ide;il for 1he experimenter who wants 
to use the fu ll A P L charac1cr set, J 

spec ial no ta tion for m usic, o r some · 
thi ng mo re exo tic. 100 keys ar·c induded 
wit h ho t stamped le t ters , and 90 keys 
may b e ncoded by the user into any 
co n fig urat io n of eigh t bits. Or, some 
keys may be used as separate sw itch 
closures to contro l external circ uitry . 
Ten keys are used to directly co ntrol 
the e ight encoding b its . raci lit ies a rc 
included fo r shifring diJr;ic ter codes 
(as betwee n upper and lowe r case) , an 
e lectronic sh ift lock, a nd po it ivc and 
negdtivc strobe signa ls. Eight LEDs 
are provided for display of t he encodi ng 
bits, Jnd 12 additio nal LEDs ca n be 
used for stallls d isplay . The keyboard 
ca n be config ured to lransmit the 
ru ll 128 cliarac ter ASC II set with 25 
keys left ove r for spec ial func ti o ns. A l I 
decodi ng is clo ne w ith a d iode mat ri x. 
The keyboard is avai lab le f rom Com · 
p u tcr Electron ics Inc, Box 4386, 37 
Joseph Ct, San Rafae l CA 94903, (4 15) 
472-2425 . • 

Ve rsat il e Video Me mory Boa rd 

The Solid State MLrs i<. V B I video 
int eri'a e board for t he Alra ir (S-100) 
bus offers 16 li nes of 32 or 6~ c har
ac te rs, upper case, lower case and 
Greek lette rs , video invers ion (black 
on white or w l1ite on black) , and 128 by 
48 ~1-ap l1ics. Software is included for 
cursor control , scro lling and graph ics 
display. Output of the board can be 
para llel or composite video, su it able for 
a video mon itor . The VB I is $ 189.95 as 
a k it or $264 .95 assemb led a nd tested 
from Solid Stare Music, 2102A Walsh 
Av, Santa Clara CA 95050, (40S) 
246-2707 . • 

Circ le 584 on inQ uifY caccl. 



HOBBY-WRAP TOOL -BW-630 

SN1400hl ~1.& 12N 39' • B•neri Ope"1"d (Sile CJ 
Stl1'01hl SIH.&t3N l9 " 	 • Weig hs ON LY 11 Ounces 
StH.(O('N SNm4~ U"',. " 	 • Wra ps 3.0 AWG Wire ont-0SN14D3H SN 7H5~ · Sl 
SHl.t l)Of Stf7o416k J5 S"nd"d DIP Sockets (. 015 ,ncnJ,,,,,,SNT4"[J!iN filil:.'75l4 5.00 Comolete w11h bu11t-m bil ;md sleeve 
~14()61, SN14~ 50 
Stl74(11rl " SN7~N 9'9 
Stl74"[JBN " S~.11t831i' ?D 
Shl JUJ9H 25 SN?o4aSN .89 " ,,,
~J.Olt'J SN7.&86N .39 
SNH 11.N 311 SH14ft&H 3.50 
SN'7"12H SN7489N 2'.49 
s1-m1y1 ,. '" S.>m9QN 45 
S 1•14H SN749'1H 75 " 
SNHlEiN SK7492N 49 
s.tilU11H " SITT49JN 49 
SNN 2(JN SH7 &!J.IN' 19,." 
SIW :2"W SN7 4~N 1'9 
S,N;.&22/f ,, Sl-l1•56H 79 " 
S117.t2lN l7 ~749 1'f 3.IXI 
SNN~.SN SN741ootil 1 1!1,. 
S.H7·'29N SITT41/Hrt 'U 
SN142'1N l7 SH7.r.10'ilfi! 515 
Sii1.t?9N SJl141t6N I'*',," 
s r1,.t.)(IN 25 SN7U21N' 3tl 
SN1'32Pt S~a.&lntf )g 

SU1437N " S.Wt1lJ,N ~ 

sumBJ1 " SN141 25 N £i(J 

stm~ " S~1412'6N .6ll 
1·UDl'r ",, SNW32N 125 

SN7.tt 1tl SN7.t1 36H ~ 
SljN42hl s..1mr.i 1N 115 " 
s rm..&J tl SN7414 2N 295 " Stl 74-UN Slll141t3N 3.2S 
srn.t•~tl rs SN741UN 3.00 " 
Sff7-''0tl SN7.t UStii 115.. " 
:SNH4rn s tm1.t7ti 2.35 
s1m4e•r S"741 4!-N 200.." 
si. 1.t !iOtl SN14! 5(1N 125 
SNl4.S1N SN141 5lN 11J " 
S-.l•ii1'5l'l " Shl741S3N 89 
SNl4~N 5!:7&15-l"f 1 25 '' 
SNl4 ~ io\ " SNWMiN 11!1 

jJ4fD' I " SN741~ 69 
~.i1;-1;0H 1"157H ~,," 5 


~Discount fof 100 Comb111 ed 74.00's 


CMOS 

.,,_ " 
UAJQOI 35 

U.tl01C'I 3S 

l Ml021t 1S 

IMJIJ'H 1 00 

LPA.))5H 60 

IJ.AJ07C..'f 35 

LMJOllH 1 00 

l M308C~ 1 00 

Lt,U.)'9H 110 

u .1mK 1~ 


LJ.1.)1()0.I 1 15 

LMJllH 'ilJ 

lP)Jl!Pl 50 

tMJl7~ 150 

Lt.1}1.11~ 1 50 

lMH!r.I I.JO 

lMJW: 5 13S 

U..J2C« ·!t 2 1 35 

LMl2CIJ:·12'. I~ 

1.M:J.20!':. ·lS 1 35 

U~l ·5 1('5 

LMJXl l S 2 1 . 1~ 

om·ar1:1 1.25 

l MJ20f ·12 12!1 

u.mo1 . 1s 12'5 
 10·49 51HG)
lM3201 ·1~ 12'5 (M 035 
L.MJ201 ·2'4 tlS tJ.4 {IJS
lM3?31C·5 	 59S O< OJS 
LM32',tl 1 &G 

LMlltlN 99 
 " ..Cl ..
LMJ..tOl·!t 	 ~JS 09 (115
UHADK·6 	 13.5 
LMJt;(JIC·& 	 I J.5 O! 
LJ,4.).C.QIM2 	 I .~ 13
lMl'ill(·l!i 	 l 3~ 11 
lMJAO~ · ll I 35 

L\A j41J+i ·24 1 lS 
 " ,,0 11 3.&0l ·!i 	 12S ,, 

" 
LMl-tOT G 	 1 2S 

~ 74LSOO TTL ::~~:: 	 15 "' .,29 .211 1CLS1S 69 14lS160 

HlS76 49 'T4LS161 


. " JS 74LS83 us 14lS16? 

7USM 249 7US16.l
" 1'lSl6 A'!I 7o4LS10.C" 14LS90 89 HLSl75 " " us 	 UlS!ll 89 74lSIS! 
1• LS9J &9 74lS 190 ""' 

" " " 74 LS9!i 1so 1ns1111 

14t..S'ill5 189 Hl.S,92 " 

1AJ.SIQ7 $9 7•LS1!)3. " 
·"211 	 Ut.S 1t1"1 S9 14tsl9• " 
74l.S11 2 5g 14lSl95 " " 
7.&.LS123 	 1.25 741.S?SJ " ,,." I 25 	 " ,,UL.Sill 14LS251 
7-&LS1l6 5g 7.& l.S('(,(I 	 " 

" 7-' LS138 1.2s 7cLSm 

Hl.S~J:9 1.2.5 74LS3111 


"' 	 ,," 
••" 74LS151 1.25 74LSJ&a 


7~ LS1!i3 1 25 1'l.S6TO "... 
·" 
 ·" 
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PERIPHERALS 

EROM Programmer for Micro Designer 

Th is accessory for t he Mini-Micro 
Designe r (MMD-1} microcomputer 
trai ner makes it possible to program a 
256 byte 1702A erasab le read only 
memory (EROM) in abo u L 4 m inutes. 
Programming da ta can be obtained 
from any block of memory in the 
MM D-1 or from a master E ROM wl1i ch 
is to be copied . After programming, 
the conte n ts o r t he E ROM can be 
verified aga inst the sou rce da ta. T he 
p rogrammer is attac hed to the MMD· 1 
th rough a n included 40 pin connector 
and ribbon cable assembly. T he MMD-PP 
programme r is $166 in kit o rm or 
$222 assembled, from E & L Instru
ments In c, 61 Fi rst St, Derby CT 06418, 
(203) 735-8774.• 

Circ:l e 588 ori l nqoi ~y c:a~d. 

Instrumen tation Printer Offers 
Serial Interface 

I____,,.... 

T his un it 1)rints up to 21 co lu mns 
of numeric a nd limited alphabet ic 
d ata at a rate of 3 lines per seco nd. 
The printing mechan ism has a 5 mi llion 
line life and uses a cassette loaded ink 
ribbon . Options includ e a date and 
time clock, event co un ter and paper low 
indicator. RS 232 a nd 20 mA c urrent 
loop inte rfaces simplify connectio n 
to a microprocessor. The MDC 300 
prin te r starts at $595 in single quantiti es 
from Master Digital Corporat ion, 1308-F 
Logan Av, Costa Mesa CA 92626, (7'14) 
751 -8271 . • 

Ci rc le 589 on inQuicy carcJ. 

184 BYTE l•nu>ry 1978 

New Plasma Disp lay erminal 

This new plasm a di splay termina l 
is designed to compete with rugged izcd 
alph<1numeric and grap hic ca thode ray 
lube (CRT) term inals in t he $8 ,000 
1.0 $ 15,000 pr ice ra nge. The p lasma 
d isplay fea tures a neo n orange co lor 
twice as bright as a CRT screen , will1 
a 20 to 1 con1ras1. ratio. The rial 
d isplay plate e li minates cl istort ion a ncl 
al lows a wide view ing a ng le, while t he 
50,000 Hz " relresb' ' susta ini ng vo ltage 
produces a f licke r !"rec display fixed 
in p lace by the matrix of lines "printed" 
on the glass pl ates, w ith a reso lution 
equ iva lent to thal of a 60 mesh halftone 
screen. The display pane l itself is only a 
ha lf inch deep , and i1 can be comb ined 
wi th bac k projection tcchniqLies to 
produce a d isp lay part ly fro m fi lm 
and part ly from the computer, or 
"d rawn" by the opcra1or. 

The plasma d isplay pa ne l consists of 
two glass p lates pr in ted with para llql 
conductor lines , t ri ght ang les to each 
other. T he space betwee n the p lates 
is rilled with neo n gas, and a n oscil la ti ng 
voltage is applied across the gap, just 
be low the thres l1old required to io nize 
the gas. Wlien voltages are applied across 
two intersec ti ng lines, a glowing plasma 
pa th is established at the po in t of 
in terscct ion and thereafter sus tai ncd 
by the oscil lating vo ltage. The neon 
"dot" can be se lectively erased by 
dropping the voltage across the inter
secti ng li nes below the sustai ning leve l. 
This selective c rJsi ng capabi liry makes 
the plas ma d isp lay espec ially suitable for 
real rime a nimat ion. 

Deve loped at the University or 
Ill inois as part of the l'LA TO comp uter 
aid ed lnstrucrion system , p lasma disp lay 
pane ls are now produced by severa l 
manu fac turers in t he US a nd a broad. 
T he Model PD 2000 term inal (p ictured) 
incorpo ra tes the p lasma pane l in a 
commercial te rminal design. Also offered 
are the PD 1000 a nd the PD 3000, the 
la tte r designed for a irborne or ship
board e n vironments. The term in als 
are available from In terstate Elect ronics 
Corporation, 707 E Vermont Av, P013 
3117, Anaheim CA 92803, (714) 
772-28 11. . 

Circ::Je 587 on inqui1y ca rd. 

Control 128 Devices from One Port 

This inte rface system all ows you 10 

control up to 128 separate devices or 
circu its through one 8 b it po rt or an 
ASCI I ser ia l interface. Devices control led 
may include room lights, sprink ler 
systems or laboratory experime nts. T he 
sys tem consists of a mother board and a 
ser ies of in terface boards, w ith LEDs 
to display t he stat us of each board and 
I.he 8 bit b us. An e nc losure is avai lable 
which allows a ll of the LEDs to show 
through a red Plex iglas front pane l. 
The XPRES interface system is avai lab le 
from C RC E ngineering In c, POB 6263, 
Bell .,vue WA 98007 , (206) 885-7038. • 

Circle 590 on inqui .-y c:arrJ. 

Add a Cassette or Plotter 
to Your Teletype 

T h is adapter provides an aux iliary 
in p ut outpu t port on a Mode l 33 Tele
type, making it possible to add a Lape 
cassette, XY plotter, or other dev ice to 
the Teleprinter system. The adapter also 
works wit h the Teletype in local mode. 
T he uni t mo u nts in th e pedesta l of the 
Teletype and provides an RS232 inter
face termi nating in a DB25S recep tac le 
for the aux il iary equipment. Priced at 
$ 11 0, the adap te r is avail a ble as catalog 
nu mber 312 A 0566-10 from United 
Data Services Company Inc, 3024 N 
33rd Dr, Phoenix AZ 85017, (602} 
269-2449 . • 

Circ:I~ 591 on inqul ..y c1;1 rd . 



~SOCKET Mat"' with two rows of .025" sq . or
U dra pO•IS on palt•rns ol . 100· 

JUMPERS 
cen ters and sh;elded receptacles . 
Probe access holes in tlack . Choice 
ol 6" 01 18" 1eno10 

Pa~ No . 
924003·18A 
9N003·06A 
924005-18R 
924005-06R 
924005-18R 
9 400 -D6R 

No. of Conlatts Lenmlh 
26 13' 
26 6" 
40 18" 
40 s· 
50 18" 
50 6" 

Price 
s 5.38 ea. 

4.78 •a . 
8.27 ••. 
7.33 ... 

10.31 ea . 
9. 15 ea . 

6081JA 
8212 
821' 
8216 
622• 
8228 
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'511 
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MICROPROCESSOR COMPONENTS 
CPU $16.00 
8 Brt lnpul /Outpul 4 95 
P11orny lnli~rrupl Control 15.95 
B1-D11 ec11ona1Bus Orwer 6 95 
Clock Genera101 f01 er 9.95 
System Con1ro1le1 Bus Or1~er 10 95 

CPUS 
5uc~· 50G~ 
-' 31r 1Al'U 
CPll 

s.ro """' 

'""' "",._.. 

1995 7'0> 

COPIB02 CPU Sl9.95 
MC6800 B Brt MPU 24 .95 
MC6620 Pe11ph . tnlerlace Aaap10r 15.00 
MC66 10API 128 x 8 Stallc RAM 6.00 
MC6630L8 1024 x 8 Brl RO~ 15.00 
Z80 CPU 29.95 
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The Incredible 

Kit - $39.95 
Assembled - $49.95 
Heal"! Duty Catf'I Case $5 .95 

Slop Walch Ch ip On ly (7205) S19 .95 

-.. ...~ 

1116 VECTOR BOARD 
1-tDLt 5~HJOll Q P P'l'lt l ~ l'f1u 

~ " ,Jr1 111g l w ,., ,O up 

PHEK011C ~P.U062:UXP .,. ,,.. 
10&P'U OE2:<XJ:P '"' 1100 ' " ,,, 
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,69Pl' lJ6:11'1e "" "00 ....,, '" 
1Mf"'4062Yl'E 1100 8.26 

fPoX'fOU.S:S 1159P'H062WEC:l •700 
'"' '"' '"' ,., 

C:OFlPUl.C LMI '"' '" 
63 KEY KEYBOARD $29.95 
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James 
ELECTRONICS 

1021 -A HOWARD AVE., SAN CARLOS, CA. 94070 
PHONE ORDERS WELCOME - (415) 592-8097 

All Adnrtf1ed PJ1;11 Goad lbN J1.n.uuy 

~, 
~-- J_ 

--.:,._,....._,.. ! 

PL 5V 1 A Supply 
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IQtenl) S9.95 Per Kit 
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PERIPHERALS 

Video Board Features 
Dedicated Mi croco mputer 

I.. 

T his new video interface board, 
designed around 1he Mostek 3870 ch ip , 
ill ustrates how a dedicated microcom
puter can be used t.o reduce costs and 
implement add iti ona l features not easily 
rea li zed with co nventiona l logic. Oper
ating under tl·1c co nt rol of the program 
in its bu ilt-in memory, the 3870 helps 
provide ASCI I and Baudo l serial inter 
faces, mult iple data rates up to 300 bps, 
full XY cursor co ntrol, scree n clea r, 
clear to encl of li ne, page mode and 
autoscro ll. T hough the same size as an 
Altair (S-100) bus, the board uses on ly 
th e power co nnections, and inc ludes a 
rec tifier anti filter for stand alone use 
with a 6.3 VA C, 1 A transformer. 
Designated the SCT-100, the board is 
availab le from Veciron, POB 20887, 
Da llas TX 75220, (214) 350-529 1, in 
three forms: an assem bled and tested 
unit for $ '185, a comp lete kit for $ 155, 
and a printed circuit board, 3870, and 
charac ter generator ROM for $85.• 

Vid eo Ou tput for Scope or Monitor 

T he V 052 K video in terfacc board 
includes all ad dress decodi ng necessary 
for <J ircct disp lay of charac ters from 
memory, or fo1 disp lay of characters 
received one al a Li me from an I0 pon, 
with automatic cursor upda ti ng. Video 
outpuL can be either in the form of a 
composite video signal, appropriate for 
.1 video mo ni tor, or a set of " XYZ" 
TTL level signals app ro priate for the 
hor izonta l, vert ical and inte nsity inputs 
o f ma ny osci lloscopes. This Alta ir 
(5- 100) bus interface d isplays 30 lines 
ot 511 characters, and also has a 128 by te 
noncl isplayable buffer memory. Upper 
case, lower case and Greek characters 
arc provided in a 7 by 9 dot malrix. 
T he VDS2K kit is $399 from !OR, Box 
28823, Da llas TX 75228, (214) 
358-2671.• 

A Synthesizer and Music Language 

The Solid State Music Synthesizer 
Board (SB-1) is a waveform syn thes izer 
card designed 10 interface wilh th e 
5-100 bus. Wit h this card, a mic ro 
comp ute r may be pmgrammcd to play 
a mo nop honic solo in an in strumenta l 
"voice" that is co nt ro lled by software . 
Polyp hon ic cap ab ii ity is provided for in 
the MUX language for multiple cards. 
The music is writte n by the user by 
means of high leve l language inte r
pre ter cal led MUX which is ente red 
into the system via an ASCII keyboa rd , 
paper tape, floppy o r other inpu t 
med ium. 

The MUX la nguage co nta ins t he 
o pera tional routi nes and loo ku p tables 
to gene rate the fo llowing: 

a. 	 the musical note 
b. 	 the vo icing envelope (attack and 

decay) 
c. 	 loud ness or volume commands 
d. 	 octave selec tion (9 octave ra nge ) 
e. 	 memory rete nti on of two wave

forms 
f . 	 waveforms se lectio n (voici ng 

change) 8 in memory 
g. 	 re pc t iLion effects 
h. 1/64L h note through whole no te 
i. 	 dotted no te, double dotted note 
j . 	 time signature 
k. 	 repea t measure 
I. 	 key signature 

Any 256 byre increme nt from 8000 
hexadeci ma I to FF 00 hexadeci ma I can 
be used for this boa rd by presetting a 
switc h on the card. Th e kit costs $250 , 
and an assemb led and tested version 
is $350. Co ntact So lid Stale Music at 
2102A Walsh Av, Sa nta Clara CA 95050, 
(408) 246 -2707 .• 

Circ le 552 on lnqu ~ rv cn rd . 

Wire Wrappable 
Prototyping Board 

T his Altair (S-100) bus pro totyp ing 
board feat ures an all wire wrapp<ible 
form at, a dedicated regula tor ancl th ree 
addit ional etched T0-220 locat io ns, pre 
nu mbered integra ted circu it locations, 
and provisions for filter capaci1ors and 
flat ca bl e co nnectors for interfac ing 
purposes. Tl1 e board will accommodate 
all sizes of in tegrated ci rcuit s, from as 
many as 81 14 or 16 pin sockets to as 
ma ny as 12 36 or 40 p in socke ts. An 
instrnct ion manu al is inc lLJdc<L The 
board is $39 .95 from Orange Digi tal 
Electro nics, POB 23 11 , Mission Viejo 
CA 92675.• 
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Fantastic $avings 
on Terminal Components 

We have obtained a fairly large supply of professiona l CRT video monitors, encased in attractive 
metal cabinets with a simulated mahogany finish. W e do not know the bandwidth capabi lities of these 
12" (d iagonal) units; we have used them, however, to test our 24 x 80 video display board and have 
found them perfectly satisfactory. These uni ts were manufactured by or for one of the largest data com
munications firms in the country. W e are not allowed to use the name, and the nameplates had to be 
removed . Many of you have probably seen these units functioning. They are equipped w ith a standard 
video connector and have all the normal controls. They operate at 110 V, 60 cycles. 

The uni ts are in reasonably good condition cosmetically, although nearly all of them have a defect 
in the plastic anti-glare screen in front of the CRT tube. Th is screen could be readily removed or 
replaced. 

We estimate that these units would sell new for between $150 and $200. W e are offering them 
for sale in both functional and in non-functional condition . 

$ 599512CRT Used, operable * . .. . 

12CRTNF Used, complete, 
$ 3995known non-functioning ... . . 

· Uni ts have been tes ted but are sold as-is. They are not rep
resented as recondi tioned uni ts and may requ ire minor 
repa irs or adjustmen ts. 
Add the following charges for handling-sh1pp1ng-insurance: 

52 50 Eastorn rune Zone SJ Central $4 Mourumn $5 Pacific 

MiniMicroMart, Inc. also stocks a complete 
line of kits for building video display units. 

Write for information 

COMMERCIAL MODEMS - Limited 
Supply - Acoustical coupler type and direct 
hard wi re variety Both opera te at standard Bell 
T lcphone frequencies. at up to 300 baud; they 
are Bell 103 compatible. They appea1 to be in 
new or equal-to-new condition. They are in 
tended for communicating from a terminal to a 
time·sh;i re computer Standard RS232C type 
connec tors are supplied . 

KEYBOARDS - Limited Supply
MDACP lacousticall . . ... . $ 59.95 A11 ractrv communica tions style keyboards; 

some rn cases whrch match the moni tor shown MDHW (ha rd wire) . . . . . . . 44.95 above. Th y are no t ASCI I encoded but the 
MDACP-NF (used, suspect coding could be changed 1n softwa re wllh 

non-functional) . . . . . . . . . . 39.95 PROMs or by replacing the c1rcu1 1ry with an en· 
coding I C They key sw11ch modules are of MDHW-NF lused, suspect Cherry manu factu re with an excellen t feel. A · non-functional. . . . . . . . . . . 24.95 schema tic and lim ited modi fica tion informa tion 


Add S2 for handling-sh1pping·insurance. is supplied 


Write for free 64-page catalog featuring hundreds of items for minicomputer systems. 

MiniMicroMart, Inc. 1618 James Street, Syracuse, N.Y. 13203 (315l 422-4467 

Circle 67 on inquiry card. BYTE />nU"Y t978 187 

KBN brand new, in case . ... .. .•... $ 37.95 
KBU used, in case. . . . . . . . . . . . . . . . 27.95 
KBUD used, in case, minor 

cosmetic defects .. . .. . , . . . . . . . . . 22.95 
KBUNC used, no case . . . . • . . . . . . . 19.95 

Add $2.50 for handling-shipping-insurance. 



3M Cartridge Drive Interface 

MASS STORAGEWhat's Nf;wP 

New Drive for Miniature Data Cartridges 

Utili zi ng the 3M DCl OOA m1niaLLire 
data cartridge, th is new tape transport 
measures on ly 3 by 4 by 4.125 inches 
(7 .6 by 10.2 by 10.5 cm) and costs 
as little as $250 in si ngle quant ities, 
inc luding " int imate" electroni cs. Th e 
Mode l 200 Minidrivc can record up lo 
772,000 bytes of data on a sing le 
ca rtridge, at a record ing densi ty of 
1600 bits per inch and a da ta rate of 
48,000 bits per second. The " intimate" 
electronics incl ude the motor drive 
and read head amplifiers, the wri te 
head d river , opt ica l lachometcr for 

tape speed co ntrol , track selection 
logic, solid state bcgin n ing and end 
of tape detectors, and file pro tect 
and ca rtridge in place de tectors. A 
servo and data card , pe riphcr;1J inter
face adapter card, control log ic ca rd, 
ancl card cage wilh pr inted circuit 
backp lane can be added 10 fo rm a 
comp lc1c cont ro ll er and interface . 
T he manufact ure r supp li es d irect 
interfaci ng for the In te l 8080 · and 
Motorola 6800 microprocessors, as 
well as inte rfaces tailoreci 1.0 1hc 
LS I- I I, Nova, ln1 crda ta and Altair 
compu te rs. One co ntrol le r ca n "daisy 
chain " up to fou r Mlnid rives, pro\'iding 
access lo as much as 1.3 mi llio n bytes 
ol srorage with ;111 average access time 
ol 9 seco nds. 

1n single q uanti lics, the I track low 
density ( l 68,000 byte cap Jc it y) vers ion 
of 1he Model 200 se ll s for $250, whi le 
th e 2 track higl1 dens ity (772,000 byte 
capac ity ) vers ion is priced at $350. 
A comple te 1 track dr ive and co ntrol ler 
cos ts abo ut $485 in sing le qua ntities. 
Substan ti al quanti ty d iscou nts arc 
avai lable to OEM buyers. The Mode l 
200 is made by the Quantex divisio n 
of North Atla ntic Industries In c, 200 
Termi nal Dr, Plain view NY 11803, 
(516) 68 1-8350.• 

Cuch~ 56t1 oo 11HJu ir y i;;ull 

This Altair (S- 100) bus compa tible 
interface board co nt ro ls up Lo eigh t 
Quantex Model 600 3M cartridge tape 
drives. The board includes sof tware in 
ROM to dump and load named files 
from anywhere in memory, scMch for 
a file name or lis t al l file s on a ar tridge, 
rewi nd, un load, erase, sk ip b locks , and 
othe r functio ns. Data is recorded with 
phase encoding using a C\' Clic red un
dancy charac1e r check for error 
detect ion and correct ion. Tl1 c Quantcx 
Mode l 600 drive uses the DC-300A 
tape car tridge, conta in ing 300 feel of 
Yi inch tape. Data is recorded a t 48 ,000 
bits per seco nd, 1600 bil s per inch 
serial ly on 1, 2 or 4 trac ks. Wit l1 prope r 
formatting more than 2 million bytes 
can be stored on a cartridge. T he AQ-86 
in terface board is priced al $425 , and a 
single Quantex Mod el 600 cart ridgl: drive 
at $825, fro m Galt Elcc tronks, 9924 
Lanham Severn Rd, Seabrook MD 
20801, (30 1) 459-1 496.• 

C1 rc l@ 568 on ~oquir y c<ircl. 

Floppy Controller Includes 
Status Pane l 

The EPA Micro-68b floppy d isk 
system now inc lw.lcs a disk stalUs 
mon itoring panel ancl write prott:ct 
sw itches. Ava ilable in ci1l1 cr sing le 
($2495) or du al {$3295) co nfigur<1tio 1ts, 
the Micro-68b d isk inc ludes the interlace 
necessary to p lug in to eilhcr the 6800 
exerc iser 01 the All air (S-100) bus. The 
status panel con tai ns indica tors ro r drivc 
selec tion , wrile pro tec tio n, CRC erro r 
and disk status. Housed in a rugge di1.cd, 
ligh t blue alum inum cabine t 10 match 
th e Micro-68 b comp uter, the unit is 
ava ilable from Electro nic Produc t Asso
c iates Inc, 11 57 Vega St, San Diego C/\ 
921 10, (71 4) 276-8911 .• 

At Last, a Solid Sta te Disk 

~ff:~~ "'l 
t. i' ~ ':j-

l 
:: . . • . L.f" . 

I I 

• 
40 times faster than the tas1cs1 

elec tromec hanical rota1i 11 g disk 111c1110 1 y, 
the CC DISC co ntai ns <1 so lici slate cha rge 
w uplcd Llevicc 111cmo1y with a capadty 
of up 10 1 mi ll ion by tes in 128 K by te 
inc rements. Capad 1 ies up to foo r mcg<i
bytcs can be ac hieved by daisy chain ing 
these so lid stat e "d isks." Average access 
time is 250 µs, mak ing lhc CCD ISC 
ideal fo r paging, program swa pp ing, 
timesha ring and distr ibu iud net work 
applic ations. The unit b plug compati bl e 
witl1 the rotating m<lgnetic heacl -per
track disk memory in tcr l ,1u>S made by 
th e manufacturer, Alpha D.na Inc, 
20750 Mari ll a St , Cl1 .1tswonh C/\ 9 13 11, 
(2 1 3) 882-6500 . CCD IS mcmo1 ics 
arc avai lable eigh t wcc ~s aflc1 rece ipt 
ol order and cost $3 195 in 0 -M 
quan ti tics. • 

Attention IBM 5100 Users: An 
In tel lige nt Floppy Disk 

Th is lloppy d isk storage system 
inc lu des its own mic roprocessor an<I 
plugs direct ly into lhc l[l M 5 100 seria l 
10 port, requiring 110 chan~es 10 the 
5 100 l1a rdwa rc or so l I Wdfc . The Comm
Stoi /5100 has it s own fil e management 
sys tem co nt ro lled by sim ple comma nds 
and is compatib le with bo th 13/\S IC 
and APL (files cica tccl under BAS IC 
ca n be read under APL and vice versa). 
The floppy d isk format is compa tible 
with lhe IBM 3740. The sys tem comes 
with a 5100 t.ipc car tr idge con tai ning 
Len BASIC key files and 14 APL !unc
tions . A single drive system is priced 
under $3000, and a dual dr ive syst~m 
under $4000, from Sy kcs Data1ron ics 
Inc, 375 Orchard 51, Rocl1 cstc r NY 
146 06, (716) 458 -8000 . • 

C1rr.: le 569 011 1nquwy c:11 d 
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FOR SALE · Du1a 941da1a 1a ,mi na1, 1nd ll des IBM 
Selec tri c: IV J)ewriter wiih BC D coding, papf!r tape 
punch and reade 1. Un it is in good working o rd er 
e :iccep1 1or punch whic h has J n E!'h:!'ctrit:A I problem. 
For s;:11e as is .;.11 $300, prhlt s and ins• ru c1 1 o r~ s in· 

ch.rdud F r£.'19h 1 co llec1 . W1l I make :in 1den l hnrd 
copy printer evOrl w1lhou1 1he punch, ;mcl where 
else c.1n yo u gat il Selectric 1y11ewrlier 101 $3007 
Writ e Jun Parsh,•, Apt 305, 401 W Johnson St, 
Phil:idclph in PA l 9144 . 

FOR SALE : complcrnly assenibl ed ;rnd 1es1cd 
Solid Siam Music 16 K lruc sia1 ic rnem o ry boclfd : 
fast. 200 ns ; low powor, .55 A @ ; 8 V , fully 
butlc recl w ith mcmOl'V Pl'Otc~c.1 1n 4 K bl ocks ancl 
a u 1o m a t1c uoproiect o n powe1 up . $500 or bes c 
oflP. r . T im Wedlakt , POB 3 074 , Sari Leandro 
CA 94578. 

FOR SALE : 0l'le MITS serial 10 board , Morrow's 
ca.s.seue 1n.1erface board w i1h a ll opuon~. Wi ll 
accept bes1 o ff e r lor each o' both. Victor C t-- inn. 
I 618 Mdvra, Be•·ke_ley CA 94 709 . 

WILL TRADE : A wo rk i " Y SC/MP lk11 burltl and 
wotk in9 k~yboard as sold by NS fo r $200 for a 
good freq ue ncy Lou ntc r. Also !or srile : A 8223 
PROM programmer, complete except for 12 VDC. 
300 mA furn is hed b v user, P 'ice : $20 . James 
Upc:h urc h , 3407 Dau~lhine Dr, Sebring FL 33870. 

WANTED : Oume or Diablo 10 p ri nt er IO run with 
a Cromemco Z-80 sy~te rri . Also, does. any o ne have 
any i1l f otm.a1ion o n how to interlace- .on o ld friden 
Flexowl'i1er SPD to i:I micros.yste m ? William 
Brady, 156 D•akos Ln. Summertown TN 38483. 

FDR SALE: Altair 680B assembled and tosto<i, 
c.lso hiQh speed paper t ape reader and hlgh speed 
paper 1ome punch. The whole works fo r $450. 
Dave Woodhouse. 172 Hickory Creek Dr, Frank · 
foll I L 604 23 . Alter 7 PM call 1815) 469·9316. 

FOR SALE : IMSAI 8080 m icrocompu 1er, 22 slo t 
mo1her board, 8 K programmable memory, Ml 0 
bomd ~seria l , parn ll e l a r~d casse ttC!' i11terlacc boardl, 
profession.a lly .assembl r.d .and rnsrnd in excel lent 
cond i1iori, Comple1c with inp ut and m 11p u 1 Cilbles 
and all manua ls. Call 12151 643 ·2467 al ter 5 PM. 
Wil l iam Schmid•. 1426 Jona1han Way, Amb l ru 
PA 19002. 

FOR SALE : OSI 400 Systom wi1 h : 400 CPU 
boCJrd, 440 vid eo graphics bonrd, 430 c.asse 11 e I0 
bo•rd, 11 K RAM, keyboa rd, power supply, cases, 
a nd ex. 1r.as . F l1lly socket!!d . $750 or o ffu r . B Fabry , 
R1 2, Box 22A. Morgantown WV 26505. 13041 
296 -2485. 

Readors who ha11c equipmonr, sofrwara or orher 
items to bu'(~ sell or swap should send in a clenrlv 
ryped notice ro that effect. To be considerod tor 
publication~ an advertisemen t should be clearlv 
noncommercial. rypod double spaced on p/lJln 
lltlhire paper, and include complete name and 
address information. These notices are free of 
charge a()d will be printed one rime onlv on a space 
available basis. lnsenions should be limitBd to JOO 
words or less. Notices can be accepted from 
;ndi11iduals or bona fide computer users clubs onlv. 
Wl' can engage in no corres(Jondence on these and 
vour confirm.1J rion of 1'1.acemeru is appearance in 
an issue of BYTE. 

Please note rh a1 it may rake three or four 
months for an ad to appear if'1 rhe magazino. • 

FOR SALE . Un finished compuie r pro1cc1 wort t1 
mlH.: h more tli an SSOO ol RM 8080 , 4 K pro· 
grammoble me m ory . TV cerminal, Ph ilips casseue 
60 iape deck, edge con ne-c1o rs, TTL , CMOS and 
Inte l ICs. d es1gnin9 .and spacd ic a 11on books, cap.a · 
c i 1ors, koy bo.ird, more . Goes for $550 o r llO'S t 
o ffor . T P Doug las, POB I 012· V , Lo Jur\la CO 
8 1050 . 13031 384 ·9594 . 

BACK ISSUES WANTEO: BYTE numbers 7 1hru 
10 tMa1ch thr u June 1976~ . Pr cfc1 undamagod 
n1 ig1nals, bu1 will accept Xerox or micro f1c hc 
cop ies w it h publ is her's pe rm ission. SC"nd your 
ask ing pr ice a ri d descrip tion co Cad S Zimmerman, 
POB 53. APO NY 09378. 

FOR SA LE ; N;:uional's Nevus. 4520 Sc1e nt1 s.c 
RP N il levi:I st.ack, power and roo1 func t ions, all 
tr ig fu ri c1 1ons , all log lunc t1on'5. , e tc. Operatrnns 
Guide . AC t:harge r. CcHryrng case. $20. Edwin A 
Zarn1k1cwlcz , 310B HDmp ton Wav. Kenl WA 
98031. 

JOB WANTED · I arn look1 11 9 for interes tin g and 
challenging wo rk 1n 1he compL1l•H field . I have 
worked with compu1ers fo1 ove r si.11: Yf!".) rs., know 
mos t commuri assE?mb lc r and compi let languaye!'s, 
nnd 11~1 1 1 be grad~1 a1 ing from the Un ivc-rsi IV of 
Pen nsy lva nia 1n May wi 1h a degree in compu1er 
e n g 1 ne~ring. I f you are trying to find ~ person to 
t1ao dle a tough but 1n w<es.11n9 rob, pleas.e w n rn t o 
m~ fo1 m y complete res.u me . Steve Masiicola, 
POS 951. 3901 Locu" Walk. Phi lade lphia PA 
191 74 . All oHers careful ly con'.i 1d1.Hed. 

FOR SALE : Minilern"I MERUN ti raphics disp lay 
boil rd, S- 100 , new. ass.embled, 5269. Mark Dahmke , 
1393 8th $1, Dovid Ci1y Nil 68632. 14021 
367 -4367 alter 6 PM. 

FOR SA LE : 6800 ws1em wi1h processor boa rd. 
20 K r1rogrammable memo ry , video m tcrfm:e, and 
four seriar AC IA poi ts fo r KC srnndard. RS232. 
T TY. One 8 b;t para ll •I port . 1.25 K EPROM wi1h 
debugger, .assem l1ler. ecl i1or, load and dump . Man · 
uals, sche matics, sol1wa re. Facto rv [)ssembled. 
$1250. Oov1d Domoro>I , 12697 Graion Rd. 
Sebosiopol CA 954 72 . 17071 823 -1698. 

FOR SALE · Digirnl EQ LHIJmcnt Corporauon 
DK8E P pronra mm ab11? real time c locks S395. 
Otha-1 POPS(' modu les for s..ole o r trade . Free lis t. 
Won1 8 K corn o r any 01hcr DEC penpherals or 
comnoncn.ts . K2 DCY . 11 Sq uuc Hill Rd, Norih 
Ca ldwell NJ 07006 . 

FOR SA LE : A l 1ai1 8BOOa, B K clvnomic memory . 
cassene in1edace ca rd , a11 m o1he r boards, edge 
connec1o rs, .and cord guides. Uni1 is. comple te ly 
hrnc ti ooo l, a ll c;;i rds am standard M tTS i tems . 
A borgn in al $750. Bi ll Shapp ley. 6395 ForeSI Grv, 
Memph's TN 38138 . 19011682· 1897 ol1e r 7 PM . 

FOR SALE : lmro5 1. 2, 3 and 4 of BYTE, perfeci 
condilion, to 1he highcs1 biddc,. A ls.o Jur1e 1976 to 
May 1977 inc: lus111a ol BYTE. Sp~ci rv vour bid and 
1ho issues you des1rn . Doug Oierdort , 103 N Park Dr, 
Wilmong\ on DE 19809. 

WA NT ED : An ine.xp1m':live seco nd hand Dec· 
Wri1er 11 !or use on a 1ime s hari ng system . Any 
co ndi tion cxcep1 broke n is .1ccep1o1blt:i . I'm wl lli ng 
<o pay up to $ 1, 100. Send al l o ffers to Scou 
Johnson. I B Caraway Ad, Setauket NY 11733. 

TTY DO NA T IO N? Elc mon rn ry school needs ,e. 
mote iermmal lor kindergarten th rough six 1h gl'adc 
compute, math cou rse. Arw donatio n in wor king 
lor rixablel sh.opo w i ll be appreciated by Mari.a 
H~sungs Publ ic School, Lexington MA 02173 . 
Col l col lec t to Richard E Zapolin. 16171 27 1-2534 . 

FOR SALE . Allai,. 8800 w11 h o.-,e 4 K static ram 
Implem e nt ed, and one 1 K SHJl it:: rani board I00!5.e, 
$400 ; I pay pos tage . Ja m es Jori e$, 7.20 N Blvd 
•17,Gunn ison CO 81230 . 

FOR SALE : BYTE l<S uos 2 1liru 9 IOc1ober 75 
1hru May 761, fine condi tion . Bes1 offer . Mel 
Raab, Rm 4731 Boel ler Hal l , UCLA. Los Ang ele s 
CA 90024 . 

FOR SALE : Godbout 8 K Ec onoROM . popu latecl 
wi1h 4 K of 5204 PROMS now co nrnrn1 ng Ediia rl 
Assem ble r/Moni tor , a steal ai S200 ~cu rre nt cos1 
5265) . DAE paper 1ape reader fully asse mbled and 
operational. $60 , Cal l Mitche ll [a ft er 3:00 PM. 
weekdays! a1 16171 963 ·5578 . 

FOR SALE : ASC ll SCOPE 12 by 80 CR T wuh 
built in acoustic coupler $550 w i th docu n1 enia· 
tion. SS Music M83 wr1h 4 K 1702A $115, 
M ITS 4 K dy namic S100, Processor Tech nologv 
VOM $155, 3 P+S $115, OAE T ape Reacler $60, 
IMSAI 4 K Static $ 100. All assembled fully sock · 
ete d and fac10ry c hecked o ut. K R Roberts, 10560 
Main St , Suite 515. Fa ir fax VA 22030 . 

FOR SA LE : Cromemco Cvc lops TV cam era with 
soph istica te d cont rol le r interface IO S· 100 bus. 
a"ombled $300, save 50%. G Lyons. 280 Hen· 
derson , Jersey City Nj 07302 . 1201 I 451 ·2905. 

FOR SAL E: Five 4 K S -100 su111c memo ty boards. . 
Fac1ory .1Ssembled and sti ll o n warr.:in1v. o ne never 
o ut of box. I am swi tching 10 16 K boards . SlOO 
e.ac h . No persona l checks or cash please . Al 
Marshall . 408 Oakwood. Angola IN 46703. 

SE LL OR SWAP : I' m c:lea nmg out Tele type 
Mode ls 33 and 38, converted Selectr ic 10 \VP•· 
writer , Te lewrite r portable iermi nal (SCM electric 
ponable adap1ed as RS232 IOI, all in iop condi · 
t ion, a lso 10 yea rs. ol OST and Ame rican Journal 
of Physit:s heachar 's ) ma gaz ines. foreign la ngu"ge 
learning tapes, telephon e and radm e quso rn enL 
Send SASE for list with pictures and specificat ions . 
M Bolt zman, POB 2525 , Plainliel d NJ 07060 . 

FOR SA LE : M ake oflo r for complete set o f 
BYTEs, S~p 1e mb1?r i975 thru Jul y ,977, al l issuP.ii 
in like new condit io n ; package deal only. C Reece, 
4924 Brandenburg, POB 807 12. Lewisva1e TX 
75056 . 12 141 370-0973. 

FOR SALE : A l tair 8800A with IMSA I 28 A 
powe r ·rnpply in stal led in o rigi nar cabinet. Comes 
wlth ~eria l 10 boa rd, four 4 slo1 e:ic pande r boafds, 
12 ed [IO connectors, ran, 4 K ond 8 K BASIC. 
assembly language package . and many games. 
With 12 K me mory, Sl 100 or 32 K memory ari-d 
Ta rbe ll cass1ute interface. $2000 . Ev~ry th in Q care· 
fully a-ssc mbl ed and work ing perfec1ly . Michael 
Favitui, 4 Sherwood Fores t Ad, Alba-ny NV 
12203. 1518) 456 -871 7. 

4 K MEMORY BOARDS: Solrd State Music 
IMB -21 a5'ombled. socketed. 1ested. w;1h fu l l 
speed 2102s. Two available. $75 eac h. T TY pape r 
tape. i inch wide, 8 1r1ch diame ter roll , l igh tly 
oiled bu ff . Perfec1 for ASR-33. $ 10 per 28 rol l ca•e 
+ UPS on 48 lbs, Dan S Parke r, 1007 3rd St •3. 
Davis CA 95616. 19161 758-2341 after 6 :00 PM. 
Orders shipped w ithi n 24 hou rs. 

FOR SALE : Data modems. One n.ew, acous.tl c.i]l ly 
coup,ed, never used, cos t $270. Sacrifice at $195. 
One us.ed, ces.1ed, and 1n perfect wo rking orcler . 
$75 . Ca ll evenings . C Lopez 17141 272 -4381. 

WA NTE D : Fi,st seven BYT Es. Wilt cons idef 
add itional iss ues in order 10 ge t first seven . Good 
copies acceplob le .a lso. Send quotes to : Joseph 
Heck . 101 Wachu se u s Sa. Jamaica Plai n MA 02130 . 

FOR SALE ; Texas 1nstrum ena Silent 700 Ter· 
m inal, Model KSR733 wi1h modem cable, mai n · 
renanco manua l (wonh $25~ and fou r ro ll s ol 
paper. o r;gi nal pr;ce $2000. w ;11 sell for $900 or 
bcs1 offer . Terry Higbee, 5071 Scott Cir, La Palma 
CA 90623 . 1714) 523 ·2548 . 

FOR SALE : HP 9830A programmable calcul;;i1or 
with memory option 275. 9866A fine pri n1e r. 
Data Com m in1erface. and 1he rollowing ROMs: 
Stri n g Variables. Advanced Prog 11 . Darn Comm I 
and Data Comm 11 1. Perry B Fink, 82 S Deere 
Park Dr , Highrand Park I L 60035. 13121 432-2998 . 
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s. o. SALES co.AN EM PIRE IND co 
VISA 

P.O. BOX 281110 OALLAS . TEXAS 7S228 

PHONE CALL-TOLL FREE 1-800-527-3460 - •• -
S.D. SALES NEW -,

EXPANDO RAM KIT 

32K FOR $475 .00 
MEMORY CAPACITY 

MEMORY ADDRESSING 
MEMORY WRITE 

BK FOR $151.00 
INTERFACE CAPABILITY 

Control. dalil and address In· 
ou ts u1111zes low power 
Sc11onky ciev1ces 

POWER REQUIREMENTS 
+evoc •OOM A oc 

EXPANDABLE EPROM BOARD 
16K or 32K EPROM S49.95 w/out EPROM 
Al lows you to use either 2708 's for 16K of 
Eprom or 2716's for 32K of Eprom . 
KIT FEATURES: 

+ 16VOC <OOMA DCPROTECTION 
8K, 16K, 24K, 321<. using Mos
lek MK411 5 w ith 8K bOund· 
arles and pro tec tion . Ut llizes 
DrP switches . PC board comes 
wil h socke ts for 32K operalion. 

- IBVDC :roM A 0C 1. All address l ines & data lines buffered . 
~ - 'Q~~!~~(i~a~:~~br 1g) ~;~,~i:h 2. Quality plated through P.C. Board, In

cluding solder mask and si lk screen . 

~~~'!:~ 1~0eww!:~~Vor~~~~: 

is provide<! wHh no wait s1a1es 
or c~cr e !IHi!allng required . 

ME MORY ACCESS TIME 
IS 375ns. 

3. Selectable wait states . 
M~rnory Cycle T l me 1$ 50Qn s 4. On board regulation provided . 

Buy an SlC>O compatiblo BK Rnm Board and upgrade lhB same board lo a ma:ic1rnum or 
32K In steps of 8K at your oplion by merely purchasing more ram chips from S.O. 
Sales ! Al a guaran1@ed price - Look a1 the fea tures we have buUt ln10 tha board. 
PRI CES START AT $151. FOR BK RAM KIT 

5. All sockets prov ided w/board . 

Add $108.00 lor each addl11onal BK Ram 

WE CAN SUPPLY 450ns 2708 's AT $11.95 
WHEN PURCHASED WITH BOARD. 

Z-80 CPU BOARD KIT  $139. 
CHECK THE ADVANCED FEATURES OF OUR z-eo 
CPU BOARD: E 1<panded SCI of 158 lnstruc1jons, 8080A 
so tlware capability , operation from a single 5VOC power 
supply ; always slops on an M l s1a1e, true sync generated 
on card (a rea l plus feature!). dynamic refresh and N M I 
available, ei ther 2MHZ or 4MHZ operation, quality double 
sided plated through PC bOard; parts plus socke1:1 orlced 
ror all IC 's . ·Add $10 eKlra tor Z-80A chip which allows 
4MHZ opera1ion . Z-80 chip with M 1nual  539.95 

MUSICAL HORN 
One lune 5upphed wl ln each k11. AOcH11onal iunes - S6.95 
each Special IUnes available. S1andard 1uncs now available: -
D1111e - Eyes o l Texas - On Wisconsin - Yankee Doodle 
Dandy - Noire Dame - Pink Pa111 hef - Agg ie War Song -
Anchors Away - Never on Sunday - Yellow Rose of Texns -
Deep In the Heart ol Texas - Boomer Sooner - Bridge over 
Rwer Kwal 
CAR 8. BOAT KIT HOME K IT Spocoal Oosogn 

S34.95 S26.90 Case SJ.SO 

6 DIGIT ALARM CLOCK KIT 
Features: Lltronlx dual 1 /2" displays , Mostek 
50250 super clock chip, single l.C. segment 
driver, SCR digit drivers. Kit Includes al I ne
cessary parts (except case) . Xfmr optional . 
El iminate lhe hassle. 
AC XFMR - $1 .50 Case $3.50 

Bowmar 4 Digit LED Readout Array 
Full 1/2 " Litronix Jumbo Dual 

Digit LED Displays 
4 JUMBO .50" DIGITS ON ONE STICKI 
WITH COLONS & AM / PM INDICATOR 

$3.95 
DL 722 - C.C. 
DL 721 8 C.A. 

99c 

DL 728-C.C. 
DL 727 - C.A. 

$1 .29 

SK LOW POWER RAM 
Fully assembled and I03IO<L 
Not a kit lmsal - Al tair -
S- 100 Buss compatiblo, usas 
tow power stahc 21 l02-50Ctos: 
lully bu fl ered on board rngula1· 
ed. quality pla ted through PC 
board , Including so lder mn.<ik, 8 
pos. dip swl !ches lor address 
select. 

Jumbo LED Car Clock Kit 

$159.95 

FEATURES: 
A . Bowmar JumbO .5 1nc fl LED aHn~ 
B MOSTEK - S02SO - Super clock chip 
C On board prec1sion crystal time b.aSe. 
D . 12 or 24 hour Real Time torm111 

~~u~~ 
,~_,.... 

E Pertee t lor curs . bOlllS, vans, 01c. 
F. PC board ar1'J all oar\ ~ (l0-5 1!1 case) Inc. 
Alarm op 11 on - Sl.50 
AC XFMR - SI SO 

l .,.,,. 

$16.95 

5 Digit Countdown Utility .-• • ~. 

Darkroom Timer Kit j'-1
Features : Largo LED I f2" dls.pla:."s , , -.."-"' 
aper . r1om 0.1 150C . 1CJ 59 min . 
59.99 sec. 5A- 11 5V Ralt1y luclullod 10 --· .Y 
conuo l appliances. Opornros on 11 5V i.. 9 
AC. Dlspla.ys can be h,.1rnOO orl far total 
darkness whi te countino . All noco,ssary 
"""'Included . $44. 95 
Speclal design caso S.3 .75. 

NEW COMPETITION CHESS TIME KIT 
WITH TWO INDEPENDENT FIVE DIGIT 

1/2" LED DISPLAYS 
The t imers can be use<I In
dependen tl y or couptOd . 
The l imer can be soi to 59 
minu tes 59.9 9econcls ot 0 1 
Intervals. Ki t 1nc tudos all 
neoc:ossary parts and an at
trac::hve woodgrain case 

Fl.AT PACK 

$79.95~ 
Complete Kit 

RAM'S THERMISTORS 
MEPCO- NEWI 

t .SKOH M 
5/Sl.00 

TA NTALUM CAPS 
I M FD 20VDC. 

IC ASSORT. ELECTnrCAl.COIL 
FLATPACK~~OO IJTTVPEC 
SEtUE.S SPECtAL l ()'f TYPE C 

2 TRANSISTOR 
AUDIO 

21 L02 · 500NS 
21 L02 · 250NS 
211.:- JK 
1101A - 256 
1103- IK 
MK411S -8K 
74$ 200. 2S6 

CPU'S 
z-ao Includes manual 
Z-BOA mc:lut1es manual 
BOSOA CPU 8 BIT 

8 / 11 .50 
8115.95 

. 14 95 
8/S4 00 

35 
,, <5 
3 95 

29 95 
. 34 .95 

1\.95 

* 
DISC CAPS 

FOR BYPASS 
.01 MF0 -100 

'NVOC PC 1 ~1 

CO/S I. 

800a CPU 8 BIT 6 95 * 

PROMS 
170:!A - IK · I Sus . 
2708 - BK ~n l el - 450ns 
5204- 4K 
8:!5129- 1K 

. 3 .9501 10135 
14 .SS 
7 95 
2.!>0 
9 .95 21oas BBK sionc11cs 650M 

COUNTER CHIPS 
MK50397 6 Digit elapMh1 tim.(!I" 8.95 
MK50250 Alarmcloc:k. 4 99 
MK50380 Alarm chip 2.95 
MK503966d1g11 up/aown counter 12.95 
MK!l002 4 dlg ~ 1 cour1rnr ••. 8.95 

Photoc:•ll AHi . 
w e OOuQnt illllll(nl 
?OOK 11om a 010 us 
mlg Thrno produi;t 
11\rnilttis · 5mal lf 
mOOlum Md OUill 
, inoioemlt Pl!l' l«t 
lor !\It hQht iaru1· 
llVO lltJQlh;:iit+Ol'I&

* 12 /lt.OO 

M ICATRIMME.R 
PC -4CQ Ml ,,latuf~ 

15  20PF 
P C M°"nl 

.4/ S I 

PC LEA OS 
ISto1 Sl .OO 

* 
BALUM 

U~ 1n T'VTunon 
C.nb<lre.... ouno 

let Ha'TI t1oq 

* 

em 

PLASTIC AEAO· 
OUT FILTERS 

• OrlQll\.i.lly u50CI In 
desli" top calcul1>
1or.s Perlo-;t rorusc 
with LE0<1nd o1hcr 
1yp11 readlluU 
AMBER- llot l l . 

* 

BUV FROM ITI YOUR CMOFCE 
20Auorlld IU S1 

O.vk:•t IOr 1 1.0G 

* * 
STANOAROCO IUi AUTO COIL 
Uso 1n TV S.U111 1 2 TRANF. 
1J 5•. alKl I 5 11 h 111 ca1rr.ir11m 11 1gm 
1 0~. l'o u r Cl1CICO 

111 S I 1211 1 

* * 
TTL ASSOnTMENT 

ConMm11ltl11'ilh 
'p'1~dcfu!IB C1 fo pnrt1 

60J t l.50 

* 

FIESlSTOR 
Spec;l1lt 

V Ohm I Woll 
Carbon Comp 10•. 
H,11'1ClyY,1l1m P011,1I· 
IOI! lo m~ko lcw Ghm· 
ll()O POwt!I ra:i l :!i l O r ~ . 
1-W,lj)t We bo\1g I 
Hl(l 000 pioi:;:Mt * 2SIOf SI . 

am t W ISpea. 
Siii 

* 
NEWCAMBION 

JACKS 
PA RT• "450-4352 

Gotd P111100 
SO/ SI 

* 
DISC CAP ASST . 

PC ltt~ Al l~ I 
10 dll te1en1 ...a1uas; 
m1;.luthU .001, 01, 
00 p tu.,.0 1Mr &11111 • 

da.1<1 valul!'ll 
&O /Sl.00 

MICRO-DIP $1.95 JOY STICKS 
New  Series 2300 

The Wor1a ·s Small~sl 
Coded BCD Oua.1-ln·llne 

FOUR 100 K-OHMS 
POTS ' 

Swi1'ttl PC Moum Ideal fo r r· - - •• 

4K LOW POWER RAM KIT 
F'ully Bu ff ered - on bOard regulated 
reduced p.ower con!umptlon ul lllzing 
low power 21L02 - 1 SOOns RAMS -
Socket! prov ided lor all IC 's, Quality 
plalcd l hrough PC board. · Add $10. lor 
250ns RAM operal ion . -The Whole Works - $79.95 

DIGITAL LED READOUT 
THERMOMETER  $29.95 

Fealuras Utronl • dual 112" displays 
Uses S1l1co;:mc LOt3t single chip CMOS 
Al 0 conven er Kil Includes all neces
sary parts {OKccpl case) ; AC line cord 
and power supply lnctudetd ~149• f . 

6 Digit General Purpose or 
Computer Timer Kit  $29.95 

Features: Large LED 1/2" dl•plays, MOSIOk 
50397 counter dlsplay/dr lvcr, coun1s up to 
59 minutes. 59.9'9 seconds with crystal con
1rotted 11100 second accuracy, operales on 
1t5V AC or 12V DC supply. Al l nocessary 
parts lncludod. Special design~ $3.75. 

Low Cost Cassette 
Interface Kit 

$14.95 

i:!l'U'Jl~ ' 
.~ill wi_ 

-....LJ:.W.1!.lll 

Fcoturns· K .C. standard 2400/1200 Hz. 300 Baud, TIL, 110 
compallbto, phase lock loop, 22 pin connec1or . Foods seria l de!a 
via m1crOpfocessors 110 polls and lrom cassette Jape rocor<fer 
$14.95 

TR IMMER POTS 
1QK, 20K, l!tk. 
OHM Min~ fl)f PC 

"""'"''YOUR CHOICE 
101$1 . 

* 
SILICON 

RECTIFIER 
SP«l• ll 

IN-4007 I AMP 
1000 PIV 

* 

PRIME U NITS 
ID/ SL 

P.C . LEAD OIOOES 
IN~l'8 f 1N91-4 

- IOOI S2.00 
1N4002 • l A 

* 

- 100 PIV 
40151 .00 

STAN OARD 
ANT. TEA. 

Utcd 101 Ant Hook• 
up on all Tv Sett . 

'21 1 

MICROPROCESSOR 
CHIPS 

8212 • 11 0 DOrl J 50 
821' - P.l .C. . 12 90 
8216  Non Inver! Bus A 95 
8224 - Clock Gen '1 £t5 
8226 - Invert Bus J.05 
PIO tor Z-80 . 1'1.95 
CTC tor Z-80 14 95 
8228 s.,.s Controller 8 20 
8251 PrOCJ . comm. interlace 10 9'5 
8255 Pf·og. perp. tnHlrfaoi! 13 50 
8820 Dual Linc Rocr 1 75 
88.l) Dual lino Or 1 75 
251J Char Gen 7 !)() 
8838 Quad Bus. Recvr 2 00 
7·1LSl38N  118 Clec.odor . 99 
BT97-Hox Tri-State Su!fl!r 1 25 
148811489 RS2J2 . 1 50 
TA 16026 UArt 3 95 

Z·BO PROGRAMMING 
MANUAL 

IN DEPTH DETAI L OF 
THE Z-80 CPU 

MICRO-COMPUTER 

MK5021 · Cal . chip so rool 2.50 2JOO 02G BCD 1•2· • · 3 electronic '-..dk ;·_ .i·~ 
* 2J00c;o,!,~~!;0~ 1 

· 
2-•-a games '-J..? $3.95 * 

S.D . Sales Special 
$9.95 

·choose $1. Free Merchand ise From Asterisk Items on each $15 order! 
CALL IN YOUR BANKAMER· 
!CARD !VISAI OR MASTER 
CHARGE ORDER IN ON OUR 
CONTINENTAL TOLL FREE 
WATTS LINE : 

Texas Resident> Call Collect : 

214/271-0022 
1-800-527-3460 

DEALER INQUIRIES INVITEOI 

t:erms - 60 :Dau 
)IQHCU !Jack Q11arantee! 

NO COO 's. TEXAS RES IOENTS AOD 
5% SALES TAX . ADD 5% OF ORDER 
FOR POSTAG E & HANDLING . OR · 
DEAS UNDER S10. AOD 75c HANO
LING.FOREIGN ORDERS - U. S. 
FUNDSONLYI :..lfll 

Crrc le 95 on mqur ry card . l:iYT lanuJry 197~ 1 9 1 



To get further information 011 the products advertised in 8 YTE, f ill out the real /er 
service card with y our name and address. Th en circle 1he appropriate munbers for 1/w 
advertisers you select from this list. A dd a 13cent stomp ID the cord, 1hen drop ii in the 
moil. Not only do y ou gain informocion, but our od11ertise rs are encouraged to use th e 
murlwtploce provided by BYTE. This helps us bring y ou a bigger B ~'TE. 

Inquiry No. Page No. Inquiry No. Page No. Inquiry No. Page No. 

1 A lgonquin Col lege Book Store 130 40 Electron ic Contro l Technology 138 79 OK Machine & Tool 63 
2 Alpha Digital 130 41 Electron ic Systems 169 80 Ol iver Audio Engineering 51 
3 Anderson Jacobson 77 42 Electronic Warehouse 176 81 Osborne & Associates 101 
4 Apple Compu ter 8. 9, 10 43 Extensys 19 82 PA IA 138 
5 Atwood Enterprises 171 44 Charles Floto 157 83 Parasitic Engineering 78, 79 
6 Beckian Enterprises 171 45 Fo rethought Products 139 84 Paratron ics 125 
7 Benson & Costello 1 29 46 Gallagher Research Inc (GR I) 142 85 Par Metal Products 157 
8 BITS 115, 117.119.14 7 4 7 Godbout 177 86 Peop le's Computer Co 65, 99 
9 

10 
Byte Shop East 136 
Byte Shop, Tustin 134 

48 
49 

Heath CIV, 34 
Heuristics 87 

87 Peripheral Vision 75 . PolyMorphic Sys rems 83 
11 C & K Components 36 50 IEEE Computer Society 132 89 Processor Technology 24, 25. 26 
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ECJME-
EVTE's Cl'1E1Ji'1E MuaituP Eux BOMB Analysis for the October 1977 Issue 

First place (and a $100 b<?11us) went to 
On BOMB Card , David A Higgins' a1·tic le on "Structu red 
Art icle No. ARTICLE PAGE Prog1·arn Design" using Warnie1·-0rr di a

grams, page 146. His article had a ra nk o f 
1 Kent: The Brains of Men and Machines : Part 1 11 1.37 standard deviations above the me:r n 
2 Hughes: The IRS and the Computer Entrepreneur 27 of 13 articles. Second place and a $50 
3 Ciarcia: Add More Zing to the Cocktail 37 bonus went to David Kruglinski's " How 
4 A llen : A Floppy Disk Interface 58 to Implement Space War," page 86. His 
5 Jessop: The Motorola 6800 Instruction Set 84 article ranked l .26 standard devi ations 
6 Bumpaus : A User's Reaction t o the SOL-10 Computer 86 above the mean. The standard dev iation 
7 Banks: T he Waterloo RF Modulator 94 in October's ana lysis was 24% of the mean , 
8 Jenn ings: The Second World Computer Ch ess Championships 108 indicating a relatively wide sp1·ead of evalu 
9 H iggins: Structured Programming with Warn ier-Orr Diagrams: Part 2 122 ations. Be sure to ind ic te your reactions 

10 Smith : Simulat ion of Motion : Part 3 144 to this month's issue by rating each artic le 
11 Ledder : A Novice's Eye on Computer Arithmetic 150 on the BOMB evaluation cud and for
12 Bryant: Mounting a Paper Tape Reader 161 warding it to our office. The BOMB card 
13 L ibes: Notes on Bringing up a Microcomputer 162 is your di rect line to the editors' desks .• 

192 BYTE J>nn"y 1978 



im-pak: 
electronic components 

One-Stop 

Con1ponent Center 


QUALITY PRODUCTS 
TTL LINEAR RESISTORS SWITCHES 

1.1(1') --,.-90 t."' )OlV ~011!.t/ 41 1'!>1 AS,$11~ Sl'S1 • ••.o~l.1•1>'• 1 1o.n 

1'(J? un t. -\• )OIV 1..MS!ioSV ASS ! 1 1.. $51 6 ~$1a1" 1f.P SPOT "'"'' 1• •110" 

UC)ll U9l L \009< LMS!>t; t~ ASS T l • S!lT 1 ?01,..• 0" o" SJ'Sff1"''"'••1t ..,., 

1•08 74 101 LMl l I V LMS61Y ASS T .a ro~ S.PSTtN""b" t !D" 

f •1 0 ) •1 } 1 L MJX)l( Sl/~1LM1;olt. ~OT 0" ..._.• .,.... SP·!; 1 ri.<1" b" " °"' 

r ..1 ~0 u1n L M ))01 ')1)9Q!i.I L MIHt. 10.- OJl'O T 1!.lloo> 

U J(I 7<111J LMJ ;>01 1 ~ 119111L'°' l ol 1 V l).l•Q r °"'"uo,. lll'Ol °"' "41"' o>n 

1..1 J 7 U1;;>!. tO~· BOOl• LMlX> f t.. l191'!.I Lt.H •H.t CAPAC ITORS 

·1 .u ~ F•l !io• 	 1,. -...])!)I N t. MU5o8V t'!o'!o~VI ·~·~· 
I U I l ..11 61 l () '.,g)lfi l L M~•DI '!>080!!1 L"l :OS(;V A lummum Etec1rolyt1c 

U 1J U 1 lll COMUB01 LMJ 40 Jn1 1an1 1. A! ] !IQOIHC ...).tl)l l 

U U 1•111 10Mlt181 1 
 1 ... .. , ...0 ... 1()1)-1.. 1<1 !ri)V 

4 1... 1.1~0 \• ::0:0.... ltl !IOV 

, .. ,,. 1• 1&l 

uro,. r ..11 ~:;> MICROPROCESSOR 1cr-rr15-0v 4 10mhl !!OV 

"' 
K 11 ·" 10 "" l"r> l •I• 14 P'" "'" r ..,..ll 


/ 4 8~ 1•167 10'.180::)11 ;- 101 1000."''' /'Sv l • l'•"'°"""'' () lol• t6 1• ... ........ ...... .. 

1101 lif'•" tO..,f'tO l il( 


{']mlo ! ~V 

4 /ml11!.0V H 00m"1 Uiv 

Luw Power nL Sc:ho u1<y Jl.;oll :" 1.0::' 1" ""' 10.. 1:110• ·•· 

1•'"" "'''""' '·"' 
..... 
400"' ..... .. "'" "' 


llL:.<JU 1..l lt..'S&l an• '90 1.,n '°*"0'0' '' " ro 1 So< ~ ··
148.9 

ana "1 1.1s n;1
ULW';' 1 4 t.~'!i 	 r o~::...u 1 

1101• 	 l.ltJI• · '""' 
l • t.$4>1 t 4L$:116 

U L :.old 1.1 1,.S!)O """ us:n Cetam ic Oise 


moH L:!.10 t •l ~109 	 "'" »DO 
U L~ ]O 	

lt. Y '!> 101) 0!.•88J"Sor; 10{>•:.0;1 001 ... •<1!.Qv 

J!J,1J , ;' 140 fli!)1 <l lr>l!.OV 0041...,•tJ!:r.)\,t


l4 L Sl 1) 
l •l $J.O : 4L S 1l6 01~play LEOS Discrete 

J -I U'-l~ f4L. S lla 
 ' I '!.DV 01 "'•<1!.0 V 

1 .'0l• • ~v o:n-•u!tOV 600cum .. 
DIODES 1'01>1 '!.OV o~ ,,.,,u "'°\' 


14 L SI~ t.CL~l Jf> 
~ 10o l !tOV J<lOfprn u1!'>""'° 100 1.-fDL••nP •~ •t 


HLSI~ : .i tSJIP ~8nr,9 •• 1 


' 41 51.) r4LS 1 ~1 	 lOO ,.,..,, ..,.c;.d. 600 . ....... L<i1"0Ur 


''"' ' ti !iOv 
IN4.001 
1N40QotC/MOS 
tN• 007~ 	 CONNECTORSM0A9180J'°"" 	 Dipped Tan lalu m 

Oln~S~ot1 "" •010 " • O• li """ 
''"'<11 0 11 11~• 1 1 J;v ~ : ... 111 1~ ...


TRANSISTORS ;-:-... ,., ]~\ ) J,.,t,1 1'!1 V 

(; ! ti ! ,,,)0§.!> l)ntnJ!oV 

:r~1n1 :. 1r.3904 oll•" l lll!tV Glj.r<" 1 ';C,V 


• ' '"" '' :;>~ v DATA BOOKS" 
1"41'JO /,\ ]t.;~Cl6 &lllnl.i J!tll 1°"'1•rt ;;>Sv 
\.Hl19'i',o :;>t. !'.1]9 ,,.. , I l~V 1 ~rt1]!>Y Cl.' O'!'t \..flt"•• C...t... B(l&l ~ 
t,Uf 3G!i',o i1•!.IJ'J l':>-"> ' •• .l'.>'" ll"''" :;~ l<l ~ '"'"mru~u / L £0 O•b lt11<1~ 

"JIM ll'AK P,6...,.. !l 1;1r11 , 

A component p roduc t line deve loped for the indepen dent dealer. Guaranteed, nationally advert ised products. Complete 
JIM -PAK program includ es national advertising, direct mail program s. store display racks, stock rotat ion plan and re turn 
policy. For dealer information, write or ca ll J IM-PA K. 1021 Howard Avenue, San Carlos, CA 94070 (415) 592·8097 . 

*********************************** 

DEALER TODAY.••SEE YOUR LOCAL 

LOUISIANAALABAMA 	 OKLAHOMA 
B~ton Rou!Jf! Davis Elec ttonics Supply Guymon Sound Set11rccM obile L;,tfo>verte RJdro Elec t ron1c r 

CALIFORNIA MARYLAND Oklahom:. C11V Bi t s. BVtt!S & M icros 
81.·r~t>l~y Al liJshc'' Electtonics OREGON8.ilt1more Computer Workshop of Balt1mOrl! 

8 :1l11111ore Everythmg ElectronicsM onten.>v Z acla r 	 Beaverton Alti11t Computer Crmre1 
RockVllfc Compu ter WorkshopP.,10 Alfa ZJck Electronics 	 Coo1 Bay Htrtick Elec tromx. 

P.:Jsadt•na Dow Radro Inc Towson Compu trr.s . Etc. OntilllO M rller EJutronicl 
MASSACHUSETTSSxrame1110 	 Tl1e Radio Pl;Ke PENNSYLVANIA 

Medford Tutu Elec11omcsSKramemo Zack1r 	 Hrushey M icrocomputtt Systems Inc. 
San C.irlos J& H Ourlc r Srort* North Adams Elec tron1cs Service Cen ter M urr11y sviJJe Computer Workshop 

5Jn F1;mc1sco Z.1ck Elccrromcs Whi tham Comµure1 Man Inc. 	 o f Pi ttsburgh 
MICHIGAN5,dri Jolt! Suwty v.1lt- Electronics 	 RHODE ISLAND 

Lafl:smg F1.1fron Radio SupplyVJllt'JO Z~ck1 r 	 Cranston Jabbou1 Eltcrromcs City 
MINNESOTAW.1l1ttJ t Ctct•k 8rtc- Shop Com1>ute1 Stort! 	 Pawtuck·et Ji1bbour Electromcs Ci ry 

0 11f11 rh N o rrhweu Radio of Oul11 rh CAN AO A 	 SOUTH CAROLINA 
E.1giJO D.w:om A m .ue11r Radio Center~Hbcr1<1 ~Calgary / The Compute-1 Shop 	 No Cha1lesron T ectm1CiJI Sennces Inc. 

MISSO U R I CONNECTICUT 	 TENNESSEE 
PoHA .,.1/le Computr1 W01kS110µ o f K;mws C1ryBmlgt.•potr ComprHer World 	 Memphis Serc ·Ro~ & Spc,,ctJr EJecrromcs 

MON T ANA Oak R1d9t• Computer Denn 
8df111gs Cw 1fc y Radio Supply

FLORIDA 
Orlanclo Alr;m Com()ufe-1 Ccnwr ol Orlando 	 TEXAS 

NEBRASKA Dallas Comp~ rer Shops Inc. 
Lmcol1i A l t ,)11 ComputtY Ce111er

f,m1p.1 AMF Elec rron1cs 
Houston AJra11 Compurer Ceou:r 

Omaha Om.1hJ Compute' S tort!
T.JltlPJ M rc1ocomµ 111t•r Svsu•"u 

H o11st o11 lnteracri 111J ComputerlFRAN CE 
N EV ADA Sart Antonro Sh-erm<Jn Efect1oriicr Sup(}lyP:J11s. Co111purer Boutique 

l. :1:s VegJS Cenwry 2 3 VIRGINIAGEORGIA 
NEW JERSEY A fe J(andtrJ CC'mputet Ha1dware Sror~ 

Ho1Joke11 l(ot,oJ..t•n Computt•r Wo r.k .s A le.dnd110 C01np11r1Jts Plus 
Arf;pw1 A 1l<1111<1 Computt~1 M.Jrl 

HAWAI I 
n.~msey TnJt'ffOlllC Compu rtu Ston• Rich mond Computers- To· Go Art."' 	 Oelcom s Hawa11 

J-1011oft1lu f1tt11gnnct1 C11cw 1 Supply NEW YORK Sprmgliefd Compu ter Workshop 
Albany Fort Orange Elecrronics o f f'llo trh V11gmiaIO AHO 
New York The Compu rer Sco1es Inc. WAS HI NGTONlrJJho Falls Ar1d1ouon1cs 
New York Comp111e1 M <Jtr o f New York Bellevue Altd1r Compu re1 Cen1e1ILLINOIS 
Troy T1ojal1 E lt•c uoriiL·i Longvit!w Progrr:s.s Electronics

£ 1t',) 11Sl011 lfty Brrry M achmL• Co. 
Whi te P1a1t11 Tfle Compu tt•r Corner P .JSCO Ri11eNiew Elecrranics.G1ov~l0Jn(/ M oyl!r Eltt:1ton1Cs 

NORTH C AROLINA 	 Spokane Pers.onal Compur~rsMoun t Prosot·ct Ttr Sr.ne Electron1cs 
Rafc19h Byre Shop of R:Jleigl1Oak /'ark 	 Spe~ 1ronic.s Inc WEST VIRG INI A 

OHIOINOIANA 	 M organ rown Th~ Computer CorntH 
Bucyrus Mead Efectronu:s E.dl Chicago Aero F.l~tTOt'l tC$ 	 Morg:Ntrowo Et~ctro Di"stnbutmg Cu 
Cincinna ti 01g11lJ/ Design 
S reuben .,.;11e llosfel 1 Elec11onics 

H~mmoncl OvJntt1m Compu tl!r Wo1ks 

Circ le 55 on inquiry card. 

http:01"'�<1!.0V
http:lr>l!.OV
http:ml11!.0V


-

p 
ru 
t!... 

n1ng 
witfi the Heathkit HS 8080 Personal Computing System! 


HS 8080A 8-Bit 
Computer . . . .. . . . . .. $375 

H8-1 4K Memory ..... .. 140 
H8-3 4K Chip Set . . . . . . . 95 
H8-5 Serial 1/0 and 

Cassette Interface . . . . 11 O 
H9 Video Terminal 530 
ECP-3801 Cassette 

Recorder/Player 60 
If purchased separately, '1310°0 

H th System rice S1i4450 
NEW! Microprocessor Course 

AND TRAINER 
learn the operation and p rog ramming 
of microp rocessors with our effecU ve 

sel f-study course and trainer! 

When you invest in a personal computing 
system, you want it to perfo rm . So you 
need software. But putt ing a complete 
hardware-softwa re system togeth er can 
be d if fi cu lt. Especia ll y i i al l of the 
components are not designed to work 
together. Th e H8 compute r, so ftware and 
peri phera ls were developed as a to tal 
system. And we inc lude th e so ftware 
(at NO ext ra cos t) so you can start 
programming right away. Benton Harbor 
BASIC with unique statements and 
commands and efficient compress ion 
techn iq ues lets you put more prog ram 
in less space. The HASL-8 2-pass 
assembler generates erti cient machine 
language code. The TED-8 line-oriented 
text edito r and BUG-8 terminal conso le 
debugging program permi t fast entry , 
ed it in g and debugging of programs . 
Th e H8 's inte ll igent fron t panel provid es 

and lets you "see" what's going on in 
the machine - in memory, in registers 
and at 1/ 0 ports. 

Whi le the HS and i ts software gets you 
up and running, our periph erals complete 
lhe "system" . The H9 12" CRT video 
termin al is complete w it h AS CII 67-key 
keybo ard, long and short-form displays , 
auto-scrolling , plo t mod e, cursor and 

. more. And our ECP-3801 cassette . 
recbrd er/ pl ayer p rovides conveni enl•'"' 
mass sto rage fo r all your programs on 
easy-to-hand le cassettes. 

Al l this, plus complete documenta ti on, 

se rv ice support th roug h the Heath kit 

factory or Heathk it Electronic Centers 

na ti onwide · , and self-instructional 

prog ramming courses make Heath your 

BEST choice for a tru ly prac ti cal and 

ve rsatile compu ter system that 's ready 


ef f icient on e-button prog ram lo ading , and wa iting for you r commands. 

IE JSend for your Heathkit Catalog or visit your Heathkit Electronic Center.HEATH 

@OM·l§l·!§_ · see listing page 34 Ci rc le 48 on inqu iry cnr c! . c p.134 
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