


Featuring the World's Most Powerful a·Bit MPU -The Motorola Me-SaD9 
Welcome to a whole new wor ld of microcomputing. 
Here at last is a microcomputer with all the speed and 
power that you have wished for. The MC6809 is an 
exciting new concept in microprocessors that fills the 
gap between 8- and 16-bit machines. It provides the 
power of 16-bit instructions with the economy of 
8-bit architecture. 

The MC6809 has more addressi ng modes than any 
other 8-bit processor. It has powerfu l 16-bit instruc ­
tions, and a highly effic ient internal architecture with 
16-bit data paths. It is eas ily the most powerfu l, most 
software effic ient, and the fastest 8-bit general pur­
pose microprocessor ever. 

6809 PROGRAMMING MODEL 

I A I B I Accumulators 

... 
o 

X-Index Register I) 
Y -I ndex Register i 

~==============: Po i nter Registers 
U-User Stack Po inter I 
S-Hardware Stack Pointer I 

pc Program Counter 

lop D i rect Page Register 

Icc Condition Code Register 

Th e greatest impact of the Motorola MC6809 

undoubtedly will be software related. T en pow­

edul addressing modes with 24 indexing sub ­

modes, 16-bit instructions and the consistent 

instl'uction set st imu late the use of modern pro­

gramming techniques . Such as structured pro­

gramming, position independent code , re­

entrancy, recursion and multitasking. 

A memory management system with extended 

addressing designed into the bus system contro ls 

up to 256 1< bytes of RAM memory. T he dyna -

mic memory all ocat ion system, which 

the mu ltitasking DOS, allocates 

memory in as sma II as 41< blocks. 

is part of 

avai lable 

The MC6809 system is the only 8-bit processor 

designed for the efficient handling of high-level 

languages. New addressing modes, a consi stant 

instruction set and easy data manipulation on 

sta cks allows the efficient execution of block ­
structu red h ig h-I eve I code as generated by a 

compiler like PASCAL. 

MP-09 Processor Card . ............ $ 195.00 

68/09 Computer w/48K ..... ..... . $1,500.00 

SOUTHWEST TECHNICAL PRODUCTS CORPORATION 
219 W. RHAPSODY 
SAN ANTONIO, TEXAS 78216 (512) 344-0241 
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Model Z-2 
Up to 512K of RAM /ROM 

Model Z-2D 
One or Iwo disks 

Up to 512K of RAM/ROM 
Up to 184K of disk 

System Two 
Dual disk 

Up to 512K of RAM/ROM 
Up to 184K of disk 

1 

Fill your co pt r needs 
with th indu try's 

most prole ionaI mic ocomputers 

#11N RELIABILITY 

When you choose Cromemco you 
get not only the industry's finest 
microcomputers but also the indus­
try 's widest microcomputer selec­
tion. 

What's more, you get a computer 
from the manufacturer that compu­
ter dealers rate # 1 in product re­
liability. -

Your range of choice includes 
our advanced System Three with 
up to four 8" disk drives. Or choose 
from the System Two and Z-2D with 
5" drives. Then for ROM-based work 
there's the Z2. Each of these com­
puters further offers up to 1,/2 mega­
byte of RAM (or ROM). 

We say these are the industry's 
most professional microcomputers 
because they have outstanding fea­
tures like these : 

• Z-80A microprocessor - oper­
ates at 250 nano second cycle 
time - nearly twice the speed of 
most others_ 

- Rated in The 1977 Computer Store 
Survey by Image Resources, Westlake 
Village, CA. 

Circle 80 on inquiry card . 

Up to 512 kilobytes of RAM and 
1 megabyte of disk storage 

System Three 
Two to four disks 

Up to 512K of RAM / ROM 
Up to 1 megabyte of disk 

• 30-amp power supply - more 
than adequate for your most 
demanding application. 

• 21 card slots to allow for un­
paralleled system expansion us­
ing industry-standard S-100 
cards. 

• S-100 bus - don 't overlook how 
important this is. It has the in­
dustry's widest support and Cro­
memco has professionally imple­
mented it in a fully-shielded 
design. 

-r eo 
nco p 0 ate d 

SpeCialists in computers and peripherals 

• Cromemco card support of more 
than a dozen circuit cards for 
process control, business sys­
tems, and data acquisition in­
cluding cards for A-D and D-A 
conversion, for interfacing daisy­
wheel or dot-matrix printers, even 
a card for programming PROMs. 

• The industry's most professional 
software support, including 
COBOL, FORTRAN IV, RATFOR, 
16K Disk-Extended BASIC, Z-80 
Macro Assembler, Cromemco 
Multi-User BASIC, Data Base 
Management System, Word Proc­
essing System - and more com­
ing. 

• Rugged, professional all-metal 
construction for rack (or bench 
or floor cabinet) mounting. Cabi­
nets available. 

FOR TODAY AND TOMORROW 
Cromemco computers will meet 

your needs now and in the future 
because of their unquestioned tech­
nical leadership, professionalism 
and enormous expandability. 

See them today at your dealer. 
There's no substitute for getting 

the best. 

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
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Here's how you can be fully computerized 
for so much less than you thought 

BUSINESS - EDUCATION - ENGINEERING - MANUFACTURING 

We are pleased to announce the f irst 
professiona l time-sharing system in the 
microcomputer fie ld. 

Naturally, it's from Cromemco. 
This new mult i-user system will do 

all of the tasks you usually associate wi th 
much more expensive time-sharing com­
puters. Yet it's priced at an almost un­
believab ly low figure. 

Look at these features: 
• You can have up to 7 terminals plus 

a fast, 132-column line printer 
• You can have a large system RAM 

memory that's expandable to 1/2 
megabyte using the Bank Select 
feature 

• Each user has an independent bank 
of RAM 

• You can have floppy disk storage of 
up to 1 megabyte 

• You have confidentiality between 
most stations 

• And, make no mistake, the system 
is fast and powerful. You'll want to 
try its fast execution time yourself. 

2 BYTE May 1979 

PROGRAMMERS LOVE OUR BASIC 
Th is new system is based on Cro­

memco's we ll- known System Three 
Co mputer and our new Mu l ti-User 
BAS IC software package. 

Programmers te ll us that Cromemco 
M ulti-User BAS IC is the best in the f ield. 
Here are some of its attractions: 
• You can use long variable names 

and labels up to 31 characters long 
- names like "material on order" 
or "calculate speed reduction." 

• You get many unusual and helpful 
commands that simplify programs 
and execution - commands such as 
PROTECT, LIST VARIABLES, NOLlST, 
and many more. 

ronaenaco 
ncor porate d 

Mic r ocom p ut er Systems 

• No round-off error in fi nancial work 
(because our BASIC uses binary­
coded decimal rather than binary 
operation). And we've still been able 
to make it FAST. 

• Terminals and printer are interrupt­
driven - no add itional overhead 
until key is pressed. 

• The conveniences in th is Multi-User 
BASIC make it much easier to write 
your own application software. 

• A line ed ito r simplifies changes. 
BENCHMARK IT - NOW 

In the f ina l analys is, the thing to do 
is see this beautiful new system at your 
dea ler. See its rugged professional qual­
ity. Eva luate it. Bench mark it for speed 
with your own routine (you' ll be agree­
ab ly surprised, we guarantee you). 

Find out, too, about Cromemco's rep­
utation fo r quali ty and engineering. 

Look in to it now because you can 
have the capabilities of a fully compu­
terized operation much quicker and for 
m uch less than you ever thought. 

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
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lil T~is ~YTE 

This issue's theme is provided by 
an artic le on various cartographic 
pro jections by William Johnston . 
To emphasize this theme of map­
ping terrain with computer models, 
Robert Tinney's pain t ing "Beneath 
The Grid" shows a landscape with 
a superimposed grid of lumines­
cent whi te lines as might be pro­
jected in the mind's eye by an ap­
propriate graphic output device. 

Microcomputers a llow the qu ick and easy 
performance of operat ions that take an ex­
temely long time to perform by hand. One 
of these operat ions ·is drawing maps from 
accumulated tables of data . William 
Johnston describes the simple programs 
used to produce Computer Generated Maps. 

page 10 

A data tablet is a graphical input device 

that enables you to enter v isual images into 
yo ur computer. Richard Blum has a program 

for Representing Three·Dimensional Ob­
jects in Your Computer. page 14 

I f you need to com municate digital infor­
mation from one point to another through 
an electri ca lly noisy environment, then op­
tical commun icat ions may be one solution . 
If you are go ing to communicate over long 
distances or at high speeds, then a laser may 

be the best cho ice for a light source. Thi s 
month Steve Ciarc ia exp lains how to Com­
municate on a light Beam. page 32 

Publllh,rw Production Editors 

The peopl e interested in just wettin g thei r 
fee t in the fi eld of mi crocomputers are 
usually not I ~ok ing for a ve ry big system. A 
single board computer is often a good first 
experi ence. The O hio Sc ienti fic Superboa rd 

II is one singl e board computer which has 
some interest ing capa bilities. Find out what 
Chris Morgan thinks about The Superboard 
II. page 50 

Fl ex ibl e v ideo di sp lays have been made 
poss ibl e by spec ial di sp lay controll ers. Bob 
Haas describes four dev ices from d ifferent 
m anufacturers and tell s how he used a 
specif ic v ideo di sp lay contro ll er in a suc­
cessfu l constru ction proj ec t. You ca n lea rn 

more about these single integrated circu it 
marve ls in Single Chip Video Controller. 

page 52 

If you do not have documentation for a 
machine language program, it is almost im­

possib le to determine how the program 
works. Bob Lentz desc ribes a 6800 
Disassembler that he wrote for hi s SwTPC 

680'0' system. page 104 

Possession of an in tege r ar ithmetic 
language does not preclude the wr i ti ng of 
intri cate programs involv ing trigonometric 
functions. Dav id J Beard desc ribes how he 
used an integer BASIC to develop naviga­
tion rout ines for Spacewar in Tiny BASIC. 

page 110 

The most preva lent form of output from a 
personal computer seems to be a v ideo 

display. Therefore, the seri ous hobbyist 
should be aware of the number of different 
video display controll ers that are availab le. 

Chri s Tennant looked at the Inte l 8275 video 
display controller and liked what he saw. In 
hi s artic le he describes a video interface us· 
ing The Intel 8275 CRT Controller. page 130 

In part 2 of Smart Memory, Randy Smith 

presents a series of black box diagrams to 
describe the workings of an assoc iative 
memory. page 150 

Circulation Manager Comptroller 

The " wraparound" queue can save you 
time during input and output operations on 
your computer. W 0 Maurer expla ins how 
th e queue works and how to implement it on 

80'80' computer sys tems in Simultaneous In· 

put and Output for Your 8080. page 164 

Last month Len Gorney described how to 
implement a queue on a computer. This 
month he ta lk s about rea l l ife queues and 

how the sc ience of Queuing Theory can be 
applied . page 176 

The CORD IC algor ithm is a venerab le and 
eff ic ient method for ca lcu lating trigono­
metr ic functions. John A Ball gives some 
practica l suggestions to exper imenters in 

Trigonometry in Two Easy Black Boxes. Find 
out how you can streamline your number 
crunching with CORDIe. page 184 

Good programming techniques are v ital 
in persona l computing as well as in comput­
ing in general. Author Delmer 0 Hinrichs, 

using tic -tac-toe as an exampl e, describes 
the strategies of the game programmer in 
Tic·Tac·Toe: A Programming Exercise. 

page 196 

Ralph Stirling describes how to turn a 
motorized wire wrap tool into a motorized 
unwrapp ing tool in The Hobby Unwrap. 

page 218 

For owners of Signetics 2650' based com­
puter systems, Edward R Teja and Gary 
Gonnell a have provided a useful dis­
assembler program to help make sense of 
those hexadec imal mach ine language list­
ings. Read A Mini-Disassembler for the 
2650. page 233 

If your microcomputer lacks an assem­
bler or high leve l language, it w ill be 
necessa ry to hand assemble all of your pro­

gram s. To do this quickly and accurately it 
is a good idea to develop a consistent 

routine . Erich Pfeiffer describes a usefu l 
technique in Aids for Hand Assembling Pro· 
grams. page 238 
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ScreensplitterMVidea Display S ystem 

From IIDumb" To "Smart" 
Screensplitter is a video module designed for 

many levels of use-from the "dumb terminal" 
cpnfiguration to a page-oriented document 
processor to a multiple-process display sys­
tem. 

As a terminal. Screensplitter offers up to 40 
lines of B6 characters, more than twice the 
number of visible characters than other 
systems in its price range. 

As a document processor, it gives you single 
keystroke control over character, word, line, 
and page level alterations such as insertion or 
deletion. And a powerful new unit of area-the 
window-allows you to move blocks of text 
around or redimension paragraphs dynamical­
ly; again, all at the touch of a finger. Indention, 
justification and pagination are standard and 
transportability is guaranteed with our CP / 
M-l*- interface. 

As a multiple-process display system, Screen­
splitter places the raw power of the Window 
Package at your control. You can create any 
number of "subscreens", each a logically 
distinct I/O region with its own cursor, scroll 
control, reverse video, optional frame and 
many, many more features. Plotting and bar­
charting are a snap and you can even define 
your oWn character set to personalize your 
display. 
-If- CP I M is a trademark of Digital Research . Inc. 

Professionally Designed 
There was only one design goal in the develop­

ment of the Screensplitter: to provide a large 
rock-solid display that could accommodate 
diverse applications without sacrificing exten­
sibility or compatibility. We not-so-modestly say 
that we have outdone ourselves . .Just look at 
these features and compare them with other 
video systems available today: 

• 40 lines of B6 characters per line. 
• 1 ,024 words of onboard intelligence that 

manages. your displayed data. 
• a selection of esthetically designed fonts, 

including APL. 
• multiple subscreen control. 
• a page-oriented document processor that 

boasts dynamic redimensioning and move­
ment of text blocks. 

• ultra-fast display control. 
• a character generator that is changeable 

and offers intrinsically winking characters 
that can be set to wink by scan line. 

• 4 ,096 words of static display memory. 
• interfaces for CP / M and North Star DOS. 
• a dedicated crystal for guaranteed display 

stability. 
• composite and direct-drive video output. 
• S-1 00 compatibility. 
• full buffering on all buss lines. 
• 1 40 page user's manual. 
• immediate availability. 

Micro Dive rsions, Inc. 8455-0 Tyco Road Vienna, Virginia 221 80 (703) 827-0888 



Altos Computer Systems 
2378-B Walsh Avenue 
Santa Clara, CA 95050 

Apple Computer 
10260 Bandley Dr. 
Cupertino, CA 95014 

Digital Microsystems Inc. 
(Formerly Digital Systems) 
4448 Piedmont Ave. 
Oakland , CA 94611 

Imsai Mfg. Corporation 
14860 Wicks Blvd . 
San Leandro, CA 94577 

Industrial Micro Systems 
633 West Katella, Suite L 
Orange, CA 92667 

North Star Computer 
2547 9th Street 
Berkeley, CA 94710 

Percom Data 
318 Barnes 
Garland, TX 75042 

Polymorphic Systems 
460 Ward Dr. 
Santa Barbara, CA 93111 

Problem Solver Systems 
20834 Lassen Street 
Chatsworth , CA 91311 

Processor Applications Limited 
2801 E. Valley View Avenue 
West Covina, CA 91792 

SO Sales 
3401 W. Kingsley 
Garland, TX 75040 

Smoke Signal Broadcasting 
6304 Yucca 
Hollywood, CA 90028 

Technico Inc. 
9130 Red Branch Road 
Columbia, MD 21045 

Texas Electronic Instruments 
5636 Etheridge 
Houston, TX 77087 

Thinker Toys 
1201 10th Street 
Berkeley, CA 94710 

Vista Computer Company 
2807 Oregon Court 
Torrance, CA 90503 
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6 May 1979 © BYTE Publications Inc 

E~it()~ial , . 

Don't Forget the Hardware ... 

by Carl Helmers 

With respect to manufactured products for the small computer 
user, we l ive in a time of plenty . There are at least 20 to 30 different 
manufactured or kit versions of complete personal computer systems, 
many featuring numerous models and sets of options . The hardware of 
these computers is complete, and in the better brands comes with am­
ple documentation of the system 's internals. The ~ystem s software 
comes in various stages of completeness and usefulness as a software 
development tool to satisfy particular personal computer users' needs. 

Many readers, like myself, may tend to hesitate at the thought of ex­
periments which involve building hardware to couple with appropriate 
software, in order to accomplish an application. But what is the 
mystery of peripheral hardware? 

In this era of integrated circuits, standard logic levels, and a wealth 
of solid state parts, even the most hesitant software addict can, with a 
small amount of effort, create custom hardware for personal applica­
tions by the simple act of wiring. I come from a software oriented 
background, and use programs in place of dedicated hardware 
wherever possible . But when I want to use my program to turn the 
lamps on and off in my hous_e, in response to voice inputs, I 
"somehow" have to make my computer talk to 110 VAC 60 Hz . There 
is no way that my software can switch several amperes without some 
assistance. 

One alternative means to accomplish this goal is to purchase one of 
several fairly elaborate AC wiring control interfaces which are coming 
on the market. But, if you want to learn about hardware and the 
simplicity of interfacing, you can make a simple evening's project of 
wiring severa l optica ll y isolated solid state relays to a parallel output 
port for your computer. The ease of interfacing is phenomenal. 

I recently purchased several solid­
state rel ays (see photo 1) from a local 
electronics parts distributor. This hybrid 
relay takes a standard TTL (transistor­
transistor logic) signal of 5 V as its input, 
the same kind of a signal which is sup­
pli ed by any typical computer's TTL 
output port lines. It is optically iso lated, 
so there is no direct elect ri ca l connec­
tion to the computer. Short of dro pping 
a screwdriver ac ross the 110 VAC lines, 
there is no chance of errant 110 VAC 
entering the back side of your computer. 

Tex t continued on page 123 

Photo 1. At $12.80 (quantity one) from an electronics distributor, op­
tically isolated solid-state relays like this open up a whole world of 
practical personal computing experiments around the home. 



"I own a fast-growing business and before I 
bought my computer system I put in a lot of late 
hours keeping up with my accounting and 
inventory control, Now the computer does my 
number crunching quickly, so I have time after 
hours to have some fun with the system, My son 
and I started out playing Star Trek on the system, 
and now we're learning to play chess, 

"When I was shopping around for my system, 
the guys in the computer stores demonstrated a ll 
the unique features of the minifloppy, I've got to 
admit that at first I didn 't really understand all the 
technical details, But now that I use the system 
every day, I really appreciate the minifloppy's fast 
random access and data transfer, I like the 
re liability, too. 

''I'm g lad I went with Shugart drives, Look, 
when you layout your own money for a system, 
you want dependable performance and good 
value, Do what I did, Ask for the system with the 
m inifloppy, " 

If it isn't Shugart, 
it isn't minifloppy. 

~®ShUgart Associates 
435 Oakmead Parkway, Sunnyvale, California 94086 

See oppOSite page for list of manufacturers featuring Shugart's minifloppy in their systems. 
TM minifloppy is a registered trademark of Shugart Associates 
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KUDOS FOR ITHACA 

have recently had the pleasu re o f 
doing business with a company which 
deserves recognition . I orde red a 16 K 
byte expansion kit from Ithaca Audio 
and install ed it in my TRS ·80 expansion 
interface box. Over seve ral months I 
discovered tha t most of the time it 
di dn' t work. I also discove red that this 
wa's a design problem with the Radio 
Shack expansion interface, not the 
memory , 

Radio Shack was not helpful. After 
all , I had installed ad dition al memory 
not purchased through Radio Sh ack. 
I call ed Ithaca Audio, expectin g a 
simil ar reaction. On the co ntrary ! 
They knew about t he var ious problems 
with the inte rface expansi on box and 
offered the following free aid : 

• a rep lace men t set of e ight NEC 
memories which require less fre­
quent refresh sign als . 

• Should this fa il, I would se nd 
them my expansion in terface box 
and both sets of memory. They 
would return the interface in 
working order. 

• If the new memory did work, I 
wo uld then re turn the origin al 
se t . 

The N EC memory worked fine. All 
problems we re solve d. Now I know th at 
when Ith aca Audio gua ran tees that the ir 
upgrade kit wi ll work, they mean it. 

AI Baker 
2327 S Westminster St 

Wheaton IL 60187 

COMMENTS ON COMPUTER 
ASSISTED INSTRUCTION 

I apprecia ted the articles by Davidson, 
Gerhold, and Kheriaty (Novembe r 1978 
BYTE) and by Ge rh o ld (December 19 78 
BYTE) rel ating to com puter assisted 
instruction (CA I) o n m icroco m p uters. 
The d iscussion o n what constitu tes good 
and bad CA l courseware was he lpful , 
and the description of PILOT software 
they are usi ng was also in fo rm ative. 
I am pleased to learn of work be in g done 
in the area of CAl o n microcomputers, 
for my experience suggests it can be a 
very useful teach in g tool. 

One concern I have is that the micro­
comp ute r system described in these 
artic les does not include the capability 
to prepare courseware o n the small com' 
puter system . Th e app roach taken by 
the au thors to prepare and tes t course­
ware o n a large r computer system, and 
th en to use that co urseware with micro­
comp uters, has merit for their situation 
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where the larger machine is readily ava il­
ab le. However, many persons do not 
have access to such systems, Moreover, 
cou rse objectives change rather fre ­
quently and individu al teachers will 
prefer to present materials diffe rentl y. It 
seems to me the small comp uter system 
should permit the teachers to wr ite, test, 
and ed it the courseware without be in g 
de penden t on a large computer. This 
might possibly generate low quality 
co urseware, bu t I feel many teachers 
co uld make good co ursewa re who wo uld 
not do so if a large (and probably less 
acceSS ible) comp uter were req uired. 
People with experience in CA l co ul d be 
of great ass istance by publishin g guid e­
lines for wr iting good cou rseware alo ng 
with methods of determi nin g its qu ality. 

Professor Gerhold presen ts a strong 
case for the use of PI LOT instead of 
other languages for CA l; however, good 
courseware can be prepared using BAS IC 
o r other lan guages if that is all that is 
avai lab le to a part icu lar use r. I am usin g 
North Star BAS IC and a Horizon II 
co mputer with 32 K bytes of program­
mable memory fo r comp ute r aided 
instruction in soi l physics at Oklahoma 
State Univers ity. Th ree BASIC programs 
were developed here to enter and ed it 
courseware, process the courseware and 
interact with stude nts and store their 
responses, and ana lyze student responses. 
The system is capable of performing 
complex matches of the ki nd described 
by Mr Ge rh o ld (December 1978 BYTE, 
page 125 ) in one to five seconds, as we ll 
as jumping to specific parts of the cou rse­
ware depending up on t he student's 
respo nses to previous quest io ns. More­
over it is very easy to create and edit 
courseware o nce the teacher has plann ed 
th e material to be presented. 

I hope to see more articles in BYTE 
relating to comp uter aided instruction 
o n microcomputers. I wo uld appreciate 
arti cles on software (such as PI LOT), 
software and hard ware req uired for pre­
par in g good courseware, methods of 
assess in g the qu ali ty of co urseware, and 
low cost video terminals with special 
features needed in instruction such as 
graphics, subscripts, and supersc ripts. 

Asst Prof David L Nofz iger 
Oklahoma State University 

Stillwater OK 74074 

PASCAL COSTS ADD UP 

would like to respond to BYTEs 
commen t on "Pascal Critique and a 
Comment," by J O'Loughlin (D ece mber 
1978 BYTE, page 179). I feel that the 
UCSD Pascal system is not an affordab le 
implem entation of Pascal. Although th e 
software costs "on ly " $200, you need 
56 K bytes of programmable memory to 
use it productive ly ($800), plus 8 inch 
floppy d isk ($1000), and a terminal with 
cursor control ($1000). Add th is to a 
$1000 mai nframe and th is "affordable " 
system costs $4000. Compare this to a 
$600 T RS-80! Sure, Pasca l is more read­
ab le than BASI C, but th ere are other con -
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If the truth is that you won t a 
c.ompuler , , , Inen w e w ont to be your 
computer store, 

We 're ComputerLand, the # 1 
computer store chain in the U, S, What's 
mean ingful about that fact is, that 
ComputerLand has been chosen by more 
people as having w hat they've been 
looking for, And, si nce yo u're look ing , let 
us tell you what you'll find , when you visit 
a ComputerLand store , 

You ' ll find a praduc.t line that's 
c.antinuall y evaluated to provide yo u wi th 
the widest and best selection in quality, 
brond nome microcomputers anywhere, 
You ' ll find on enthusiastic and 
knowledgeable stoff able to interpret all 
the equipment specifications, in terms of 
how they apply to you, and in a way 
you'll understand, You' ll find demonstration 
areas w here you can get a firsthand 
experience of running a computer you rsel f , 

COMPUTERS 
FOR BUSIIiESS 

You' ll find educational material s to g ive 
you a total insight into the wor ld of 
microcomputers, 

You 'll find a fully equipped servi ce 
deportment to provide whatever assistance 
is required to keep your compu ter run ning 
in top-notch condition, You ' ll fi nd computer 
user 's clubs to ioin , where you ca n shore 
ideas w ith peop le as en thu siastic as 
yourself, And, w ith each new visit, you' ll 
find excitement-from the people you dea l 
w ith , the equipment they offe r, and f rom 
your own ever-growing personal 
involvement. 

IIY 

Enough about us, How abou t w hat 
compu ters do, To attempt to descri be a ll 
the things you r computer might do, would 
be to describe your im agi nation, So 
instead, we' ll br iefl y list some of the many 
things for w hich small computers are 
already being used, 

In business, the advent of the 
versatile and compac t microcomputer has 
put th e benefits of computin g w ith in reac h 
of small compa nies, W ith systems starting 
at less than $6000, the businessman can 

COMPUTERS 
FOR THE HOME 

Vlso1 
D 

compu teri ze things like accounting, 
inventory control , record keep ing, word 
processing and more, The net result is the 
reduction of administrative overhead and 
the improvement of efficiency w hich allows 
the business to be managed more 
effecti vely, 

In the home, a computer can be used 
for personal budgeting , tracking the stock 
market, evaluating investment opportunities, 
controlling heating to conserve energy, 
running security alarm systems, automating 
the garden 's watering, storing rec ipes, 
designing challenging gomes, tutoring the 
chi ldren , , , and the list goes on, 

In industry, the basic applications are 
in engineering development, process 
control, and scientific and ana lytical work, 
Users of microcomputers in industry 
have found them to be reliable, cost­
effective tools which provide computing 
capability to many w ho would otherwise 
have to wai t for time on a big computer, 
or work w ith no computer at all , 

And now we come to you, w hi ch leads 
us right bock to where we started : If you 
want a computer, then we want to be 
your computer store. 

Whether yo u wont a computer for the 
home, business or industry, come to 
ComputerLand first. We'll make it easy for 
you to own your first computer, Because, 
si mpl y put, we reall y wo nt your business, 
When you come right down to it, that's 
what makes us #1. 

Computer Land Corp. 
14400 Catalina 51. 
San Leandro, CA 94577 
(415) 895-9363 

ComputelLand® ComputerLand Europe 
Europa Terrassen 
8 Rue Jean Engling 
Dommeldange, Luxembourg 
Phone 43 29 05 Telex 2423 Franchise Opportunities Worldwide. WE KNOW SMALL COMPUTERS 
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m ut r -n rat d Map , Part 1 

About the Author: 

William D Johnston 
1808 Pomona Dr 
Las Cruces NM 88001 

Cartography, th e art of ma pm ak ing, 
ori ginated in ancient ti mes. I t came of age 
in 1538 when Gerh ard Mercator revolution­
ized th e science with th e introdu ction of the 
f irst modern mathematicall y deri ved map 
projections. Those pl'Ojections, whi ch bea r 
his name, have stood th e test of fo ur and a 
half centuries, and to thi s day are of great 
valu e in a wide vari ety of appli cations. Many 
of the world' s most famous ca rtogra ph ers 
lived, worked, and made grea t theoretical 
contributions more th an 200 yea rs ago. Th e 
nam es of Lambert, Moll we ide, Lagrange, 
Gauss, and others will rin g fa mili ar to even 
the cas ual use r of maps. 

Whil e th ese men all had brilli ant minds, 
they sh ared an ex trao rdin ary handicap: that 
which they co uld conceive in theory they 
could put in practice onl y through enorm ous 
labor in manu al computati on. The construc­
tion of maps through math emati ca l projec­
tions begins with se ts of geographi ca l coordi­
nates wh ich define the boundari es of the 
areas to be mapped. Th ese coordin ates are 
manipul ated with appropriate mathematical 
procedul'es to convert the geographi cal data 
to map coordin ates, and these fin al numer ic 
figures are used to draw the maps. In prac­
tice, accurate maps require definin g literall y 
tens of thousands, and frequently hundreds 
of thousands - or even millions - of refer­
ence points. 

William D Johnston has worked in the fields of mathematics amI 
computer systems since 7962. For the past ten years his professional 
pOSition has been that of senior mathematician with primary responsi­
bilities in computer graphics, user executives, and data reduction soft­
ware for missile flight analysis. He built his first computer circuits 
(binary counters, ring counters, and half-adders) using vacuum tubes in 
7959, the same year he received his amateur radio license. 

Johnston has had articles in Sky and Telescope, Radio Communica­
tion, Ham Radio, QST, CQ, Ham Radio Horizons, RTTY Journal, and 
other technical publications. 
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It is no wonder th at un til recent t im es, 
these eminent sc ienti sts wasted years of their 
li ves arduously computin g compl ex mathe­
matica l convers ions by hand . As recentl y as 
20 yea rs ago, it was st ill standa rd procedu re 
in many gove rnm ent and private mapping 
agencies to create maps usin g no thin g better 
th an tab les of precompu ted conversion 
facto rs, between wh ose entries interpol ation 
was required. Th e ta bl es themse lves had 
been computed manually, with th e ass istance 
of slide rul es or mechanical calcu lators, at 
best. Ove r the years, ca rtographers frequ entl y 
poin ted out the need fo r vari ous ty pes of 
maps, and even developed the procedu res for 
mak ing them, but the manpower simpl y 
was n't ava il abl e to execute the tas k. 

Now, with th e power of the microcom­
pu ter, the rankest amateur can produ ce in 
minu tes what might have taken Mercator or 
Lambert man y years to accomplish. Not 
onl y can the math ematical computations be 
car ri ed out on th e mi cl'Ocom pu ter, bu t with 
a suitab le graphics devi ce the map itself can 
be drawn in fin al form . Th e practi cal appli­
cations are limitl ess. Such diverse field s as 
economi c secto r mappin g for business , 
generatin g map overl ays fo r direct recep­
ti on of weather satellite ph otos in th e 
home, ae ronautical and mar itime nav igation, 
OSCA R satellite trackin g for communica­
t ions, topographic mapping, and celestial 
maps for astronomy are just a few of the 
many worthwhil e applications. 

For Space War fans, a vivid vid eo graphics 
presentation of the changin g Earth as seen 
fro m an orbi t in g spacecraft can add excite­
ment to the game as battles rage over An t­
arctica, then sh ift to high above Europe, or 
whel'ever the Captain takes his ship . A wh ole 
new dimension can be added to such games 
as Ba ttleship, wh en th e combatants have the 
entire Pac ifi c Ocean with all of its islands 
and atoll s in whi ch to maneuver, pl an tactics, 
and try to outwit th e enemy. 

Classifica tions of Maps 

Th e kinds of maps that yo u mi ght gener­
ate on yo ur own person al computer will 
depend upon the intended use, but, broadl y 
speakin g, map projections fall into two gen­
era l ca tegori es: mathemati ca l projections 



and perspective (or geometric) projections. 
Mathematical projections are defined by a 
mathematical functio n or procedure whi ch 
will preserve or enhance the characteristics 
most important in the map's app li cation. 
The Mercator map is a class ic exam pl e of the 
mathematical projection. 

Perspective projections are very mu ch like 
perspective engineering drawings, wh ich 
come under the category of perspective 
geometry. Th ey are defined by, and may be 
created through, geometr ic constructions. 
(Perspective projections may also be de­
scribed mathematically, but the converse is 
not tru e. Projections class if ied as mathemat­
ical cann ot be defined geometrical ly .) A map 
made of the visible surface of the Earth, 
exactly as it appears from an orbitin g space­
craft, is a perspective projection. Th e map 
outline overlays placed on weather satelli te 
photos are common examples of this type of 
projection. 

Idea ll y, a map should portray the Earth 
as it actuall y is, preserving both the shapes 
and the relative sizes of the areas being 
mapped. Distances throughout the map 
shou ld be at a co nstant ratio to the actual 
distances on the Earth. For navigation and 
rad io comm uni cation purposes, it wo ul d be 
conven ient to have great circles on the 
surface of the Earth (which define the 
shortest distance between any two points) 
to appear as straight lin es on the map. 
. Unfortunate ly, since the Earth is a 

sphere and maps are, of necessity, f lat, it 
is impossible to incorporate all of these 
features in to a single projection. Conse­
quently, the var ious map projections are 
compromises se lected to min imize the 
various distortions while enh ancin g other 
features, depending upon the particul ar 
app li cation that the map is to be used for. 

Any map wh ich preserves the relatille 
sizes of the areas portrayed is called an 
equal-area projection. Any map wh ich 
preserves the shapes of the areas portrayed 
is said to be a conformal projection. In 
practice, if the error is no more than one 
or two percent, the map is cons idered to 
have met the req uirements. A given map 
may be eith er conform al or equal-area, or 
it may be both, or it may be neith er. 

Hardware 

Th e creation of maps by compu ter is 
exceedi ngly si mpl e. Th e on ly hardware 
necessary is the computer itself, along 
with some type of graphi cs device. The 
graphics eq uipm ent may be a video disp lay, 
or an X, Y pen plotter. If yo u are primarily 
interested in printed maps, then obviously 
a pen pl otte r (or a video display with hard 

START ) 

OBTAIN COORDINATES OF 
REFERENCE POINT AND 
TYPE OF PROJECTION 
TO BE DONE 

COMPUTE NECESSARY 
SCALE FACTORS, BASED 
ON THE REFERENCE POINT 
AND THE MAP SIZE 

GET A PAIR OF 
GEOGRAPHIC COORDINATES 
FROM THE DATA BASE 

CALL APPROPRIATE 
SUBROUTINE TO CONVERT 
GEOGRAPHIC COORDINATES 
TO MAP COORDINATES 

PLOT THE CONVERTED 
DATA ON THE 
GRAPHICS DEVICE 

NO DATA 
BASE 

EXHAUST-

I+-----

DATA BASE 

RAW GEOGRAPH IC 
CO ORDINATES 
DEFINING AREAS 
TO BE MAPPED 

+. ED ;> 

YES 

STOP 

Figure 7: Flowchart of the 
basic procedure used to 
generate any map with a 
computer. 

copy attach ment) would be yo ur best 
choice . If, on the oth er hand , your first 
in terest is in fast-changing maps fo r games, 
then a good vid eo graphics disp lay alone 
wou ld serve qu ite we ll. Some dot matr ix 
plotters can produce satisfactory maps, 
though often at a sacr ifice in memory or 
mass storage I/O (input/output) time. 

Map Generation Algorithms 

One of the most appealin g aspects of 
mapmaking by com puter is the simplicity 
of the software. Figure 1 shows a flowchart 
of the fundamental proced ure used to ge n­
erate any map. The algor ithm consists of a 
da ta base of raw geograph ic coord i nates an d 
a mathematical convers ion procedure. Given 
a refere nce point (a point of projec tion or a 
set of mapp in g limi ts), the program loops 
through the convers ion procedure, convert­
ing one pair of geograph ic coord inates to 
map coordinates each time, until the data 
base is exhausted. As each pair of map coor­
dinates is computed, the information is used 
to draw that element of the map. If th e pro-
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gram is to have the ability to generate several 
different projections, each projection con­
version procedure can be written as a sub­
routine, and the appropriate subroutine 
would then be call ed at that point in the 
loop. 

Most of the common projections, as we 
will see by the examp les later, are defined 
by relatively simple mathematical equations. 
More often than not, the mathematical com­
putations for a given conversion require no 
more than two to six statements in a BASIC 
program. 

Data Base Requirements 

As mentioned ea rli er, the data base con­
sists of sets of geographic coordinates which 
describe the areas to be mapped. Since the 
map is generated by lines connecting the 
points, they must occur frequently enough 
to provide the desired resolution. The 
greater the resolution needed, the more data 
points required, and hence, the larger the 
storage requirements for the data base. 

Of course if you are mapping the entire 
world, your data base wi ll be much larger 
than if you are mapping, say, just the United 
States. Furthermore, the resolution of your 
graphics device, along with the scale factor 
of the finished map, sets an upper limit on 
both the number of data points and the 
angu lar resolution (that is, the number of 
sign ificant digits) needed in the data base 
to secure the highest resolution possible with 
that particular device. The maps that accom­
pany this article were generated from a data 
base that is far more extensive than most 
people would ever need. It consists of ap­
proximately 10,000 pairs of coordinates, 
sufficient to produce a satisfactory world 
map several feet (more than a meter) in 
diameter. The angu lar resolution of the 
latitudes and longitudes is 0.0001 radian, 
which is sufficient for maps down to a scale 
of 1: 1 ,000,000 (ie: on the order of service 
station road maps) . 

The geograph ic coordinates (latitudes and 
longitudes) in the data base are almost uni­
versally stored in radians. The reason is that 
almost all map projections are computed by 
trigonometric formulas, and there is no sense 
having to convert the data base from degrees 
to radians every time the program is run. 

Data Base Structure 

The organ ization of the data base is 
straightforward. Each closed area repre­
sented by a continuous solid line which 
closes on itself is stored as a block of sequen­
tial coordinates (geographically sequential, 
that is). The last pair of coordinates in each 

block is the same as the first pair in the same 
block, so that the line drawn on the map will 
fully close. (Repeating the first pair of coor­
dinates in this manner is not absolutely 
necessary, but it will save headaches later, 
at a very small cost in storage space.) Each 
of these blocks is separated by a flag -
normally a pair of zeroes (ie: a zero for both 
the latitude and the longitude). 

Isl ands which are so small as to require 
that on ly a dot be drawn for mapping pur­
poses are grouped together into a single 
block. The program need know only the 
starting and ending addresses of that block 
so it can instruct the graphics device to draw 
on ly dots for these locations, rather than 
connecting them with lines. Political bound­
aries represented by dotted lines are handled 
in th is same manner. 

The size of your data base will determine 
whether it can be stored in main memory 
along with the program, or whether it will 
have to reside on a mass storage device. 
From the standpoint of computing effi­
ciency, the ideal situation is to have it in 
main memory since this eliminates a tremen­
dous amount of input/output (I/O) time. On 
the other hand, if th e graphics device is rela­
tively slow (as are many pen plotters), the 
lost I/O time will be masked by the time the 
computer spends waiting on the plotter, so 
no advantage is gained by using memory. 

In cases where fast-changing maps are to 
be displayed on video display, programmable 
memory is definitely the best choice for lo­
cating the data base. Where sufficient main 
memory isn't available for the size of the 
data base in use, the data base can fre­
quently be partitioned in such a manner as 
to permit the program to load portions of it 
from mass storage into memory at far less 
frequent intervals. 

For cel·tain special applications it has 
even been fo und advantageous to store data 
bases in read only memory. A number of 
amateur astronomers, for example, have 
stored the coordinates for the entire Messier 
cata logue of nonstellar objects, as well as 
limited star catalogues, in read only memory. 
The coordinates and catalogue numbers are 
used for both the real time control (pointing) 
of the te lescope, as well as for generating 
star maps on the video display. Such app l ica­
tions of read only memory are generally 
limited to cases where the data base occupies 
no more than a few hundred bytes. 

Compiling the Data Base 

You can put together your own data base 
to fit your own particular requirements, if 
you have a mind to do so. Most libraries 
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How to buy 
a personal computer. 
Suddenly everyone is talking about personal computers. 
Are you ready for one? The best way to find out is to 
read Apple Computer's "Consumer Guide to Personal 
Computing." It will answer your unanswered questions 
and show you how useful and how much fun personal 
computers can be. And it will help you choose a 
computer that meets your personal needs. 

Who uses personal computerS. 
Thousands of people have already discovered the Apple 
computer - businessmen, students, hobbyists. They're 
using their Apples for financial management, complex 
problem solving - and just plain fun. 
You can use your Apple to 
analyze the stock market, 
manage your personal 
finances, control your 
home environment, and 
to invent an unlimited 
number of sound and 
action video games. 
That's just the beginning. 

What to looll for. 
Once you've unlocked the 
power of the personal 
computer, you'll be 

using your Apple in ways you never dreamed of. 
That's when the capabilities of the computer you buy 
will really count. You don't want to be limited by 
the availability of pre-programmed cartridges. You'll 
want a computer, like Apple, that you can also program 
yourself. You don't want to settle for a black and white 
display. You'll want a computer, like Apple, that can 
tum any color tv into a dazzling array of color graphics.* 
The more you learn about computers, the more your 
imagination will demand. So you'll want a computer 
that can grow with you as your skill and experience 
with computers grows. Apple's the one. 

How to get one. 
The quickest way is 
to get a free copy of 
the Consumer Guide 
to Personal Computing. 
Get yours by calling 
800/538-9696. Or by 
writing us. Then visit 
your local Apple dealer. 
We'll give you his name 
and address when 
you call. 

• Apple 11 plugs inlo any slandard TV using 
an inexpensive moduJator (not included). 

Circle 15 on inquiry card. In California call (408) 996-1010. BYTE May 1979 13 



Representing 

Richard Blum 
3 Mohawk Dr 
Westboro MA 01581 

14 May 1979 © BYTE Publications Inc 

Three-Dimensional Objects 

in Your Computer 

How would you like to make sti ll pic­
tures "come to life"? Or perhaps draw or 
photograph objects and then animate them, 
on a video display? You can do it on your 
personal computer with the help of a data 
tablet and the program described herei n. 
The program takes images from a data tab let 
and transforms them in to a three-dimensional 
representation inside a computer. 

Once a three-dimensional representation 
of an object is entered into a comp uter's 
memory, programs can be used to display 
the object in perspective on a graph ical 
video display. The object can be displayed 
from an infini te var iety of perspectives. One 
can look at objects from any desired view­
point and generate different viewpoin ts 
rapidly - a capability that is very useful 
in anim ation . 

Computer Animation 

Animation with computers has several 
advantages over traditional an im ation tech­
niques. First, a computer can draw faster 
than a person . In 16 mi llimeter fi lm s, 24 
frames mu st be displ ayed every second . 
Thus a norm al animation requires thousands 
of drawings. The speed of the computer can 
save the time required to draw the many 
pictures anim ation demands. 

Second, a computer can quickly generate 
perspective drawings of objects. Perspective, 
the reduction in size of objects as they move 
further away from the viewer, gives pictures 
three-dimensional realism. Many cartoons do 
not use perspective drawings because of the 
time required to draw them. With the aid of 
computers, this reali sm in animation is easil y 
achieved. 

Third, computers can recreate the effects 
of wide angle or telescopic lenses, and can 
simulate lighting from any angle. 

With all these effects at their disposal, 
art ists have the potential to create realistic 

and exci ting animation. To make computer 
anim ation avai lab le to artists not familiar 
with computer programming, there must be 
techniques which enab le easy entry of visual 
data in to the computer. This is made pos­
sib le by the data tablet. 

The Data Tablet 

The data tablet is a graph ica l input device 
that enab les the entry of visual im ages into 
a computer. Ju st as a keyboard enters alpha­
numeric characters (the elements of text), so 
a data tablet enters lines and points (the 
elements of im ages). Data tablets are now 
commercially ava il ab le fo r personal com­
puter systems. The Bit Pad™, manufactured 
by Summagraphics, is an exam ple of a high 
quality data tab let ava il ab le for personal 
computers. 

I n using the data tablet, a pen shaped 
sty lu s is moved over a flat electromagnet­
icall y sensitive board. The pen's position 
over the board is monitored by a contro ll er 
wh ich re lays information to a computer. 
In this way it is possible to "draw" images 
directly into a computer's memory . 

The tablet board is 11 inches sq uare. 
Each point on the board represents a va lue 
in an X,Y coordinate system . Resolution is 
good, distinguishing as many as ten points 
per millimeter. There are three modes of 
operation. Data can be sent to the computer 
continuo usly, continuously while the sty lus 
is touchi ng the board, or at distinct mo­
ments while the stylus is touch ing the board. 

Even if you are not in te rested in anim a­
tion, you may still find it useful to manipu­
late images using a computer. A space game 
enthusiast could enter pictures of starships 
and then displ ay them during the game. The 
homeowner needing to do some interior 
decoration could enter photographs of a 
room interior and furniture. Then different 
furniture arrangements could be viewed . 
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Now you can put your S-100 system solidly into 
a full-size, single/double density, 600K bytes/side 
disk memory for just $1149 complete. 

DISCUS/2DTM single/double density disk 
memory from Thinker ToysTM is fully equipped, fully 
assembled, and fully guaranteed to perform perfectly. 

DISCUS/2DTM is a second generation disk 
memory system that's compatible with the new IBM 
System 34 format. The disk drive is a full-size Shugart 
BOOR, the standard of reliability and performance in 
disk drives. It's delivered in a handsome cabinet with 
built-in power supply. 

The S-100 controller utilizes the amazing Western 
Digital 1791 dual-density controller chip . .. plus 
power-on jump circuitry, 1K of RAM , 1K of ROM with 
built-in monitor, and a hardware UART to make I/O 
interfacing a snap. 

The DISCUS/2DTM system is fully integrated with 
innovations by designerlinventor George Morrow. 
Software includes BASIC-VTM virtual disk BASIC, 

DOS, and DISK-ATpM assembler/editor. Patches for 
CP/M* are also included. CP/M: MicroSoft Disk 
BASIC and FORTRAN are also available at extra cost. 

DISCUS/2DTM is the really solid single/double 
density disk system you've been waiting for. We can 
deliver it now for just $1149. And for just $795 apiece, 
you can add up to 3 additional Shugart drives to your 
system. Both the hardware and software are ready 
when vou are. 

Ask your local computer store to order the 
DISCUS/2DTM for you. Or, if unavailable locally, write 
Thinker Toys, ™ 5221 Central Ave., Richmond, CA 
94804. Or call (415) 524-2101 weekdays, 10-5 Pacific 
Time. (FOB Berkeley. Cal. res. add tax.) 

*CP/M is a trademark of Digital Research. 

Tht;k;;mi\iYs'. 
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Th ere are many other uses for a data tab let; 
only imagi nation is needed to discover them. 

Preparing to Use the Picture Input Program 

Th e program in li sting 1 all ows one to 
construct three-dimensional rep resentations 
of objects inside a computer. These repre­
sensat ions will late r be used to di splay the 
objects in perspective. The description of 
an object is entered using a data tabl et, so 
that the process resembles drawing. For 
each side of the object entered, two pictures 
must be su pplied . Either photograp hs or 
drawings may be used. The procedure de­
sc ribed below assumes that photographs are 
used. If drawings are used instead, they must 
be prepared according to thi s procedu re. 

Th e two photographs must be taken such 
that they both center on the same point of 

Photo J: Two views of side view 7. 

Photo 2: Two views of side view 2. 

the object (see figure 1) . This point is to 
become the origin point. It is also neces­
sary that the camera location for the second 
shot be directly behind where the camera 
was for the first shot, so that there is a 
straight line between the origin point and 
the center of the camera in both shots. Then 
the distance between the camera's positions 
shou ld be measured . I t is not necessary to 
know how far the camera was from the 
object, but only to know the difference in 
camera positi on. The only other measure­
ment necessary is the X,Y,Z distance be­
tween the origin and one vertex on the 
obj ect. 

It is also necessary that the lens' effective 
focal length does not change between the 
two photographs. This may be achieved by 
using the same foc us setting with a very 
small aperture, or more simply by using a 
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Listing 7.' BASIC program for entering and manipulating data from a data 
tablet. 

0010 LET X l =l 
0020 REM (THIS PROGRAM ACCEPTS DATA FROM A TABLET AND TERM INAL) 
0030 REM (AND CREATES THREE DIMENSIONAL MODELS OF TH E OBJE CTS ENTEREDI 
0040 REM X,Y,Z COORDINATES 
0050 DIM X [1001.Y [1001 ,Z[ 1001 
0060 REM X,Y,Z DISPLACEMENTS FROM SIDE l 'S ORIGIN 
0070 DIM X9 (61 .Y9(61 .Z9 (61 
0080 REM INITIALIZE TOTAL NUMBER OF VE RT ICE TO 0 
0090 LET 13=0 
0100 PRINT "HOW MANY SIDE V IEWS ARE TO BE ENTERED" 
0110 INPUT Sl 
0120 REM ENTER THE POINTS FROM EACH SIDE VIEW 
0130 FOR S= l TO Sl 
0140 PRINT " PROCESSING SIDE V IEW",S 
0150 GOSUB 0230 
0160 NE XT S 
0170 OPEN FILE(1.11 ,"RESULT'" 
0180 FOR 17 =1 TO 13 
0190 PRINT FI LE( 1 I .17 ,X ( 17 1.Y (17I ,Z8 - Z(I7I 
0200 NE X T 17 
0210 CLOSEFILE(11 
0220 END 
0230 REM (FIND THE USERS ORIGINI 
0240 PRINT " PLACE THE STYLUS ON THE ORIGIN FOR PICTURE 1" 
0250 CALL 1. 01 . 02 
0260 PRINT "P LACE THE STYLUS ON THE ORIGIN FOR PICTURE 2" 
0270 CALL 1,03,04 
0280 PRINT " HOW FAR WAS CAMERA ONE FROM CAMERA TWO " 
0290 INPUT L 
0300 REM (FIND THE KNOWN VERTEXI 
0310 PRINT " PLACE THE STYLUS ON THE K NOWN VE RTE X IN PICTURE 1" 
0320 CALL1,Kl , K2 
0330 REM (TRANSFORM DATA TO THE USERS TABLET SPACE I 
0340 LET Kl=Kl - 0l 
0350 LET K2=K2-02 
0360 PRINT "PLACE THE STYLUS ON THE KNOWN VE RTE X IN PICTURE 2" 
0370 CALL 1, K3 . K4 
0380 LET K3=K3-03 
0390 LET K4=K4 - 04 
0400 PRINT "ENTER THE X - Y - Z DISTANCES BETWEEN THE KNOWN VERTEX AND ORIGIN" 
0410 INPUT V l .V2.V3 
0420 REM ICALCULATE THE DISTANCE BETWEEN CAMERA ONE AND THE OBJECTI 
0430 IF K l - K3=0 THEN GOTO 0460 
0440 LET Z=(K3. L) / (K l - K3) 
0450 GOTO 0500 
0460 LET Z=(K4·L) / IK2 - K4) 
0470 REM (CALCULATE THE PERSPECTIVE TRANSF ORM) 
0480 LET D = Z • K2 / V2 
0490 GOTO 0510 
0500 LET D=Z,K1IVl 
0510 IFS = lTHENZ8 = Z 
0511 PRINT " HOW MANY VERTICES ARE TO BE ENTEREDl" 
0520 INPUT 11 
0530 FORI=lTOll 
0540 IF S.' l THEN GOTO 0570 
0550 IF 1> =Sl THEN GOTO 0570 
0560 PRINT " VERTEX COMMON TO SIDE VIEW" ,I + l 
0570 PRINT " IN PICTURE ONE POINT TO VERTEX",I 
0580 CALL1,Xl,Yl 
0590 PRINT " IN PICTURE TWO POINT TO V ERTE X", I 
0600 CALL 1, X2. Y2 
0610 REM (CALCULATE THE X-V COORDINATES FOR THE VERTEX) 
0620 LET Dl =X l -X 2 
0630 IF Dl <>0 THEN GOTO 0660 
0640 LET Z (I + 131 = IY2 • L) / (Yl - Y21 
0650 GOTO 0670 
0660 LET Z[I+131 =(X2.L)/(Xl -X 2) 
0670 LET X(1+131 =Z[I+ 131 ·Xl /D 
0680 LET Y[I+131 =Z[I+131 .Y11D 
0690 REM IF THIS IS THE FIRST SIDE FIND COMMON VERTICE 
0700 IF S> l THEN GOTO 0790 
0710 REM IF WE HAVE FOUND ALL THE COMMON VERTICE LOOP AGAIN 
0720 IF I> Sl THEN GOTO 0830 
0730 LET X9[ I+ l I =X[I+131 
0740 LET Y9[I+l) =Y[I+131 
0750 LET Z9[I+l) =Z[I+131 
0760 GOTO 0830 
0770 REM PROCESSING A SIDE VIEW OTHER THAN SIDE ONE 
0780 REM IF THIS IS FIRST VERTICE ITS A COMMON ONE 
0790 IF 1=1 THEN GOSUB 0870 
0800 LET X[I+131 =X (I+131 -X9[SI 
0810 LET Y(1+131 =Y [I+131 - Y9(SI 
0820 LET Z[I+131 =Z[I+131 - Z9[SI 
0830 NEXT I 
0840 REM FIND TOTAL NUMBER OF VERTICE 
0850 LET 13=13+11 
0860 RETURN 
0870 IF S=l THEN GOTO 0920 
0880 REM FIND THE DIFFERENCE BETWEEN SIDE ONE AND SIDE N 
0890 LET X9[SI=X[I+131 - X9[SI 
0900 LET Y9(SI =Y [1 +131 - Y9[SI 
0910 LET Z9[S) =Z[I+131 - Z9[S) 
0920 RETURN 
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SeeSol® 
at all these 
fine 
computer 
centers 
AL: Birmingham: Computer Center, Inc. , 
(205) 942-8567. CA: Costa Mesa: Orange County 
Computer Center, (714) 646-0221 . Los Angeles : 
Computers Are Fun. (213) 475-0566. Modesto: 
Computer Magic, (209) 527-5156. Mountain View: 
Digital Deli, (415) 961-2670. Walnut Creek: 
MicroSun Computer Center, (415) 933-6252. 
CO: Boulder:,Byte Shop, (303) 444-6550. CT: 
Bethel : Technology Systems, (203) 748-6856. 
FL: Ft . Lauderdale: Byte Shop of Ft . Lauderdale, 
(305) 561-2983. Miami: Byte Shop of Miami , 
(305) 264-2983. Tampa: MicroComputer Systems 
Inc., (813) 879-4301 , IL: Lombard: Midwest 
Microcomputer, (312) 495-9889. 10: Boise: Byte 
Shop Computer Store, (208) 345-3811. IA: 
Davenport : Memory Bank, (319) 386-3330. KY: 
Louisville : Martronix Associates , (502) 459-0500. 
MD: Silver Springs: Computers Etc" 
(301) 588-3748. Towson: Computers Etc., 
(301) 296-0520. MA: Waltham: Computer Power, 
Inc .. (617) 890-4440. MO: Florissant: 
Computer Country, (314) 921-4434. NJ: Cherry 
Hill : Computer Emporium. (609) 667-7555. 
Iselin: Computer Mart of New Jersey, (201) 
283-0600. NY: Endwell: The Computer Tree, 
(607) 748-1223. New York: Computer Mart 
of New York, (212) 686-7923. White Plains: The 
Computer Corner, (914) 949-3282. NC: Raleigh: 
Bennett-Stiles Computer. (919) 781-0003. 
OH: Akron : The Basic Computer Shop. (216) 
867-0808. OR: Beaverton: Byte Shop Computer 
Store, (503) 644-2686. Portland: Byte Shop 
Computer Store, (503) 223-3496. PA: King of 
Prussia: Computer Mart of Pennsy lvania, (215) 
265-2580. RI : Warwick: Computer Power, Inc., 
(401) 738-4477. TN: Kingsport: Microproducts 
& Systems, (615) 245-8081. TX: Arlington: 
Computer Port, (817) 469-1502. Houston: 
Interactive Computers, (713) 772-5257. Houston: 
Interactive Computers, (713) 486-0291. 
Lubbock: Neighborhood Computer Store, (806) 
797-1478. Richardson: Micro Store, (214) 
231-1096. UT: Salt Lake City: Home Computer 
Store, (801) 484-6502. VA: McLean: 
Computer Systems Store, (703) 821-8333. WA: 
Bellevue: Byte Shop Computer Store, (206) 
746-0651 . Lynnwood: Byte ShopComputerStore, 
(206) 775-7436. Seattle: Byte Shop of Seattle, 
(206) 622-7196. WI: Madison: The Madison 
Computer Store, (608) 255-5552. Milwaukee: The 
Mi Iwaukee Computer Store, (414) 445-4280. 
DC: Washington: Georgetown Computer 
Emporium, (202) 337-6545. CANADA: London, 
Ontario: Computer Circuit Ltd ., (519) 
672-9370. Toronto, Ontario: Computer Mart Ltd ., 
(416) 484-9708. Vancouver, B .C.: Basic 
Computer Group Ltd .. (604) 736-7474. 
ARGENTINA: Buenos Aires: Basis Sistemas 
Digitales, 393-5299. AUSTRALIA: Prospect : 
A.J.F. Systems & Components, Ply. Ltd., 
2691244. Sydney: Automation Statham Ply. Ltd., 
(02) 709.4144. BELGIUM: Brussels: 
Computerland, 02/511-34-45. COLOMBIA: 
Bogota: Video National , 326650. DENMARK: 
Copenhagen: Peter W Holm Trading Aps. 
01-54366. PHILIPPINES: Sanjuan: Integrated 
Computer Systems. Inc .. 78-40-71 . SPAIN: 
Barcelona: Interface SA. (93) 301 7851 . 
UNITED KINGDOM: Essex: The Byte Shop Ltd., 
01 5542177. Huntington: Comart. Ltd .. 
(0480) 74356. VENEZUELA: Los Ruices. 
Caracas: Componentes Y Circuitos Electronicos 
TTLCA, 355591. 
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Sol: The small computer that won't 
fence you in. 

A lot of semantic nonsense is 
being tossed around by some of the 
makers of so-called "personal" 
computers. To hear them tell it, an 
investment of a few hundred 
dollars will give you a computer 
to run your small business, do 
financial planning, analyze data in 
the engineering or scientific 
lab - and when day is done play 
games by the hour. 

Well, the game part is true. 
The rest of the claims should be 
taken with a grain of salt. Only 
a few personal computers have the 
capacity to grow and handle 
meaningful work in a very real 
sense. And they don't come 
for peanuts. 

Remember, there's no 
free lunch. 

So before you buy any personal 
computer, consider Sol~ It 
costs more at the start but less in 
the end. It can grow with your 
ability to use it. Sol is not cheap. 
But it's not a delusion either. 

Sol small computers are at the 
very top of the microcomputer 

spectrum. They stand up to the 
capabilities of mini systems 
costing four times as much. 

No wonder we call it the 
serious solution to the small 
computer question. 

Sol is the small computer 
system to do the general ledger and 
the payroll. Solve engineering 
and scientific problems. Use it for 
word processing. Program it 
for computer aided instruction. 
Use it anywhere you want 
versatile computer power! 

Build computer power 
with our software. 

At Processor Technology we've 
tailored a group of high-level 
languages, an assembler and other 
packages to suit the wide 
capabilities of our hardware. 

Our exclusive Extended BASIC 
is a fine example. This BASIC 
features complete matrix functions. 
It comes on cassette or in a 
disk version which has random as 
well as sequential files. 

Processor Technology FORTRAN 
is similar to FORTRAN IV and 

has a full set of extensions designed 
for the "stand alone" computer 
environment. 

Our PILOT is an excellent text 
oriented language for teachers. 

Sold and serviced only by the 
best dealers. 

Sol Systems are sold and serviced 
by an outstanding group of 
conveniently located computer 
stores throughout the U.S. 
and Canada. 

For more information contact 
your nearest dealer in the 
adjacent list. Or write Department 
B, Processor Technology, 
7100 Johnson Industrial Drive, 
Pleasanton, CA 94566. Phone 
(415) 829-2600. 

In sum, all small computers 
are not created equal 
and Sol users know it to their 
everlasting satisfaction. 

Processor 
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Figure 1: To analyze perspective, two pictures of each side must be taken 
from two different distances. The line of sight through both cameras should 
be in line with a point on the object. 

fixed-focus camera. Under a discussion of 
theory there is a description of anoth er 
technique, in which th ere is no restri ction of 
constant focus. 

Enlargements of the photograph s should 
be made to. make measurements more accu­
rate . I have found that there are always 
errors in reading values from photographs ; 
the smaller the photographs, the larger the 
error ratio. 

Using the Picture Input Program 

With photographs and measurements, th e 
user is ready to run the picture input pro-

gram. To illustrate the use of this program, 
a simu lated run will be described. For this 
simulation a simple object was photographed 
(see photos 1,2,3 and 4), and measurements 
taken. Four photographs were needed to 
represent two side views. (Note that for this 
object only two side views are necessary to 
see all the vertices.) 

I n figure 2 each vertex of the object is 
associated with a letter. Table 1 gives the 
values of the coordinates measured from 
the four photographs. These measurements 
are provided to il lustrate the simu lation. In a 
normal run of the program these values 
would be provided to the program directly 
from the data tablet. 

The picture input program, written in 
BASIC, receives the information from the 
data tablet by making use of the BASIC 
CALL statement. The CALL statement 
activates an assembly language routine which 
handles the in terface to the data tab let. 
This routine, not included here, must be 
supplied by the user. 

The simulation begins by having the 
program prompt with the question : 

HOW MANY SIDE VIEWS ARE TO 
BE ENTERED? 2 

In th is example there are two side views. 

The new Pascal Computer System is driven by a unique 16-
bit Pascal MICRO ENGINE'" - the first microprocessor hard­
ware designed exclusively for direct high-level language 
execution . • The processor is incorporated into a single 
board computer system, theWD/90, which directly executes 
Pascal intermediate code generated by the University of 
California at San Diego (UCSD) Pascal compiler, Release 
111.0 . • Since P-code output by the Pascal compiler repres­
ents an ideal architecture for a computer executing Pascal 
programs and since the WD/90 directly executes P-code (no 
interpreter), these programs execute up to five or more 
times faster than equivalent systems. 

The WDi90 Pascal MICROENGINE'" Computer 
includes : • Pascal MICROENGINE'" 
processor . 64K bytes of RAM Memory • Two 
RS-232 asynchronous/synchronous ports (11 0-19.2K 
baud-full duplex) • Two 8-bit parallel ports (500 kHz 
maximum data rate) • Floppy disk controller with direct memory access 
(DMA), switch selectable for: Single or double density (IBM format) ; mini or 
standard floppy; 1 to 4 drives (same type) • Floating point hardware 
(proposed IEEE standard) . Memory Mapped I/O . Enclosed power 
supply Complete UCSD Pascal Operating System (Release 111.0) 

WESTERN DIGITAL I 
3128 Redhill Avenue, Box 2180 • Newport Beach, CA 92663 

(714) 557-3550, TWX 910-595-1139 . 

FOR FURTHER INFORMATION CONTACT 
DISTRIBUTOR: CIT (714) 979-9920 
RETAIL: Your LOCAL COMPUTER Store 
OEM: Your WESTERN DIGITAL Sales Representative 
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S-100 3 S+P INTERFACE CARD 
MODEL 3 S+P-100K - $159.95 
MODEL 3 S+P-100A - $189.95 

A powerful I/ o' interface card for any S-1 00 BUS. Three 
serial ports and one parallel port. Fully hardware operated . 
No software initialization required . In addition. this board will 
operate with any software. User is able to select status bits 
to fit any software configuration. 

• SELECTABLE BAUD RATES: All baud rates are dip 
switch selectable. Each port can be set for its own baud 
rate. CRYSTAL CONTROLLED baud rates . This interface 
card can operate with any Microprocessor at any speed. 
Th e 3 S+P does not depend on the CPU for its originating 
c lock. 110-9600 baud. 

• EASY CONFIGURATION: The 3 S+P is easy to set. 
All port addresses are set by dip switches. Each port can be 
assigned independent of each other. 

• SOFTWARE COMPATIBLE: The 3 S+P will be 
compatible with most software arrangements due to the 
ability to set the status bits and the parity Parity. character 
length, stop bits all set by dip switches. Each port can be set 
to its own individual arrangement. 

• HIGH QUALITY: The highest quality parts are used . 
P.C. Board is with plated through holes, solder mask, si lk 
screen legend and gold plated contacts. 

• OUPUT ARRANGEMENT: All outputs terminate at 
the top of the card via a 26 contacts. Standard 26 pin IDC 
connectors mate with each port. RS-232, current loop at 
each serial port and full data lines at the parallel port 
connection. Operation is asynchronous mode, but can be 
configured for synchronous operation by minor reconfigu­
ration. 

• FULL DOCUMENTATION: A complete manual of 
operation and construction is included. Easy construction 
and 3 hours is the estimated construction time. Just plug in, 
set the switches and enjoy all the different configured 
software. NO MORE changing the software to match I / O 
board. Just set the board and enjoy. 

'TRS -SO IS a Irademark 01 Tandy Corp. 
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S-100 VIDEO DISPLAY BOARD 
MODEL VID-100K (KIT) - $119.00 
MODEL VID-100A (ASSEM.) - $139.00 

• Provisions for plugging in keyboard. 
• 16 lines at 64 characters 
• Full upper and lower case. 
• Ascii key, character set, symbols, greek letters, and 

numbers. 
• 7x9 dot matrix in an 8x10 field. 
• Normal and reverse video, and blinking cursor. 
• Compatible with CPM. 
• A natural for text ed iting . 
• Comes with software driver in ROM which provides 

scroll up and down, full cursor positioning, flashing and field 
characters. 

Speci fi cations are: S-100 BUS compatible, high speed 
1 K memory. Voltage requirements - +8 volts @900MA, 
+16volts @40MA, -16volts @ 100MA. Output is standard 
video. 

Epoxy glass double sided with plated through holes, 
solder mask and si lk screened legend for easy assembly 
and servicing. 

S-100 EPROM PROGRAMMER +3 
MODEL EPR-100K (KIT) - $129.95 
MODEL EPR-100A (ASSEM.) - $159.95 

• •• • • 1 OOM ...... ... 

All the same features of the TRS-80* model. Comes 
complete with interface cable, S-1 00 plug-in card. Totally 
self contained power suply, plus many other extras. 

S-100 DISC CONTROLLER CARD 
TRS-80* DISC DRIVES 
MODEL DC-80K (KIT) - $169.00 

MODEL DC-80A (ASSEM.) - $189.00 
With the use of our interface cable or S-1 00 BUS system 

for TRS-80* computers this card controls mini or 8" 
floppies . 

On board firmware with WOOS operating system, video 
driver, and keyboard driver which allows user to run any 
type of software available and emulates basic softwear 
driver resident in keyboard, if user so desires. 
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SIDE VIEW I 

The program next states : 

READY TO PROCESS SIDE VIEW 
NUMBER 1. 

At this time the user should put the two 
photographs of side view 1 onto th e data 
tablet. The program tells the user : 

PLACE THE STY LUS ON THE ORIGIN 
IN PICTURE ONE . 

The user should find the location of the 
origin in the photograph and indicate it 

M 
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0 

SIDE VIEW 2 

Figure 2: Each of the vertices of the object is given a designation letter. 

Side View 1 

Picture 1 Picture 2 

Vertex X V X V 

A : - 3 .3 0 -2 0 
B: - 3.3 - 12.3 -2 - 7.6 
c: 40.1 0 26 0 
D: 40 .1 - 10.6 26 - 6 .7 
E: -25.5 - 10.6 - 16.6 - 6 .9 
F: -25.5 44.5 -1 6 .6 28.9 
G: -19.4 0 - 12 0 
H: -19.4 47 12 30 
I : 0 43.1 0 28.2 

Side View 2 

Picture 3 Picture 4 

c: 39.9 0 25 .6 0 
J : 25 - 11.8 15.6 - 7.3 
K: 25 0 15.6 0 
L : - 7.4 - 10 .9 - 4.7 - 7 
M: - 7.4 45 .9 - 4 .7 28 
N : 0 - 10.5 0 - 6 .8 
I: 0 43.8 0 28.3 

Table 7: A compilation of the data obtained from photos and 2. The 
vertex designations are the same as in figure 2. For photos 7 a and 7 b, L is 
26.7 inches (67.8 cm) and the known vertex is I at location (0,77 .75,0) 
inches (0,29.85,0) cm. For photos 2a and 2b, L is 27.3 inches (69.34 cm) 
and the known vertex is I at location (0,77.75,0) inches (0,29.85,0) cm. 
The common vertex to side views 7 and 2 is vertex C. 
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with the sty lus. In this example it is point O. 
Knowing this point allows the program to 
relate the data tab let's coordinates to the 
photograph's coordinates. The same is asked 
for picture 2: 

PLACE THE STYLUS ON THE ORIGIN 
IN PICTURE TWO. 

In preparation for the program, the user 
shou ld measure the di stance between the 
two camera positions. In this example the 
distance was 26.7 inches. 

HOW FAR WAS CAMERA ONE FROM 
CAMERA TWO? 26.7 

Th e program next needs to know where in 
the photograph the vertex whose distance 
to the origin has been measured li es. This 
point should be located twice. Once in 
response to: 

PLACE THE STYLUS ON THE KNOWN 
VERTEX IN PICTURE ONE; 

and once in response to: 

PLACE THE STYLUS ON THE KNOWN 
VERTEX IN PICTURE TWO. 

Vertex 1 is the known vertex. From tab le 1 
we see that valu es (0,43 .1) and (0,28 .2) 
would be the values provided by the tablet. 
In preparing for the program, the distance 
between the origin and vertex 1 was meas­
ured. In X,Y,Z terms this distance is 
(0,11.75,0) . Th is valu e shou Id be ente red in 
response to: 

ENTER THE X,Y,Z DISTANCE BETWEEN 
THE KNOWN VERTEX AND THE 

ORIGIN: (0,11.75,0). 

If more than one side view is to be 
entered, the other side views mu st somehow 
be related to the first coordinate system. 
This is done by find ing points in the first 
side view which are also in othe r side views 
(see figure 3) . Therefore, the program wi ll 
ask the user to point to a vertex in side 1 
which is also in side N. The first N vertices 
pointed to in side view 1 should be vertices 
which are also in other side views. Th at is, 
the first vertex in side view 1 should be a 
vertex which is also in side view 2. The 
second vertex pointed to in side view 1 
should be a vertex fo und in side view 3, etc. 
(The program as presented in listing 1, for 
the sake of simplicity, assumes that only 
two side views are necessary, and that these 
side views are opposite (180°) to each other. 
For most objects these will be sufficient.) 
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Al l that remains is to point to a vertex 
in picture 1 and then again to that vertex in 
picture 2, and to continue unti l all of the 
vertices in that side view have been pointed 
out. The program will ask : 

HOW MANY VERTICES ARE TO BE 
ENTERED: 8 

Eight is the answer for the first side view 
of this simulation. Then the program will 
ask: 

SIDE VIEW 1-

A 

'-- VERTEX "A" IN BOTH 
SIDE VIEWS 

Figure 3: When processing two different views, at least one point must be 
common to two views. In this example, vertex A is seen in both side views. 

A 8 c 

Figure 4: Three pictures drawn using data generated by the program in 
listing 7. The original information was obtained from photos 7 thru 4. 

Results 
: 

i 
Vertex Number X V Z i 

c: 1 10.7 0 1.3 i 

A: 2 - 0.7 0 9.6 ; 

B: 3 - 0 .7 - 2.7 9.6 i 
I 

D: 4 10.7 - 2.8 1.3 
'., E: 6 - 6.9 - 2.8 0.7 

F: 6 , - 6.9 12 0 .7 
G: 7 4 .6 0 7.2 , 
H: 8 4.6 11 

fa 
7.2 

c: . 9 10.6 0 1.3 
J: . . 

10 6.3 - 2.9 -4.9 i 

K: 11 6.3 0 -4.9 
L: 12 - 1.9 - 2.8 -2.3 
M: 13 - 1.9 11.7 - 2.3 
N: 14 0,1 - 2.8 0 

Table 2 : Conversion of the measured data from table 7 into three-dimensional 
coordinates. 
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and 

IN PICTURE ONE POINT TO 
VERTEX N; 

IN PICTURE TWO POINT TO 
VERTEX N. 

For example, the first vertex pointed to 
is the common vertex. C is the common ve r­
tex in our simulation, so it is indicated first 
in picture 1 and again in picture 2. The data 
tablet provides the values (40.1, 0) and 
(26, 0). Then vertex A is pointed to in 
picture 1 and pictu~e 2. Values (-3.3, 0) 
and (- 2, 0) will come from the data tablet. 
This continues until all of the vertices of a 
side view have been entered. 

When it is time to process anothe r side 
view, the program wi ll say so, asking for the 
same information as it did in side view 1 
(eg: where the origin and known vertex for 
this side view are, what are the measu re­
men ts for the known vertex, and what was 
the distance between camera positions). 
Next, the different vertices should be pointed 
to, starting with the vertex common to side 
view 1. 

When the program is finished, all the 
coordinates of the vertices wil l have been 
converted to three-d imensional coordinates, 
and represented inside the computer. Table 
2 contains the results from this simul ation. 

Displaying the Object 

With these results the object can be dis­
played from any desired viewpoint. For 
example, let us say that two side view pic­
tures were taken such that the directions of 
the pictures were perpendicu lar to each 
other. It would be quite simple to display 
the object from a viewpoint between those 
from which the photos were taken, even 
though no picture was taken from such a 
position. Figure 4 shows examples of dif­
ferent viewpoints of the object photo­
graphed. These figures were deve loped math­
ematical ly, using the results of the picture 
input program, in the same manner that they 
wou ld be developed by a program which 
displays objects three-dimensionally. Start­
ing with just a few photographs, many such 
pictures of an object can be made. 

Some Theory 

How is it possible, that from two photo­
graphs of one side of an object, all of that 
side's dimensions can be calcul ated? To 
answer this question, let us first examine the 
way in which perspective pictures are dis­
played . For simplicity, we wil l assume that 
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the outline of an object consists of straight 
edges which meet at vertices. Rounded edges 
are approximated by several straight edges. 
Putting an object into perspective entai ls 
transforming the edges' three-dim ensional 
coordinates into two-dimensional coordi­
nates. Internally , the computer represents 
the objects' edges as pairs of vertices. Since 
straight lines in three dimensions get trans­
formed to straight lin es in two dimensions, 
all that is necessary is to transform coord i­
nates of their endpoints. 

The screen of a video display device is 
two-dimensional. We will call this plane the 

VIEWER 

/"1 __ ---

1"___ Yp 
\ Dp --_ 

Y 

PICTURE 
PLANE 

z ,,:---_-1-_­
""x 

" 
Figure 5: The viewing screen can be considered as the picture plane to be 
viewed. Putting an object into perspective involves drawing straight lines 
between the object and an imaginary viewer. 

WIDE ANGLE TELESCOPIC 

Figure 6: The location of the picture plane determines the angle of view. 
A wide angle effect is produced by having the plane close to the viewer. 
A telescopic effect is produced by a picture plane far from the viewer. 
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picture plane (see figure 5). Putting an 
object into perspective involves drawing 
straight lines between the object and an 
imaginary viewer. The imaginary picture 
plane is also inserted between the viewer and 
the object. The objects' vertices are pro­
jected to where the lines adjoining object 
and viewer intersect the picture plane . These 
points of intersection can be computed using 
similar triangles. Triangle ABC is similar to 
triangle ADE. The equation for a perspective 
transform is therefore: 

XP = DP(X) /Z YP = DP(Y) /Z 

where the X,Y, and Z direcrions are as 
defined in figure 5: 

XP X coordinate in picture 
YP Y coordinate in picture 
DP distance between viewer and 

picture pl ane 
X vertex's X coord in ate 
Y vertex's Y coordinate 
Z distance between vertex and 

viewer. 

Th e location of the picture plane with 
respect to the viewer determines the angle of 
vision. If the picture plane is close to the 
viewer, there is a wide angle effect. If the 
picture plane is far from the viewer th ere is 
a telescopic effect (see figure 6) . The term 
DP in the above equations is that distance, 
and it is referred to as the perspective trans­
form of the lens of the camera. 

Th e object is displayed accordi ng to the 
values put into several equations. We know 
that the distance between camera and object 
is give n by term Z, and that the angle of 
vision is given by term DP. To achieve rota­
tion of the object, we use the equations 
below: 

XR = X x cos (angl e 1) - Y x sin (anglel) 

YR = X x sin (angle 1) + Y x cos(anglel). 

By rotating the object around two axes, any 
angle of rotation in three dimensions can be 
achieved. 

YRl = YR x cos (angle 2) - Z x sin (angle2) 

ZR = Z x cos (angle 2) + YR x sin (angle2). 

Perspective is arrived at by applying th e 
original transform equations : 

XP = DP(XR) /ZR 
YP = DP(YR)/ ZR. 

Circle 5 on inquiry card. _ 
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A camera is a device which produces a 
perspective transform. The procedure with 
the photographs and data tablet is to reverse 
the transform to produce the three-dimen­
sional coordinates of the vertex. From the 
equations above, we see that there are five 
variables. The photographs give us values for 
XP and YP. If DP and Z are determined, 
values for X .and Y can be computed. It can 
be assumed that DP in one photograph will 
be the same as DP in another photograph, as 
long as the angle of vision does not change. 
With two photographs taken with camera 
positions one behind the other, and with the 
distance known between positions, we have 
two sets of perspective transform equations 
and a relationship between Z in one photo 
to Z in the other photo : 

XPl (Zl) = DP(X) 
XP2(Z2) = DP(X) 
YPl (Zl) = DP(Y) 
YP2(Z2) = DP(Y) 
Z2 - Zl = L. 

(1) 
(2) 
(3) 
(4) 
(5) 

Subtracting equation 2 from equation 1 and 
substituting Z2 = L + Zl : 

XPl (Zl) = XP2(L + Zl) or 
Zl = XP2(L) / (XPl - XP2) . (6) 

Therefore, to learn how far the camera was 
from a vertex, all we need to know is the dis­
tance between camera positions. 

Finding DP, the perspective transform, re­
quires the knowledge of the coordinate in 
either the X or Y direction for one known 
vertex. For example, with a value for X 
known and a value for Z obtained through 
the use of equation 6, we can write an equa­
tion for DP as: 

DP = Z(XP)/X . (7) 

Once a value for DP is obtained, values for 
X and Yare computed using the Z values 
computed and the equations: 

X = Z (XP) /DP 
Y = Z (YP) /DP. 

(8) 
(9) 

Now every vertex's three-dimensional X,Y, 
and Z coordinates can be determined. These 
coordinates are given with respect to the 
edge of the camera. To orient them with 
respect to the origin, subtract the distance 
between origin and camera from each com­
pu ted Z value. The first side of the object is 
now described three-dimensionally, inde­
pendently of a viewing point or picture 
plane. 

To describe other sides of the object, the 
above equations must be applied again. Also, 
two photographs taken as above, an origin, 

one known vertex, and an additional vertex 
common to both side views must be sup­
plied. This additional common vertex will be 
used to relate the values obtained in one side 
view to the values obtained in the other side 
view (see figu re 3). Once all of the values are 
computed for the second side, the differ­
ences are found between values computed in 
view one from values computed in the other 
view for the common vertex. These differ­
ences in value are the offsets from one side's 
coordinate system to the other side's coor­
dinate system. 

If these values are subtracted from one 
side's values, all vertices will be in relation to 
one origin. If this procedure is applied to all 
sides, the entire object is described. With the 
aid of your computer you can now display 
the object from any perspective you choose. 
You are not limited to the perspective of the 
photographs, and you can have the object 
placed at any distance or angle of rotation 
you like. 

Another Input Method 

There is another technique for entering 
three-dimensional information from photo­
graphs into a computer. This technique is 
useful in cases in which, rather than meas­
uring between the camera positions and the 
object, it is easier to measure the positions 
of several points on the object. For example, 
you may be taking a picture of a house, and 
have no convenient way to measure the dis­
tance between the camera and the house. 
Yet it may be quite simple to measure the 
dimensions of a window frame. In th is 
technique, rather than measure the distance 
between camera and object, the user meas­
ures two vertex coordinates in reference 
to a third vertex which is to serve as the 
origin. 

The distance between object and camera 
need not be known, but the camera must 
point so that the origin of the object is in 
the center of the photos. Again, two photos 
are required . They should be taken parallel 
to each other, rather than taken one behind 
the other. Each photograph will have its own 
origin, and it is necessary to know the dis­
tance between the camera's positions, or 
distance between origins. Three vertices 
from one photograph yield three equations: 

Zl x XPl = Xl x DP 
Z2 x XP2 = X2 x DP 
Z3 x XP3 = X3 x DP. 

Measurements of the object give Xl,X2,X3, 
Zl,Z2, and Z3. Measurements of the photo­
graph give XP1,XP2, and XP3. We can sub­
stitute the differences for the Zs with 
Ls: 



L1 = Z2 - Zl 
L2 = Z3 - Zl 
Zl x XPl = Xl x DP 
Zl x XPl = Zl x DP 
(L 1 + Zl) x XP2 = X2 x DP 
(L2 + Zl) x XP3 = X3 x DP ; 

and subtract the bottom equations from the 
top equations: 

Zl = 

Zl = 

(DP x (Xl - X2)) + (L 1 x XP2) 

(XPl - XP2) 

(DP x (Xl - X3)) + (L2 x XP3) 

(XPl - XP3) 

and solve for DP. 

DP = 

((XP1-XP2) X (LP2 x XP3))-((XP1 - XP3) X (Ll x XP2)) 

((Xl - X2) x (XP1-XP3))-((Xl-X3) x (XP1-XP2)) . 

Once DP is solved for, Zl can be found for 
any vertex by using the two photographs' 
equations and knowing the distance between 
camera positions: 

Xl = (Zl x XPl )/DP 
X2 = (Zl x XP2)/DP 
Zl = (XP2 - DP)/(XPl - XP2). 

Of course with Zl determined Xl and Yl 
can easily be found: 

Xl = (Zl x XP1) / DP 
Yl = (Zl x XP2) /DP. 

To enter data from the tablet with this 
technique, first indicate through a keyboard 
the values for the three known vertices, and 
then point to them in one photograph. This 
would allow the program to compute DP. 
Then, as in the other technique, point to a 
vertex in one photograph, and again to that 
vertex in the other photograph. More sides 
can be added, and eventually the whole 
object will be described . 

There are additional techniques for enter­
ing three-dimensional data. For example, 
photographs may be taken with added 
amounts of rotation. This is particularly true 
in cases in which the user cannot take actual 
photographs, but has some means of deter­
mining a few dimensions of the object. In 
these cases, the angles of rotation must be 
calculated in addition to DP, X, Y, and Z. 
Because the mathematics for solving the 
equations with rotation is more involved 
than the equations in this article, I have 
not discussed it here, except to mention 
that for each angle of rotation one more 
known value, a vertex coordinate, needs to 
be known before the equations can be 
solved.-
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Technical Forum is a fea­
ture intended as an interactive 
dialog on the technology of 
personal computing. The sub­
iec t matter is open-ended, and 
the intent is to foster dis­
cussion and communication 
among readers of BYTE. We 
ask that all correspondents 
supply their fu ll names and 
addresses to be printed with 
their commentaries. 
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M6809 is Silicon 

Photo 1: A look at the 6809 device. 

Terry Ritter 
Joel Boney 
Motorola Inc H2565 
3501 Ed Bluestein Blvd 
Austin TX 78721 

In our recent article, " A Micro­
processor for the Revolution: the 6809" 
(janu ary , February, March 1979 BYTE), 
we tried to indi cate that the specifica­
tion, logic design, layout, and testing of 
a new microprocessor is a very bi g job. 
Throughout the project we were quite 
aware of the potential market for this 
new part, and the entire microprocessor 
design team made Hercul ean efforts to 
get it out as quickly as possible. The big 
pu sh finally ca me down to gett ing the 
design ready for the mask shop before 
Christmas 1978 (we wanted to enj oy the 
holiday). 

Every metal line, every polysilicon 
line, every connection, and every tran­
sistor in the entire layout had to be in-

div idually hand checked. A check ing 
team consists of two indiv iduals. The 
first member, and leader, is a circ ui t 
engineer who can read the layout to 
identify transistors, verify their logic 
function and size, and trace the connec­
tions between them. The second eng i­
neer monitors the checkout process on a 
logic-diagram blueprint, co loring each 
line and each gate as it is checked . Thi s 
process continues until all gates and all 
lines are colored and until all paths are 
inves tigated on the layout. Uncove red 
erro rs are edited, replotted, and 
rechecked. The 6809 layout (with about 
15,000 transistors) was completely hand 
checked three times in the last two 
weeks before Christmas 1978, in add i­
tion to sophisticated computer spaci ng 
checks . 

Our EXORciser II based test system 
had been working for weeks w it h the 
6809 breadboard (a gate -for-gate 
transistor-transistor-Iogic equivalent of 
the 6809). The working sys tem had the 
new EXBUC09 monitor, and would run 
all our 6809 programs, including an 



18,000 line diagnost ic package. Thi s pro­
gram checks all registers, inst ru ct ions, 
address ing modes, and numerous com­
binations. Correc t execution prov ides a 
characte ri st ic pattern of address posi­
tions as d isp layed on t he logic analyzer. 

We d isconnected the breadboard, 
popped the f irst 6809 into the socket 
and sta rted tes ting pa rts at 7:30 PM on 
Tuesday, January 9 1979. None of t he 
devices worked the first time, but we did 
get two that failed in exactly the same 
way. This is one of nature's hints. 
Natura ll y, we were d isappo inted that 
none of t he parts passed all t ests, but we 
knew t he comp lex ity invol ved in an LSI 
(l arge scale integ ration) device. 

After you have checked 5,000 gates 
they all tend to look ali ke, espec iall y at 
3 AM . A ll co ndu ctors look t he same­
t here is no co lor cod ing o n an in te­
grated c ircuit. I t is all too easy to miss a 
w rong co nnec tion , a shorted trans istor, 
a floating gate, or anyone of m any 
poss ible errors. Thu s, v ir tuall y all LSI 
devi ces req uire a seq uence of mask 
iterations before a f ull y f unction al 
device is obta ined. As weak areas are 
pi npointed by test ing, new masks are 
obta ined to im p rove y ield. But the 
Motorola microcomputer des ign group 

has a hi sto ry of p rod uc ing fun ctional, or 
nea rly funct ional parts the f irst time, 
hence our disappo in tment. 

Res igned to the worst, we proceeded 
to wr ite programs to narrow the error to 
a particul ar instruct ion or seq uence of 
inst ructions, and hopefull y to a par­
ti cular gate. Afte r an ho ur of m ac hine 
language testing, it becam e appa rent 
that the error was random, not instru c­
tion dependent, and poss ibl y para­
metri c. That is, t he malfunction was 
respo nsive to c lock frequ ency, supply 
vo l tage, o r ope rati ng temperature 
pa rameters . 

Fin all y, t he Microcomputer Design 
Manager p icked up a heat gun and train­
ed i t o n one of two susp ic ious devices. 
Everyone was t ransf ixed, watc hing the 
log ic ana lyzer w ith renewed hope. There 
was one fa lse sta rt, then the 6809 m ade 
it once through all tests. More heat, and 
t he 6809 was runnin g all 18,000 lines of 
test code ove r and ove r aga in . Pande­
monium broke loose, with chee rs and 
congratul at ions all around. 

After som e invest iga tion, the minor 
temperature sensiti ve prob lems were 
identified, and m asks were modified to 
produce custom er sa mpl es .. and Moto­
rol a is now in the 6809 business . • 
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Photo 7.' Example of an 
optical fiber transmitting a 
very bright light. The 
conductor is a single 40 
mil plastic fiber. The light 
is generated by a helium­
neon laser. 

Communicate on a Light Beam 

Steve Ciarcia 
POB 582 
Glastonbury CT 06033 
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Coming up out of the Circuit Cellar is a 
rare occurrence, to the point where some of 
my friends have accused me of being a mush­
room. I prefer to be likened to a mole-a 
more dignified species. We share a common 
bond of subterranean existence and fear of 
bright sunlight, but the mole's predicament 
is dictated by nature, and mine by choice. 

The Circuit Cellar is by no means a hole 
in the ground. It's heated, well-lit and looks 
more like a living room than a cellar. Even 
though it affords all the comforts of home, 
there are those occasions when a change of 
environment is required. It's not enough to 
walk out in the driveway, take a deep breath 
and run back into the cellar. Sometimes a 
complete change of surroundings is needed 
to shock the mind out of the doldrums and 
spark creativity (eg: a vacation). Since I 
usually don't have time for vacations, I 
take "business excursions for purposes of 
cerebral detox ificati on" or "E CDs" for sh ort. 

For two months I had been wrestling 
with the details of an article on fiber op· 
tics and laser communications (this one). 
The hardware was completed very quickly, 
as with most of my projects, but the text 
dragged on for weeks. Lighting the wood 
stove in the Circuit Cellar became an all too 
easy chore using the piles of scrap paper I 
was generating. My graphospasms (ie: 
writer 's cramps) were not bearing fruit. One 
time I even tound myself sitting at my desk 
pushing pencils through the electric pencil 
sharpener until it started smoking. 

During times like this there was only one 
place to go - New Hampshire - to see the 
Colonel. My father·in-Iaw, Colonel Foster, 
was the one person who could break me out 
of this slump. Between stories about old 
army buddies and spending the war in the 
Aleutians waiting for an invasion I would 
surely find some inspiration. 

"Colonel? Are you there?" After anx· 
iously dialing his telephone number and 
saying hello, I was left with silence at the 
other end of the line . . . 

"Colonel?" 
"Be right with you, Steve." As the reo 

ceiver was picked up again he apologized, 
"Sorry Steve, my man was at bat and I had 
to see the hit. You're a Red Sox fan, aren't 
you?" 

It would be in bad taste for me to suggest 
that my subterranean hideaway provided 
all the spiritual stimulation I needed and 
that chasing a little ball around in the 
grass was not in my spectrum of pursuits. 
"I quite understand your enjoyment of the 
game, Colonel. I hope your team wins," I 
replied, evading his question. During my 
statement I heard him roar again in response 
to the activities on the television. When I 
sensed a lull, possibly precipitated by a 
commercial, I continued, "Colonel, I need to 
get away. How would you like some com· 
pany tonight?" 

"Sure, you know you're always welcome. 
I haven't had anyone to tell a good army 
story to in a long time." 



I told him I'd pack all the gear in the car 
and be there in three hours. Possibly I would 
feel better about writing once I arrived. 

The Colonel, sensing the termination of 
the commercial, quickly responded, "Three 
hours is great. The game is still in the first 
inning. If you hurry you may get here before 
it's over ... gotta go now." 

One of the good things about living in 
New England is that everything is close. 
It was a scant 3 hour drive between Con­
necticut and New Hampshire, but I drag­
ged it out an extra half hour so I wouldn 't 
be competing with the Red Sox for the 
Colonel's attention. As I pulled into the 
garage he came out to greet me. 

"Howdy," he said, slapping me on the 
back. From his exuberance I could tell 
that the Red Sox had just won the game. 

"Come on in and get settled. I'm ex­
pecting a telephone call . .. oops, there it 
is now." 

Leaving the electronics jun k in the car 
I followed him into the house. He was 
still wearing his lucky Red Sox baseball 
cap as he spoke. 

'~Chester, wasn't the game great? I 
thought they were going to blow it in the 
6th .. . You bet, I'm ready for tomorrow's 
game. If they can play Ii ke that again, the 
pennant is in the bag . .. " 

Suddenly Colonel Foster's expression 
changed, to amazement, then anger. He 
grabbed his cap, slung it into the ·chair 
he was standing near and complained, 
"Darn woman again!. .. What do you mean 
lucky! The Red Sox won through skill , 
not luck!. .. Go play with your WATS 
lines and let Chester and me tal k." It was 
obvious that suddenly there was a third 
party to their conversation. 

"Beatrice, I don't care if you think it 
was an error. It was ruled as a single! . .. 
Yes, I know the 6th looked bad but that still 
doesn't mean they're just lucky . .. " 

It was becoming an argument between 
the Colonel and Beatrice. A hint as to 
her identity was provided when he re­
sponded, "Beatrice, would you keep your 
opinions to yourself and let me talk to 
Chester? Chester, come on over for a private 
tal k!" 

He slammed the reciever down on the 
phone, put his baseball cap back on, and 
slumped into the easy chair. "I just can't 
carryon a baseball conversation with that 
woman around. " 

"Who's Beatrice?" 
"The switchboard operator for the town . 

We don't have all that new computer tele­
phone stuff you city slickers have. We have 
Beatrice. When it's business or personal 
she's good and keeps her nose out. But, 

when it's baseball, Beatrice has to get her 
two cents in! " 

(Obviously what the Colonel and Chester 
needed was an alternate means of com­
munication, such as CB.) 

"I've got a ·great idea, Colonel. Why 
don't you and Chester use CB radios in­
stead of the telephone?" The Colonel led 
me to the bookcase in the study. I found 
myself staring directly at a CB radio. He 
flipped it on and said, 'Tune in channel 
19 and listen." The radio came to life. 
"Breaker one nine ... breaker one nine .. . 
this is your Big Mama on this one niner . . . 
all you 18 wheelers just put the hammer 
to the floor and let Big Mama be your 
guide . . . 1'11 have a Smokey report in five, 
but first, the weather. .. " 

My eyes opened wide. "Is that Bea . .. " 
"Beatrice? You're darn tootin' it is. 

She's got an antenna tower on her house 
and radio gear that would put an FCC test 
laboratory to shame. I swear she's running 
a full gallon." 

"We tried CB a while back and it was 
useless. " This time the conversation came 
from behind. Chester had let himself in and 
joined us in the study. He continued, "It 
all started when we telephoned the games 
to the tower." 

"Tower?" 
"I'm sorry, I guess the Colonel didn't 

tell you . " Wal king over to the window of 
the study and pointing to the adjacent 
mountain top roughly two miles away. 
"You see that structure on top of that 
hill? That 's my tower. Well, not exactly my 
tower. I just work there. It's a combination 
fire tower and radio relay station. Oc­
casionally I have to sit up there and monitor 
equipment during important transmissions. 

"What's that got to do with Beatrice?" 
"With all the interference from the 

equipment up there I can't use a radio or 
television to watch the Red Sox ." 

(This was beginning to take on the aspects 
of a good mystery.) 

"The Colonel would tune in the game 
on his television set here, telephone me 
in the tower and then lay the receiver near 
the television so I could listen to the game. 
When Beatrice found out she 'd bust in and 
add her commentary to the game. Do you 
know what it's like having a nosey Howard 
Cosell-type beating on your ear for three 
hours at a time?" 

I could only offer my sympathy. If 
there was a solution short of stringing two 
miles of wire I didn't see it yet. But I would 
continue to think about it. 

'Tomorrow is a very important Red 
Sox game. The pennant may hinge on it. 

Text continued on page 36 

Warning: due to the 
nature of lasers, any 
prolonged skin contact 
or viewing of the laser 
beam is hazardous. 

Copyright © 1979 by Steven 
A Ciarcia. All rights reserved. 
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Text continued from page 33: 

Unfortunately, tomorrow is also a day I 
have to spend in the tower. I really want 
to listen to the game, but Beatrice is tough 
to listen to." 

I ran over to the window, looked at 
the tower in the distance, and noted the 
glass windows circling the observation 
deck. "What's the weather report for 
tomorrow? " 

"Cloudy and cool I think." Chester 
answered. 

"Good! Clear weather ... Colonel, could 
the television set be moved in this room 
for the game tomorrow?" 

"I suppose so. Why?" 
I scanned the study looking for a con­

venient AC power outlet and spied one 
by the window. 

"Perfect," I said. 
Both the Colonel and Chester were a 

little perplexed at my behavior. 
"What if I told you there was a way 

for Chester to listen to tomorrow's game 
undisturbed by Beatrice?" 

"We've tried everything. What are you 
planning?" 

"Wait here and I'll show you." I dash­
ed off to my car and took a tripod, a long 
white rectangular instrument, a small black 
box with a lens at one end and a few patch 

~I'::'- ,HOBBY WORLD 
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. IN CA, HI , AK: (213) 886·9200 
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cords out of the trunk. Dragging all the 
equipment into the study, I proceeded to 
assemble it, much to their amazement. 

"What's all this, Steve?" the Colonel 
asked. 

With as straight a face as I could muster 
I replied. "It's a laser." 

Both men, army veterans of two wars 
and thirty years' service, took two steps 
back and exclaimed, "A laser?" It was in­
stantly apparent that the words laser and 
"death ray" were synonymous for them. 
Before I let them think I planned to rub 
out Beatrice, I quickly continued my ex­
planation. 

"There are big lasers and little lasers. 
This is a little one. It won't burn anything 
or hurt anyone if used properly. Eye pro­
tection is the only consideration necessary 
on this particular laser." 

"Do you always carry this stuff around 
with you?" the Colonel asked. 

"No. It just happens to be the topic of 
this month's article for BYTE." 

"What has this got to do with tomor­
row's game?" Chester asked. 

"We're going to transmit the game to 
you in the tower on a beam of light." 

Their eyes opened wider but they re­
mained receptive. 

"Let me demonstrate." 
I took the transistor radio, tuned it to 

a station and placed it on the coffee table. 
Taking a long patch cord, I plugged one 
end in the radio earphone jack, auto­
matically silencing the radio speaker, and 
plugged the other into the rear of the laser. 
Aiming the laser, I turned it on. A red spot, 
about 1 /8 inch diameter, shone brightly on 
the wall 15 feet away. 

"You're sure that won't burn the wall?" 
"Trust me." 
Next, I picked up the black box with 

the lens on it and turned it on. I wal ked 
over to the illuminated spot on the wall 
and interrupted the laser beam path with 
the box. When the beam intersected with the 
lens, music was heard! 

"That's the radio station you tuned in, 
all right," Chester said. 

"Colonel, take that poker from the fire­
place and wave it back and forth in front of 
the laser so it interrupts the beam." 

"Why .. . the radio goes on and off," he 
exclaimed a minute later. 

"Correction, Colonel. The radio doesn't 
go off, only the receiver, when it no longer 
"sees" the modulated laser light beam. 
Notice in addition that the beam barely 
spreads out at all over the 15 feet to the 
waiL" 

"I think I get what you're driving at, 
Steve. " 

"Y ou 've got it. Chester takes the re-
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Figure 7,' Block diagram of 
full duplex optical com­
munications link. 
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ceiver up to the tower tomorrow, aims it 
at this window using the gun sight scope on 
top. Then we turn on the laser which, in­
stead of being connected to the radio, 
comes from the television. Voila! Instant 
uninterrupted Red Sox baseball. And, no 
Beatrice! " 

"Will it really work, Steve?" Chester 
asked. 

"Sure, and tomorrow we'll prove it." 
Before the next comment from anyone 

the telephone rang and Colonel Foster 
answered it. Chester and I I istened and 
smiled. 

"Look, Beatrice, your team doesn't 
have a chance for the pennant. .. Are you 
still claiming that that was an error? .. 
It wasn't just luck in the 6th I tell you . . . " 

Chester and I laughed. Beatrice was 
really giving the Colonel a run for his 
money, but there was a twinkle in his eye 
as he spoke. The Colonel was living what 
he enjoyed most - baseball. First on tele­
vision and then blow by blow with Beatrice. 

Communicate on a Light Beam 

Most experimenters have never considered 
using a modulated light beam for data com­
munication. I'm not suggesting that every­
one throw out their twisted pair RS-232 lines 
and replace them with laser beams, but 
I do ask you to consider the commercial ad­
vantages of such a concept and try a few 
experi ments. 

When discussing modulated light com­
munications, a definition of terms is in order. 
The two most often heard are lasers and 
fiber optics. It is important to recognize that 
one is a light source and the other is a light 
conductor. It is not necessary for them to be 
used together but this is often the case. I'll 
explain more about each later. 

A full duplex optical communication link 

OPTICAL 
RECEIVER 

OPTICA L 
TRANSMITTER 

DATA OUT 

DATA IN 

is shown schematically in figure 1. It consists 
of two pairs of optical transmitters and 
receivers which allow data to flow in two 
directions simultaneously. Data from the 
base to the remote travels on one line, while 
data from the remote to the base is on the 
other. This is a dedicated duplex hookup. 
Unlike the ones you've probably used, this 
one uses fiber optic cable rather than wire. 
In its commercial applications it can offer 
the following advantages : 

• Immunity to strong electrical or mag­
netic noise . Fiber optic material is 
usually glass or plastic and since there 
is no electrical conduction there can 
be no induced electrical noise. 

• High electrical isolation. Since the data 
conductor is a dielectric material, the 
isolation between the transmitter and 
receiver is a function of distance. 

• Higher bandwidth and lighter cable . 
Optical modulation systems have 
inherently higher data rate capabilities 
and glass and plastic weighs less than 
copper. Bandwidth is typically 100 
megabits. 

• Lower loss than coaxial systems. New 
low loss fibers extend transm ission 
distance. 

• Negligible crosstalk. If each fiber optic 
channel is optically sheathed there is 
no crosstalk . Even adjacent unsheathed 
fibers rarely interfere with each other. 

• Ultimately lower cost than either 
coaxial or twisted-wire systems. The 
raw material (sand) used in making 
fiber optics is abundant, while copper 
gets increasingly more expensive. Cost 
for a data transmission system is ulti­
mately based on dollars per megabit 
times distance. Since fiber optic sys­
tems have higher bandwidths, the cost 
factor is slowly moving in their favor. 
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INCIDENT RAY REFLECTED RAY 

Figure 2: An example of reflection and refraction at an interface, such as the 
side of the optical cable. 

Key ingredients in any optical communi­
cations system are the transmitters and 
receivers. The ultimate data rate is a func­
tion of how fast the transmitter can turn on 
and off, sending one bit of information, and 
whether the light sensitive receiver can track 
this transition. If the date rate is very low, 
say 110 bps in your experimental setup, a 
simple incandescent light and cadmium sul­
fide photocell will suffice. Higher data rates 
require much faster response and dictate use 
of LEOs (light emitting diodes) and photo­
transistors or photodiodes. Common red 
LEOs will easily handle 100 K bits per sec­
ond and most common phototransistors, if 
properly biased, will also suffice. Higher fre-

Figure 3: Pictorial diagram of a single fiber illustrating the cladding and core 
boundary. Only light entering within the "acceptance cone" will be guided 
down the optical fiber as in figure 3b. Any rays outside this cone are not 
transmitted. 

CLADDING n 2 
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quencies require specially fabricated LEOs 
or , if the transmission line is especially long, 
then laser diodes might be in order. 

It is important to know what each of the 
components in the system is and the way its 
selection affects the other components. The 
designs illustrated in this article are included 
to demonstrate a workable low frequency 
system which the personal computer enthu­
siast may wish to build. The physical elec­
tronics of high frequency commercial systems 
differ considerably, but the physical laws and 
general concepts are the same. 

Fiber Optics 

Fiber optics are just what they sound like 
glass fibers which conduct light rather 

than electricity. To understand optical fibers 
we must look at a few definitions. An exam­
ple of reflection and refraction is illustrated 
in figure 2. When a light ray strikes a bound­
ary, partial reflection and partial transm iss ion 
take place. The materials on either side of 
the boundary have particular constants n, 
and n2 respectively (called indices of refrac­
tion) associated with them. These constants 
are dependent upon wavelength of the light 
transmission and the speed of light through 
the material. Reflection and refraction are 
related as follows : 

Reflection () 1 = () 1 ' 

Refraction nl sin (}l = n2 sin (}2 

The fiber has a core,a light transmitting 
material of higher index of refraction sur­
rounded by a cladding or optical insulating 
material of a lower index of refraction. Fig­
ure 3a is a pictorial representation of a single 
fiber. Light enters the fiber at an infinite 
number of angles but only those rays entering 
the fiber at an angle less than the critical 
acceptance angle are transmitted. Light is 
propagated within the core of a multimode 
fiber at specific angles of internal reflection. 
When a propagating ray strikes the corel 
cladding interface, it is reflected and zigzags 
down the core. This is further illustrated in 
figure 3b. 
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Figure 4: Schematic of a 
simple low speed and short 
distance fiber optics com­
munications interface. 
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Photo 1 demonstrates that a very bright 
light can be transmitted through a single 
fiber. In this example the conductor is a 
single 40 mil plastic fiber with a helium-neon 
laser as an illumination source. 

A fiber optic transmission system using 
readily available components can be con­
structed by any interested experimenter. A 
simple interface is shown in figure 4. An 
LED driven by a 7437 NAND buffer is 
focused into the end of a fiber optic bundle. 
The light emitted at the other end is focused 
on a phototransistor. When the li ght strikes 
the phototransistor it effectively grounds the 
input of the 74LS04, producing a high out-

-

+5V 

RECEIVER 
10K 

GE lI4F2 OR 
EQUIVALENT 

put. The connection between the LED, fiber 
optics, and phototransistor is facilitated 
through use of special optical connectors. 
Photo 2 shows an assortment of the type 
which should be used to build the interface 
in figure 4. 

Lasers 

The circuit of figure 4 is useful for only a 
short distance. This is due primarily to the 
low intensity of a standard LED. For greater 
distances a more intense I ight source is need­
ed. This calls for a device such as a laser, an 
acronym that stands for light amplification 

Photo 2: Special connectors necessary to use fiber optics properly. Shown here 
(starting in the upper right corner and continuing clockwise) are a fiber optic 
cable with an end connector, a phototransistor in a TO-J 8 package, an exten­
sion coupling which allows two cables to be connected, and a bulkhead 
receptical containing either an LED (light emitting diode) or photo transistor. 
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by stimulated emission of radiation. Light 
from a laser is al l the same frequency, un like 
the output of an incandescent bulb. Laser 
light is referred to as coherent, and has a 
high energy density . It can travel great 
distances without diverging from a tight 
beam. 

The basic requirements for the creation 
of a laser are quite simple. We need a materi­
al th at can absorb and release energy . Next, 
we need an energy source for excit ing this 
material and a container to hold and control 
the lasing action, such as a glass tube or solid 
crystal. 

In the actual lasing process, the laser ma­
terial is placed inside the container, and then 
stimu lated by means of an energy source 
into the emission of light waves. The laser 
beam is created by channell ing the energy of 
these light waves into a particular and con­
trol led d irection. The result is a highly con­
centrated, brilliant beam of tremendous 
power. Figure 5 is a schematic of the first 
laser invented by Dr Theodore Maiman and 
a pictorial description of the lasing process. 

The ruby laser is a pu lse type laser which 
on ly prod uces a light output when the 
xenon lamp flashes. The best flash lamp can 
only be fired a few hundred times a second 
without extensive cooling apparatus. I n a 
ruby laser this pulse mode operation is suit­
ab le for cutting stone and weld ing steel, but 
not for data communications, because the 
duty cycle is too short and the energy den­
sity too high for low cost fiber optics. The 
solution is to use a laser that operates con­
tinuous ly, such as a helium-neon gas laser 
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Figure 5: The first laser, invented by Dr Theodore Maiman, was made from a 
ruby rod excited by a xenon flash lamp. A schematic representation is shown 
in figure Sa. The laser builds up energy by the folloWing process. In figure 5b 
the flash lamp is fired thereby exciting the electrons in the ruby rod. As the 
electrons drop back to their original energy level (step 2, figure 5c) they emit 
photons in random directions. In-step collisions of photons with other 
excited electrons start a wave front between mirrors (figure 5d). A fter many 
reflections back and forth between the mirrors, a wave front is built up until 
it contains sufficient energy to pass through the slightly less reflective of the 
two mirrors. This light output consists of coherent light. 
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SOLI D S TATE LASER 

LASER LIGHT 

Photo 3: A laser on a 
tripod shooting across my 
living room. The laser is a 
2.2 m W unit built by 
Metrologic Instruments of 
Bellmawr Nj 08037 (this 
particular model is the 
ML-969). This picture was 
taken at night; the trees 
outside are illuminated by 
outside flood lamps. 
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Figure 6: Gas and solid­
state laser light producing 
mechanisms. 
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(figure 6) or a laser diode which can be 
pulsed often enough to carry useful data . 

The He-Ne laser uses mirrors and electrical 
excitation in a manner similar to the solid 
crystal type except that the lasing action is 
continuous. Photo 3 shows a He-Ne laser in 
operation. The particular unit has a power 
output of 2.2 mW and is made by Metrologic 
Inc. This type of laser can be modulated (the 
power supply high voltage is modulated) and 
used to drive a fiber optic bundle, but it is 
not normally used in that application . The 
light output of a He-Ne laser is usually red . 
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need it : ~M, 1M, 2M, or 4M bytes. The ACS8000 features complete diagnostic utility software for drives and memory. 
the ultimate in high technology hardware : a fas t 4 MHz Z80 
CPU, 64 kilobytes of 16K dynamic RAM , 1 kilobyte of 2708 
EPROM , an AMD 9511 floating point processor, a Western 
Digital floppy disk controller, a Z80 direct memory access, 
Z80 Parallel and Serial I/O (two serial RS232 ports, 1 parallel 
port), and a Z80 CTC Programmable Counter/Timer (real time 

QUALITY SOFTWARE Unlimited versatility. The ACS 
8000 supports the widely accepted CP /M® ** disk operating 
system and FOUR high level languages : BASIC, COBOL, 
PASCAL and FORTRAN IV. All available NOW. 

clock). In essence, the best in integrated circuit technology. PRICE ACS 8000-1, single density, single-sided ['iz Mb] $3,840 
ACS 8000-2, double density, single-sided [1 Mb] $4,500 
ACS 8000-3, single density, double-sided [l Mb] $4,800 
ACS 8000-4, double density, double-sided [2 Mb] $5,300 

[ALtO) J 
COMPUTER SYSTEMS 

Brackets show disk capacity per standard two drive system. All 
models come standard with 32 Kb RAM and two 8" disk drives as 
shown above. Expansion to 64 Kb is $363 per 16 Kb. FPP, DMA, 
software optional. Dealer IOEM discounts available. Delivery: 30 
days ARO, all models. 
· ZRO is a t rademark of Zilog. Inc. 
"CP/ M is a trademark of Digita l Resea rch. Inc. Circle 7 on inqu i ry card . 

2338A WALSH AVENUE. SANTA CLARA. CA 95050 • (408) 244-5766 



Figure 7: System configu­
ration necessary for one 
computer to transmit data 
to another via a helium­
neon laser beam. The 
schematic for the modula- ' 
tor and demodulator are 
shown in figures 8 and 9, 
respectively. 

Figure 8: A frequency 
shift keyed laser modula­
tion interface. This circuit 
accepts input from the 
computer's UART (univer­
sal asynchronous receiver 
and transmitter). A logic 7 
input produces a 2400 Hz 
output. An input of logic 
o produces a 7200 Hz 
output. The power con­
nections for the integrated 
circuits are shown in table 
7. The starred capacitor is 
either a mylar or poly­
carbonate capacitor. 

COMPUTER A 

SERIAL OUTPUT 

L 
L-., MODULATOR ~ 

HELIUM-NEON 
LASER 

The most eco nomical high intensity li ght 
source for long runs of fiber optics is the 
laser diode. Don't be so whimsical as to run 
out and buy one thi nking you are going to 
make a ray gun - it should be just as easy to 
use as an LED. Laser diodes get very hot in 
operation and are genera ll y operated only in 
pu lse mode. An 8 W laser diode sold through 
the surplus dealer can have an average power 
of only a few hundred microwatts when 
used in pulse mode operation . Using laser 
diodes in continuous operat ion is beyond 
the talents and resources of most hobbyists 
and mu st be I eft to the commercial ranks for 
the moment. The light output from a laser 
diode is infrared and invisible to the human 
eye. 

Communicating on a Laser Beam 

Whi le it is possib le to demonstrate com­
munication with a laser diode, it is much 
more dramatic with a He-Ne laser since you 
can see the beam. A He-Ne laser can be mod­
ulated, but it cannot be turned on and off 

+5V 

SERIAL INPUT 
10K 

FROM UART 

3 

a IC5 
10K 4049 

2 

4 9 

DISCHARGE RESET 10 SET 15 6 
Q 

IC4a 

:3 
IC3 4027 
NE555 3 4800Hz 13 

4 .7K OUT CLOCK 

5 
6 

THRESHOLD I I 
K 

TRIGGER GND RESET 

2 12 
20K 

O.OlfLF * 
I C 5 

FREQUENCY 4049 

ADJUSTMENT 5 4 
a 
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'\ 
1-

LEN'S'AN'D 
PHOTO 
DETECTOR 

COMPUT ER 8 

SERIAL INPUT 

DEM ODULATOR t--

rapid ly like an LED or diode. Instead the 
light intensity is modulated by the data 
signal. The Metrologic laser I used is a type 
ML-969 "modu latable" laser. It has a BNC 
connector on the rear and accepts a 0 thru 
1 V in put for 0 to 15 per cent intensity 
modu lation . Any greater degree of modu­
lation shuts off the lasing action. 

Figure 7 illustrates the system configura­
tion necessary to transmit data from one 
computer to another. Figure 8 is the sche­
matic of a FSK (frequency shift keyed) 
modu lation interface which can be used as 
the input to the laser. A 4800 Hz frequency 
reference produced by IC1 is divided by IC2 
to give either 2400 Hz or 1200 Hz for a 1 or 
o logic input respectively. The modulation 
input to the laser can be any 1 V input up to 
500 kHz bandwidth. A transistor radio is a 
good test source for experiments. 

The receiver is shown in figure 9. The 
laser beam is directed at the phototransistor . 
With no modulation, the sensitivity is adjust­
ed to set the photo transistor in the middle 
of its linear range. With the modulation 
turned on, the trigger adjust control is 
turned unti l the modulation data is seen at 
test point 1. If using a transistor radio as the 
source, the analog output can be obtained at 
this point and the rest of the circuit is 
unnecessary . 

7 OUTPUT 

I 47K AOJUSTMENT 
Q 

I C4b 10K 
4027 IV PEAK 

CLOCK TO PEAK 

Io.005fLF 
OUTPUT 
TO LASER 
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RESET 
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The Only 
The one computer reference 

book that won't go out of date. 
Because we vow to supply 
updates-free-to registered 
Cookbook owners as long as we 
keep our loose-leaf binder edition 
in print. We'll send you new 
pages. You just pull out the old 
and plug in the new. 

Bad business? We don 't think 
so. It's our way of supporting the 
people who supported us. After 
all , the Cookbook is your book. 
We've distilled the advice of 
hundreds of computer owners 
who've put together systems-

The Computer 

ce Book You Need. 
and had to make them work. 

Working on a word processing 
system? We offer a quick and 
dirty hyphenation algorithm (used 
in the early phototypesetter 
machines) that you can do 
yourself in BASIC- and we tell 
you how the big machines do it. 

Accounts receivable? We have 
step-by-step recipes in our special 
machine independent "Cook­
book" format- plus advice 
on what hardware you need, and 
how to hook it up. 

And for fun, we tell you how to 
do your astrological chart. Or tie 

your computer to the New York 
Stock Exchange. We even offer 
Merrill Lynch, Pierce, Fenner, 
and Smith's commondity market 
model-but offer no money-back 
guarantee on that one. Plus 
hardware profiles with the kind of 
nitty-gritty details you won't get 
anywhere else. 

And if the Cookbook doesn't 
cover your particular problem, let 
us know-we just may solve it in 
our next update. 'Cause if it isn't 
in the Cookbook, just wait-it 
probably will be. 

------------------------------------------------
Yes, I'm hooked. Ship me the Cookbook. I enclose $15 plus $1.50 shipping. (We always ship by UPS. However, allow 
four weeks for' 'worse case" Cookbook supply problems. Cal ifornia residents add $.98 sales tax. Checks should be 
payable to "The Computer Cookbook. " Or charge to Mastercharge or Visa). 

Name ________________________________________________________________________ _ 

Street ________________________________________________________________________ _ 

City ____________________________________________ State ______ Zip ___ _ 

for Mastercharge/visa: Card Numbers _ _________________________ Expiration Date _____ _ 

Signature ___________________________________________________ _ 

The Computer Cookbook I P.O. Box 4084 I Berkeley, CA 94704 

~-------------~---------------------------------See the Computer Cookbook at the 4th West Coast Computer Faire May 11-12-13. 
Our booth is Number 47- Downstairs in Brooks Hall, far left corner. 
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~
 

0>
 

~ -<
 ~
 "' @ '" -< ~
 

"'0
 

C
 !<
: g' ~
. " n 

O
P

T
IC

A
L

 
R

E
C

E
IV

E
R

 

L
A

S
E

R
 

IN
P

U
T

 

~
 o

 10
K

 

Ta
bl

e 
7:

 
P

ow
er

 p
in

 
co

n-
ne

ct
io

ns
 f

or
 t

he
 i

nt
eg

ra
te

d 
ci

rc
ui

ts
 u

se
d 

in
 c

on
st

ru
ct

-
in

g 
th

e 
la

se
r 

co
m

m
un

i-
ca

to
r.

 

+
1

2
V

 

4
.7

K
 

1M
 

S
E

N
S

I­
T

IV
IT

Y
 

2
7

0
n

. 

N
u

m
b

e
r 

T
y

p
e 

+
5

V
 

IC
l 

7
4

3
7

 
1

4
 

IC
2

 
7

4
 L

S
0

4
 

1
4

 

IC
3

 
N

E
5

5
5

 
8 

1C
4 

4
0

2
7

 
1

6
 

IC
5

 
4

0
4

9
 

1 

IC
6

 
L

M
7

4
1

 

IC
7

 
L

M
7

4
1

 

IC
8

 
L

M
7

4
1

 

IC
9

 
L

M
7

4
1

 

10
K

 

G
ro

u
n

d
 1

-1
2

 V
I 

+
1

2
 V

 

7 7 1 8 '8
 

4 
7 

4 
7 

4 
7 

4 
7 

B
A

N
D

P
A

S
S

 
F

IL
T

E
R

 
2

4
0

0
H

z
 

T
E

S
T

 
P

O
IN

T
 

3 

P
E

A
K

 
C

O
M

P
A

R
A

T
O

R
 

+
5

V
 

6 
T

E
S

T
 

~
P
O
I
N
T
2
 

12
K

 

B
A

N
D

P
A

S
S

 

F
IL

T
E

R
 

1
2

0
0

H
z
 

• 
I 

O
.O

lfL
F

 

IK
 R

2
 

IK
 

10
 T

U
R

N
 

T
E

S
T

 
P

O
IN

T
 

4 

O
.0

5
fL

F
 

~
 

+
1

2
V

 R
3

 
10

K
 

.>
-•

• 
1

. 
'\I

'II
'w

 
.~

 ~
OO

~U
RN

 

10
K

 
Z

E
R

O
 

A
D

JU
S

T
M

E
N

T
 

-1
2

V
 

F
ig

ur
e 

9
: 

M
od

ul
at

ed
 la

se
r 

be
am

 s
er

ia
l d

at
a 

re
ce

iv
er

. 
Th

e 
de

m
od

ul
at

or
 c

on
si

st
s 

o
f 

tw
o 

ba
nd

pa
ss

 
fil

te
rs

, 
on

e 
fo

r 
24

00
 H

z 
an

d 
th

e 
ot

he
r 

fo
r 

72
00

 H
z. 

Th
e 

po
w

er
 c

on
ne

ct
io

ns
 a

re
 g

iv
en

 i
n 

ta
bl

e 
7. 

Th
e 

st
ar

re
d 

ca
pa

ci
to

rs
 a

re
 m

yl
ar

 o
r 

po
ly

ca
rb

on
at

e 
ca

pa
ci

to
rs

. 
A

ll
 r

es
is

to
rs

 a
re

 7
/4

 W
 u

nl
es

s 
ot

he
rw

is
e 

sp
ec

if
ie

d.
 .

 
A

ll 
di

od
es

 a
re

 t
yp

e 
7 N

97
4.

 



TRANSFORMER 
I A 18V CENTER 
FUSE TAPPED 

CENTER 
TAPPED 

IN4002 
TYPICAL OF 4 

+12V 

+ IOOOfLF 
35V 

+ IOOOfLF 

35V 

lM340-5 
2 

3 IOfLF 
IOV 

l M 340 -I 2 1-'2::...--._-4" 

3 

+ IOfLF 

15V 

+5V 

+12V 

L..-_______ .... ___ .... _.....;3=4 lM320T-12 1-'2::"-~~--1 -12V 

I ntegrated circuits 1 thru 4 form a fre­
quency shift keyed demodulato r with a TTL 
(transistor-transistor logic) output which is 
sent to a UART (universal asynchronous 
receiver-transmitter). To tune this section, 
first con nect a 1200 Hz signal source to test 
point 1. Turn potentiometer R2 until the 
output amplitude of IC3 test point 4 peaks. 
Then applv 2400 Hz to test point 1 and ad­
just R 1 until the amplitude at test point 3 
also peaks. R3 adjusts the 'point at which 
circuit's output switches between logic 
levels. It should be set to follow the input at 
test point 1 with the shortest response time. 

While the 15 per cent modulation could 
be detected directly and converted to N RZ 
(non return to zero) formatted data, the re­
ceiver circuitry would be far more compli­
cated. The combination of amplitude and 
frequency modulation techniques is intend­
ed to add significantly to the chances that an 
experimenter will have success building it. 
The critical parameters (as with any optical 
system) are alignment and light level. And, 
while you may not have to transmit a Red 
Sox baseball game across two miles of New 
Hampshire woods, it's nice to know how if 
you ever have to do it. 

If you have any questions, ideas or com­
ments on Ciarcia's Circuit Cellar please write 
to me and enclose a self-addressed, stamped 
envelope. I'm always interested in knowing 
what you readers think. Next month 's 
"Circuit Cellar" topic will be biofeedback.-

Figure 70: A triple voltage power supply for the laser modulator, 

the 
microcomputer 
people® 

Computers don't make a 
computer store, PEOPLE do. Our 
people have been involved with 
microcomputers since day one. 
We offer experience and 
expertise unparalleled in the 
microcomputer industry. Whether 
you are in the market for a 
complete system, peripherals, 
custom software, service, or just 
some friendly advice; there simply 
is no other place to go. 

Circle 66 on inquiry card. 

STOP.( HOUM 
lu •• . Sat iOam 6pm 
Tu ••. (, Thurs tllI9pm 
CLOSED MOHO ... ys 
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The Superboard II 

A Surprising Single Board Computer From OSI 

Photo 1: The O hio Scientific Superboa rd /I sing le board computer, 
which features a 6502 processor, expandab ilit y, an 8 K byte Microsoft 
BASIC package on read only memory, and 1 K bytes of dedicated 
memory for video, sells for $279. +5 V power suppl y not included. 

Photo 2: OSI Challenger 1 P, electrically identical to the Superboard 1/, 
but with power supply and case, for $349. 

50 May 1979 © BYTE Pub lications Inc 

Christopher Morgan 
Executive Editor 

My first experience with an Ohio 
Scientific product (in fact, my first ex­
perience with a personal computer) was 
with an OSI single board computer I 
bought in 1976. The unit sold for $99 and 
featured a row of eight switches and ac­
companying LEOs (light emitting diodes) 
for entering machine language pro­
grams. It had 256 bytes of program­
mable memory, and no other I/O (in­
put/output) besides the LEOs. 

Much has happened to the personal 
computer industry since then, and this is 
reflected in OSl's latest single board 
computer, the Superboard II . Actually a 
stripped down version of the Challenger 
1 P, the Superboard " is a no frills com­
puter with surprising capabilities . The 
$279 price buys an assembled and tested 
unit with a 53 key upper and lower case 
keyboard on one board . The user must 
supply a + 5 V power supply and a video 
monitor or TV set with RF (radio fre­
quency) converter in order to be up and 
running. 

The Superboard II comes with a 
machine language monitor and 8 K byte 
Microsoft BASIC in read only memory, 4 
K bytes of user memory, and a Kansas 
City standard cassette interface. A 6502 
processor forms the heart of the system . 
An intriguing graphics package is also 
supplied: the direct access video display 
has 1 K bytes of dedicated memory. 

BASIC PEEK and POKE commands 
are used to create the video display. 256 
speCial graphics characters can be call­
ed by the user for special applications 
including tanks and spaceships for 



games, plus building block characters 
for generating bar graphs and the like. 

The Superboard II can also be bought 
with a cabinet and power supply includ­
ed in the form of the Challenger 1 P; the 
price is $349 to which the cost of a 
television monitor must be added. 

A variety of software is available from 
OSI for both units in the areas of games, 
business software, and educational soft­
ware. Titles include: Tiger Tank; Lunar 
Lander; Breakout; Presidents Quiz; Trig 
Tutor; Math Think; Checking Account; 
Advanced Mathematics; Definite In­
tegrals; Retu rn on I nvestment; Load 
Calculator; Cash Flow Analysis; and 
many others. 

Evaluation 

Having an 8 K byte Microsoft BASIC 
package on board the Superboard II is a 
real plus, especially when you consider 
the price. I found the Kansas City stan­
dard cassette interface to be rather slow 
when entering long programs, but pro­
grams are listed on the screen while be­
ing read -a real convenience. The 25 
character by 25 line display format took 
some getting used to, but the characters 
are big and easily read. There is no provi­
sion for screen clear. Not mentioned in 
the instructions is the fact that the 
keyboard must be in upper case mode 
for the user to enter programs and com­
mands. This is a minor point, but one 
which might lead one to think that the 
unit is malfunctioning. 

One of the attractive features of this 
computer is its expandability. The Super­
board II (and the Challenger 1 P) can be 
expanded with the addition of a 24 K 
byte programmable memory expander 
board, dual 5 inch floppy interface, port 
adapter for printer and modem, and an 
OSI 48 line expansion interface. An 
assember/editor and extended machine 
code monitor are also available. The 
unit can b~ upgraded to a 5 inch floppy 
system called PICODOS for approx­
imately $650 additional cost. PICODOS 
is a limited single drive system that gives 
the user an 8 K byte work space and the 
ability to store up to eight programs on 
one disk. A full capability single drive 
computer system can be had for under 
$1000. 

The Superboard II is an excellent 
choice for the personal computer en­
thusiast on a budget.. 

documented, jncludil"lg ' 
and easily understood nn,Qi,.<>tnr 

, All programs compatible with any .Z-aO or aos() , 
CP/M@> system, and can tie brdered in stcmoard ' . 
ei~ht-inch disk either .double or single density~ Or 
mini-floppy disk. Each package contains a disk with .. 
CBASIC-2 compiler, CBASIC-2 run command, ' 
XAEF command, the Graham-Dqrian software . 
program in INT and BAS file form, plus a user's :·, 
manual and hard copy source listing, Average 180K 
of programs per package, ' . 

• Inventory Package - Can be connected with , 
cash register for point of sale inventory control. 
Number of on-line items limited only by disk space 
available. . . 

• Cash Register Package ---:- Creates daily sales ' 
reports containing information on gift certificates" 
paidouts,overrings, refunds, and how much in 
each categorx a salesperson sold. 

• Payroll Package' - Handles 100% of all 
necessary payroll functions including state income 
tax tables for your state. Ideally suited for both 
large and small companies. 

• Apartment PCickage - Said one user, ' 
"Obviously, this was developed by apartment 
owners." The package fills virtually all the needs of 
apartment owners and managers. Ideal for 
projects with 75 units or more. 
$695.00 for any package listed above. Any single 

package order includes free CBASIC-2. 
Send for detailed packet of information explaining 

capabilities of each program and sample runs. Or, 
phone our software technicians. 
Watch for new Graham-Dorian Software Program 
releases. Attractive dealerships available. 

l1li 
Graham~Dorian Software Systems 

~ 
pro,grams are copyrighted and require 

G licensing agreement. , 

~ Visa and Master Charge accepted. , 

Graham-Dorian Software Systems 

DE A Division o,t Graham-Dorian Enterprises 
211 N. Broadway I Wichita, KS 67202 
(316) 265-8633 ' 
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Single Chip 
Video Controller 

Bob Haas 

20887 SW Willapa Way 

Tualatin OR 97062 

About the Author: 

Several semiconductor manufacturers 
have recently produced video display con­
trollers contained on a single integrated 
circuit. While none of these is the "video 
terminal -on-a-chip" that some of the pub­
licity would have you believe, these new 
devices perform many of the functions re­
quired in a video display, thereby reducing 
the number of integrated circuit packages 
requ ired. In addition, they are all program­
mable to some degree, which allows add ing 
~ew features to an existing design at low 
incremental cost, or changing display for­
mats if required by changing needs. These 
characteristics make these devices particu­
larly interesting to a computer ex perimenter. 
A user might start with a 16 line , 64 char­
acter, upper case only display, and as re­
quirem ents {and budget} increase, convert to 

Bob Haas leads a double life: by day he designs 6800 systems (for 
Tektronix's 4057 group); and by night he works on 6502 systems (on his 
own KIM-7 system). He uses the MC6845 display system described in this 
article with his KIM-7. 

Acknowledgment 

The author wishes to thank Mr Hank Trieckel of Motorola, Inc for his assistance 
in the preparation of this article . 

52 Ma y 1979 © BYTE Publica tions Inc 

a "professional" 24 line , 80 character, upper 
and lower case format just by adding more 
memory and a new character generator. 

In this article, I will present a sUrvey of 
the characteristics of four video display con­
trollers, namely, the Intel 8275, the Motor­
ola MC6845, the NS {National Semicon­
ductor} DP8350, and the SMC {Standard 
Microsystems Corporation} 5027. In addi­
tion, I will present a detailed description of 
the Motorola part and a design for a display 
using that device . 

Device Characteristics 

Table 1 summarizes the important char­
acteristics of each device. All of the devices 
are programmable. The Intel, Motorola, and 
SMC parts are programmed by the micro­
processor system to wh ich they are attached . 
This means that when the system is powered 
up, a program must be executed to initiali ze 
the display controller, before a proper dis­
play will appear on the display screen. 

The display formats of the Intel and 
Motorola devices are, within limits, com­
pletely variable . For the Motorol a part, any 
I ine width from 1 to 256 characters can 
be chosen . {Of course, these limits are un­
reasonable values; the actual limits are deter­
mined by the display timing constraints, an 
example of which will be given in the de­
tailed discussion of the Motorola unit, later 
in this article.} The SMC 5027 is manu­
factured with a fixed "menu" of line widths, 

Tex t continued on page 56 



APPLE HI-RES GRAPHICS: The Screen Machine by Softape 

Open the manual and LOAD the cassette . Then get ready to explore 
the world of Programmable Characters' with the SCREEN MA­
CH I N ETM. You can now create new character sets - foreign alpha­
bets, electronic symbols and even Hi-Res playing cards, or, use the 
standard upper and lower case ASCII character set. 

The " SCREEN MACHINE" lets you redefine any keyboard character. 
Just create any symbol using a few easy key strokes and the "SCR EEN 
MACHINE" will assign that symbol to the key of your choice. For 
example : create a symbol , an upside down "A" and assign it to the 
keyboard 'A' key . Now every time you press the 'A ' key or when the 
Apple prints an 'A' it will appear upside down . Any shape ca n be 
assigned to any key! 

24 23 22 21 ze 19 18 17 16 15 14 1 

MY MOVE' 13,8 13.11 • . 

MICROGAMMON 1.0 Learn , practice and inhance your Backgammon 
ability with a true competitor . . . .. . .. . .. .. . ... .. $14.95 

APPLE-LlS'NER Voice recognition Software. Create your own pro­
grams which 'listen' and understand 31 spoken words - English or 
Foreign . No hardware needed . .. .. .. . ... . . . .. . . . $19.95 

APPLE TALKER Your Apple's voice. Create programs which ta lk to 
you in English or Spanish or any language ....... .. . .. $15.95 

JUPITER EXPRESS Command your ship thru the hazards of the 
Asteroid belt between Mars and Jupiter .. .. .. ... ..... $9.95 

FORTE' A music language, written like basic, you use line numbers 
for your notes. You can trace line numbers or notes. You can even 
print the words of any song. Save your song to your Disk . $19.95 

FORTH ][ Is the creation of Wm. Graves. This language gives you 
faster execution of programs than basic and is easier to program than 
machine language. Our 100 page manual will teach you everything 
you will need. FORTH ][comes complete with demo programs on 
one Apple diskette . . . . . . . . . . . . . . . . . . . . . $49.95 

WHERE TO GET IT: Look for the SOFTAPE Software display in 
your local computer store. Apple dealers throughout t he United 
States, Canada, South America, Europe and Australia carry the 
SOFTAPE Software line of quality products. 

If your local dealer is sold out of SOFTAPE Software you can order it 
direct from us by check or Visa/Master Charge. If you have any q ues­
tions please call us at: 

~ 1-213-985-5763 
Or mail your order to the address below. We'll add your name to our 
mailing list for free literature and announcements of new products. 

SOFTAPE 
=TM -----

10432 Burbank Blvd. • North Hollywood, CA 91601 
Circle 329 on inquiry card. 

The "SCR EEN MACH I NE" gives you the option of saving your 
character symbols to disk or tape for later use. There is no compli­
cated 'patching' needed. The SCREEN MACHINE is transparent to 
your programs. Just print the new character with a basic print state­
ment. The "SCREEN MACHINE" is very easy to use. 

Included on the cassette are Apple Hi-Res routines in SOFTAPES 
prefix format . You can use both Apple's, routines and the SCREEN 
MACHINE to create microcomputing's best graphics. 

Cassette, and Documentation, a complete package . .. • . . . $19.95 

BRIGHT PEN What is the difference between a light and a Bright 
Pen? Intelligent Software and extensive documentation .. .. $34.95 
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Ready to plug in and run the moment you receive 
it. Nothing else to buy, no extra memory. No 
"booting" with PerCom MINIDOSTM, the remark­
able disk operating system on EPROM. Expand­
able to either two or three drives. Outstanding 
operating, utility and application programs. 

54 BYTE May 1979 

For more 
information 

see your local 
PerCom dealer 

For the low $599.95 price, you not only get the disk drive, drive power 
supply, SS-50 bus controller/interface card, and MINIDOS™, you also 
receive: 
• an attractive metal enclosure. a fully assembled and tested inter­
connecting cable. a 70-page instruction manual that includes operat­
ing instructions, schematics, service procedures and a complete list­
ing of MINIDOS™ • technical memo updates - helpful hints which 
supplement the manual instructions. a 90-day limited warranty. 

SOFTWARE FOR THE LFD-400 SYSTEM 
Disk operating and file management systems 

INDEX™ The most advanced disk operating ~nd file management 
system available for the 6800. INterrupt Driven EXecutive operating 
system features file-and-device-independent, queue-buffered 
character stream I/O. Linked-file disk architecture, with automatic file 
creation and allocation for ASCII and binary files, supports sequential 
and semi-random access disk files. Multi-level file name directory 
includes name, extension, version, protection and date. Requires 8K 
RAM at $AOOO. Diskette includes numerous utilities ..... . .. $99.95 
MINIDOS-PLUSX An easy-to-use DOS for the small computing sys­
tem. Supports up to 31 named files. Available on ROM or diskette 
complete with source listing .......... .... .. . .... ... . . .. . $39.95 

BASIC Interpreters and Compliers 
SUPER BASIC A 10K extended disk BASIC interpreter for the 6800. 
Faster than SWTP BASIC. Handles data files. Programs may be 
prepared using a text editor described below .. . .. .. .... .. . $49.95 
BASIC BANDAIDTM Turn SWTP 8K BASIC into a random access data 
file disk BASIC. Includes many speed improvements, and program 
disk CHAINing . .. . .. ... . . .... . .... . . . . . ..... '" . .. . . .. $17.95 
STRUBAL+TM A STRUctured BAsic Language compiler for the pro­
fessional programmer. 14-digit floating point, strings, scientific func­
tions, 2-dimensional arrays. Requires 16K RAM and Linkage Editor 
(see below). Use one of the following text editors to prepare programs. 
Complete with RUN-TIME and FLOATING POINT packages $249.95 

Text Editors and Processors 

EDIT68 Hemenway Associates' powerful disk-based text editor. May 
be used to create programs and data files. Supports MACROS which 
perform complex, repetitive editing functions. Permits text files larger 
than available RAM to be created and edited .... .......... $39.95 

TOUCHUpno Modifies TSC's Text Editor and Text Processor for Per­
Com disk operation. ROLL function p(l rmits text files larger than 
available RAM to be created and edited. Supplied on diskette com-
plete with source listing ..... . . .. . . ... .... ........... . .. $17.95 

Assemblers 
PerC om 6800 SYMBOLIC ASSEMBLER Specify assembly options 
at time of assembly with this symbolic assembler. Source listing on 
diskette ....... .. ....... . ....... . .. . .. . . ..... . .. ...... $29.95 
MACRO-RELOCATING ASSEMBLER Hemenway Associates' 
assembler for the programming professional. Generates relocatable 
linking object code. Supports MACROS. Permits conditional 
assembly . . .. .... .. ... . . . ...... . ..... . . . ... .... . ...... $79.95 
LINKAGE EDITOR - for STRUBAL+™ and the MACRO-Relocating 
assembler .. . ... .. ....... . ...... . . .. . . ...... .. ........ $49.95 
CROSS REFERENCE Utility program that produces a cross-
reference listing of an input source listing file ............ $29.95 

Business Applications 

GENERAL LEDGER SYSTEM Accommodates up to 250 accounts. 
Financial information immediately available - no sorting required. 
Audit trail information permits tracking from GL record data back to 
source document. User defines account numbers . . ...... $199.95 
FULL FUNCTION MAILING LIST 700 addresses per diskette. Power-
ful search, sort, create and update capability . . .... ... .. . .. $99.95 
PERCOM FINDERTM General purpose information retrieval system 
and data base manager . . . . ......... .. ... . ...... . .... . . $99.95 
,. trademark of PERCOM Data Company. Inc . 

Ordering Information 
To order, call toll free 1-800-527-1592. MC and VISA welcome. COD 
orders require 30% deposit plus 5% handling charge. Allow three 
weeks for delivery. Allow three extra weeks if payment is by parsonal 
check. Texas residents add 5% sales tax. 

PERCOM 'peripherals for personal computing' 

Circle 301 on inquiry card. 
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· Trademark of Tandy Corporation. 

Dual and triple drives 
also available . 
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National Standard 
Intel Motorola Semiconductor Microsystems Corp 
8275 MC6845 DP8350 5027 

Format fully programmable fully programmable mask programmable programmed options 
Lines by Characters to 64 by 80 to 128 by 256 to 64 by 110 to 64 by 132 

Microprocessor 8080 family all all all 
Compatability (direct memory 

access only) 

Simplest System direct memory shared memory shared memory shared memory 
Interface access via Intel 

8257 

Display Memory 64 K 16 K 4K 4K 
Size (maximum) 

Addressing linear linear linear row/column 

Scrolling line, character, page line, character, page line, character, page line only 

Cursor blink or steady. blink or steady. reverse video or reverse video or 
reverse video or reverse video or underl ine, no bl ink underline, no blink 
underline underline 

Interlace none video, or video and none none or interlaced 
sync, or none sync and video 

Light Pen yes yes no no 

Graphics Capability limited full full full 

Process MOS MOS ilL MOS 

Power +5 V +5 V +5 V +5, +12 V 

Other Featu res on board line high-speed timing self-loading for stand-
(see text) buffers; visual on board alone use 

attributes 

Table 7: Summary of characteristics of four video display controllers. 

Tex t continued from page 52: 

such as 20, 32, 40, 64, 72, 80, 96, and 132 
characters, from which the initialization 
program can choose. 

The N5 DP8350 is mask programmed. Its 
characteristics are set by internal read only 
memories, the contents of which are deter­
mined when the deyice is manufactured. 
Changing the display format with this part 
means unplugging the current unit and plug­
ging in a differently manufactured unit. A 
number of stock formats, among them 24 
lines by 80 ch arac ters, will be ayailable, but 
if your particular needs are not met by a 
stock part, you must contract with N5 to 
program a custom part, agree to purchase a 
certain quantity, and perhaps pay a one 
time mask charge. 

The 5MC part has the ability to load its 
format parameters· at power-up from an 
external read only memory, so that it does 
not haye to be part of a microprocessor 
based system at all. It can therefore be used 
in a so-called "dumb" terminal. 

All of the deyices may theoret ically be 
interfaced to any microprocessor, but prac­
ticalities limit the choices . The Intel part, 
being part of the 8080 family, is designed to 
interface to 8080 based systems yia DMA 
(direct memory access) through the Intel 
8257 DMA contro ll er. This makes it difficult 
to interface the Intel part to non8080 sys­
tems. I n fact, since many people's 5-100 bus 
8080 systems will not support direct mem-

ory access, the Intel part would be difficult 
to interface eyen to these systems. 

The Motorola MC6845, a member of the 
Motorola 6800 family, is easily interfaced to 
6800 and 6502 systems, and can be inter­
faced to 8080 and Z-80 systems. The N5 and 
5MC parts haye system interfaces similar to 
the Motorola part. The simplest method of 
interfacing the latter three parts is by means 
of shared memory, wherein the display 
memory appears to the processor to be 
ordinary programmable memory. 

Memory Usage 

The maximum size of the display refresh 
memory for each part is limited by the num­
ber of refresh memory address lines coming 
out of the package. The Motorola part has 
14 address lines, and the NS and SMC parts 
each haye 12. The I ntel part has access to 
the entire system memory through an 
attached direct memory access controller, 
and the system memory may be as large as 
64 K (65 ,536) bytes . The Intel, Motorola, 
and NS parts access I inear (sequential) re­
fresh memory addresses, so there is a simple 
relationship between the refresh memory 
address of a giYen character and its position 
on the display screen . 

The SMC 5027, howeyer, outputs ad­
dresses in a row and column format which 
(without the addition of hardware to do ad­
dress translation) causes inefficient use of 



NorthSlor 
Horizon Disk Capacity 
Keeps Growing 
The Horizon is now capable of 72a< 
bytes on-line! The Horizon can connect 
to four double density 5V4" single-sided 
disk drives. Each of those drives can 
access 180K bytes of information. A 
four drive system accesses 720 K bytes! 

That's capacity you don't usually find in 
a microcomputer, but there's even 
more to come! The North Star disk con­
troller board is designed so that two­
sided disk drives may be added as 
soon as they become available from 
North Star. 

Existing Horizons will accommodate the 
new two-sided drives so North Star 
owners can simply add additional 
drives to up-grade their system. Each 
two-sided drive will access 360K bytes! 
That means the maximum on-line disk 
storage for the Horizon will increase to 
over 1.4 million bytes! 

New Cabinet 
for Disk Drives 
North Star additional disk drives are 
now available with the same high 
quality wood cover as the Horizon 
computer! The Additional Drive 
Cabinet (ADC) is designed to accept 
either one or two drives for the Horizon 
or for mounting North Star Micro Disk 
System drives. Like the Horizon, the 
ADC is available with either wood or 
blue metal cover. Included is a new 
power supply capable of powering 
one or two drives. The ADC is S129 in kit 
form. Assembled, with one drive the 
ADC is S599, with two drives S999. 

Circle 285 on inquiry card . 

~ 
"tMiCLro-computer Products 

o ook Up to" 
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Pascal Now Available 
for Horizon 
The much-heralded Pascal language 
is now being offered for use with the 
North Star Horizon computer. North 

Inside view of Horizon with processor 
board, RAM board, disk controller, two 
drives, and power supply. 

Star, with the co-operation of the Uni­
versity of California at San Diego, is 
now delivering a Pascal Program De­
velopment system. North Star Pascal is 
ideally suited for developing large 
programs because of features such as: 
long variable names, block-structured 
control statements, and compi lation. 
North Star Pascal is available on 5V4" 
diskettes for use with the Horizon or 
Micro Disk System. North Star Pascal 
will operate with either the Z80 or 8080 
microprocessor. 

Pascal, including documentation, is 
available in either single or double 
density versions for S49. 
An auxiliary Pascal diskette, contain­
ing an 8080/ Z80 assembler and some 
additional Pascal utilities, is available 
for S29. Complete information is avail­
able at your local retail computer 
store. 

First Double Density, 
Now Double Memory 
The new North Star 32K RAM board 
(RAM-32) has doubled the memory 
density of the popular Horizon compu­
ter. Available either with the Horizon or 
other S-100 bus computers, the RAM-32 
runs at full speed - no wait states­
with the 4 MHz Z80A microprocessor 
(as well as with slower Z80 and 8080 
processors) . Addressability of the 
RAM-32 is switch-selectable in four 8K 
regions. 
North Star RAM features like bank­
switching and parity checking are 
standard. The parity checking capa­
bility means that the RAM-32 is con­
stantly diagnosing itself. That's a plus 
for your system. The fact that parity 
checking is a North Star RAM-32 stan­
dard is a plus for your pocketbook! 
There is no extra charge for this impor­
tant capability. 
A Horizon with 48K of RAM can be con­
figured by using one North Star 16K 
RAM board and a RAM-32 . Need 
more memory? 56K can be configured 
by using two RAM-32 boards with one 
8K region switched off. 

NORTH STAR MDS, ZPB, 
FPB FOR OTHER 
S-100 COMPUTERS 
Upgrade your system with these North 
Star products - avai lab Ie for any S-100 
computer: Micro Disk System - a 
complete 5V4" floppy disk system, Z80 
Processor Board, or the Hardware 
Floating Point Board. 

Horizon and RAM board prices are: 
Kit Assembled 

Horizon - 1-16K 
Horizon - 1-32K 
Horizon - 2-32K 
RAM-32 
RAM-16 

S1599 S1899 
1849 2099 
2249 2549 
599 659 
399 459 

~ A typical Horizon configuration: CRT, Hori­
zon computer, Additional Drive Cabinet 

(A DC). ).J' 
NorthSlti~ 

Computers 
2547 Ninth Street 
Berkeley, California 94710 
(415) 549-0858 
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display memory when the display dimen­
sions are not integer powers of 2. For exam­
ple, building a 24 line by 80 character 
display with the SMC part would require a 
refresh memory that is 24 by 128, or 3,072 
bytes total. Of these, 1,1 52 bytes would not 
be displayed. Also, a program to manage the 
display would have to perform row and 
column calculations to locate a given screen 
position. Of course, additional hardware 
could be added to "I inearize" the addresses, 
but this defeats the purpose of using one of 
these devices, namely, the reduction of 
hardware. 

Scrolling and Cursing 

All of the devices provide scrolling, that 
is, the ability to move data around on the 
display screen without actually moving the 
data in the refresh memory. The SMC device 
provides line scrolling only . An example of 
scrolling using the Motorola part is given in a 
later section of th is article. 

All the parts provide for the generation of 
a cursor (ie: some way for a human oper­
ator to determine the position at which the 
next character entered from a keyboard will 
be placed on the display). The Intel and 
Motorola devices allow a steady or blinking 
cursor consisting of an underscore or a re­
verse video (black on White) block. The NS 
and SMC parts allow for underscore or re­
verse video, but do not provide blinking. 

Video Signal Characteristics 

A standard North American television 
picture is composed of two frames of 262Y2 
scan lines each, with scan lines from alter­
nate frames interlaced vertically the width of 
one line, so that the resultant picture has 
525 scan lines. Many computer video dis­
plays use only about 262 scan lines, and are 
not interlaced. This limits the maximum 
number of character rows on a display to 
about 25. 

The Motorola part allows the use of 
interlacing to produce an aesthetically more 
pleasing display by doubl ing character dots 
vertically. This fills in what might otherwise 
be spaces on a high-resolution display. This 
is called interlaced sync, in Motorola's 
terminology. The Motorola and SMC parts 
also provide for interlaced sync and video, 
in which all 525 lines can be used for charac­
ter formation, allowing as many as perhaps. 
50 character rows per display. The use of 
interlace does cause a flicker effect on 
ordinary white phosphor (P4) monitors, but 
computer experimenters with long per­
sistence, green phosphor (P39) monitors 
may want to consider using interlace. 

Other Features 

The Intel and Motorola circuits provide 
support for a light pen, that is, a light­
sensitive "wand" used by the display oper­
ator to point to areas on the display screen 
to signify something to the attached sys­
tem. This requires additional hardware to 
implement. 

The data displayed on the screen by the 
display controller need not be dot patterns 
from a character generator read only mem­
ory. They might be dots forming part of a 
graphic image. Except for the Intel part, 
the display controllers support whatever 
graphics-generation hardware the system 
designer cares to attach to them. The Intel 
part is limited in this area because of its 
line buffers, which orient it toward char­
acter generation only (more on this later). 

The Intel, Motorola, and SMC display 
controllers are manufactured by the MOS 
(metal oxide semiconductor) process, and 
do not include the so-called high-speed 
timing function of a display on the device. 
The National part, however, uses an 12L 
(integrated injection logic), with none of the 
speed limitations of MOS, so it does include 
the high-speed timing functions. This inclu­
sion helps to reduce external parts count. (A 
discussion of just what these timing func­
tions are follows in a later section of this 
article.) 

As mentioned earlier, the Intel display 
controller must interface to a system through 
a DMA controller such as the Intel 8257. 
The Intel display controller incorporates two 
80 character line buffers. While it is display­
ing a row of characters from one line buffer, 
it fills the second line buffer from the mem­
ory by "stealing" some memory cycles. It 
then uses the second line buffer for display 
and fills the first line buffer from the third 
row of characters, and so on. The timing for 
a 24 line by 80 character display is such that 
up to 25 percent of a system's memory 
cycles may be taken by the display con­
troller action. The Intel part's line buffers 
store 7 bit characters, so the graphics achiev­
able with this part are limited to what can be 
displayed with a 128 character set, aug­
mented by character-set switching (using 
additional hardware). 

A distinguishing feature of the Intel part 
is support for visual attributes. With only 
minimal external hardware, blocks of char­
acters can be made to blink, be highlighted 
(higher than normal brightness), be reversed 
(black on white), be underlined, or have any 
combination of these four qualities. In addi­
tion, two more attribute signals are provided 
that could provide color selection on a color 
display. 



Color. VP-590 add-on Color Board allows program 
control of 8 brilliant colors forgraphics, color games. 
Plus 4 selectable background colors . Includes 
sockets for 2 a\Jxiliary keypads (VP-580). $69~ 

Sound. VP-595 Simple Sound Board provides 256 
tone frequencies. Great for supplementing graphics 
with sound effects or music. Set tone and duration 
with easy instructions. $24~ 

Music. VP-550 Super Sound Board turns your VIP into a music 
synthesizer. 2 sound channels. Program control of frequency, 
time and amplitude envelope (voice) independently in each 
channel. Program directly from sheet music! Sync provision 
for controlling multiple VIPs, multitrack recording or other 
synthesizers. $49~ 

Memory. VP-570 RAM Expansion Board adds 4K 
bytes of memory. Jumper locates RAM in any 4K 
block of up to 32K of memory. On-board memory 
protect switch. $95 ~ 

EPROM Programmer. VP-565 EPROM Programmer Board 
comes complete with software to program, copy and 
verity 5-volt 2716 EPROMs-comparable to units 
costing much more than the VP-565 and VI P put 
together! Programming voltages generated on 
board. ZIF PROM socket included. $99~ 

EPROM Interface. VP-560 EPROM Interface 
Board locates two 5-volt 2716 EPROMs (4K 
bytes total) anywhere in 32K of memory. 
VIP RAM can be re-allocated . $34~ 

. 
ASCII Keyboard~* Fully encoded, 128-character ASCII 
encoded alpha-numeric keyboard . 58 light touch keys 
. including 2 user defined keys! Selectable upper and lower 
case. Handsomely styled. Under $50~ 

Tiny BASIC~* VP-700 
Expanded Tiny BASIC Board 
puts this high-level language 
on your VIP. BASIC stored ~ 
in 4K of ROM. Ready for im- -
mediate use-no loading . 
necessary. This expanded 
BASIC includes the standard 
Tiny BASIC commands plus 
12 additional-including 
color and sound control! 
Requires external ASCII 
encoded alpha-numeric 
keyboard . $39~ 

"U~:IIIH'rv Keypads. Program 
your VI for 2-player inter­
action games! 16-keykeypad 
VP-580 with cable ($15*) 
connects to sockets pro­
vided on VP-590 Color Board 
or VP 585 Keyboard Interface 
Card ($10*) . 

COSMAC VIP lets you add 
computer power a board at a time. 

With these new easy-to­
buy options, the versatile 
RCA COS MAC VIP 
(CDP18S711) means even 
more excitement. More 
challenges in graphics, 
games and control func­
tions. For everyone, from 
youngster to serious hobby­
ist. And the basic VI P com­
puter system starts at just $249* assembled 
and ready to operate. 

Simple but powerful-not just a toy. 
Built around an RCA COS MAC micro­

processor, the VIP includeS 2K of RAM. ROM 
monitor. Audio tone with a built-in speaker. 
Plus 8-bit input and 8-bit output port to inter­
face relays, sensors or other peripherals. It 's 

Circle 322 on inquiry card . 

easy to program and operate. 
Powerful CHIP-8 interpre­
tive language gets you into 
programming the first 
evening . Complete docu­
mentation provided. 

Take the first step now. 
Check your local com­

puter store or electronics 
parts house. Or contact 

RCA VI P Marketing , New Holland Avenue, 
Lancaster, PA 17604. Phone (717) 291-5848. 
·Suggested retai l pr ice. CDP18S7 11 does not include video monito r o r cassette recorder. 
"Availab le 1st Quarter, 1979. 

The fun way 
into computers. nen 
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Figure 7,' Block diagram of a conventional video display which uses TTL (transistor-transistor 
logic) integrated circuits. 

A Conventional Display Design 

To under'stand what the singl e integrated 
circuit video display controllers do, it is 
helpful to understand what functions a video 

display circuit must perform, and how those 
functions can be carried out with conven­
tion al TTL (transistor-transistor logic) . Fig­
ure 1 shows the block diagram of such a dis­
play. A total of 32 packages (including the 
memory and character generator circuits) is 
required . The design is optimized for a 16 
line, 64 character format. It uses the shared 
memory type of interface to the system . 
This interface scheme is simpler to imple­
ment, and faster for sytem updates, than the 
cursor control interface used in TV Type­
writer designs, but it does suffer from a 
"snow" effect when the system updates 
the display. 

A 9 MHz crystal oscillator provides the 
timin g for the entire display. The 9 MHz 
signal is used to clock the sh ift register that 
feeds dots (or pixels) to the video combiner 
circuit, hence it is called the "dot clock." 
The character generator is a 5 dots horizontal 
by 7 dots vertical unit. The dot clock fre­
quency is divided by 6 to allow for the 5 
horizontal dots in each character, plus one 
blan k dot space between characters. The 
dot clock divided by 6 is called the character 
clock, and it controls the transfer of char­
acters between portions of the circuit. 

Photo 7,' Video display circuit constructed from TTL (transistor-transistor 
logic) devices. This is the same TTL circuit discussed in the article text. 

The horizontal timing circuit is driven by 
the character clock. This ci rcuit counts to 
95, then resets itself to 0; therefore there are 
a total of 96 character intervals in each hori­
zontal scan. The character clock rate of 1.5 
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MHz (9 MHz divided by 6) yields a character 
time of 0.666 p.s. 96 character internls per 
horizontal scan yield a scan time of 63.94 
p.s, or a frequency of 15,640 Hz, close to the 
television standard. Of the 96 character 
intervals, 64 are displayed, and 32 are 
blanked. 

At the end of each horizontal scan, 
another counter, the scan line counter, is 
incremented. It counts to 8, then resets itself 
to O. Its output is connected to the character 
generator, to cause the character generator 
to output the correct line of dots for each 
scan line. Scan lines 0 and 8 are blank, be­
cause the character generator puts out no 
dots for these lines. There are, therefore, 
two blank scan lines between rows of char­
acters . When the scan line counter resets to 
0, the vertical (row) counter is incremented. 
The vertical counter counts to 28, then re­
sets to O. The first 16 counts are used to 
display character rows, and the remaining 13 
are blanked. The 29 rows of nine scan lines 
each yield a total of 261 scan lines per 
frame, a vertical scan time of 16.69 ms 
(63.94 p.s times 261), and a vertical fre­
quency of 59.9 Hz, close enough to 60 Hz to 
minimize any shimmy problems in the dis­
play caused by power supply ripple or mag­
netic fields. 

The addresses supplied to the refresh 
memory are produced by the horizontal 
(character) timing and the vertical (row) 
timing. The vertical address is incremented 
only when the scan I ine counter resets, so 

Photo 2: Printed circuit board from photo 7 after modification. Observe the 
wiring changes and "kluge board" attached to the back side of the board. The 
small kluge board contains the Motorola MC6845 video display processor, 
which has been grafted onto the original circuit. A mirror was used to show 
front and back sides simultaneously. 

TEI.ETYPES® 
MODEL40 300 LPM PRINTERS 

• I" 
• Mechanism or complete assembly 
• 80-column friction feed 
• 80-column tractor feed 
• 132-column tractor feed 

FEDERALCommun!cations 
Corporation 

INTERFACES 
• EIA-RS232 
• Simplified EIA-like interface 
• Standard serial interface 
• Parallel device interface 

11126 Shady Trail, Dallas, Texas 75229, (214) 620-0644, 
TELEX 732211 TWX 910-860-5529 

Circle 134 on inquiry card . 

MODEL 43 TERMINALS 

• 4310 RO (Receive Only) 
·4320 KSR (Keyboard Send-Receive) 
·4340 BSR (Buffered Send-Receive) 

INTERFACES 
• TTL Serial 
• EIA RS232 or DC20 to 60ma 
·103-type built-in modem 
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Figure 2: Block diagram of a video display utilizing the Motorola MC6845 video display controller. 
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that a given row of 64 characters of refresh 
memory is scanned nine times, in order to 
"paint" all seven scan lines of the characters, 
plus two blank lines. When the scan lin e 
counter resets, the vertical counter is incre­
mented so that the next row of 64 charac­
ters may be scanned. In order to center the 
display, the vertical sync pulse is produced 
at about the 22nd character row, and the 
horizontal sync pulse at about the 80th 
character interval. 

The circuit includes the capabi li ty of re­
versing (ie: convertin g to black on white) 
any character with bit 7 (the most signifi­
cant bit) on. This can be used to highlight 
blocks of text, or generate a cursor. 

Norm ally the refresh memory is con· 
nected to the vertical and horizontal timing 
circuits through a multiplexer, which can be 
thought of as a 10 pole, 2 position switch. 
When the processor wants to update the dis­
play, control ci rcui try switches the multi ­
plexer so that the address the processor 
wants to update is suppli ed to the refresh 
memory instead of the address the timing 
circuits would be supplying. The processor 
reads or writes the location. The memory 
Ol,ltput is probably not corr ect for the dis­
play at that moment, so a segment of a dif­
ferent character is substituted for the correct 
one, producing the snow effect if extensive 
updates are being performed. The snow can 
be eliminated by allowing the processor to 
access the refresh memory only when the 
displ ay is bl anked, but I did not include cir­
cuitry for this in my des ign . 

Using the Motorola MC6845 Display 
Controller 

Figure 2 shows the block diagram of the 
display redrawn using the Motorola MC6845. 
The change is not striking. The 6845 has re­
placed only three blocks, namely, scan line 
timing, vertical (row) timing, and horizontal 
(ch aracter) timing. The circuit using the 
6845 has five fewer packages . The 6845 
occupies about the same amount of board 
space, consumes about the same amount of 
power, and costs more than the TIL pack­
ages it replaces. What have we gained by the 
replacement? For the person who is per­
fectly happy with the 16 by 64 TTL design, 
nothing. However, the advantage of the 
6845 lies in its programmability . The charac­
teristics of the display of which it is a part 
are easily changeable . This means that the 
same circuit can provide formats other than 
16 by 64, such as 25 by 40, 14 by 72, and 
12 by 80. The 6845 provides hardware 
scrolling, a blinking cursor (in addition to 
the selectable reverse video carried over from 
the all TTL cirCUit), support for a light pen, 
and three interlace options . 

The programmability of the 6845 is in 
one way a slight disadvantage. An initializa­
tion program must be run by the system be­
fore the display will start up. The TTL ver­
sion starts displaying immediately upon 
power-up, although the display will show at 
first whatever random characters the refresh 
memory contains at power-up. 

Motorola's diagram of the 6845's internal 

Circle 335 on inquiry card.-+-
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Figure 3: Functional block 
diagram of the Motor­
ola MC6845 video display 
controller. Diagram used 
by permission of Motorola 
Semiconductor Products, 
Inc. 
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structure is shown in figure 3. The charac­
teristics of the displ ay are set by values 
stored in the 6845's internal registers by a 
program run on the system processor. Some 
of the registers are written onl y once, at sys­
tem power-up, to estab li sh the for mat of the 
disp lay. Other registers are updated period­
ically as part of normal displ ay usage. 

In order for the system to access the 

LPSTB 

ClK 

6845's internal registers, the device is con­
nected to the system data bus, the system 
¢2 (phase 2) and R/W (read/write) contro l 
lin es, to an address decoder, and to address 
bus line O. The disp lay now responds to two 
sets of addresses - 1,024 addresses cor­
responding to the 1,024 screen positions, 
and to two additional addresses used to ac­
cess the 6845's internal registers. I wi ll ca ll 



Build your own microcomputer 
as you learn 

computer technology at home. 
New from NRII The Most Complete and Up-to-date Home Study Course Ever Offered 

As the microprocessor revolutionizes the 
computer world and microcomputers appear 
almost everywhere, NRI brings you a new, 
convenient, and effective way to keep up with 
this expanding technology. It's NRI's Computer 
Thchnology Course, created and designed exclu­
sively for learning at home in your spare time. 

Featuring NRI's Exclusive 
Dual Language Microcomputer 

NRI goes beyond book learning to 
give you practical, "hands-on" experience in 
designing circuitry, interfacing components, 
programming, and troubleshooting. As you 
learn, you actually assemble NRI's designed-for­
learning microcomputer, incorporating the latest 
advances in the state of the art. It looks and 
operates like the finest of its kind, actually does 
more than many commercial units. But NRI 
engineers have designed components and 
planned assembly so it demonstrates important 
principles, gives you working experience in detect­
ing and correcting problems. And it's yours to 
keep, put to work in your own home or business. 

You also build and keep your own test 
instruments, including a transistorized volt­
ohm meter and CMOS digital frequency counter. 
And NRI's Discovery Lab® broadens your 
horizons with specialized experiments and 
theory demonstrations. 

The Proven Way 
to Learn at Home 

You don't have to worry with travel, 
classes, or time lost from work when you learn 
the NRI have for more than 60 

years of teaching technical subjects, NRI brings 
the material to you. You study in your spare time, 
at your convenience, using "bite-size" lessons 
that program material into logical segments for 
easier assimilation. You perform experiments 
and build equipment using kits we supply. And 
your personal NRI instructor is always available 
for consultation should you have questions or 
problems. Over a million students have already 
shown the effectiveness of NRI training. 

Choice of Courses 
Several courses are available, depending 
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Listing 7 : Initialization 
routine for MC6845 as 
coded for the 6800 micro-
processor. 

Listing 2: Initialization 
routine coded for the 
6502 microprocessor. 

Photo 3: Display gener­
ated by MC6845 con­
trolled circuit. The 72 line 
by 80 character format is 
shown. Parameters illus­
trated are values placed 
in 6845 registers by pro­
gram executing on the 
main system processor. A 
70.275 MHz crystal is used 
to correct for severe over­
scan in the author's moni­
tor. 

Photo 4: MC6845 circuit 
generated display using 76 
line by 64 character for­
mat. Parameters shown 
and referenced are correct 
for 70.275 MHz crystal, 
which was left in place 
after demonstrating 72 by 
80 format. See table 2 for 
parameters appropriate for 
9.0 MHz crystal. 
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0200 5F 
0201 CE 
0204 F7 
0207 A6 
0209 B7 
020C 08 
020D 5C 
020E C1 
0210 26 
0212 39 
0213 
0217 
0218 
021F 

0200 A2 
0202 8E 
0205 BD 
0208 8D 
020B E8 
020C EO 
020E DO 
0210 60 
0211 
0215 
0219 
021 D 

CRTINI CLR B 
0213 LDX 
E800 CRTLP STA .B 
00 LDA A 
E801 STA A 

INX 
INC B 

10 CMP B 
F2 BNE 

RTS 
TABLE FCB 

FCB 
FCB 
FCB 

00 CRTINI LDX 
00 E8 CRTLP STX 
11 02 LDA 
01 E8 STA 

IN X 
10 CPX 
F2 BNE 

RTS 
TABLE .BYTE 

.BYTE 

.BYTE 

.BYTE 

#TABLE 
CRTC 
O,X 
CRTC+1 

# 16 
CRTLP 

$5E,$40,$4D,$08 
$1C,$02,$10,$16 
$00,$08,$40,$08 
$00,$00,$00,$00 

# 0 
CRTC 
TABLE ,X 
CRTC+1 

# 16 
CRTLP 

$5E,$40,$4D,$08 
$1 C,$02,$1 0,$16 
$00,$08,$40,$08 
$00,$00,$00,$00 

INIT REG # 
INIT TABLE PTR 
STORE REGISTER NUMBER 
GET TABLE VALUE 
STORE IN REGISTER 
NEXT TABLE VALUE 
NEXT REGISTER NUMBER 
LAST REGISTER? 
REPEAT IF NOT LAST 
RETURN TO CALLER 

INIT REG AND TAB PTR 
STORE REGISTER NUMBER 
GET TABLE VALUE 
PUT VALUE IN REGISTER 
NEXT REGISTER 
LAST? 
REPEAT IF NOT 
RETURN TO CALLER 



these latter addresses X and X+1; with the 
6845's RS (register select) line connected to 
system address line 0 (the least significant 
bit), these will be consecutive addresses. 

The f irst address, X, is the 6845's 
"pointer" register, which determines which 
register is accessed through address X+1. To 
write to a particular register, store the regis­
ter number at X, and the desired value at 
X+1. A routine to initialize the 6845 coded 
for the 6800 is shown as listing 1, and a ver­
sion for the 6502 as listing 2. The 6502 ver­
sion is slightly shorter , because the 6502 's X 
register can be used both as a table pointer 
and as the 6845 register number. 

Tabl e 2 summarizes the function of each 
register and th e values to be programmed 
into each register for three formats: 16 lines 
by 64 characters, 25 by 40, and 12 by 80. 
The detailed function of each register and 
the calculation of the values for the 16 by 
64 format are as shown in the following 
seventeen examp les. 

RO Horizontal total. This register is pro­
grammed with one less than the total num­
ber of character intervals in a hori zontal 
scan. A value of 94 provides for a total of 95 
character intervals. This produces slightly 
better overall timing th an the value of 96 
character intervals used in the TTL circuit. 
The horizontal scan time is 95 X 0.666 
!lS = 63.27 !lS, for a frequency of 15,800 Hz. 

R 1 Horizontal columns displayed. A value 
of 64, equal to the number of characters 
displayed, is used. 

R2 Horizontal sync position. A value of 
77 specifies that the horizontal sync pulse is 
to start at the 77th character position . This 
value centers the display on my particular 
monitor, but may be varied as needed for 
other monitors. 

R3 Horizontal sync width. This is spec­
ified in number of character intervals . A 
value of 8 yie lds a sync pulse width of 5.33 
!lS , close to the television standard. 

R4 Vertical total. This register is pro­
grammed with one less than the total num­
ber of character rows. A value of 28 speci­
fies 29 characte r rows. 

R5 Vertical total adjust. This register 
all ows adding additiona l scan lines to the 
vertica l display time to trim the vertical scan 
frequency, if required to bring it close to the 
power lin e freque ncy (to minimi ze display 
"shimmy") . A value of 2 is used here . 

R6 Vertical rows displayed. This register 
is programmed with the number of char­
acter rows to be displayed, 16. 

R 7 Vertical sync position. A value of 22 
specifi es that the vertical sync pulse is to be 
produced at the 22nd character row, which 
centers the display on my monitor . Other 
monitors may require a slightly different 

Value for 
Register Function 16 by 64 25 by 40 12 by 80 

RO horizontal total 94 (5E) - 110 (6E) 

R1 horizontal cols. displayed 64 (40) 40 (28) 80 (50) 

R2 horizontal sync position 77 (40) 66 (42) 90 (5A) 

R3 horizontal sync width 8 (08) - -
R4 vertical total 28 (lC) - 27 (18) 

R5 vertical total adjustment 2 (02) - 5 (05) 

R6 vertical rows displayed 16 (10) 25 (19) 12 (OC) 

R7 vertical sync position 22 (16) 27 (18) 22 (16) 

R8 interlace mode 0 (0) - -
R9 maximum scan line 8 (08) - -
R10 cursor start 64 (40) - -
R11 cursor end 8 (08) - -

R12 refresh start address 0 * - -
(high order) 

R13 refresh start address 0* - -
(low order) 

R14 cursor address 0* - -
(high order) 

R15 cursor address 0* - -
(low order) 

R16 I ight pen (h igh order) ** 

R17 light pen (low order) ** 

Table 2: Appropriate values to,be stored in internal registers of MC6845 for 
several display formats. The decimal representation is given first, and the 
hexadecimal representation follows in parentheses. The values marked by one 
asterisk (*) may be updated during display usage. The positions marked by 
two asterislu (**) are for a light pen; this design does not provide for a light 
pen. The values given for the 72 line by 80 character format should be used 
with a 70.275 MHz crystal. The values for the 76 by 64 and 25 by 40 formats 
are specified for a 9,0 MHz crystal. 

Value Stored in R 1 0 
(decimal) Result 

0 nonblinking reverse block 
8 nonblinking underscore 

32 or 40 no cursor 
64 fast blinking reverse block 
72 fast blinking underscore 
96 slow blinking reverse block 

102 slow blinking underscore 

Table 3: Summary of cursor options for Motorola MC6845. To produce 
results shown in table, a value of 8 must also be stored in R 77. 

val ue. The vertical sy nc pulse width is not 
programmable, as is the hori zontal sync 
pulse width. It is fixed at 16 scan line times. 

R8 Interlace mode. This register is pro­
grammed with 0, specifying no interlace 
(equivalent to the TTL circuit). Two other 
interlace mod es are avail ab le, as mentioned 
previously, but these require a long per­
sistence phosphor (P39) monitor. 

R9 Maximum scan lines. This register 
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Photo 5,' Display demonstrating 25 line by 40 character format, again pro­
duced by the MC6845 circuit. As before, see table 2 for 9.0 MHz crystal 
parameters. 
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. is programmed with the maximum scan line 
number that is to be presented to the char­
acter generator, and is 1 less than the num­
ber of scan lines per character row. A value 
of 8 causes the counter to run from 0 to 8, 
then back to O. This produces a total of nine 
scan lines per character row. Using this num ­
ber along wi th the others specified above, 
the resultant vertical timing is : 29 rows 
(R4) X nine lines per row (R9) = 261 scan 
lines. 261 scan lines + two lines extra (R5) 
= 263. Now, 263 X 63.27 J,lS per scan 
line = 16.64 ms per vertical scan, or a fre­
quency just under 60.1 Hz, again close to 
the power line frequency. (Other values 
could be used to ad just the vertical fre­
quency to 50 Hz, the common power line 
frequency in other countries.) 

R 10 and R 11 Cursor start and end. These 
registers. specify the format of th e cursor . 
Th e values of 64 for R1 0 and 8 for R11 gen­
erate a cursor which is a blinking reverse 
video block covering the entire character. 
For discussion of other cursor options see 
the section entitled "Cursor Generation." 

The above registers are write only. Values 
may be stored in them, but not read back. 
These registers are generally written to only 
once (when the system is first powered up) 
to establish the characteristics of the display. 

R 12 and R 13 Refresh start ad dress. These 

registers are the high order six bits (R12) 
and low order eight bits (R13) of a 14 bit re­
fresh address counter. For a nonscrolled dis­
pl ay, these are initialized to O. For a scrolled 
display, these registers will be updated peri­
odically; since they, too, are write only, 
copies of them must be maintained by the 
processor. More information on the use of 
these registers is given in the section on 
scrolling. 

R14 and R15 Cursor location. These 
registers are the high order six bits (R14 and 
low order eight bits (R15) of the location 
at which the cursor is to be displayed . When 
the refresh address output by the 6845 
equals the cursor address, a cursor output 
signal is activated, subject to the constraints 
pl aced on the cursor by values placed in R 10 
and R 11 . More information on cursor gener­
ation is in a later section of this article . R14 
and R15 are in principle readab le as well as 
writeable, but unless proper buffering is 
provided for the 6845, they cannot be read. 
The circuit presented in the next section 
does not have the proper buffering, so th ese 
registers are treated as if they were write 
only, and copies are maintained by the 
processor. 

R 16 and R 17 Light pen . These read only 
registers capture the refresh memory address 
at the instant a pulse is received from an ex­
ternal light pen. The processor can thereby 
calculate where on the display screen the 
operator is pointing the light pen . I provide 
no circuitry to support this feature of the 
6845. 

Display Design Description 

Figure 4 shows the schematic of the dis­
play using the Motorola MC6845. The 
MC6845 being a MOS device (limited in 
counting speed to about 3 MHz), the high­
er speed dot and character clock circuits are 
still TTL. These are the high-speed timing 
functions mentioned previously . They must 
be implemented with external TTL packages 
on the Intel and SMC parts as well. The 
National display controller includes the dot 
clock crystal oscillator and the character 
clock divider on the chip. 

IC10 is a 9 MHz crystal oscillator. IC9 
and lC7a divide this by 6 to produce the 
character clock. IC9 counts from 0 to 5; 
when it reaches 5, the output of IC7a goes 
low, conditioning IC9 to reset itself on the 
next clock pUlse. Two variants of the char­
acter clock are used. The output of IC7a 
goes high when IC9 goes from 5 bac k to 0, 
and a rising edge clock pulse is needed for 
IC2, IC4, an IC5. A falling clock is needed 
for IC1 and the 6845. Furthermore, the 
clock supplied to IC1 must be high a min­
imum of 220 ns, and Iowa minimum of 160 



32K Board Pictured Above 

New RAM Prices. 
From The Dynamic Memory Company. 

16K-$249 
48K-$500 

32K-$375 
64K-$625 

Ever since we started making 
these memory boards over a year 
ago we have continued to lower 
our prices to stay competitive. 
Due to your confidence in us, we 
are again able to lower our 
prices! Our reliability has been 
proven by months of superior 
performance in thousands of 
installations. Our low-power boards 
are being used by quality-minded 
systems manufacturers across the 
country and overseas. 

4MHz boards now available. 
After receiving hundreds of ' 

requests , our engineering staff has 
come up with a new version of our 
board which runs on 4MHz Z-80 
systems. It wasn't easy to come 
up with a high speed board which 
would operate as reliably as our 
450ns version , but after months of 
careful design and testing , we did 
it. The price of the 250ns board is 
$10 per 16K additional. 

Circl e 45 on inqu i ry card . 

All of our features remain. 
Our boards didn't become great 

sellers only because of the price . 
We still offer you our deselect 
feature which allows our RAM to 
overlap with any fixed memory 
areas in your system. Also , the 
RAM area of our board is fully 
socketed so that you can expand 
the board yourself. 

Other standard features include: 
plug selectable addressing on 16K 
boundaries (shorting plugs are 
placed over wire-wrap pins to 
address the board - located on 
the top of the board for easy 
changes). S-1 00 and Z-80 
compatability and totally invisible 
refresh - no wait states. 

Fully assembled, tested, and 
guaranteed. 

All of our boards go through a 
rigorous testing procedure. They 
are then placed on burn-in running 
a series of memory tests to detect 
any other possible faults. After you 
receive the board , you are backed 
by us with a one year warrantee . 

Low power consumption keeps 
your computer from "losing its 
cool." 

The total power consumption of 
our 16K board is typically less 
than 4 watts (+ 8V @ 300ma, 
+ 16V @ 1 50ma and -1 6V @ 

20ma) . Boards with additional 
memory typically increase power 
consumption only 1 watt per 16K! 

Standard 5-100 Interface. 
Our board is designed to 

interface with any standard S-1 00 
CPU . All of the timing of the board 
is independent of the processor 
chip, and the board is set up for 
different processors by changing 
two plugs on the board . 

Contact your local dealer. 
To find out more about our RAM 

boards, contact your local dealer. 
If he is unable to help you, call or 
write us for a fast response . 
Central Data Corporation , 1207 
North Hagan Street, Champaign, IL 
61820 . (217) 359-8010 

Central Data 
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Number Type +5V GND -12 V -5 V 

IC1 MC6485 20 1 

IC2 74174 16 8 

IC3 2513 24 10 1 12 

IC4 74166 16 8 

IC5 74175 16 8 

IC6 7416 14 7 

IC7 7400 14 7 

IC8 7486 14 7 

IC9 74163 16 8 

IC10 7404 14 7 

IC11 74157 16 8 
IC12 74157 16 8 

IC13 74157 16 8 

IC14 21 L02-1 10 9 
IC15 21 L02-1 10 9 

IC16 21 L02-1 10 9 
IC17 21 L02-1 10 9 
IC18 21 L02-1 10 9 
IC19 21 L02-1 10 9 
IC20 21 L02-1 10 9 
IC21 21L02-1 10 9 
IC22 74LS367 14 7 
IC23 74LS367 14 7 

IC24 74LS138 16 8 
IC25 74LS138 16 8 

IC26 7404 14 7 

Table 4: A power pin table for the circuit in figure 4. 
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ns. The output of IC7a is of the wrong 
phase and is low for only 110 ns. Fortun­
ately, the C output of IC9 is high for 220 
ns (during counts 4 and 5), so it is used as 
the 6845 clock. 

The 6845 presents the address of a char­
acter for refreshing the display to the mem­
ory. The memory then presents the char­
acter to the latch, IC2. The character in 
IC2 is then presented to the character 
generator, IC3. The dots for the specified 
scan line of the character are presented to 
the shift register, IC4, and shifted out at the 
dot clock rate to produce the video signal. 

The 2 Character Pipeline 

There is effectively a 2 character pipe­
line - one characte r being accessed from the 
refresh memory, and one character (actually 
one row of dots from a character) being ac­
cessed from the character generator. The 
two 6845 signals, cursor and display enable, 
must be delayed two character intervals by 
sections of IC5 to accommodate the pipeline 
effect. Display enable is low whenever the 
display is to be blanked . This includes the 
regions below, above, to the left, and to the 

right of the active display area. Cursor is 
high when the current refresh address 
matches the value programmed into the 
cursor address register pair (R14 and R15) . 
Bit 7 of the character, the 6845 cursor 
signal, and the video signal from the shift 
register are combined in such a way that 
bit 7 being on causes reversal of the video 
for one character interval (changing wh ite­
on-black characters to black-on-white, or 
vice versa), and the 6845 cursor signal being 
on causes another reversal. Assuming the 
cursor has been so programmed, it can be 
distinguished from ordinary reversal because 
it will blink . 

One timing consideration must be borne 
in mind when the MC6845 is used. The 
counter used in the all TTL circuit has 
negligible delay (20 ns) compared to the 
display character time (666 ns) . The 
MC6845 , being a metal oxide semiconductor 
device, is considerably slower, with a delay 
of as much as 160 ns . Th is delay tim e must 
be subtracted from the character time when 
specifying the refresh memory access time. 
The refresh memory integrated circuits 
specified in the design are "-1 " suffix types 
(500 ns maximum access time) so the timing 
is satisfactory. 

On the schematic diagram (figure 4), 
IC26 (74LS138) and IC27 (7404) are con­
nec ted such that IC27 is enabled for the up­
permost 8 K bytes of processor memory 
address space (hexadecimal EOOO thru 
FFFF) . Other connections of IC26's enable 
inputs (pins 4, 5, and 6) to the address lines, 
with or without sections of IC27, as required, 
can allow enabling for any 8 K memory ad­
dress segment. Selection of a particular 1 K 
byte segment for the refresh memory is 
accomplished by connecting the refresh 
memory select line to a particular output of 
IC26. The CS (chip select) line from IC1, the 
6845, is connected to another of the outputs 
of IC26 . This allocates an entire 1 K byte 
segment to the 6845, whereas it needs only 
two addresses. More integrated circuits could 
be added to refine the decoding for the 6845 
and el im inate the wasted address space. 

Cursor Generation 

The MC6845 provides several options for 
the generation of a cu rsor. Registers R 10 
and R 11 control the format of the cursor, 
and R 14 and R 15 control its position. The 
low order five bits of R 10 (bits 0 thru 
4) specify the scan line on which the cursor 
is to start, and R 11 specifies the scan line on 
wh ich the cursor is to end . If R 10 bits 0 
thru 4 are all equal to 0, and R11 is 8, 
the cursor will occupy lines 0 thru 8, or the 
entire character. Using the circuitry 
presented earlier, the cursor becomes a block 



TRS-80* EXPANDOR INTERFACE 
MODEL EI-80K (KIT) - $329.00 
MODEL EI-80A (ASSEM.) - $349.00 

• 32K high speed 250NS memory. 
• Disc controller wh ich controls mini or 8" floppies. 
• RS-232 Port. 
• Parallel Port 
• Self contained heavy duty power supply. Plugs directly 

into rear of TRS-80' keyboard. Comes in attractive 
cabinet. Twice the value for what you would spend for a 
TRS-SO· expansion interface. 

TRS-80* 
MASTER CONTROL CONSOLE 
MODEL MCC-K (KIT) - $129.95 
MODEL MCC-A (ASSEM.) - $159.95 

A COMPLETE COMMAND CENTER FROM YOUR 
KEYBOARD OR FROM ANY LEVEL II OR DISC BASIC 
PROGRAM. Turn on bells, sprinklers, sense fire and 
burglar alarm, anything that needs a switch can be 
controlled by the command center. 

• 16 OUTPUT LINES: With 8 relays, SPST, and 8TTL 
diode protected signals. 

• 16 OUTPUT LINES: 8 lines with OPTO-COUPLERS 
and 8 TTL diode protected. 

• FULL LED PANEL: For status indicators of all control 
lines. 

• COMPLETE WITH CABINET: Has attractive sloping 
cabinent. 

• FULLY HEAVY DUTY POWER SUPPLY: Contains 
power supply. No external power needed. 

• EASY CONNECTION: Plugs into TRS-80 ' expansion 
port edge card rear of keyboard or between keyboard and 
expansion interface. 

• 2-EDGE CONNECTORS: 2-additonal expansion 40 
pin edge connectors. 

• NEEDS NO SOFTWARE: Operates from OUT and IN 
statements from BASIC or machine code statements. 
Example: (Out 5, 1 =turn on switch 5. Out 5, 2=turn off switch 
5, etc.) 

• COMPLETE MANUAL AND SAMPLE PROGRAMS: 
Comes with comprehensive manual and sample programs. 

'TRS-80 IS a lrademark 01 Tandy Corp. 

Circle 390 on inquiry card. 

S-100 BUS 
MASTER CONTROL CARD 
MODEL MCC-100K (KIT) - $159.95 
MODEL MCC-100A (ASSEM.) - $189.95 
TURN IT ON .... .TURN IT OFF 

Now you can control the outside world plus sense its 
status and its functions . 16 output and input lines. Turn 
on those bells, activate burglar alarms, etc. 

• 16 OUTPUT AND INPUT CHANNELS: 16 output 
channels with SPST relay on each. Opto -couplers on each 
one of the input channels. 

• EASY PORT ASSIGNMENT: Port assignment is 
made via DIP SWITCH. In addition this board features our 
"ALL HARDWARE" software match sett ing features. You 
are able to se lect and set status, its parity to match any 
software configuration. No need to change the software to 
match the board . 

• SIMPLE OPERATION: Turning off the relays is 
commandable by addressing a port, plus turning a bit on or 
off. Sample : You 're in basic and you want to turn on switch 
16. You would write out 3, 16. This turns on switch 16. To 
turn it off you wou ld write out 4, 16 and off it is . 

• HIGH QUALITY: The highest quality parts are used. 
The P.C. board is double sided with plated through holes, 
so lder mask and silk screened legend. 

• FULL DOCUMENTATION: A complete manual of 
operation and assembly is included . 

TRS-80* 
DISC CONTROLLER MODULE 
MODEL DCM-80K (KIT) - $159.95 
MODEL DCM-80A (ASSEM.) - $189.95 
Option available : 1) 16K RAM Kit, high speed 250 
NS with purchase of board - Special $85.00. 

• Has provisions for 16K memory. 
• Will control mini or 8" floppies. 
• DOS operating system included. 
• Plugs directly into rear of TRS-80· ,keyboard. 
• Complete with power supply in attractive cabinent. 

S-100 8K STATIC 250NS 
RAM MEMORY CARD 
MODEL 8K-100K (KIT) - $119.95 
MODEL 8K-100A (ASSEM.) - $139.95 

• Fully buffered address, control and data lines. 
• Memory protect and unprotect. 
• Power on c lear. 
• Bank select feature for selection to any 64K quadrant. 
• Battery backup. 
• Will run with any Z-80 Microprocessor without need of 

wait states. 
• S- 1 00 BUS power requirement 14 amps. 
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64 1
ST 

LINE[J 

1;]024 
(0) 

16TH LINE 

of reverse video. If the value 8 is stored in 
Rl0 bitsO thru 4 (ie: bit 3 is on) and in Rl1, 
the cursor occupies only line 8. Hence it 
becomes an underscore. If values other than 
these are used, only a portion of the charac­
ter is reversed . I have found that partial 
reversal makes characters difficult to read, so 
the only values I consider usable are (0,8) 
and (8,8) . 

Bits 5 and 6 of R10 control cursor 
blinking. If bit 5 is on and bit 6 is off, the 
cursor is not displayed at all. This can be 
used to blank the cursor to indicate the sys­
tem is not accepting keyboard input. If bit 
6 is on, the cursor will blink. If bit 5 is off, 
the blink rate is about four times per second. 
If bit 5 is on, the blink rate is about two 
times per second. 

Scrolling 

Scrolling is the management of a video 
display in the following way. New data is 
entered on the bottom line of the display . 
When the bottom line is full, the entire dis­
play is moved up one line. In the process, 
the top line, containing the oldest data, may 
be discarded, or if the display memory is 
larger than the portion displayed on the 
screen, the old display data may temporarily 

[] 
GJ 

128 ISTLlNE[J 

1;]088 
(64) 

16 TH LINE 

[] 
1151 
(127) 

Figure Sa: Initialization for 
a scrolled display. Refresh 
addresses are shown. The 
differing value given in 
parentheses is that per­
ceived by the refresh mem­
ory, due to wraparound. 

Figure 5b: Refresh address­
es calculated after one 
scrolling operation. 

ISTLlNE[J 1024 
(0) nm LJ 
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1984 

16TH LINE (960) 

2047 
(1023) 

Figure 5c: Refresh address­
es of last scrolling opera­
tion before the processor 
memory reference must be 
reset to O. 

be kept. In the latter case, the display could 
be scrolled down as well as up, and the dis­
play screen could act as a moveable 
"window." 

The data movement necessary to im­
plement scrolling could be done by a proces­
sor program. In fact, it must be done by the 
processor in the case of the all TTL display 
design, for there is no provision for hardware 
scrolling in that design . A program loop to 
perform scroll ing on a 1,024 characte r screen 
might take from 15 to 20 milliseconds on a 
6502 or 6800 processor. If the source of 
data to the screen was a serial communica­
tions line operating at 1200 bits per second 
(assume the system is emulating a terminal), 
the time between characters is only about 
8 ms, not long enough to perform a scrolling 
operation . (An interrupt-driven program 
could be written to handle both scrolling 
and receiving of characters from the line, 
but this would be complex). 

The 6845 does provide scrolling because 
its refresh start address is programmable, and 
may be updated whenever necessary. Up to 
this point, I've used the term scrolling to 
mean "line scrolling" where data is moved 
around as complete lines. In this case, the 
refresh start address of the 6845 would be 
updated in increments of 64 (for the 64 
character line length). 

However, scrolling can be done by 
individual characters. If the refresh start 
address is incremented by one, each character 
in each line moves one position left, and the 
first character of each I ine moves to the last 
position of the prev ious line. Also, if the 
displ ay memory is at least twice as large as 
the display screen, scrolling could be done 
by page, in which case the refresh start ad­
dress would be updated by 1,024 each time 
(again assuming the 16 by 64 format). 
Since the 6845 can address up to 16 K 
(16,384) bytes, the refresh memory could 
contain up to 16 pages of data, and scrol­
ling could be done by line or page. 

The design I have presented here has a 
refresh memory the same size as the display 
screen. It uses scrolling to enter new data on 
the bottom line of the display, and the top 
line is di scarded when it is displaced. An 
example of how such scrolling operations 
might be done is shown in figure 5. Fig­
ure 5a shows how the display would be 
initialized. The 6845 is initialized with a 
refresh start address of 64 (decimal). The 
6845 's refresh add ress cou nter ru ns to 
1,023 at the end of the 15th line, then con­
tinues with 1,024 and up to 1,087 at the end 
of the 16th and last line. Since only ten of 
the 6845 's 14 refresh address lines are con­
nected to the refresh memory, a wraparound 
occurs - the address 1,024 is equivalent (in 



the refresh memory's perception) to O. 
Hence the last I ine of the display starts at 
a memory address of re lative 0, from the 
processor 's point of view. For examp le, if 
the disp lay memory were located at proces­
so r hexadecimal addresses EOOO thru E3 F F, 
the last line of the display wou ld start at 
EGOO. . 

The procedure to perform a scro ll 
operation is as follows: increment the re­
fres h start address by 64, update the cursor 
address, and prepare the processor to store 
new data at refresh memory loCations 64 
thru 127 (re lative to the actual processor 
starting address ; for the example given above, 
the addresses would be E040 thru E07F). 
Figure 5b shows the result of this scroll 
operation. 

All addresses are incremented by 64 for 
each new line until the situ ation shown in 
figure 5c prevails. In order to perform 
another scro ll operat ion, the processor 
memory address must be reset to relative 0 
(EOOO as above), but the 6845 refresh start 
address can co ntinu e to be incremented; it 
needn't be reset. It will eventual.ly wrap 
aro und itse lf. 

Note we ll that the cursor address register 
is a 14 bit register, as is the refresh start ad­
dress reg ister. Al l 14 bits of the cursor ad­
dress must match a refresh address disp layed 
on the screen for the cursor to be displayed . 
The range covered by the refresh address is 
determined by the refresh start address and 
the number of characters on the sc reen.' If 
the cursor address is outs ide of th is range, no 
cursor will be generated by the 6845. 

Scrolling in the case of a 12 line by 80 
character format (where neither of the 
dimensions is a power of 2) is more com­
plicated. As shown in figu re 6a, the 6845 
is ini tialized with a refresh start address of 
144, so that, at the beginning of the 12th 
line, the 6845 outputs the address 1024, 
which is equivalent to memory address O. 
In fig ure 6b a single scro ll operat ion has 
been performed. All values have been in­
cremented by 80. So far, everything is 
just like the 16 by 64 case, except for the 
increment va lu e. I n figure 6c, the last 
"simpl e" scro ll has occurred, and things get 
more complicated from this point. In 
figure 6d the result of another scrol l opera­
t ion is shown. Again, all valu es have been 
incremented by 80, but as can be seen, 
memory wraparound occurs within the 
disp lay line. I n the 16 by 64 case, wrap­
arou nd always occurs between lin es, and it 
is relative ly easy for a processor program to 
dea l with. In the 12 line by 80 character 
case, the processor program must be aware 
that wraparound can occur with a line, and 
it must act accord ingly. 

Device Availability 

The SMC 5027 and the Intel 8275 (a long 
with its associated 8257 controller) have 
been ava il able for some time from comp uter 
hobbyist vendors. The 5027 was origina ll y 
priced at about $50, but may be avai lable 
for less than that now in view of increasing 
competition. The In te l 8275 and 8257 pair 
are avai lab le for under $100 . The Motorola 
MC6845 is availab le from regul ar electro nics 
distributors. It usuall y costs abo ut $30. The 
National DP8350 is the most recent ly an­
nounced of the four parts, so its price and 
avai labi li ty may sti ll fluctu ate. 

There are other video display contro l­
lers besides the four I have covered in thi s 
artic le. There will probably be even more 
announced by t he time it is published -
and prices can be expected to fall as com ­
petition heats u p.-

144 1
ST 

LlNE[J [J 
Q 

1

ST 

LINE[J r-------l 224 303 

-~~ 

IJ024 
(O) 

12TH LINE 

Figure 6a: Address initial­
ization for a 72 line by 80 
character display. 

1

ST 

LlNELJ 1024 
(O) 

1904 

12TH LINE (880) 

~ u 
1983 
(959) 

Figure 6c: The last scroll 
operation before memory 
wraparound occurs. 

Figure 6b: I1 ddresses ill a 
72 by 80 display fol/owing 
one scrol! operation. 

EJ l~~ El 
198 4 2047 -:] ( '~::l 
(9S0) (1023) -1~d l-(l~ 
LS4 CHARS-+- IS CI' ARS.-.,I 

WRAPAROUND 

Figure 6d: MemolY wrap­
around. A I! values have 
been incremented by 80, 
bu t wraparound OCC(" s 
within the display line. III 
the 7 2 line by 80 charaCler 
format, the processor pro .. 
gram must tal?e special 
action at this wraparo und 
event. 
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Text continued from page 72: 
have publications in which geographic coor­
dinates for data base construction exist in 
both tabular and grap hic form. Though some­
what tedious, tabular data can be keyed into 
the computer easi ly and saved in mass sto r­
age . If you have access to a grap hi cs pad 
input device, you :an quickly extract data 
directly from ex isting maps. 

It should be pointed out that the com­
panies which produce maps commerciall y 
guard their data bases jealously, since they 
are the products of much research and 
expense. They thoroughly disapprove of 
someone using their own data to go into 
business agai nst them. Most commercial geo­
graphical publications contain a copyright 
notice which warns aga inst such use, and the 
following notice from a recent Rand 
McNally Road A tlas is typical: 

" Reproducing maps, tables, text, or 
any other material which appea rs in 
this publication by photocopying, by 
electronic storage and retrieval, or by 
any other means is prohibited." [Italics 
mine.] 

Norm ally, one is not precluded by the 
copyright law from extracting copyrighted 
information for personal use, and it would 
seem that as long as you did not di stribute 
or use the material commerciall y there 
would be no prob lem, but this is not a legal 
opi nion. If you have any qualms about this, 
you might stick, as I have, to government 
publications and maps fo r soul'ce materials. 
Th e United States gove rnment puts out a 
seemin gly end less supply of geographi c pub­
lications covering all parts of the world, so 
there is no scarcity of data from this source. 

An easier way to go abo ut setting up a 
data base is to obtain a ready-made one. You 
can buy one from a com mercial establ ish­
ment or from an individual (expensive, in 
either case), or yo u might be ab le to get one 
free from a govern ment agency or a universi­
ty. There are so many different data bases in 
ex istence that it is best for you to first 
decide exactly what you need, then directly 
contact the agencies that would be most 
li ke ly to have what you want. 

Many observatories, includin g uni ve rsity 
observatori es , have extensive data bases for 
astronomical uses, free for the asking. As far 
as government agencies are concerned, yo ur 
best bets are with th e Nation al Oceanic and 
Atmospheric Administration (6010 Execu­
tive Blvd, Rockville MD 20852), the Nat ional 
Technical Information Service (Room 620, 
425 Thirteenth St NW, Washington DC 
20004), and the US Geological Survey 

(National Center, 12201 Sunrise Valley Dr, 
Reston VA 22092). Th ese agencies have 
many kinds of data bases, cove'ring all parts 
of the world. Depending upon what you 
need, there mayor may not be a charge for 
the material. 

One drawback to obtaining data bases 
from agencies such as these is th at they may 
not be in a format that you can use directly. 
For exa mple, you may find that the data 
yo u need is avai lab le only on standard 7 or 
9 track computer tape, and you will have to 
find a way to read it and convert it into a 
format yo u can use. 

Sample Mapping Programs 

The field is so broad that it is impossibl e 
to discuss here all of the projections in com­
mon use. Therefore, I have selected a few of 
the simplest and most common map projec­
tions to serve as illustrations of the tech­
niques involved. For each example discussed, 
a program listing is included, as well as a 
number of maps actually generated by the 
programs. Many reade rs will find immediate 
ap plication for one or more of the sample 
projections, exactl y as they are demons trated . 
Others will want to make modifications, and 
still others will want to delve deeper into the 
subject. A visit to your local library will turn 
up usefu l books which ex pl ain map projec­
tions, their uses, and the mathematics 
required to carry them out. 

In all of the examples which follow, it 
is assum ed that the geographic coordin ates 
(latitudes and longitud es) in the data base 
are in rad ians, and that they are being con­
verted to rectangular X, Y map coordinates 
(measured usually in centimeters or inches). 
Standard trigonometric convention is used 
for the algeb r'a ic signs of the coordinates. 
In other words, for the geographic coordi­
nates, north latitudes are positive; south 
lat itudes are negative; east longitudes are 
positive ; west longitud es are negative. It is 
further assumed that the ori gin (0,0) of the 
map coordinate system is at the center of 
the map, with the X axis positive to the 
right, and the Y axis positive toward the top . 
Th ere may be some slight variation between 
this standard system and your own graphics 
device, but at most it would require only a 
simple transl ation or rotation of the coor­
din ates . 

Each of the exam ples is demonstrated as 
a subroutine, which is to be called once for 
each pair of coordinates in the data base. 
Before the first call is made to the sub­
routine, certain initial parameters must have 
already been defined , an d these are noted in 
the remarks accompanying each subroutine. 



THE SEARCH FOR A 
SMALL COMPUTER SYSTEM 

STARTS HERE 

It's the 3rd Annual 
Notional Small Computer Show, 
presenting the state-of-the-art showcase for micro­
and mini-systems technology and software. Here 
you can sUNey virtually all mal~es and models of 
small computers, whether your interest runs to a 
no-nonsense micro priced in the hundreds of 
dollars or a powerful mini costing $20,000 or more. 
They're all here. 
The world of small computers is quite large, ex­
tending to business and professional offices, 
scientific research, medicine and bionics, educa­
tion, the home and hobbyist, therapeutic applica­
tions for the handicapped, design and engineering. 

A full selection of lectures is presented to provide a 
grasp of small systems technology, so that you 
know what to consider when buying a computer or 
word processor. It's the first step in discovering what 
a system can really do for you! 

NSCS lectures include sessions on system selection, 
computer languages, word processing functions, 
artificial intelligence, software applications, and a 
dozen more topics for people of all interests. 

Plan now to attend. There will be about 30,000 
square feet of exhibits, and more than 40 hours of 
lectures from which to choose. Registration fee is 
only $5.00 per day; including lectures. 

Write for our informational brochure from Notional Small Computer Show, 
110 Charlotte Place, Englewood Cliffs, N.J . 07632. 

~~ THIRD ANNUAL NATIONAL SMALL COMPUTER SHOW, 
. New York Coliseum, August 23-26, 1979. 

\ 
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For each call made, th e main program sup­
plies a pair of geographic coordinates from 
the data base, and the subroutine returns the 
rectangular map coordinates. Grid lines, 
when des ired, may be created by generating 
sets of "artificial" geographic coordinates 
within loops in the main program, then call­
ing the appropri ate conversion routine to 
get the map coordin ates to draw them with. 
An y labeling or annotation of the maps 
would also be carried out by the main 
program. 

U~iitly I .' Subrolltine to compute map coordinates for rectangular projection. 

4000 
40 10 
q02 0 
4030 
'104 0 
40 5,] 
4 1} 60 
,,070 
I (Jao 
4 090 
II I no 
4110 
<;1;:'0 
4 1~O 
41<. 0 
'1150 
4· ~ () O 

4170 
4180 
41 90 
'.2 uO 
421tl 
42211 
4230 
'I ","'(J 
L\~' 50 
I! 260 
4.~ 7 
Ll2t30 
'1;: 9 0 
43 0 0 
<d l O 
'1320 
'·1.:\ 30 
4 ;' 4 0 
<1::> 50 
43 60 
4 3 7 0 
4.) 80 
4.~90 

<1 '100 
44 10 
'.;'+ 20 
<14 30 
~.lI 4 0 
44 5 0 
ILI .6 0 
/, 470 
<; 4 8 0 
<;' ') 0 
4~' ' 0 
4' ! 0 
'1 520 
4 5 30 
45 40 
4550 
<; 56 0 
4570 

qu" 
nu~ 

RE~~ 
r<r. ~1 
REt·' 
R E ~' 
R '.1-1 
RCM 
REM 
RE.M 
REM 
Rt:~'1 
PEM 
Rf.M 
R[ 'I 
Rf-'1 
f; ;:.I"i 

Rc.r1 
RE ~ 
REM 
Rt ~~ 

RE M 
RE t~ 
r-< EM 
fl E ~l 
f1 EM 
'IE M 

11 d~ 
11 EM 
H_ M 
REM 
REM 
REM 
RE t" 
REM 
R £~I 

.:l £ ,'1 
R E:.~I 
RE M 
Ii E M 

REr" 
REM 

Rl:."~ 
RiCM 
Rt:M 
RE~' 
RE.~I 

RE M 
REM 
REM 
REM 
REM 

RE'~ 
FlO' 
RI:.M 
ReM 
RO, 
REM 

SUBROU TI NE TO COMPUTE MAP COORDINATES FOR 
RE CTA NGUL AR PROJECTION. 

THE FOLLOWING VARIABLES MUST BE DEFINED BEFORE 
THI S SUBROUTINE IS CALLED: 

Ll IS THE GEOGRAPHIC LONGITUDE AT THE 
LEFT-HAND LIMIT OF THE MAP. 

L2 I S THE GEOGRAPHIC LONGITUDE AT THE 
RIGHT-HAND LIMIT OF THE MAP. IF THE MAP 
CROSSES THE l80-DEGREE MERIDIAN (I.E •• 
L1>L2)' THEN L2 MUST BE REDEFINED AS 
L2 = L2 + 6.2831853. 

PI IS THE GEOGRAPHIC LATITUDE AT THE BOTTOM 
LIMIT OF THE MAP. 

P2 IS THE GEOGRAPHIC LATITUDE AT THE TOP LIMIT 
OF THE MAP. 

Cl IS THE GEOGRAPHIC LONGITUDE AT THE CENTER 
OF THE MAp. WHERE C1 = (Ll+L2)/2.0. AND 
MUST HAVE BEEN COMPUTED AFTER L2 WAS 
RED EFINED IF IT WAS NECESSARY TO DO SO. 

C2 IS THE GEOGRAPHIC LATITUDE AT THE CENTER 
OF THE MAP. WHERE C2 = (Pl+P2)/2.0 

F1 IS THE MAP SCALE FACTOR IN THE HORIZONTAL 
(EAST-WEST) DIRECTION. Fl = Dl/(L2-Ll)' 
WHERE 01 IS THE MAP LENGTH. IN CENTIMETERS 
OR INCHES. IN THE EAST-WEST DIRECTION. 

F2 IS tHE MAP SCALE FACTOR IN THE VERTICAL 
(NORTH-SOUTH) DIRECTION. F2 = D2/(P2-P1) • 
WHERE 02 IS THE LENGTH IN CENTIMETERS OR 
INCHES OF THE MAP IN TH~ NORTH-SOUTH 
DIRECTION. 

N IS A FLAG TO INDICATE WHETHER THE MAP 
CkOSSES THE l80-DEGREE MERIDIAN (THAT IS. 
WHETHER Ll>L2 BEFORE L2 IS REDEFINED). 
N=O MEANS THAT THE MAP uOES NOT CROSS THE 
leO-DEGREE MERIDIAN. N>(O MEANS THAT THE 
MA P DoES CROSS IT. 

L IS THE ~EOGRAPHIC LONGITUDE (OBTAINED FROM 
THE DATA BASE) OF THE POINT BEING CONVERTED. 

P IS THE GEOGRAPHIC LATITUDE (OBTAINED FROM 
THE DATA ~ASE) OF THE POINT BEING CONvERTED. 

THE FOLLOWING VARIABLES AR~ COMPUTED RY THIS 
SUBROUTINE: 

Listing 7 continued on page 80 

The flowchart in figure 1 has illustrated 
the principal features of the main program, 
and no attempt will be made here to detail 
it further, since there would be some varia­
ti on dependent upon your own hardware. In 
any case, it will be quite straightforward and 
simple. 

The remarks included in the li stings fully 
explain the operation and use of each sub­
routine, so those aspects will not be repeated 
in detail in the text. In fact, the greatest 
part of each listing is composed of remarks, 
with the actual executable portion com­
prising only about ten to 20 statements in 
each case. 

Rectangular Pro jections 

This is probabl y the simplest projection 
in existence, and req uires an absolute mini­
mum of mathematics to generate. The 
meridians and parall els are simply laid out as 
eq ually spaced straight lines at right angles 
to each other . You can take a standard sheet 
of graph paper, for example, and le t each 
space in th e hori zontal direction equal a 
degree of lon gitude, and each space in the 
vertical direction equal a degree of latitude. 
Pl ot a few geographic coordinates on the 
graph paper in this manner and you have a 
rectangul ar projection. 

The computer, of course, can do the job 
faster, and the subroutine given in listing 1 
will serve quite nicely. Notice that no tri go­
nometry is required , and that the actual con­
version requires only two statements . 
Consequently, this type of projection can be 
carried out ve ry rapidl y, even when a large 
data base is involved. 

The rectangular projection is not a real 
"projection" in the true sense of the word, 
since it is arranged arbitrarily and there is 
no direct geometric relationship between it 
and the surface of the Earth . Nevertheless, 
for many purposes it works very well, 
espec iall y if the latitudinal (north-south) 
extent of the area being mapped is not too 
great. I t works best for areas near the 
equator, and becomes useless nea r th e poles. 
(The meridians on the Earth converge at th e 
poles, wheteas they remain parall el to each 
other on the projection . The resultant di s­
tortion above about 50 or 60 degrees latitude 
is usually unacceptable.) 

The accuracy of the projection can be 
significantly improved if the hori zontal map 
scale factor, Fl, is adjusted to compensate 
for the convergence of th e meridi ans. We can 
do this in th e main program by computing 
F2 first, then computing Fl by Fl = F2 X 
C05(C2) . This does .not elimin ate the con­
vergence probl em, but it does reduce its 
effect. 



Wondering which memory 
is best for you? 

bale 2- offers the following products 
to the S-100 market at the industry's 
lowest prices: 

16K Static Memory Board 

8K Static Memory Board 
This 8K board is available in two versions. The 8KS-B operates at 450ns for use with 
8080 and 8080A microprocessor systems and Z-80 systems operating at 2MHz. The 
8KS-Zoperates at250ns and is suitable for use with Z-80systems operating at 4MHz. 
Both kits feature factory fresh 2102's (low power on 8KS-B) and includes sockets for 
alllC's. Support logic is low power Schottky to minimize power consumption. Address 
and data lines are fully buffered and 4K bank addressing is DIP switch selectable. 
Memory Protect/Unprotect, selectable wait states and battery backup are also 
designed into the board. Circuit boards are solder masked and silk-screened for ease 
of construction. These kits are the best memory value on the market! Available from 
stock . . . 8KS-B $125 (assembled and tested add $25.00) 

8KS-Z $145 (assembled and tested add $25.00) 

Base 2 can now offer the same price/performance in a 16K static RAM as in its popular 
8K RAM. This kit includes 8K bank addressing with 4K boundary address setting on 
DIP switches. This low power unit provides on-board bank selection for unlimited 
expansion . .. No MUX board required . Using highest quality boards and components 
we expect this kit to be one of the most popular units on the market. Available in two 
speed ranges, the 16KS-B operates at 450ns while the 16KS-Z operates at 250ns. 

16KS-B $285 (assembled and tested add $25.00) 
16KS-Z $325 (assembled and tested add $25.00) 

S-100 for Digital Group Systems 

Z-80 CPU Board 
Our Z-80 card is also offered in two speed ranges. The CPZ-1 operates at 2MHz and 
the CPZ-2 operates at 4MHz. These cards offer the maximum in versatility at 
unbelievably low cost. A socket is included on the board for a 2708 EPROM which is 
addressable to any 4K boundary above 32K. The power-on jump feature can be 
selected to address any 4K boundary above 32K or the on-board 2708. An On-board 
run-stop flip-flop and optional generation of MemoryWrite allows the board to run with 
or without a front panel. The board can be selected to run in either the 8080 mode, to 
take advantage of existing software, or in the Z-80 mode formaximum efficiency. For 
use in existing systems, a wait state may be added to the M1 cycle, Memory request 
cycle, on-board ROM cycle, input cycle and output cycle. DMA grant tri-states all 
signals from the processor board. All this and more on too quality PC boards, fully 
socketed with fresh IC's. CPZ-1 $110 CPZ-2 $125 

This kit offers, at long last, the ability to take advantage of S-1 00 products within your 
existing Digital Group mainframe. Once installed, up to four S-1 00 boards can be used 
in addition to the existing boards in the D.G. system. The system includes an 
" intelligent" mother board, ribbon cables to link existing D.G. CPU to the DGS-1 00 
board and a power wiring harness. The DGS-1 00 is designed to fit in the 5-3/4" x 12" 
empty areain the standard D.G. cabinet. It may seem expensive butthere'sa lot here! 
End your frustration! OGS-100 $295 

) 
-/ 

Circle 22 on inquiry card. 

Send for more detai Is on these products. Get on our mailing list for 
information on more soan to be announced products at factory-direct 
prices from BASE 2. Why pay more when you can get the best at 
these prices??? 

P.O. Box 3548 • Fullerton, Calif. 92634 
(714) 992-4344 
CA residents add 6% tax 
MC/BAC accepted. FOB - U.S. destination 
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Listing 7 continued from page 78: 

4580 
4590 
4600 
4610 
4620 
4630 
4640 
4650 
4660 
4670 
4680 
4690 
4700 
4710 
4720 
4730 
4740 
4750 
4760 
4770 
4780 
4790 
4800 
4810 
4820 
4830 
4840 
4850 
4860 
4870 
4880 
4890 

REM 
REM 
RE M 
REM 
REM 
REM 
REM 
REM 
REM 
REM 

LET S = 0 

S 

x 

Y 

IS THE OFF-SCALE FLAG. 
S=1 MEANS OFF-SCALE. 

S=o MEANS ON-SCALE. 

IS THE MAP X-COORDINATE, IN CENTIMETERS OR 
INCHES· 

IS THE MAP Y-COORDINATE, IN CENTIMETERS OR 
INCHES· 

REM IF THE MAP CROSSES THE 180-DEGREE MERIDIAN, 
RE M AND THE LONGITUDE OF THE PvINT FROM THE DATA 
RE M BA~E IS NEGATIVE' REDEFINE THE LONGITUDE AS 
RE M A PO~ITIVE ANGLE. 

IF N = 0 THEN 4780 
IF L >= 0 THEN 4780 
LET L = L + 6.2831853 

RE M IF THE POINT IS OUTSIDE THE LIMITS OF THE MAP, 
R~M SET THE OFF-SCALE FLAG AND RETURN. 

IF L < Ll THEN 4820 
IF L > L2 THEN 4820 
IF P < Pl THEN 4820 
IF P <= P2 THEN 4860 
LET S = 1 
RETURN 

REM 
~EM 

LET X = 
LET Y = 
RETURN 
END 

COMPUTE THE MAP COORDINATES 
GEOGRAPHIC COORDINATES. 

(L - Cll * Fl 
(P - C2) * F2 

FROM THE 

' . 

The map of the continental United States 
shown in figure 2 was generated with the 
rectangular projection routine. Even though 
th e area being mapped does not meet the 
requirements . for high accuracy (ie: it is far 
from the equ ator; it has a fa irly large lati ­
tudinal extent; and in the case of this part ic­
ul ar map, Fl was not corrected for conver­
gence of the meridians), it is still entirely 
satisfactory for many purposes. 

Another interestin g thing about the map 
in figure 2 is that it is made up entirely of 
dots. In response to an arti cle of mine which 
appeared in another magaz ine, I rece ived 
about three thousand lette rs over a period of 
about four weeks. Th ese were requests for 
technica l data which required that the geo­
graphic coordin ates for the center of th e 
person's town be supplied. This resulted in 
a ready-made data base, and I became 
curious as to its distribution. It was a simple 
mat ter to have the computer examine the 
data base and draw a dot for each city rep­
rese nted (eliminating duplications), using a 
rectangul ar projection_ 

Notice that all dots are the same size, and 
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Figure 2: Rectangular pro­
jection of the continental 
United States. Dots repre­
sent locations of selected 
cities. 
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The fastest floating point BASIC for any micro. 

TSC BASIC for the 6800 is 
the fastest floating point 
BASIC for ANY 8 bit micro­
processor. No longer will 
the 6800 take a back seat to 
the 6502, 8080, or Z80! And 
with the TSC name, you 
know it's top quality. 

TSC BASIC is not only fast , 
but complete with over 50 
commands and functions. 
Features include six digit 
floating point math, full 
transcendental functions, 
unlimited string length , if! 
then/else construct , logical 
operators, and two-dimen-

Circle 363 on inquiry card. 

sional arrays including 
string arrays . The disk 
versions for FLEX™ 1.0 and 
2.0 support random access 
data files (the mini FLEX™ 
version does not). 

A cassette version requires 
1 OK while the disk versions 
require at least 12K. No 
source listings included . 
With KCS cassette - $39.95 ; 
mini FLEX™ - $49.95; FLEX™ 
2.0 - $54.95; and FLEX™ 1.0 -
$59.95 . Soon to come are a 
business BASIC and 6809 
BASIC. 

Technical Systems 
Consultants, Inc. 
All orders should include 3% 
for postage and handling 
'(8% on foreign orders). 
Send 25¢ for a complete 
software catalog . 

Box 2574 
W. Lafayette, IN 47906 
(317) 463-2502 
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FLORIDR. 

190 

180 

Figure 3: Polar equidistant 
projection of the northern 
hemisphere. This map is 
o verlaid with OSCAR sat­
ellite tracking information 
for use by a ground 
station located at Miami 
FL. 

82 May 1979 © BYTE Pub lica t ions Inc 

25 47 N 

8 -

o ,.. 
N 

0-6.7 

80 

NORTHERN 
HEMISPHERE 
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that on ly one dot was drawn for each city, 
regard less of its populat ion and regard less of 
how many letters were rece ived fro m the 
city. No dot was drawn for any city (regard­
less of its size) unl ess at least one letter was 
received from it. 

It took onl y a few min utes to set up the 
program to make the map, and only a few 
seconds for the computer to draw it. I then 
had an excell ent graph ical illustration of 
what I coul d onl y guess at by looking at the 
li stin g of the data base. 

MIRM I 

Polar Equidistant Project ions 

This is anoth er rather simple projection, 
bu t one which has many important uses. 
Figures 3 and 4 show polar equ idistant pro­
jections of the northern and southern hemi­
spheres, respective ly. The parall els are drawn 
as equ all y spaced concentri c circles, and the 
meridians as equall y spaced rad ii. As seen in 
list ing 2, the polar fo rm of th e map coordi ­
nates can be represented directly fro m the 
geographic coordi nates by (PI /2-P, L), where 
P and L are the latitude and longitude, 
respective ly. (PI /2, of course, is the equiva­
lent of 90

0 
expressed in radians.) These in 

tu rn are directly converted to rectangular 
coordinates by the standard polar-to-rectan­
gul ar conversion fo rmulas. The ent ire 
process requires onl y three statements in the 
subrout ine. 



FLORIDR. 

170 

180 

These particul ar maps were made for 
satelli te track in g, for use with th e amateur 
rad io OSCAR communications sate lli tes, 
and for tracking of weather satellites by 
amateurs who rece ive weather pictures in 
their homes directly from the satellites. In 
addition to the basic geographic information, 
the maps are overl aid with track in g info r­
mation based on the locat ion at which the 
map is to be used (Miami FL, in this case). 
Th e set of interconnected concentri c 
"circles" around Mi ami are elevation angle 
conto ur lin es. Th e radial lines that conn ect 
them are azimuth angle conto ur lines. 

The sate llite's position over the surface of 
the Earth is plotted on the map, and if it fa ll s 
anywhere within the interconnected "circles" 
it is within range of the ground station. The 
station antenna can then be pointed at th e 
satelli te, based on th e information derived 
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SOUTHERN 
HEMISPHERE 
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from the map. The radi al lin es give the an­
tenna az imu th angle from true north in 30° 
increments (wi th additional 10° tick marks 
aro und the outer elevation contour). The 
concentr ic "circles" give the ante nna eleva­
tion angle in 10° inc rements, starting with 
the outermost circle at 0° elevation (i e: the 
satellite is exactly on th e hori zon at this 
point). Th e elevation increases inward, with 
the innermost circ le being 80°, and the dot 
at the center (the location of the ground 
station) being 90° (i e : directly overhead). 

MIAMI 

Figure 4: Polar equidistant 
projection of the southern 
hemisphere. This map is 
used in conjunction with 
the one in figure 3 to 
complete the satellite 
tracking coverage south of 
the equator. 
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The fa r outs ide arc, wh ich is not con­
nec ted to the inner elevation circles, shows 
th e max imum communi ca tions range 
th ro ugh th e sate lli te. In order for the ground 
stati on to see an d access the sate llite, the 
satellite's groun d track must li e within the 
inner se t of in te rconn ected circl es, but once 
it comes wi thin that area the spacec raft will 
rel ay the signals to a far greater range. The 
dis tant unconnected circle shows what the 
max imum poss ibl e range is. Wh en used fo r 

Listing 2: Subroutine to compute map coordinates for polar equidistant 
projection. 

3000 
3010 
3020 
3030 
3040 
3050 
3060 
3070 
3080 
3090 
3100 
3110 
3120 
3130 
3140 
3150 
3160 
3170 
3180 
3190 
3200 
3210 
3220 
3230 
3240 
3250 
3260 
3270 
3280 
3290 
3300 
3310 
3320 
3330 
3340 
3350 
3360 
3370 
3380 
3390 
3~00 
3~10 
3~20 

3~30 
3~40 

3~50 
3~60 

3~70 

3480 
3490 
3500 
3510 
3520 
3530 
3540 
3550 
3560 
3570 
3580 

RE M 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
Rt::M 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
RE.M 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 

SUBROUTIN[ To COMPUTE MAP ~ OOR D I NATES FOR 
POLAR EQUIDISTANT PROJECTI ON. 

THE FOLLOWING VARIABLE~ MUST BE DEFINED BEF ORE 
THIS SUBROUTI NE IS CALLED: 

P 

L 

F 

H 

IS THE GEOGRAPHIC LATITUDE (OBTAINED FRO M 
THE DATA ~ASE) OF THE POINT BEING CONVE RTED . 

IS THE GEOGRAPHIC LONGITUDE (OBTAINED FROM 
THE DATA HASE) OF THE POINT BEING CONVERTED . 

IS THE MAP SCALE FACTOR. EQUAL TO 
0/3.1415927. WHERE 0 IS THE DIAMETER (IN 
CENTIMETERS. INCHES. ETC.) OF THE FINISHED 
MAP. 

IS A FLAG TO I NDICATE WHICH HE MISPHERE IS 
BEING DRAwN . H=O MEANS NORTHERN HEMISPHERE . 
H><O MEANS SOUTHERN HEMISPHERE. 

THE FOLLOWING VARIABLE S ARE COMPUTED BY THIS 
SUBROUTl NE: 

S IS THE OFF-SCALE FLAG. 
S=1 MEANS OFF SCALE. 

S=O MEANS ON - SCALE. 

R1 IS TEMPORARY STORAGE. 

x 

y 

IS THE MAP X-COORDINATE IN CENTIMETERS .OR 
INCHES· 

IS THE MAP Y-COORDINATE IN CENTIMETERS OR 
INCHES· 

LET S : 0 
REM IF THE POINT FROM THE DATA BASE IS NOT IN THE 
REM HEMISPHERE BEING DRAWN. SET THE OFF-SCALE FLAG 
REM AND RETURN. 

IF H: 0 THEN 3490 
IF P > 0.0 THEN 3500 

REM FOR A SouTHERN HEMISPHERE MAP. CHANGE THE SIGN 
REM of THE LONGITUDE TO MAINTAIN THE PROPER MAP 
REM OR!ENTATION. 

LET L : -L 
GO TO 3540 
IF P >= 0.0 THEN 3540 
LET S = 1 
RETURN 

REM COMPUTE THE MAp COORDINATES 
REM GEOGkAPHIC COORDINATES. 

LET R1 = F * (1.5707963 - ABS(P» 
LET X = R1 * COS(L) 
LET Y = R1 * SIN(L) 
RETUR N 
END 

FRO M THE 
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weather sa telli te tracking, this ci rcle takes on 
a sli ghtly diffe rent meanin g. In that case, it 
shows the most distant land areas that th e 
station can expec t to receive pi ctu res of. 

I n prac ti ce , a transparent pl asti c overl ay 
showing the satellite's ground track is pl aced 
over th e map to find the positi on at any 
give n mom ent. Since th e sh ape of the orbi t 
doesn't change, onl y one ground track over­
lay .is needed, and it is si mpl y rotated on th e 
map to match up with the point where the 
sa tellite crosses the equ ator on that particu­
lar pass . 

A more elegant system, however, is to 
ge nerate the map and trackin g overl ays on a 
video displ ay. The satellite's current location 
can be di splayed as a fl ashing dot whose 
position is constantly updated in a rea l-time 
mode. 

Returnin g to the matter of the map itself, 
one real izes that the o rientation of the map 
need never be ch anged, regardl ess of wh ere 
th e ground stati on is located. The subroutine 
shown in li sting 2 ge nerates th e map from 
geographic coordinates , but this reall y needs 
to be done onl y once. A new data base can 
be made up of map coordinates, and every 
time a map is to be drawn the map coordi ­
nates can be fed directly to the grap hi cs de­
vice with out havin g to go through th e con­
vers ion ca lcul ations. 

On the other hand, the azim uth-elevati on 
track in g ove rl ays will change in positi on, size, 
and shape for every different ground station 
location and fo r every di ffere nt sate llite. A 
separate sub routin e is req uired to generate 
sets of geographi c coordin ates to defin e th e 
overl ays, and that subroutine would in turn 
call the subroutine given in listin g 2 in order 
to get the map coordin ates wi th wh ich to 
draw th e overl ays. 

Although the maps sh own in figures 3 
and 4 stop at the equator, th ey can be ex­
tended fur ther with no ch ange in th e 
program. In fac t, it would be advantageous 
in th is parti cul ar applica tion t o extend each 
of them another 20 or 30 degrees to provide 
some overlap. Extension much beyond 40 
degrees, however, will resul t in excess ive 
distortion. 

As a fin al note about the satellite tr ack in l! 
maps, you may have noti ced th at the longi­
tudes are labeled fro m 0 to 360 degrees. Not 
onl y that, they are posit ive westward. This 
convention used in sate llite track in g is an 
exception to th e standard rul e stated earli er. 
Bu t as fa r as we are concerned it makes no 
di fference. It is simply th e way the map is 
labeled. Ou r data base and conversion sub­
routine still use the standard conve nti on to 
generate th e map. 

Wh ile we have concentrated on one 
specific applicati on of the pol ar equidistant 



The TARBELL Connection 
In an effort to offer products that meet the continually changing demands of the microcomputer 

industry, TARBELL ELECTRONICS is pleased to offer immediate delivery of these quality components 
and operating software. All TARBELL products are available from computer store dealers everywhere. 

Tarbell Floppy Disk Interface 

• Plugs directly into 
your 1M SAl or 
ALTAIR and handles 
up to 4 standard sin­
gle drives in daisy­
chain. 

• Operates at standard 
250K per second 
on normal disk for­
mat capacity of 256K 
bytes. 

• Works with modified 
CP/M Operating Sys­
tem and BASIC-E 
Compiler. 

Tarbell Disk BASIC 
• Runs on 8080, 8085 or Z80 
• Searches a file quickly for a string. 
• Up to 64 files open at once. 
• Random Access. 
• Assignment of 110. 
• Alphanumeric line labels allowed. 
• Read and Write string or numeric 

data. 
• Unlimited length of variable names 

and strings. 
• Procedures with independent varia­

bles. 
• Number system 10 digits BCD inte­

ger or floating point. 
• Chain to another' program. 
• Cause programs to be appended on­

to programs already in memory. 
• Cause interpreter to enter edit mode 

using 15 single character edit com­
mands. 

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

• Full 6-month warranty and extensive 
documentation. 

• Kit $190 ... .. .. Assembled $265. 

Specify drive for assembled units. 
Complete disk subsystems with opera­
ting software available. Please inquire 
for details. 

Occupies 24K of RAM. Tarbell BASIC 
on CP/M Disk ..... ....... . . $48 . 
Source on paper or CP/M Disk ... $25. 
CP/M and BASIC-E on disk with 

Tarbell 32K RAM Memory 
• 32K Static Memory 
• S-100 Bus Connector 
• 9 regulators provide excellent heat distribution. 
• Extended addressing (bank switching.) 
• Phantom line. 
• Low power requirement. 
• 20-Page operatmg manual. 
• Full I-year warranty. 
• Assembled and tested full price only $625 
• 16K version also available, assembled and tested only $390. 

Tarbell Cassette Interface 

• Plugs directly into your IMSAI or ALTAIR. 
• Fastest transfer rate : 187 (standard) to 540 bytes/second. 
• Extremely reliable-Phase encoded (self-clocking). 
• 4 extra status lines, and 4 extra control lines. 
• 37-page manual included. 
• Device code selectable by DIP-switch. 
• Capable of generating Kansas City tapes. 

manuals ........ . . . . .. ... $100. 

mEI!!B~ 

Tarbell Cassette BASIC 
Includes most features of ALTAIR Extended BASIC, plus 
these added features: 
• Assignment of 110. 
• Alphanumeric line labels. 
• Unlimited length of variable names and strings. 
• Number system 10 digits BCD integer or floating point. 
• Procedures with independent variables. 
• Read and Write string data. 
• Multi-file capability. 
Full price with complete documentation .... ...... .. $48. 

Prepaid, COD, or cash only. California residents please add 
6% sales tax. 
ALTAIR is a trademark/tradename of Pertec Computer Corporation 
CP/M is a trademarkltradename of Digital Research 

• No modification required on audio cassette recorder. 
• Complete kit $120 ................ Assembled $175. 
• Manual may be purchased separately . . . . . . . . . . . . . $8. 

950 DOVLEN PLACE. SUITE B 
CARSON, CALIFORNIA 90746 

• Full 6-month warranty on kit and assembled units . (213)538-4251 • (213) 538-2254 
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1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 

REM 
REM 
RE.M 
REM 
REM 
REM 
REM 
REM 
RE.M 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 

LET S = 
REM 
REM 
REM 

SUBROUTI NE TO COMPUTE MAP C OORDI N ~TE S FOR 
ORTHOGRAPHIC EQUATORIAL PROJECTI ON. 

o 

THE FOLLowING VA RIABLE S MU~ T BE DEFI N~D BE FO RE 
THIS SUBROUTINE IS CALLED: 

LO IS THE REFERENCE LONGITUDE (L ONGIT UDE AT 
CENTER OF MAP). 

P 

L 

R 

IS THE GEOGRAPHIC LATITUDE (OBTAINED FROM 
THE DATA BASE) OF THE POINT BEING CONVERTED. 

IS THE GEOGRAPHIC LONGITUDE (OBTAINED FROM 
THE DATA BASE) OF THE POI NT BEING CONVERTED. 

IS THE RADIUS OF THE FINISHED MAP, IN 
CENTIMETERS, INCHES, ETC. 

THE FOLLowIN~ VARIABLES ARE COMPUTED BY THIS 
5UbROUTl NE: 

S IS THE OFF-SCALE FLAG. 
S=l MEANS OFF-SCALE. 

S=O MEANS ON-SCALE. 

R1 IS TEMPORARy STORAGE. 

X 

Y 

IS THE MAP X-COORDI NATE, IN CENTIMETERS OR 
INCHES· 

IS THE MAP Y-COORDINATE, IN CENTIMETERS OR 
INCHES· 

ROTATE THE GE.OGRAPHIC LONGITUDE OF THE POINT 
FROM THE DATA BASE TO REFERENCE IT TO THE MAP 
CENTER LONGITUDE. 

L - LO 
NORMALIZE THE ROTATED LONGITUDE BETWE EN -180 
DEGREES AND +180 DEGREES (-PI AND +PI). 

<= 3.1415927 THEN 1450 

LET L = 
REM 
REM 

IF L 
LET L 
GO TO 
IF L 
LET L 

REM 
REM 

IF L 
IF L 
LET S 
RETURN 

= L - 6.2831853 
1490 
>= -3.1415927 THEN 1490 
= L + 6.2831853 

IF OFF-SCALE (OUTSIDE THE RANGE FROM - PI/2 TO 
+PI/2), SET FLAG AND RETURN. 

< -1·5707963 THEN 1510 
<= 1·5707963 THEN 1550 
= 1 

REM COMPUTE THE MAp COORDINATES FROM THE 
REM GEOGRAPHIC COORDINATES. 

LET R1 = R * SIN(1 · 5707963 - ABS(P» 
LET X = R1 * SIN(L) 
LET Y = R * SIN(P) 
RETURN 
END 

Listing 3: Subroutine to compute map coordi­
nates for orthographic equatorial projection. 

map (and a ve ry im portant and useful app li­
cation at th at), one should remember that 
there are many oth er uses for it. Even if you 
have no in te rest in communi catio ns or 
weather satellites, you will probab ly sooner 
or later come across an appli ca tion where it 
sui ts your needs perfec tl y. 

Orthographic Equatorial Projections 

Perspective projec ti ons are those which 
show the Earth exactl y as it appears when 
viewed from some point in space. Th ese are 
espec iall y useful for generatin g images of the 
Earth for use in spaceship maneuverin g, and 
fo r ge nerat ing out line maps fo r overl ay on 
weath er sate llite ph otos. In the orthographic 
equato ri al projection, th e point of view is at 
in fini ty, and level with the equator . As com­
plex as this might sound, the math is actua l­
ly very simpl e, and th e ent ire procedure 
req ui res onl y about a half dozen state ments 
in the conversion subroutine, which is given 
in li st in g 3. 

Figures 5 an d 6 show a pair of maps gen­
erated by the program - the former centered 
on 70° west longitude and the latter on 90° 
east longitude. These are qui te spectacular to 
ge nerate in rapid succession on a video dis­
pl ay , simul at ing th e ro tation of th e Earth or 
the passage of a spacecraft aroun d the ea rth. 
In crementing th e cente r longitude by f ive or 
ten degrees between images gives a suffic ient­
ly smooth transiti on fo r most purposes, but 
the increment can be made as small as 'des ired . 

It is true th at not all spacecraft orbit the 
Earth at the equator, and the poin t of view 
is somewhat closer than in finity. For games, 
however, the si mpli city of the mathematics 
required for projection often outwe ighs 
other considerations. 

KIM ANALOG INPUT eV.-T8Me 

Analog to Digital Conversion System for the KIM Computer 

Gi ve Lhe KIM tile abi~i~~ La sense. 
n.easure . and cont.rol the wor~d around 
i ~ wiUh DAM SYSTEMS ruodUles. Jus L ~lu~ 
\.he KI MSETl int.o tile KIM t.o ge t. 16 
chann e l s 01' a n a los input. . Screw 
t,ern,in a l s are F1"'CYVided 1'"or each channe l 
so ~ou c an hooK UF- Jcr\:jst.icks. ~t..s ,. or 
1.o.Ihat..ever ~OPria t..e sensors \:IOU have. 

E ach of' U"\e 16 an a log inF'U\..s . in 
\..he r ange 0 1' 0 t.o 5 . 1 2 volLs . i s 
c onver Led La a decirr.al nun.ber bet.wee.- , 0 
a nd ~..,5 (20 n,ill ivo.l t.s Per count.). 
Conv ersion t.i. nre is 100 rt,icrO'SCOl"lds . 

The K 1MMO(l p rovi d es one u ser POrt. 
as well as a [lAM S YS TEMS F-Or t. . 

SofLware i s F1"'ovicied . 

KIMIETI 
I - AIMI61 • 16 ANALOG INPUTS · 8 BITS · 100 MICROSEC 

I - KIMMOD KIM ADAPTER · ' USE R PORT . 
1 DAM SVSTEMS PORT 

I -CABLE AZ4 - 24 INCH INTERCONNECT CABLE 

I-POWI - POWER MODULE 

KIM SETl o tor 110 VAC .$ 2 85 
KIM SE Th f or 230 VAC .$ 295 

Q,d •• d irKlo.,onla<;lyourlonl,ompUI.r1l0r • • 

CONNECTICUT microCOMPUTER, Inc. 
150 POCONO ROAD 

BROOKFIELD, CONNECTICUT 06804 
TEL: (203) 775-9659 TL X: 7104560052 

VISA AND M/C ACCEPTED - SEND ACCOUNT NUMBER, EXPIRATION DATE AND SIGN ORDER. 
ADD S3 PER ORDER FOR SH IPPING Q HANDLING - FOREI GN OROERS ADO 10% FOR AI R POSTAGE 
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Meet Super Grip II, the great new test clip 
from A P Products. 

New narrow-nose design makes 
It easy to attach on high-density 
boards. And now you can test ICs 
with only .040" between 
opposing legs. 

The new A P Super Grip Ills, without 
question, the best way there Is to trouble­
shoot DIP ICs. 

You get positive contacts. No Inter­
mlttents. No shorts. Ever. 

So It's endlessly useful to you-and it's 

~
"" '~" ,1,' ,' New "duck bill" contacts are flat, r ," r . , 

won't roll off IC leads. 

Open-nose construction enables ~ 
probe at IC leg. 

Pin rows are offset for easy attach- Te 24 
ment of probes. 

Contacts are gold-plated phosphor 
bronze. "Conlact comb" construc­
tion separates contacts with 
precision. No shorts. 

Heavy-duty, Industrial-grade springs 
for firm contact pressure-and a 
good grip when pulling ICs. They'll 
keep their spring Indefinitely. No 
Intermlttents. 

Steel pivot pin. Engineering-grade 
thermoplastic body molded around 
contact pins. Made to lastl 

built to stay useful indefinitely. 
Try one. You'll find 8,14, 16, 16 LSI, 18,20, lapl AP PRODUCTS INCORPORATED 

Box 110 .72 Corwin Drive 
Painesville. Ohio 44077 
Tel. 216/354-2101 
TWX: 810-425-2250 

~2!!!~!}k!P:_ 
from sliding off. (Straight pin models 
for logical connections.) 

22, 24,28,36 and 4O-pln models at your 
nearby A P store. (Make sure it's your A P 
store.) 

Need the address? Call (toll-free) 800-
321-9668. And ask for our complete A P 
catalog, The Faster and Easier Book. 

Faster and .Easier is what we're all about. 
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Figure 5: Orthographic 
equatorial projection cen­
tered on 700 west longi­
tude. This is a perspective 
view of the Earth, similar 
to that seen from a space­
craft in a high orbit above 
the equator. 

88 May 1979 © BYTE Publ ications Inc 

If you need a more exact projection, pull 
out an old hi gh school text on so lid geome­
try or analytic trigonometry and you can 
come up with the formulas you need to 
generate a map projected from any altitude 
over any point on the Earth. You will need 
to go ahead and do this if you plan to gen­
erate map overlays for weather satellite 
photos, since some of the satellites are in 
very low orbits. TIROS-N, for examp le, is 
only about 854 km (531 miles) above the 
Earth's surface, and can see an area only 
about 6251 km (3884 mil es) in diameter at 
any given moment. The picture image it 
transmits covers a significantly smaller area. 

By the time you get to the height of a 
geosynchronous satellite (35,800 km or 
22,250 miles), you see all but about 9 
degrees aro und the edges of the Earth's disc. 
That's less than the last little sli ver between 

the outer edge and the outermost meridian 
lines on the maps in figures 5 and 6. At the 
distance of the moon, you miss less than one 
degree, so the orthographic projection is vir­
tually perfect at this distance. That's also 
why most maps of the moon are printed 
using an orthographic equatorial projection. 

If you do write a subroutine to generate 
close-up perspective projections, you may 
find that in some cases the trouble is repaid 
with the advantage of needing to handle a 
considerably smaller portion of the data base 
at any given time. This is true because so 
much less of the Earth is visible in anyone 
close-up projection. Depending upon exactly 
what you are doing, you may be able to par­
tition the data base in such a manner that 
smaller hunks of it need to be accessed at a 
given time, cutting down on unnecessary 
input and output operations. 
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compUTER SOFTWARE 
For Homeowners, Businessmen, Engineers, Hobbyists, Doctors, Lawyers, Men and Women 
We have been In business for over nine years building a reputa­
tion for providing a quality product at nominal prices - NOT 
what the traffic will bear. Our software Is: 

• Versatile - as most programs allow for multiple modes of 
operation. 

• Tutorial - as each program Is self prompting and leads you 
through the program (most have very detailed Instructions 
contained right In their source code). 

• Comprehensive - as an example our PSD program not only 
computes Power Spectral Densities but also Includes FFT's. 
Inverse-transforms. Windowing. Sliding Windows. simulta­
neous FFT's variable data sizes. etc. and as a last word our 
software Is: 

• Ileadable - as all of our programs are reproduced full size 
for ease In reading. 

• Virtually Machine Independent - these programs are wrtt­
ten In a subset of Dartmouth Basic but are not oriented for any 
one particular system. Just In case your Basic might not use 
one of our functions we have Included an appendix In Vol­
ume V which gives conversion algortthms for 19 different 
Baslc's; thafs right. Just look It up and make the substitution for 
your particular version. If you would like to convert your 
favorite program Into Fortran or API. or any other language. 
the appendix In Volume II will define the statements and their 
parameters as used In our programs. 

Over 85~ of our programs In the first five volumes will execute In 
most 8K Baslc's with 16K of free user RAM. If you only have 4K 
Basic. because of Its lack of string functions only about 60~ of 
our programs In Volumes I through V would be useable. how­
ever they should execute In only 8K of user RAM. 
For those that have specific needs. we can tailor any of our 
programs for you or we can wrtte one to fit your specific needs. 

Vol. I Vol. II VoL III Vol. IV Vol. VI 
Business &. Gomes &. Binomial Beam 
Personal Pictures Chi-Sq. Con\/ 
Bookkeeping CoeII Filter 

Billing 
Inventory 
Payroll 

Bingo 
BondI 
Bull 

ledger Malnlall1l Company ac:counll and g~ 
"noooial repor1l. Includel roUIneI fOr. Py~, In~ 
Dept; AIR. AlP. 

Animals Four Programs Conlldence 1 FH 
As1rCnaIJ Con"dence2 ln1egra11on 1 

Rlak En1erpr1Ie 
Schedule 2 

VoL V 
Andy Cop 
Baseball 
Compare 
ConfIdl0 
Desc~p 
DtIIer 
Engine 
FouI1er 
H<me 
Integel1 
logIC 
PlaybOy 
Pr1mea 
ProIoaI 
Quodrac 
Red Baron 

VoL VII 
Bond Bagel ConeIat1ons ln1egra1lon 2 
Building BloCycle Culve IntensI1y 

~~ Comons 0H\'efenCes lola 
Checkers Dual Plot Macro 

Declslonl Craps Exp-Dlstr1 Max. Min. 
Declslon2 ~ght least Squares Nevald 
Depreclat10n Paired Opt1cal 
Emclent Judy Plot Planet 
Flow lineUp PloIpIs PSO 
Installment Pony Polynomial FM Rand 1 
Interest Roulette R~realon Rand 2 
Investmen1s Sky DIver $I 1 Solve 
Mortgage Tank $Ia12 ~Tr1an Opt1mlze Teach Me .. Dlstr1W1on 
Order 

Pictures Unpaired Track 
Pert Tree 

A Newman \tl~aooel Tr1a~e ROle 
J.F.K. \tl~aooe2 \tloo Ie 

Reluml XV Vec10r 
Relum2 linus 
Schedule 1 Ms. Santa APPENDIX A 

Nixon 
Noel Noel 
Nude 
Peace 
Policeman 
Sama's Sleigh 
Snoopy 
Virgin 

\t)I. 1- $204.95 \t)I. II - $24.95 \t)I. 111 - $39.95 
Advanced IluaIness Bookkeeping Math/ E7ilneertng 
BI~ventory Gomes P10111n~ at1s1Ics In en1s 

P1c1ures Baalc a1emen1 Del. Payroll 

AVAILABLE AT MOST COMPUTER STORES 
Master Charge and Bank Amertcard accepted. 

~~ng 
Sw!1ch 

'.k>1. IV - $9.95 
General Purpose 

Football 
Fundal 
Funds 2 
Gc>Moku 
Jack 
life 
loans 
Maze. 
Poker 
Popul 
ProIIts 
Qublc 

Chell OeIIgned to challenge 1tle OYeItIge playec 
tal~ compre/1enllw. GAIOI kin fOr ail. ofIe!I a 
unlque appor1l.nlly fOr beglnnellin need Of an 
opponent. 

Medbll 

Wdproc 

For 00c10I1 and DenIIIII alike, a comple1e 
pa11ent billing syaIem whiCh allO perml1a 1tle 
maintaining at a paIIenI hIIIOry record. 

ROles 
RetIre ~~~ UHIHy 

VoL VIII 

Wordprocelllng fOr lawyItII. publilhen. WI1Iera. 
etc. 'M11e. store. and Change 110m rough droll 
10 "nol copy In a var1ely ciI fOImaII. 

Otak utIIHy program wtIh memory 18111ng. 
Savings 
SBA 
nc-lac-Toe 

Roulette 
Santa 
S1a11O 
S1a111 
steel 
Tap 
IAJry 
Xmas 

APPENDIX B 

\t)I. V - $9.95 
Expe~enter's Program 

10..&0-Tax TaxpaY9l1 return. llemlzed deduotlanl Of 
standard 

Balance Reconciles baM sta1emenII 

Checkbook Balancel your checkbook 

Inst 1 0 18 Comp\Ja6 real coli on bank Wnonc:ed 1Iema; 
cara. boa1I, etc. 

Depree 2 Computes deprecla1lon, 4 meIhodI. any lime 
pertod 

APPENDIX C - MVOR1TE PROGRAM CONVERSIONS 

\t)I. VI - $049.95 \t)I . VlI- $39.95 IA:ll VIti - $19.95 
MInH.edger ProIeIIIonaI ~ 

Prograrna Programa 

Add $1.50 per volume handling. all domeItIc shlpm«ft.." U.P's, .xcept APe 
and P.O. Box which 00 parcel post. foreign ordeII add $e.oolYoIume for air 
shipment and make payable In U.S. doUa" onI¥ 

Our Software Is copyrighted and may not be reproduced or sold. 

SCIENTIFIC RESEARCH 
P.O. Box 490099-B 

Phone orders call 800-327-6543 
Key Biscayne. FL 33149 

Information - (305) 361-1153 
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Figure 6: Orthographic 
equatorial projection cen­
tered on 90° east longi­
tude. Here, the same type 
of projection as used in 
figure 5 is employed, but 
the view has been rotated 
760° to the east. 

THE~D©~ 

W@~ 
THE INDUSTRV LEADER IN AFFORDABLE HI-RES VIDEO ANAL VSIS 

The Micro Works-FIRST to bring high resolution , low cost video to the micro world. Our Olglsectors (we even coined the term) provide high 
speed, precise conversion of video signals to digital data-data you can manipulate to manage security systems, interpret bar codes and steer 
robots . We've been In the video business for a long time; our OS-68 for 6800 machines was the first video digitizer designed specifically for 
microprocessors and the first to sell at prices experimenters and hobbyists could afford. Its big sister, the OS-80, provides new features at an 
unprecedented price for S-100 micros. 

Both boards support high resolution, a 256x256 picture element scan, the precision of 64 grey scale levels, and speed-conversion times as 
low as 3 microseconds per pixel. The Olglsectors are shipped with the software to digitize a full frame of video and store the Image In memory. 
From there, you can output to disk, printer, or simply analyze the data for conditions your system is programmed to Interpret. 

What else do you get for your money? A reliable, trouble-free board which you don't need to be a hardware or software wizard to operate. Olgl­
sectors are shipped assembled, burned In and tested; you just plug them In and run. Our customers are happy; they use Olglsectors In research 
applications, custom microprocessor systems, scanning devices, portrait systems and robotics . Isn't It time for your computer to get the 
whole picture? 

Price: OS-66 $169.95 
OS·80 $349_95 

P.O. BOX 1110 DEL 
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OS-65 for the Apple 
COMING SOON! 

CA. 92014 714-758-2687 

Master Charge 
Visa Accepted 
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Wordsmith is the video t ext edi t ing syst em you 've been ~ 
waiting for. Its power, flexibi lity and simplicity help you carve Ir 
any text editing t ask down to size - in a way you can 
understand. We wanted a system that allows you t o t hink in 
trad itional ways about text layout , yet at the same time makes 
the traditionally tedious operations such as cut and past e 
simple and fast . We think we've done it. We want you to decide 
for yourself 

Flexibility 

• Logical/Physical Page Distinction. Define your own 
hardcopy size. Wordsmith remembers the difference 
between the screen size and the hardcopy page size. 

• Modular Hardcopy Driver. Drive a Qume@ Sprint-5 or 
TTY -like device directly now, Diablo, NEC and other 
hardcopy devices soon. 

• Pure Text. Wordsmith files are pure text with no control 
characters mixed in. This universal format keeps you as 
compatible with the world as possible. What you see on the 
screen is what you get as hardcopy. 

• Page Templates. Snapshots of the block layout of a page 
can be saved as named disk files, then later recalled and 
superimposed on the current page. Use such "templates" 
for standard multi column layouts, common letter formats, 
and fixed-field forms. A single keystroke dispatches you 
quickly from block to block as you fill in your page. 

~ 
Take a 

c:=J snapshot 

I I :~:e l s 
CJ window 

layout ~
c::::J 

-'_ Recall a 
L-J' , template 

and hop c=:J from. window 
\ to window. 
~ 

• File Switching. Moving from document to document to 
examine, copy, move and change text is like rolling off a log .. 
You're not confined to one disk file at a time anymore . .... 

Simplicity 

• Auto Word Break. Forget the right margin . Wordsmith 
notices when you won't be able to complete the current 
word and moves it to the next line for you as you continue 
typing. 

• Understandable Commands. The most frequently used 
commands are single keystrokes. The rest are easily 
remembered abbreviations. 

• Informative Status Lines. The top two screen lines 
constantly display page number information, document 
name, cursor position, tab stops and status / error 
phrases. You're always in touch with your document. 

Page 3 of 8 File=ADV1 Cursor row 28, col 43 

• Protection Against Catastrophic Errors. It's nearly 
impossible to ruin your document with a single bad 
command. Wordsmith's page oriented design and double­
checking user interface help you do what you mean! 

Power 

• Page Oriented Philosophy. A document is a collection of 
pages. The screen displays one entire page at a time. Simple 
random access page flipping commands take you quickly to 
any page in the document. Equally efficient commands allow 
you to insert, delete, copy and move pages both within one 
document and across documents. 

l 
J 

2 
1 

-. . 
Flip 

Pages 

n l Merge 
Documents --..... . . 

• Extensive Block Manipulation Capabilities. Using 
"windows", portions of text, charts, etc., can be quickly and 
effortlessly moved around on the current page, or across 
pages. The shape and size of any window can be changed in 
real t ime, with the contained text automatica ll y 
reformatting itse lf (heeding word and paragraph 
boundaries) to conform to the new shape. 

Move 
Text Blocks 

Set Up 
Multiple Text 

Regions 

Change Text Shape 

• Instantaneous Formatting. Compacting (extraneous 
blank deletion) and right justifying are simple commands 
that tidy up a full page or window's worth of text in the blink 
of an eye. Random access cursor movement, line and 
character insert and delete, line and page split and join, and 
a host of other line and character level commands help you 

- put text in its place quickly and accurately. 

The ~ 

WORDsrnftb 
TEXT EDITOR 

Defining the New Generation of Text Editing 

from Micro Diversions, Inc. 
8455-0 Tyeo Rd. 
Vienna, Va . 22180 
(7031 827-0888 

• Direct CP/M @ and North Star DDS compatibility 

• Available for 40x86, 24x80 and 16x64 memory-mapped 
video boards 

• Fully reentrant for efficient mUlti-programming environ­
ments (6K program space, 5K data areal 

• 8080 and Z80 compatibility 

Ordering 
Information: 
$ 200 
(Scl'eensplitter™ Owners: $801 
Manual only: $15 
Check, VISA, Mas tercharge 

1. CPI M or North Star DOS 
version? 

2. TTY or QUME interface? 
3. Brand and memory address of 

video display board? 
4. Ship on single or double 

density, 5" or 8" diskette? 

Inquire about our custom keyboard. 
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Figure 7: Orthographic 
polar projection of the 
northern hemisphere. A 
spacecraft high over the 
north pole would see a 
view similar to this. 

2000 REM 
2010 REM 
2020 REM 
2030 REM 
2040 REM 
2050 REM 
2060 REM 
2070 REM 
2080 REM 
2090 REM 
2100 REM 
2110 REM 
2120 REM 
21:30 REM 
2140 REM 
2150 REM 
2160 REM 
2170 REM 
2180 REM 
2190 REM 
2200 REM 
2210 REM 
2220 REM 
2230 REM 
2240 REM 
2250 REM 
2260 REM 
2270 REM 
2280 REM 

SUBROUTINE TO COMPUTE MAP COORDINATES FOR 
ORTHOGRAPHIC POLAR PRO~ECTION. 

THE FOLLOWING VARIABLES MUST BE DEFINED BEFORE 
THIS SUBROUTINE IS CALLED: 

P 

L 

H 

IS THE GEOGRAPHIC LATITUDE (OBTAINED FROM 
THE DATA BASE) OF THE POINT BEING CONVERTED. 

IS THE GEOGRAPHIC LONGITUDE .(OBTAINED FROM 
THE DATA BASE) OF THE POINT BEING CONVERTED. 

IS THE RADIUS OF THE FINISHED MAP, IN 
C~NTIMETERS, INCHES, ETC. 

IS A FLAG TO INDICATE WHICH HEMISPHERE IS 
BEING DRAWN. H=O MEANS NORTHERN HEMISPHERE. 
H><O MEANS SOUTHERN HEMISPHERE. 

THE FOLLOWING VARIABLES ARE COMPUTED BY THIS 
SUBROUTINE: 

S IS THE OFF-SCALE FLAG. S=O MEANS ON-SCALE. 
S=1 MEANS OFF-SCALE. 

R1 IS TEMPORARY STORAGE. 
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Listing 4: Subroutine to compute map coor­
dinates for orthographic polar projection. 

Orthographic Polar Projections 

This is another special case of the per­
spective projection where the point of pro­
jection is at infinity. This time, however, the 
vi ewpoint is located directl y over the poles. 
As seen in figures 7 and 8, maps of this pro­
jection suffer from compression of geograp h­
ic features near the equator, but this is a 
min or drawback considering the ease with 
which they are generated. Grid lines for the 
meridians and parallels were omi tted from 
these two particular maps, so the distortion 
is really not so noticeable unless someone 
points it out to you. The di ffere nces near 
the equator will be apparent if you com pare 
these maps to the pol ar equidi.stant maps in 



p~--

figures 3 and 4. Nevertheless, those maps are 
mathematical projections des igned for 
specific purposes, and the orthographic pol ar 
maps are much more realistic for other pur­
poses (the orbiting spaceships, for example). 

Th e subroutine used to generate these 
maps is shown in listing 4, where only three 
statements are required for the conversion 
process. Although this sample routine does 
not provide for rotation of the map, this can 
be impl emented by the inclusion of one ad­
ditional statement. All you need to do is add 
the des ired rotation angle to the geograph ic 
longitude (L) of the point being converted. 
(Some systems may also require that the 
resultant angle be normalized before it is 
used in the trigonometric function.) 

Azimuthal Equidistant Projections 

Here we come to one of th e most inter­
esting projections in common use. Th e 
azimuthal equidistant projection, also 

... 

Listing 4 continued: 

2290 REM 
2300 REM 
2310 REM 
2320 REM 
2330 REM 
2340 REM 
2350 REM 
2360 LET 5 : 0 

X 

Y 

Figure 8: Orthographic 
polar projection of the 
southern hemisphere. The 
projection is the same as in 
figure 7, but the vantage 
point has been shifted to 
a point above the south 
pole. 

IS THE MAP X-COORDINATE IN CENTIMETERS OR 
INCHES· 

15 THE MAP Y-COORDINATE IN CENTIMETERS OR 
INCHES· 

2370 REM IF THE POINT FROM THE DATA BASE IS NOT IN THE 
2380 REM HEMISPHER~ BEING DRAWN, SET TH~ OFF-SCALE FLAG 
2390 REM AND RETURN. 
2400 IF H: 0 THEN 2470 
2410 IF P > 0.0 THEN 2480 
2420 REM FOR A SOUTHERN HEMISPHERE MAP, CHANGE THE SIGN 
2430 REM OF THE LONGITUDE TO MAINTAIN THE PROPER MAP 
2440 REM ORIENTATION. 
2450 LET L : -L 
2460 GO TO 2520 
2470 IF P >= 0.0 THEN 2520 
2480 LET S : 1 
2490 RETURN 
2500 REM COMPUTE THE MAP COORDINATES FROM THE 
2510 REM GEOGRAPHIC COORDINATES. 
2520 LET Rl = R • COS(pl 
2530 LET X : Rl • COS(Ll 
2540 LET y = Rl • SIN(Ll 
2550 RETURN 
2560 END 
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Figure 9: Azimuthal equi­
distant projection centered 
on Dallas, Texas. Also 
called a great circle map, 
this projection gives true 
azimuths and distances 
from the center to all 
other points. This kind of 
map is especially useful for 
showing great circle navi­
gation routes and for 
determining the proper 
great circle bearings when 
aiming radio antennas. 
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referred to as a great circle map, is particu­
larly useful in nav igation and radio communi­
cation. Each such map is based on a chosen 
central location , and th e land areas are 
mapped so that the azimuths to them from 
the center are true in all directions. This is 
accomplish ed by computing the great circle 
bearin gs and distances from the central loca­
tion to each of the points in the data base, 

then sca ling the distance to fit the map. This 
yields the polar form of the map coordinates 
which are then directly converted to rec­
tangu lar map coordinates in the usual manner. 

Since the shortest distance between any 
two points on the surface of the Earth is 
along the great circ le path between them, 
sh ips and aircraft fo ll ow such paths as close­
ly as possible. Radio signa ls are usu all y 



Here are nine packages that 
enable you to make full use of 

the potential in your small 
computer system: 

ACCOUNTS RECEIVABLE 
INVENTORY 

ORDER ENTRY 
WORD PROCESSING 

PAYROll 
roducts 

truroents P 
iellas InS '" 

a lull line 01 C 1\ \ \..: 
REAL ESTATE MGT. 
MEDICAL-DENTAL 

MAILING PROGRAM 
SHIPPING & RECEIVING 

V4e carl'i ~,-S \ f'\\.. 
,ERM\N {\DN\-3{\ ... . 

lEA.R- {\DN\-3"\ . .. . 
5\EGlER {\DN\-42 .. · · and MORE! 

"\400. · · '\C~ll* 
"\ 4"\ O. . . . \Of \If\Ces 
"\500 . .. . 

N\oo"\ Eoit . .. ~ . ....... 

FR\N1'ERS 

QK\OA.lA. C~ll* 
S\J 25 . . . '1 \Of \If\CeS 

~' :'-" l 

1cour prices are too low to advertise. 
Please call o'r write. 

Microsoft Basic, Fortran, Cobol 
available 

CALL * for prices 

Decwriter II .... .. . $1395.00 
Qume Sprint 5/45 44 Column Printer .... $295.00 

RO .... . .. . . .. . 2795.00 
Persci 277 Dble 

Density .. . ... .. . 1395.00 
Imsai PCS 80/ 15 . . ... 599.00 
Anadex DP8000 

Printer .......... 995.00 

Livermore Accoustic 
Coupler. . . . . . . . . . 249.00 

Javelin9" Monitor .. . . 159.95 
Pertec 4511 ·R 

10M Hard Disk . . . .. CALL* 

We have a full staff of Programmers and Computer 
Consultants to design, configure and deliver a Turnkey 
Computer System to meet your specific requirements. 

SYNCHRO-SOUND ENTERPRISES, INC. 

Hours 9·4 Daily 
and Saturday 

Visit our new showroom 
Working units on display 

The Computer People 
193·25 Jamaica Avenue, Jamaica, New 'tUrk 11423 
212/468·7067 TWX 710·582·5886 

Circle 355 on inqu i ry card . 

BankAmericard Master Charge 
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Figure 70: Azimuthal equi­
distant projection centered 
on Canberra, the capital of 
Australia. Compare this 
map to the one in figure 9 
and notice how different 
the world looks from the 
standpoint of navigation 
and radio bearings. 
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strongest along the shortest path, so recep­
tion is best when the antenna is lined up 
with the correct great circle bearing. The 
azimuthal equidistant map is superb in 
these applications. 

Figures 9 and 1 0 illustrate maps centered 
on Dallas TX, and Canberra, Australia, 
respectively . A navigator planning a fl ight 
from Dallas to Tokyo would draw a straight 

line from the center of the Dallas map, to 
Tokyo. This line indicates the shortest path 
between the two cities, and shows the inter­
vening territory to be traversed. By extending 
the straight line on out to the bearing scale 
on the perimeter of the map, the initial 
departure bearing can be read directly . 

Ham radio operators and shortwave 
listeners use these maps extensively. Suppose 



S-100 RS-232 CONTROL CARD 
8-SERIAL I/O CHANNELS 
MODEL 232-100K (KIT) - $149.~5 
MODEL 232-100A (ASSEM.) - $179.95 
A MUST FOR THE SERIOUS USER: NOW, FROM 
A SINGLE SERIAL I/O PORT YOU CAN SEND AND 
RECEIVE DATA TO ANY OF THE 8 CHANNELS 
WITH A SIMPLE SOFTWARE COMMAND EITHER IN 
BASIC OR MACHINE CODE . 

• INDIVIDUAL BAUD RATES: Each channel can be set 
for its own individual baud rate via a dip switch . Card 
contains its own on board baud rate generator chip and 
crystaL The RS-232 Control Card will run any S-100 
Microprocessor because of its on board timing clock. 

• ALL HARDWARE: Yes this has our "ALL HARD­
WARE" software match setting features. You are able to 
select and set status, its parity to match any software 
configuration. NO. NEED TO CHANGE THE SOFTWARE 
TO MATCH THE BOARD. 

• SIMPLE OPERATION: Only one port to configure. It's 
easy to set and run. You just output from Basic or your 
machine code program the Port # and Bit 1-8. By turning on 
bits one through eight you 're able to direct your output to 
any RS-232 device. An extra feature is, you are able to run 
more than one RS-232 device at a time. Output and input 
from all 8 if you want. 

• EASY CONNECTION: On top of the board are two 50 
pin edge connectors. Supplied with the board are two 
cables with 40 Pin IDC connectors on one end and four DB-
25 connectors on the other. All cables for connection from 
board to I/ O devices is supplied. 

• HIGHEST QUALITY: The highest quality parts are 
used. The P.C. board is double sided with plated through the 
holes, solder mask and silk screened legend. 

• FULL DOCUMENTATION: A complete manual of 
operation and assembly is included. 

5-100 Z-80 CENTRAL 
PROCESSING UNIT 
MODEL Z-80100K (KIT) - $129.95 
MODEL Z-80100A (ASSEM.) - $139.95 

• Selectable power on jump to any memory address. 
• Provisions for on board EPROM. 
• True generation 808001 and 02 clock signals. 
• Selectable wait states on M-1 cycle memory request 

cycle, on board ROM cycle, and input-output cycles. 
• True DMA tri states for all signals from processor 

board. 
• All status signals are latched per the S-100 BUS 

specifications. 
• Unit includes high speed Z-80A Microprocessor chip , 4 

Mhz operation - can be switched to 2 Mhz, if so desired. 
• Power requirements - +8volts @ 1.0amps. 

·TRS·80 IS a Irademark 01 Tandy Corp. 

t;·· 

TRS-80* TO S-100 BUS 
CABLE ADAPTER 
MODEL CAB-80K (KIT) $99.95 
MODEL CAB-80A (ASSEM.) $119.95 

• FULL INTERFACE: Contained within the cable 
assembly, is a small enclosure. This enclosure contains all 
the logic to convert your TRS-80' to be compatible with the 
S-100 BUS system. 

• FULL BUFFERING: All address, data and signal lines 
are fully buffered . 

• EASY CONNECTION: It is easy to connect. Just plug 
the one end of the cable into the one slot on your S-l 00 
system and plug the other end into the rear of the TRS-80' 
keyboard or between the expansion interface. Turn on and 
go .......... . 

• TWO EDGE CQNNECTORS: Two addition 40 pin 
port edge connectors are provided for other connection of 
expanision interfaces. 

• POWER: All power is derived from the S-100 BUS 
structure. Since the TRS-80' will not support other devices 
hooked to its power supply, it is a must that your S-100 
supply =8-10 volts D.C. Logic card contained within the 
cable has on board 5 volt regulator. Current requirements is 
375 mao Unit has separate terminal for exterior connection 
of DC power requirement if it is to be supplied outside the S-
100 BUS system. 

• FULL OPERATION MANUAL: Not much need for a 
manual , but we have prepared one with full principal of 
operation, etc. 

TRS-80* 
16K MEMORY ADD-ON KIT 
FOR THE TRS-80* - SORCERER:j: - APPLE lit 
8-PRIME, 250NS HIGH SPEED MEMORY CHIPS 
MODEL 16K-80 - $95.00 

• All chips are new, top quality, factory fresh and 
tested. 

• Each kit comes with complete, simple to understand 
instructions. Even the least experienced individual can add 
on memory. 

• Comes complete with programmed jumpers. 
• Guarantee: If a chip fails, we will replace it with no 

questions asked . Lifetime guarantee' 
• Remember: These are top quality prime #1 chips. All 

orders shipped same day as received' 

WORLD POWER SYSTEMS, INC. 
1161 N. EI Dorado Place, Suite 333, Tucson, Arizona 85715 

24 Hour Order Phone No: 602-886-2537 
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Listing 5: Subroutine to compute map coordinates for azimuthal equidistant 
projection. 

5000 
5010 
5020 
5030 
501,0 
5050 
5060 
5070 
5080 
5090 
5100 
511:l 
5120 
5130 
5140 
5150 
5160 
5170 
5180 
5190 
5200 
5210 
5220 
5230 
5240 
5250 
5260 
5270 
5280 
5290 
5300 
5310 
5320 
5330 
5340 
5350 
5360 
5370 
5380 
5390 
5400 
5410 
5420 
54:30 
5440 
5450 
5460 
5470 
5480 
5490 
5500 
5510 
5520 
55:30 
5540 
5550 
5560 
5570 
5580 
5590 
5600 
5610 
5620 
56:30 
5640 
5650 
5660 
5670 
56"80 
5690 
5700 
5710 
5720 
5730 

REM 
Rt:M 
Ri:.~l 

REM 
R[M 
RE.M 
Ri:.~l 
REM 
REM 
Rt::M 
REM 
REM 
REM 
REM 
REM 
REM 
RE.M 
REM 
Ri:.M 
REM 
REM 
REM 
Rl:.M 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
RElvt 
REM 
REM 
REM 
REM 
REM 
REM 
Rt:.M 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
Rt:.M 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 

LET L1 = 
REM 

SUBROIJTI"E FOR c o r~PUTII~G '~AP COORDINATES FOR 
AZIMuTHAL EQuIDISTANT PROJt:.CTION. 

THE. FOLLOWING FUNCTION MUST BE DE~INED BEFORE 
THIS SUBROUTINE IS CALLED: 

FNC() COMPuTES THE ARC COSINE OF THE 
AH~UMENT. THE FUNCTION MUST 8E 
NON-AMBIGUOUS; THAT IS. IT MUST 
ATTACH THE CORRECT ALGEBRAIC SIGN 
TO THE RESuLT. 

THE FOLLOWING 0ARIABLE~ MU~T BE. DEFINFD BEFORE 
THIS SUBROUTINE IS CALLED: 

A1 IS EQUAL TO SIN(A). WHERE A IS THE 
GE.OGRAPHIC LATITUDE OF THE LOCATION ON 
WhICH THE MAP IS CENTERi:.D. 

A2 I~ EQUAL TO COS(A). WHEKE A IS AS DEFINE.D 
Al:lOVE 

LO IS THE GEOGRAPHIC LONGITUDE OF THE LOCATION 
ON WHICH THE MAP IS CENTEREU. 

P I~ THE GEOGRAPHIC LATITUDE (FROM THE DATA 
BASE) OF THE POINT BEING PROCESSED. 

L IS THE GEOGRAPHIC L0NGITUDE (FROM THE DATA 
BASE) OF THE POINT BEING PROCESSED. 

F IS THE MAP SCALE FACTOR. EQUAL TO 
R/3.1415927. WHERE H IS THE RADIUS OF THE 
FINISHED MAP. IN CENTIMETERS OR INCHES. 

THE. FOLLOWING VARIABLES ARE. COMPUTED BY THIS 
SUBROUTINE: 

L1 IS TEMPORARY STORAGE FOR THt:. DIFFERENCE 
BETWEEN THE LONGITUDE OF THE POINT BEING 
PROCESSED. AND THE LONGITUDE OF THE 
LOCATION ON WHICH THE MAP IS CENTERED. 

pI IS TEMPORARY STORAGE FOR THE SINE OF THE 
LATITUDE OF THE POINT BE.ING PROCESSED. 

D IS THE ANGULAR DISTANCE (ARC DISTANCE)' IN 
RADIANS, BETWEEN THE LOCATION ON WHICH THE 
MAP IS CENTERED AND THE POINT BEING 
PROCESSED. 

01 I~ TEMPORARy STORAGE FOR THE COSINE OF D. 

C IS THE NORMALIZED ANGULAR COMPONENT OF THE 
POLAR FROM OF THE MAP COORDINATES. 

C1 IS THE COSINE OF THE VALUE OF C BEFORE C IS 
NORMALIZED. 

R1 I~ THE RADIAL DISTANCE COMPONENT OF THE 
POLAR FORM OF THE MAP COORDINATES. 

X IS THE MAP X-COORDINATE. IN CENTIMETERS OR 
INCHES· 

Y IS THE MAP Y-COORDINATE. IN CENTIMETERS OR 
INCHES· 

L - LO 
NORMALIZE THE LONGITUDINAL DIFFERENCE BETWEEN 

Listing 5 continued on page 700 
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that a ham in Canberra, the capital of 
Australia, hears a station in Venezuela that 
he would like to talk to. By using the map in 
figure 10, he can draw a line from the center, 
through Venezuela, out to the edge. The 
bearing read at the edge tells him where to 
set his antenna, and once done he not only 
receives the strongest possible signal from 
Venezuela, but he also assures that his own 
signal is transmitted along the shortest pos­
sible path to the other ham. 

The distance scale at the bottom of these 
maps can be used to measure the distance 
between the center and any other location 
on the map. But it cannot be used between 
just any two locations: on this type of pro­
jection the distance scale is accurate only 
when measuring outward from the center. 

The bearing scale, you will notice, is num­
bered from 0 to 360 degrees, clockwise from 
true north. This is the usual convention for 
all navigation and radio bearings. We label 
the map in this manner, but work with stand­
ard trigonometric convention in the program. 
More will be said about that later. 

The program that generated the example 
maps is given in listing 5. Although slightly 
more involved than the previous map pro­
jections that we have looked at, it still re­
quires only about a dozen statements to 
carry out the entire conversion process. One 
interesting feature is that there is no off­
scale flag to worry about, because there is no 
such thing as an off-scale condition on an 
azimuthal equidistant map. The entire world 
is mapped, with no discontinuities, so every 
coordinate in the data base will find a home 
somewhere on the map. 

The solution of the mathematics requires 
an inverse cosine function , which is not 
present in many BASIC interpreters. Rather 
than worry about what other implementa­
tions might be like, I just set it up to com­
pute the inverse cosine by a user-defined 
function, FNC. I t is up to the user to insert a 
properly defined function for this operation. 
{Most BASIC interpreters have inverse tan­
gent functions. Inverse cosine can be derived 
by cos- 1 (X) = -tan- 1 (X/V 7 - X2) + 
7.5708 . . .. RGACj 

Since many of the people who are inter­
ested in this type of map are also interested 
in printing out tables of great circle bearings 
and distances to other locations, I arranged 
the first part of the program to compute the 
angle in navigation/radio bearing convention 
before converting it to standard convention. 
The remarks beginning at line 5900 give ad­
ditional details for extracting thi? informa­
tion if you want it in tabular form. 

One should be cautioned that the 
creation of azimuthal equidistant maps 
requires a fairly dense data base, because of 



III. II I III IIITE.I: 
A LOT LESS THAN YOU EXPECT. 

Less Cost 
The DISCOMEM Controller board costs us less to 
manufacture. So your complete INFO 2000 Disk 
System costs you less - at least $400 less than com­
perable disk systems. 

Less Hardware 
Only three S-100 boards are needed to create a com­
plete, high-performance disk-based microcomputer 
system-the DISCOMEM Controller Board, a 32K 
memory board, and any 8080, 8085 or Z80 CPU 
board. You don't need extra interface or EPROM 
boards since DISCOMEM contains 2 serial ports, 3 
parallel ports and provision for 7K of EPROM and 1K 
of RAM. 

LessTime 
The INFO 2000 Disk Sys­
tem is incredibly fast! Using 
the PerSci Drives with voice 
coil positioning, disk seek 
times are up to 8 times fast­
er than with other drives. 
A full disk-to-disk copy and 
verification takes well under 
a minute. Formatting and 
verifying a new diskette 
takes less than half a min­
ute. Reloading CP/Mt from 
diskette takes a fraction of a 
second. 

The system is remarkably 
compact , requiring only 
1/2 to 1/3 the space taken 
by other 2-d rive disk sys­
tems. 

Lass Hassla 
The INFO 2000 Disk System eliminates the "I/O configura­
tion blues" by incorporating all necessary interface ports. A 
CP/M Loader and all I/O drivers are contained in EPROM so 
there is no need for special software customization. Just 
plug the system into your S-100 microcomputer and begin 
immediate operation using the CP/M disk operating system. 
The INFO 2000 Disk System is supported by the most exten­
sive library of software available, including 3 different BASICs, 
2 ANSI FORTRAN IVs, several assemblers, text editors, de­
bugging tools, utilities and numerous applications packages. 

Lass 
Errors 
This disk system uses full 
size 8" diskettes and stan­
dard IBM 3740 recording 
format. So you're assured 
superior protection against 
errors, and full inter­
changeability with other 
CP/M-based systems. 

It all adds up to mora capability for 
your money. 
The complete INFO 2000 Disk System comes completely assembled and tested. It includes dual 
diskette drives, the DISCOMEM Controller, power supply, cabinet, cables and the CP/M disk 
operating system--everything you need for immediate plug-in-and-go operation with your 
microcomputer. This means less time, hassle, hardware, space, errors and less money than for 
comparable equipment. Now, isn't that a lot less than you'd expected in a dual disk system? 
INFO 2000 Disk Systems are also available for Digital Group and Heath H8 microcomputers. 
Dealer inquiries welcomed. 

t CP/M is a registered trademark of Digital Research. *Extra cost option. 
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Listing 5 continued from page 98: 

5740 
5750 
5760 
5770 
5780 
5790 
5800 
5810 
5820 
5830 
5840 
5850 
5860 
5870 
5880 
5890 
5900 
5910 
5920 
5930 
5940 
5950 
5960 
5970 
5980 
5990 
6000 
6010 
6020 
6030 
6040 
6050 
6U60 
6070 
6080 
6090 
6100 
6110 
6120 
6130 
6140 

REM -180 DEGREES AND +180 DEGREES (-PI AND +PI~. 
IF L1 >= -3.1415927 THEN 5780 
LET L1 = L1 + 6.2831853 
GO TO 5800 
IF L1 <= 3.1415927 THEN 5800 
LET L1 = L1 - 6.2831853 
LET P1 = SIN(P) 
LET 01 = A1 * P1 + A2 * COS(P) * COS(L1) 
LET 0 = FNC(01) 
LET C1 = (P1 -A1*D1) / (A2 * SIt~(D» 
LET C = FNC (Cll 

REM NORMALIZE THE VALUE OF C. DEPENDING UPON THE 
REM RELATIVE LONGITUDES OF THE POINT AT THE CENTER 
REM OF THE MAP AND THE POINT BEING PROCESSED. 

IF L1 >= 0.0 THEN 6020 
LET C = 6.2e31853 - C 

REM AT THIS POINT C IS IN THE KANGE FROM 0 TO 
REM 2*PI. MEASURED CLOCKWISE FROM TRUE NORTH. IF 
REM DE~IRED' ONE CAN COMPUTE THE B~ARING IN 
REM DEGREES BY B = C * 57.2957795. THE GREAT 
REM CIKCLE DISTANCE ALONG THE SURFACE OF THE EARTH 
REM CAN ALSO HE COMPUTED AT THIS POINT BY 
REM K = D * 6378. WHERE K IS IN KILOMETERS. OR BY 
REM M = 0 * 3963. WHERE M IS IN MILES. 
REM 
REM 
REM 
RE.M 

NOW REVER~E THE DIRECTION uF MEASUREMENT OF C 
ANO ROTATE. IT BY PI/2 (90 UEGREES). THEN 
NOKMALIZE TH~ RESULT BETWEEN -PI AND +PI. 

LET C 
IF C 
LET C 

= 1.5707963 - C 
>= -3.1415927 THEN 6070 
= C + 6.2831853 

RE:M 
REM 

LET R1 = 
REM 
REM 
REM 

LET X = 
LET Y = 
RETURN 
END 

CONVERT THE ANGULAR DISTANCE TO THE MAP RADIAL 
DI~TANCE. 

o * F 
R1 AND C NOW REPRESENT NORMALIZED POLAR 
COuRDINATES ON THE MAP, FROM WHICH TH( 
RECTANGULAR MAP COORDINATES ARE COMPUTED: 

R1 * COS(Cl 
R1 * SIN(C) 

the extreme elongation of graph ical features 
near the edge of the map. The consequence 
of having widely separated data points will 
be an entirely unacceptable map with long 
straight and angular lines on the outer por­
tions. This can be minimized somewhat by 
certai n interpolation techniques, but none of 
these can entirely compensate for funda­
mental defici encies in the data base. 

Perhaps by this time some readers have 
realized that the polar equidistant maps that 
we looked at in figures 3 and 4 are actuall y 
just very special cases of the azimuthal 
equidistant map. Due only to their unique 
central locations, they happen to be more 
easily generated by the procedure in listing 2 
than the one in listing 5, though either could 
do the job with just minor modification . 

Celestial Maps 

No examp les of celestial maps have bee n 
included because the methods used to create 
them have already been covered in the discus­
sion of the other types of maps. It is doubt­
ful that you would want to generate a hard 
copy of a celestial map, since the projections 
used are pretty much standardized and 
there are plenty of ni ce prin ted maps avai l­
able at nominal cost. The true value of com-
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puter generated celestial maps materializes 
in the creation of video displays for use 
adjacent to th e telescope during astronomi­
cal observations. 

One can set up a system to display selected 
areas of the heavens on a video display 
equipped with a red filter to preserve night 
vision. The area displayed can be specified at 
the keyboard, or it can be automatically 
designated according to the current pointing 
position of the telescope. Th e computer can 
be used to drive the telescope's tracking 
motors, and simultaneously update the video 
display as th e field of vision moves across 
the night sky. 

As mentioned earlier, ready-made data 
bases abo und for astronomical app li cations. 
For all practical purposes, the format is the 
same as for geographical data bases. Celestial 
coordinates, however, are given in right 
ascension (measured in hours , minutes, and 
seconds) and declination (measured in 
degrees) . Ri ght ascension can also be rep­
resented in degrees of arc, where 15 degrees 
are equal to one hou r of time. Th e format 
you use would depend upon the ultimate 
application. 

I n add ition to the coordinates stored in 
the data base, it will be necessary to sto re a 
code indicating the type of object (star, 
nebula, galaxy, etc) as well as its visual 
magnitude (brightness). Then dots of varying 
size, or even distinctly different symbols, 
can be displayed to give a much more 
accurate rep resentation of what the observer 
will see through the telescope. The process 
used for celestial mapping is very much like 
that demonstrated by the Un ited States map 
in figure 2, in that the map is made up 
entire ly of isol ated dots or symbols with 
no lines con necti ng them. 

Since the area of the sky presented on the 
video screen at anyone time is comparatively 
small, most portions of the sky can be dis­
played with no noticeable distortion merely 
by using a simple rectangul ar projection. 
Areas within about 30 or 40 degrees of the 
celestial poles might be presented using a 
polar equ idistan t projection. 

Homemade Projections 

It has already been pointed out that the 
projections we examined are just the most 
common of the many projections actually in 
use. You may find that you have an app li ca­
tion that requires a different approach, and 
you will probably find just what you want in 
any good text on cartography or map projec­
tions. But don't let that be the end of the 
line for you. Th ere is nothing that says that 
you can't devise your own projections. If 
yo u want a projection that shows the surface 
of the Earth as viewed from an anti matter 



spaceship traveling through the core of the 
Earth , it's a simple matter to set up one . 
When you're through, you can even name 
the projection after yourse lf. 

To demonstrate the I iberties one can take, 
I have incl uded in figure 11 a projection of 
my own des ign. This I have called Johnston 's 
Complementary Latitude Polar Projection of 
the North ern Hemisphere. The reader is left 
to find a use for it. 

Summary 

Some of the greatest theoretical contribu­
tions to the science of cartography were 
made as far back as 400 years ago. But 
produ ci ng each given map was a monumental 
task of manual computation, not to be taken 
lightly . Wh at was possible in theory for 
hundreds of years has only become practical 
to carry out on any significant scale in the 
past 25 years, and for a time only by organi­
zations with access to large scale computers. 

Today, you and I can sit before our home 
computers, and with a few keystrokes we 
can command our machines to spew out 

maps of all descriptions. I n mere seconds, we 
can have maps for satellite tracking, for an­
tenn a pointing, fo r Space War games, or for 
whatever purposes suit our fancy . The sub­
routines given in the accompanying listings 
can be used to generate a number of 
different types of very useful maps, and with 
littl e effort the reader can devise additional 
software to further expand the capability. 

This article has barely scratched the 
surface of the field of computer generated 
maps. We have not, for example, addressed 
the subject of topographic mapping, or any 
of a host of other interesting aspects of 
computerized cartography. Commercial and 
government installations use techniques far 
more sophisticated than those demonstrated 
here. One can, however, derive an enormous 
amount of prac tical use and personal 
satisfaction from putting into operation the 
procedures th at we have examined. If your 
imagination has no limits, then the power 
of your computer has no bounds.-

Figure 77: johnston s com­
plementary latitude polar 
projection of the north­
ern hemisphere. This is a 
homemade projection in­
vented by the author, for 
which the reader is invited 
to find a use. 
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• , CU I • 
New CP/M 

implementations: 
Doub/e Density 

Norlll Star,. 
He/ios, A!!alr, M 

Micro and 8 ICO ' 

with Manual a software / 

o Manual Alone .0 

D CP/M' FDOS - Diskette Operating System complete with 
Text Editor, Assembler, Debugger, File Manager and system 
utilities. Available for wide variety of disk systems including 
North Star, Helios II , Micropolis, iCOM (all systems) and Altair. 
Supports computers such as Sorcerer, Horizon, Sol System III , 
Versatile. Altair 8800, COMPAL-80, DYNABYTE DB8/2, and 
iCOM Attache. Specify desired configuration .$145/$25 

D MAC - 8080 Macro Assembler. Full Intel macro definitions. 
Pseudo Ops include RPC, IRP, REPT, TITLE, PAGE, and 
MACLIB. Z-80 library included . Produces Intel absolute hex 
output plus symbols file for use by SID (see below) $100/$15 

D SID - 8080 symbolic debugger. Full trace, pass count and 
break-point program testing system with back-trace and histo­
gram utilities. When used with MAC, provides full symbolic 
display of memory labels and equated values . . $85/$15 

D TEX - Text formatter to create paginated, page-numbered 
and justified copy from source text files , directable to disk or 
printer ... . $85/$15 

D DES POOL - Program to permit simultaneous printing of 
data from disk while user executes another program from the 
console . . . ........ . $50/$1 

MICROSOFT 

D Disk Extended BASIC - New version, ANSI compatible 
with long variable names, WHILE/WEND, chaining, variable 
length file records . .. .. . ...................... . $300/$25 

D FORTRAN-SO - ANSI '66 (except for COMPLEX) plus 
many extensions. Includes relocatable object complier, linking 
loader, library wi th manager. Also includes MACRO-80 (see 
below) . . . . . . . . . . . . . ... . $400/$25 

D COBOL-SO -- ANSI '74 Pseudo-compiler with relocatable 
object runtime package. Format same as FORTRAN-80 and 
MACRO-80 modules. Complete ISAM, interactive ACCEPT/ 
DISPLAY, COPY, EXTEND . . $625/$25 

D MACRO-SO - 8080/Z80 Macro Assembler. Intel and Zilog 
mnemonics supported . Relocatable linkable output. Loader, 
Library Manager and Cross Reference List utilities included 

.............. .. .. ... . . .. . . . . $149/$15 

software / 
with Manual 

Manual Alone 

D TOP Text Output Processor - Creates page-numbered, jus-
tifi ed documents from source text files ........... . $69/$20 

D Super BASIC - Sub-set of Xitan Disk BASIC with extensive 
arithmetic and string features but without random access data 
file support. Available optionally with features to support VDB 
Xitan video output board .. . ... .. . . ............. . $99/$20 

D A3 package includes Z-TEL, TOP, ASM and Super BASIC 
............. ... . .. . ........................ . $249/$40 

D A3+ package includes Disk BASIC, Z-TEL, TOP, ASM, 
Z-BUG and LlliJKER .......... . ............... . $409/$40 

MICROPRO 

D Super Sort I - Sort , merge , extract utility as absolute 
executable program or linkable module in Microsoft format. 
Sorts fixed or vari able records with data in binary , BCD, 
Packed Decimal, EBCDIC, ASCII , floating , fixed point, expo­
nential , fi eld justified, etc. etc. Even variable number of fields 
per record! .. .... ... . ..... . $250/$25 

D Super Sort II - Above available as absolute program only 
....... .. . . . . ...... . $200/$25 

D Super Sort 111- As II wi thout SELECT/EXCLUDE 
..... . $150/$25 

D Word Master Text Editor - In one mode has super-set of 
CP/M's ED commands including global searching and replac­
Ing , forward and backwards in file . In video mode, provides full 
screen editor for users with serial addressable-cursor terminal 

........... . . . . . $150/$25 

D Corresponder - Mail list system, supporting form letter 
generation with personalized greetings. Reference fields per­
mit so·rting and extraction by name, address fields or reference 
data using Super Sort. Requires CBASIC ....... . $95/$25 

SOFTWARE SYSTEMS 

D CBASIC-2 Disk Extended BASIC - Non-interactive BASIC 
with pseudo-code compiler and runtime interpreter. Supports 
full file control , chaining, integer and extended precision var­
iables etc. Version 1 users can receive Version 2 and new 
manual for $45 wi th return of original diskette. Standard CP/M 
and TRS-80 CP/M versions available ........... . . $90/$15 

STRUCTURED SYSTEMS GROUP 
D General Ledger - Interactive and flexible system providing 

proof and report outputs. Customization of COA created inter­
actively. Multiple branch accounting centers . Extensive check­
ing performed at data entry for proof, COA correctness etc. 

D MACRO-SO plus FORTRAN subroutine library available. Li- ~o 
brary includes ABS, SIGN, EXP, DLOG, SORT, DSORT'C~I\JC\\J (('Is 
ATAN , DATAN etc. etc ........................ . $219/$15 S,!sW Ie 

'ces'" II 
DEDIT-SO - Very fast random access text editor for text with or IlII o\J(\\eo, 

Journal entries may be batched prior to posting. ClOSing pro­
cedure automatically backs up input files. All reports can be 
tailored as necessary. Requires CBASIC ... . . $899/$20 

without line numbers . Global and intra-line commands sup- OISC D 
ported. File compare utility included ...... . $89/$15 ~ Accounts Receivable - Open item system with output for 

Internal aged reports and customer-oriented statement and bill-

XITAN (software requires Z-SO CPU) 

D Disk BASIC - Fast powerful interactive interpreter. PRI­
VACY password security. Can dynamically open a large 
number of files simultaneously for random or sequential I/O 

. ....... . $159/$20 

D Z-TEL - Text editing language. Expression evaluation itera­
tion and condi tional branching ability . Registers available for 
text and commands. Macro command strings can be saved on 
disk for re-use ..... .. .... ..... ...... . . . ....... . $69/$20 

D ASM Macro Assembler - Mnemonics per Intel with Z-80 ex­
tensions. Macro capabilities with absolute Intel hex or relocat-
able linkable output modules ................ . $69/$20 

D LINKER - Link-edits and loads ASM modules .. . $69/$20 

D Z-BUG debugger - Trace, break-point tester. Supports dec­
imal , octal and hex modes. Dissassembler to ASM mnemonic 
set. Emulation technique permits full tracing and break-point 
support through ROM ......... . ...... . ...... . .. . $89/$20 

'CP M IS a trade name 01 Digital Research 

ing purposes. On-Line Enquiry permits information for Cus­
tomer Service and Credit departments. Interface to General 
Ledger provided if both systems used . Requires CBASIC 

.. . $699/$20 

D Accounts Payable - Provides aged statements of ac­
counts by vendor with check writing for selected invoices. Can 
be used alone or wi th General Ledger and/or wi th NAD. Re-
quires CBASIC . . . .............. . $699/$20 

D NAD Name and Address selection system - interactive mail 
list creation and maintenance program with output as full re­
ports with reference data or restricted information for mail 
labels. Transfer system for extraction and transfer of selected 
records to create new files . Requires CBASIC .$79/$20 

D aSORT - Fast sorVmerge program for files with fixed record 
length, variable field length information. Up to five ascending or 
descending keys. Full back-up of input fi les created. Parameter 
file created, optionally with interactive program which requires 
CBAS IC. Parameter file may be generated with CP/M assem­
bler utility .. . $95/$20 
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Software for most popular BOBO/ZBO computer disk systems, including 
NORTH STAR, MICROPOLIS, iCOM, SD SYSTEMS, DYNABYTE DBS/2, 
HELlOS, ALTAIR, TRS-SO and S" SOFT SECTORED formats . 

software/ 
with Manual 

Manual Alone 

GRAHAM-DORIAN SOFTWARE SYSTEMS 

o PAYROLL SYSTEM - Maintains employee master file. 
Computes payroll withholding for FICA, Federal and State 
taxes. Prints payroll register, checks, quarterly reports and W-2 
forms. Can generate ad hoc reports and employee form letters 
with mail labels. Requires CBASIC. Supplied in source code. 

.$605/$35 

o APARTMENT MANAGEMENT SYSTEM - Financial 
management system for receipts , disbursements and security 
deposits of apartment projects. Captures data on vacancies , 
revenues, etc. for annual trend analysis. Daily report shows 
late rents, vacancy notices, vacancies, income lost through 
vacancies, etc. Requires CBASIC. Supplied in source code. 

.............. . ........... . $605/$35 

o INVENTORY SYSTEM - Captures stock levels, costs , 
sources, sales, ages, turnover, markup, etc. Transaction in­
formation may be entered for reporting by salesman. type of 
sale, date of sale, etc. Reports available both for accounting 
and decision making . Requires CBASIC. Supplied in source 
code. . .......... . $605/$35 

OTHER 

o zao Development Package - Consists of: (1) disk file 
line editor, with global inter and intra-line facilities; (2) Z80 
relocating assembler, Zilog/Mostek mnemonics, conditional 
assembly and cross reference table capabilities ; (3) linking 
loader producing absolute Intel hex disk file for CP/M LOAD, 
DDT or SID facilities. Standard CP/M and TRS-80 CP/M ver-
sions available . . . . . . . . . . . ... . . .. . . .. . $95/$15 

o TEXTWRITER II - Text formatter to justify and paginate 
leiters and other documents. Special features include insertion 
of text during execution from other disk files or console, permit­
ting recipe documents to be created from linked fragments on 
other files. Ideal for contracts , manuals, etc. . .... ... . $75/$5 

o WHATSIT? - Interactive data-base system using associa­
tive tags to retrieve information by subject. Hashing and ran­
dom access used for fast response . Requires CBASIC 

................ .. .$125/$25 
o DISZILOG - As DISINTEL to Zilog/Mostek mnemonic files . 

Runs on Z80 only. Standard CP/M and TRS-80 CP/M versions 
available ......... . ....... . $65/$10 _. • • 

SOft:~;~/Manual , 
Manual Alone 

o DISINTEL - Disk based disassembler to Intel 8080 or TDLj 
Xi tan Z80 source code, listing and cross reference files . Intel or 
TDLjXitan pseudo ops optional. Runs on 8080. Standard CP/M 
and TRS-80 CP/M versions available .. . $65/$10 

o XYBASIC Interactive Process Control BASIC - Full disk 
BASIC features plus unioue command,; to handle bytes. roll'llf! 
and shift, and to test and set bits. Available in Integer, Ex­
tended and ROMabie versions. 
Integer Disk or Integer ROMabie ............... . $295/$25 
Extended Disk or Extended ROMabie ... . ... . .. . $395/$25 

o SMAU80 Structured Macro Assembled Language - Pack­
age of powerful general purpose text macro processor and 
SMAL structured language compiler. SMAL is' an assembler 
language with IF-THEN-ELSE, LOOP-REPEAT-WHILE, 00-
END, BEGIN-END constructs . . . .. . .. . . ......... . $75/$15 

o Selector II - Data Base Processor to create and maintain 
single Key data bases. Prints formatted, sorted reports with 
numerical summaries. Available for Microsoft and CBASIC 
(state which) . Supplied in source code .......... . $195/$20 

o Selector 111 - Multi (i.e., up to 24) Key version of Selector II . 
Comes with applications programs including Sales Activity. In­
ventory, Payables, Receivables, Check Register, Expenses, 

~pr~~~~~~~~~ and ?ienVPatient.. Requires .CB.ASI~2~g~~g 

o CPM/374X Utility Package - has full range of functions 
to create or re-name an IBM'" 3741 volume, display directory 
information and edit the data set contents. Provides full file 
transfer facilities between 3741 volume data sets and CP/M 
files .. .. .. .. . $195/$10 

o Flippy Disk Kit - Template and instructions to modify sin­
gle sided 5V4' diskettes for use of second side in singled sided 
drives .. . $9.75 

o BASIC Comparison - A comprehensive features and per­
formance analysis of five 8080 disk BASIC languages -
CBASIC, BASIC-E, XYBASIC , Microsoft Disk Extended 
BASIC, and Xitan's Disk BASIC. Itemizes results of 21 different 
benchmark tests for speed and accuracy and lists instructions 
and features of each BASIC ...... (send 20¢ SAS.E.) FREE 

I I In. 
o TRS-80 FORTRAN PACKAGE - Professional disk­

based language and utility package written by Microsoft, 
creators of Level II BASIC, the package runs on a TRS-80 
system with 32K RAM, one or more drives and TRSDOS. The 
software is supplied on diskettes and consists of a relocatable 
machine code FORTRAN Compiler, Macro Assembler, a Link-
ing Loader, Subroutine Library, Text Editor .$325 
Macro assembler, loader and editor alone ...... . $165 

Lifeboat Associates, 2248 Broadway, New York, N.Y. 10024 (212) 580-0082 

Software Price 

o manual alone 

o manual alone 

o Check Du.p.s. COD o Visa 0 Master Charge Shipping 

Account # Exp. Date $1.00 for C.O.D. 

Signature 
Total 

My computer configuration (specifying disk system) : 

Name 

Address (No P.O. Box) 

City State Zip 

Effective 4/1/79 ,. The Software Supermarket is a trademark of Ufeboat Associates 

Circle 206 on inquiry card . 

Disk systems and for­
mats: North Star singfe or 
double density, IBM 
single or 201256, Altair, 
He/ios II, Micropo/is Mod 
I or II, 5V.' soft sector 
(Micro iCOMISO Sales I 
Oynabyte), etc. 

Add $1 litem shipping ($2 
min.). Add $1 additional 
for UPS C.OD. 

Ma nual cost applicable 
against price of subse­
quent software pur­
chase. 

The sale of each pro­
prietary software pack­
age conveys a license 
for use on one system 
only. 
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6800 Disassembler 
NAM OISASS01BLER 
OPT 5 
OPT NOG 
OPT 0 

lB00 ORG $lB00 
A00C XHI EQU SA00C 
A066 FLAG EQU SA066 
A067 CTR EQU $A067 
B004 KBO EQU $8004 
B00B PIAO EQU $B008 
E07 E POI EQU $E07E 
E047 BAOR EQU 5E047 
A060 XTEM EQU SA060 
A062 PCTEM EQU $A062 
A064 YTEM EQU $A064 

1 B00 20 16 START BRA SET 
.1802 00 PCR FCB 0. $10. $16,0 
1806 00 FCB 0. '?4 
1809 00 CRLF FCB SO .SA .0,0.0,4 
I B0F 00 PAGE FCB SO .SO. SO. '-
1813 20 FCB '- .SO ,SO .SO.4 
181B CE 800B SET LOX #PIAO 
181B 4F CLR A 
181C A7 01 STA A I. X 
I SlE 43 cor~ A 
181F A7 00 STA A 0.X 
1821 86 3F LOA A #S3F 
1823 A7 01 STA A I, X 
1825 CE 1802 PROM LOX #PCR 
1828 BO E07E JSR POI 
1 B2B BO E047 JSR BAOR 
182E FE AflflC LOX XH I 
I B3 1 FF A062 STX PCTEM 
1834 86 3B LCTR LOA A #$3B 
1836 B7 A067 STA A CTR 
1839 CE I B09 CONT LOX #CRLF 
183C BO I BOC JSR TlS 
I B3F 7A A067 DE C CTR 
1842 26 08 BNE AOR 
1844 CE 180F LO X UPAGE 
1847 BO I BOC JSR TT S 
184A 20 E8 BRA LCTR 
184C CE A062 AOR LO X #PCTEM 
184F BO 18E7 JSR TT4 
1952 FE A062 LOX PCTEM 
1855 BO 18E9 JSR TT2 
I B5B 09 OE X 
1859 BO 18EB JSR OUTS 
18SC BO 1932 JSR TABCK 
185F 0B IN X 
IB60 7F A066 CLR FLAG 
1863 16 TAB 

1864 C4 0F AND B #$(1F 
186611 CBA 
1867 27 03 BEQ FCOOE 
1869 7C A066 INC FLAG 
I B6C 50 FCOOE TST B 

1860 27 B6 BEQ PRor~ 

Prompt test string -home , c l ear to end of 
screen . II?II 
Carriage re turn & I ine feed string 
Page spac i ng s tri ng 

Set up PIA for printer 

Zer o control reg 

All data lines are outputs 

Idle pattern for ctl register 
Prompt user 
Use Mi kbug POATAI to do i t 
Get hex starting adr. using Mikbug BAOOR 

Put result in temp. pseu do pgm. counter 
Init I ines / page counter 

Print a CR/ LF 

Bump line counter 
End of page? 
Yes 
Page it and go rei nit . counter 

Get adr of pseudo p.c in X reg 
Pr int pseudo p.c. 
Get pseudo p.c. in X reg and print byte there 
TT 2 does an INX. so . 
put X back to pseudo p.c. 
Pri nt a space 
Go look up byte (opcode) in table 

Check for immediate mode inst-if bit 4 of tag 
is on. it is. (tag returns in A - tag code 
routine wants it in B with bit 4 off) 
Mask off bit 4 in B 
and see if it was on. 
If not, l eave fl ag=0 
If so , set f lag =l 
Rou tine t o interpret tag code 
Is t ag=0? 
Yes . llIiss , illegal opcode , go get new start adr 

Listing 7: Disassembler for the 6800 which 
resides in the upper 2 K byte portion of an 
8 K byte memory which can operate on pro­
grams stored in the lower 6 K bytes. 

Listing 7 continued on page 706 

Processor 

1. Fetch op code at address in program 
counter . 

2. Increment program counter. 

3 . Interpret op code . 

4. Fetch operand bytes, as necessary , 
incrementing program counter. 

5. Execute instruction. 

6 . Go to 1 . 

Disassembler 

Fetch op code at address in pseudo­
program cou nter . 

Increment pseudoprogram counter. 

Look up op code in table. 

Fetch operand bytes, as necessary, 
incrementing pseudoprogram counter . 

Print mnemonic operand . 

Go to 1. 

Table 7: Comparison between the actual workings of the 6800 processor 
while operating on a program and the logical workings of the disassembler 
on the same text. 

104 M ay 1979 © BYTE Publications Inc 

Bob Lentz 
POB 1194 

Del Mar CA 92014 

After spending two frustrating days 
trying to use MIKBUG to interface both 
a video display and a Teletype to the South­
west Technical Products SwTPC 6800 
assembler (object code only), I wrote the 
disassembler in listing 1 to help me decipher 
the assembler_ The disassembler and the 
program to be disassembled must be co­
resident in memory; the disassembler is 
located in the highest 2 K bytes of an 8 K 
byte memory, all owing it to operate on 
object programs up to 6 K bytes long_ 
Temporary storage registers and the stack 
are located in the MIKBUG programmable 
memory area, hexadecimal addresses AOOO 
thru A07F, and no page zero direct in­
structions are used_ 

The control port is a peripheral interface 
adapter (PIA) at hexadecimal 8004, config­
ured for the SwTPC CT-l024/AC-30 tele­
VISion typewriter. M I KBUG input/output 
(10) routines used are BADDR (E047) and 
PDATA 1 (E07E)_ The output port is a PIA 
at hexadecimal 8008, configured for the 
SwTPC PR-40 printer. The disassembler 
looks at object code in much the same way 
as the 6800 processor, but with one impor­
tant difference : if the processor runs into an 
illegal op code, it runs amok; the disassem­
bler just stops and requests a new starting 
address. Table 1 compares the physical 
operation of the processor with the logical 
operation of the disassembler. 

Operation is easy: simply type a 4 digit 
hexadecimal starting address on the con­
trol port in response to the prompt "?". 
Disassembly and listing will begin at the 
specified address and continue until either 
an illegal op code is encountered or any key 
on the control port is pressed _ For con­
venience, the disassembler also calculates 
and prints the effective address of all relative 
mode instructions. 

Dirty tricks object code can make the 
disassembler stumble, but not fa Ii , since it 
will request new input if it runs into obvious 
trouble. Things to watch out for are: 

• Instructions which modify other 
i nstructions_ 



\ 
\ 

Megamouse. 
It's mighty for its size. 
In fact, the Series 5000 is the first small 

system offering over a megabyte of integrated 
mini-floppy capacity. 

You can start off with just 
one 5-inch disk drive, if you 
prefer, then add two more as 
you need them. And you have 
a choice of either single-sided 
or double-sided drives, both 
double-density. 

What's more, our memory management shatters 
the old 64K limitation myth. You can install better 
than 300K of RAM in either desk or desktop versions. 

The Series 5000 is made by 
. Industrial Micro Systems - built strong 
like our name suggests. 

It features the same kind of 
.... ! rugged reliability that goes into our big, 
<>;%/~ 8-inch disk drive enclosures 

and computer systems. And it incorporates 
_------- the same kind of refined quality found on 

. -.- our mil quality memory boards. 
In the final analysis, the smallest thing about 

the Series 5000 is the price. 
Call or write today for full details. Dealer/ 

supplier inquiries answered promptly. 

INDUSTRIAL MICRO SYSTEMS,INC 
The great unknown. 

628 N. Eckhoff St., Orange, CA 92668. (714) 633-0355. 
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Listing 7 continued from page 704: 

186F SA DEC B 
1870 27 40 8EQ RET 
1872 SA DEC 8 
1873 27 43 BEQ REL 
1875 5A DEC 8 
1876 27 30 BEQ 83 
1878 5A DEC 8 
1879 27 27 BEQ PRTDS 
187B 5A DEC B 
187C 27 IE 8EQ PRTXS 
187E Cl 06 CMP 8 '6 
1880 2C 12 BGE PRTBS 
1882 86 41 LOA A !!A 
1884 80 52 8SR PCS 
1886 5A TST5 DEC 8 
1887 27 13 8EQ PRTXS 
1889 5A DEC 8 
188A 27 16 BEQ PRTOS 
188C 5A DEC 8 
1880 27 23 BEQ RET 
188F 5A DEC 8 
1890 27 lC BEQ B2 
1892 20 14 BRA B3 
1894 86 42 PRTBS LOA A ,'8 
1896 80 4(1 8SR PC S 
1898 C{I (15 SU8 8 =S5 
189A 2{1 EA 8RA TST5 
189C 86 58 PRTXS LOA A "X 
189E 80 38 BSR PC 5 
18A(I 2(1 (lC 8RA 82 
18A2 86 44 PRTDS LOA A = '0 
18A4 80 32 BSR PC $ 
18A6 2~ ~6 BRA B2 
18A8 80 7E 83 BSR FCK 
18AA 80 3B BSR TT4 
18AC 2~ ~4 BRA RET 
18AE 80 78 B2 BSR FCK 
1 8B~ 80 37 BSR TT2 
18B2 FF MI62 RET STX PCTEM 
18B5 7E 1839 JMP CONT 
18B8 80 2F REL 8SR TT2 
188A FF A~62 STX PCTEM 
1880 ~9 OEX 
188E E6 i;!i;! LOA 8 0,X 
18W i;!8 lNX 

18C 1 28 06 8MI SUB 
18C3 2B 118 ADO INX 
18C4 SA DEC B 
18CS 26 FC BNE ADD 
18C7 20 04 BRA TAOR 
18C9 09 SUB oEX 

18CA 5C INC 8 
18CB 26 FC BNE SUB 
18CO FF A064 TAOR STX YTHI 
1800 CE A064 LOX #YTEM 
1803 80 12 BSR TT4 
180 5 7E 1839 JMP CoNT 
1808 80 2C PCS BSR TTY 
180A 20 OF BRA OUTS 
180C A6 00 TTS LOA A 0,X 
180E 81 04 CMP A #$4 
18E0 27 45 BEQ T2 
18E2 80 22 BSR TTY 
18E4 08 INX 
18ES 20 F5 BRA TT S 
18E7 80 06 TT4 BSR OUT2 
18E9 80 04 TT2 BSR OUT2 
18EB 86 20 OUTS LOA A #$2 ~ 
18£0 20 17 BRA TTY 
18EF A6 1'11'1 OUT2 LOA A 0,X 
18F l 80 05 BSR OUTL 
18F3 A6 00 LOA A O,X 
18FS 08 IN X 
18F6 20 04 BRA OUTR 
18F8 44 OUTL LSR A 
18F9 44 LSR A 
18FA 44 LSR A 
18FB 44 LSR A 
18FC 84 (IF OUTR AND A N$F 
18FE 8B 30 ADD A #530 
19(1{1 81 39 CMP A #$39 
19(12 23 (12 8LS TTY 
1994 8B {I7 ADO A #$7 
19(16 FF A{l6{1 TTY STX XTEM 
191}9 CE 8(1(18 LOX UPIAo 
19(1C A7 1)(1 STA A (I,X 
19(1E 86 37 LOA A #$37 
1911) A7 (11 STA A l, X 
1912 86 3F LOA A #$3F 
1914 A7 (11 STAA1,X 
191670 8004 T! TST KBo 
1919 2B 1)3 Bm T3 
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Is tag:l? 
Yes, inherent instruction, go get next inst. 
Is tag :2? 
Ye s, relat i ve inst. Go process it. 
Is ta g:3? 
Yes, 3 byte inst. Go process it. 
[s tag:4? 
Yes, 2 byte direct inst. Go process it. 
[s tag :S? 
Yes, 2 byte indexed inst. Print "X" , space 
[s tag ~ B? 
Yes, acc. 8 inst. Go print a "8" 
No, acc. A inst. Pr in t an "A" , space 

[s tag :6 : B? 
Yes, accumulator indexed inst. Pri nt "X" , space 
I s tag:7 or :C? 
Yes., accumulator direct inst. Pr int "0", space 
[s tag:8 or:O? 
Yes , inherent accumulator inst. Go return 
[s tag : 9 or:E? 
Yes, 2 byte accumulator inst. Print operand 
Tag:A or F, 3 byte accumulator inst. Print operand 
Pri nt a "B" and a space 

Set ta9: ta g-5 
and go back into FCOOE to f inish up. 
Pri nt an "Xli and a space 

and print the operand byte 
Pr int a "0" and a space 

and pri nt the opera nd byte 
Check to see if inllled i ate mode, (pr ints = if so) 
and print two 'byte operand 
then return 
Check to see if inllned mode then 
print one byte opera nd 
Save new pseudo p. c . 
and l oop back for next instruction to eat. 
Relative mode, so print operand 
Save the neIV pseudo p.c, (inc . by TT 2) 
Put X reg . back to ope rand 
Get operand byte in 8 
X reg back to pseudo p.c . adr. 
[s the offset negative? 
Yes, go subtract it from pseudo p.c, 
No, add one to pseudo p. c. 
Added enoug h times ? 
No, go increment again 
Yes, go print the effective adr. 
Off set is nega t i ve, so subtrac t one from 
pseudo p .c. 
Subtrac ted enough? 
No, go do it aga i n 
Now print the effective adr. 

4 hex chrs , 2 bytes 
and go get the next instruction 
Pr ints the ascii chr. in A and a space 

Prints the character string pointed to 
by the X reg, until it finds EDT , then 
returns 

next chr in string, please 
and loop 'till EDT 
Prints 4 hex characters pointed to by X reg 
Prints 2 hex characters pointed to by X reg 
Prints a space 

Get byte into A 
Print left half of byte 
Get right half and 
poi nt to nex t byte 
Pr i nt right ha lf 
Make left half byte into 
right half byte 

Convert hex I, byte into ascii 
by adding 30 
and testing to see if it's a hex letter 
No, go pri n t the number 
Yes, change to asci i 1 etter code 
and print it, or just plain print whatever's 
inA, if you got here from somewhere other 
than OUTR. Stuff the chr . in A into the 
printer data reg. and pulse the CA2 line 
low for a few usec, 
then return CA2 to hi gh 
to start the printer 
Look to see if user has hit a' key 
Yes he did, so quit whatever is going on 

Listing 7 continued on page 708 

• Text strings, constant bytes or tem­
porary storage locations embedded 
in blocks of executable code. 

• Lookup tab les, such as the one used 
in the disassemb ler. 

• Instructions buried within other in­
structions, such as the CPX ski p trick: 

Entering at 0100 we see 

0100 
0103 

8C 8620 
... next. . . 

LDX #$8620 
(A is unchanged) 

But entering at 0101 we see 

0100 
0101 
0103 

8C 
8620 
.. . next. . . 

LDA A #$20 
(A has $20 value) 

(If one enters this routine at hexadecimal 
01 00, accumulator A is unchanged when 
N EXT is executed; entering at 0101 passes 
hexadecimal 20 to NEXT in accumu lator A.) 

No dirty tricks were incorporated in the 
disassembler program, so it happi ly dis­
assembles itself starting at hexadecimal 
1818, stopping when it reaches the top 
of the lookup table (see listing 2). Machines 
should work; people should think. It does 
take a considerable amount of thi nking to 
find your way through somebody else's un­
commented code, even using this program, 
but at least the clerical work can now be 
done by the machine.-

i;~1:~ CE L( .• ;r.: ;;3~j~:~8 18';0 7F CLR H·jt,313 
iE:1B 4F CLF: A lE:6.] 16 THB 
181C A? STii ii :); 01 1864 C4 f1~~ ~1 B #OF 
181E 4' COM A 1::a;6 11 CE:A 
181F Al 5TH ii v 00 1:::€7 27 8m u: :l,:3SC " i~:21 :::6 LC'A ii #3F i:::~:'9 7C It~C l1u66 
182.1 Al 5TA A >~ 01 i:~:t5:~ 5D TST 8 
1:::25 CE w< #1:302 :!..:);LJ 27 [:Ee; 86 1:325 
1:::28 8D JSR E07E 18~~.f 58 DEC. 8 
H:2B 8C' j5F.: E047 1 :3n: 27 E:E:j 4~ 188~ 
i:::2E FE LC·)': H(~OC i87i 5A CEC £: 
i:::.;1 FF 5T:~ tilZ/t)2 i:::7.: 27 E:E G: "3 l€:E;~; 
H:14 :36 LC'A A ; .18 1::·75 ::'11 CEo 8 
i8~6 87 STA ii flet57 1:::7t. ~, E;EG! :,~ 1::;H8 
18.;:;' CE LC'): #1:3')9 1::: ~::: 'SA ("EC 8 
It:~C 8D JSR 180C 1:::7j ~, E:EC! 2.7 1:3A2 
g3F 7fl DEC H06? i::i ~t: 5A [.i(C 8 
1:342 26 8NE 08 1:34C i ::: ~': ~ , BE;} 1£ 1:,'9C 
1844 CE L(" X #18,}F l::::~E C1 C:'1F' E; ;;{;I~ 

1841 8D J5R 18DC 1:;;;~ 2C 8:~t: 12 1:394 
1848 2~ 8,:ii E:l 18~4 i::::32 :;';6 LC'H fl 1141 
184C CE LC'X ~H~~6~ 1.8;:: ~ ::::[.1 E:SF.: 52 1;3C:8 
184F 8D j5~: l:lE;' i8::a~ Sh DEC 8 
1852 FE U,';: P'~j62 ...... -

":"0::'0:', ~, tH~ 1,:; 1:39C 
1855 8D JSR 1:3£9 l::;;::j :-H c, EC 8 
i858 ';;9 C'D, i :~ ;::H 27 8EC: 1€- 1:::82 
1859 8D JSR 1:3£8 i::,;: .. : SA C'EC E: 
185C 8(,' ·JSi< 19:;2 l :;:';C- ~, E:EQ ...... 1682 
l(:~F 8:3 IW~ :!.;~:::~ 58 ~'EC 8 

Listing 2: Sample output of the dis­
assembler. This is a portion of the dis­
assembler dissassembled by itself. 



"EffJclency 
IS In. 

Extravagance 
is out:' 
- vector Craphic 

That's why when you look for top-quality, low-cost, add-on­
memory you should always look for Vector Graphic on your 
memory boards. It means they stand behind every product 
through over 200 Vector Graphic dealers. 

Vector Graphic is the only one who designs in so much 
quality for so little cost. 

The 48K Dynamic RAM memory board is used in the Vector 
MZ microcomputer, although any Z-80/S-100 computer system 
can take advantage of the problem-free transparent refresh 
offered in this high-quality, low-cost add-on-memory. 

I t's no secret, Vector Graphic is carefully assembling 
state-of-the-art 16K-bit dynamic RAMs into 
boards. And each board is 
thermally cycled, aged and 
continuously read-write 
tested over 400 million 
error-free cycles. 

The new 48K 
board consumes less 
than 4 watts total 
power and provides the 
same superior design and 
reliability found in all 
prod ucts from Vector 
Graphic. Remember, it's 
memory that works. 

- Dealer inquiries invited -
Circle 383 on inquiry card . 

I 

------------
48KRAM 

Dynamic Memory 
$695 (suggested U.S. retail price) 

o Send me the name of the 
nearest dealer 

o Send more information 
Name ________ _ 

: Address __________ _ 

I City/ State/ Zip _________ _ 
I 
I 
I "i5CtO~ G~A?"iC inC. 
I 31364 Via Colinas, Westlake Village, CA 91361, (213) 991-2302 

1 ______ ----------------------
BYTE May 1979 107 



Listing 7 continued from page 706: 

1918 7E 1825 JMP PROtI 
191E 60 III T3 TST I,X 
192iJ 2A F4 8PL Tl 
1922 A6 M LDA A a,X 
1924 FE M6t! LOX XTEM 
1927 39 T2 RTS 
1928 70 AtJ66 FCK TST FLAG 
1928 27 (j4 8EQ N 1M 
1920 86 23 LOA A # ' # 
192F 80 05 8SR TTY 
1931 39 NIM RTS 
1932 A6 t!t! TA8CK LOA A a,X 
1934 FF AtJ62 ST X PCTEM 
1937 CE 1950 LOX =TA8L 
193A Al M CKI CMP A (I , X 
193C 27 0C BEQ HIT 
193E 08 INX 
193F 08 INX 
1940 08 INX 
1941 08 IN X 
1942 08 INX 
1943 8C 1036 CPX nA8 EN 
1946 26 F2 BN E CKI 
1948 80 BC f1lSS BSR TTY 
194A 08 HIT IN X 
1948 A6 00 LOA A a, X 
194081 I F CI·IP A :SIF 
194 F 23 04 BL S DONE 
1951 80 B3 .BS R TTY 
19 53 20 F5 BRA HIT 
1955 80 94 DON E BSR OUTS 
1957 A6 00 LOA A a, x 
1959 FE A062 LO X PCTEfl 
195C 39 RT S 
1950 01 TA8L FC8 S01 
195E 4E FCC / NOP/ 
19160106 FOB S0106 
196 3 54 FCC / TAP / 
1966 0107 FOB S0107 
1968 54 FCC /TPA/ 
196B 0108 FOB 50108 
1960 49 FCC /l NX/ 
19 70 0109 F08 S0109 

and ask for a new starting adress 
No, he didn't, so look to see if the 
printer has finished, if not, wait in loop 
Printer done, so c l ear PIA flag 
res tore the index reg 
and go back where ya came from 
Look at the flag to see if an immediate inst, 
if not, do nothing but return 
If so,pri nt a " #" 

and then return 
Get possible opcode in A 
Sa ve the pseudo p .c . 
Ta ble starting adr in X r eg . 
Compare opcod e to ta b I e ent ry. Same? 
Ye s , found opcod e , go print mnemoni c 
No , increment X to next location in 
tab Ie 

Look to see if th e end of the tabl e has 
been reached, if not, go look again 
Print the invalid opcode as ascii 
Pr int mnemonic st ring until finding 
ta g by te, les s th an SIF 

Found tag code, go r e tu r n 
Not t ag byte, so print it 
a nd go get ne xt by t e in str ing 
Pr int a spac e 
Gel the ta9 byte in A 
Res t ore the pse udo p. C. to X reg 
and r e turn tag t o ta g routine in acc . A 
Long , boring tabl e sta rt s he r e . 
Firs t by te is opcode , th en three 
as c ii by tes conta ining the mnemoni c, 
the n the ta g code. 

Random Comments 

Set up PIA for lineprinter. SET 
PROM 
LCTR 
CONT 
ADR 
FCODE 

Prompt user: Home up, clear end of file "? ". 
Line counter for pager. 

REL 

PCS 
TTS 
TT4 

TT Y 

FCK 

TABCK 

TABL 

Conti nue loop reentry. 
Print address. 
Interpret tag byte from table: 
TST 5 Test tag codes greater than 5 loop reentry, 
PRTBS Print B, space; 
PRTXS Print X, space ; 
PRTDS Print D , space; 
B3 Print two bytes pointed to by X; 
B2 Print one byte pointed to by X; 
RET Return - save new address,loop to continue. 
Relative instruction: 
ADD AdderforREL; 
SUB Subtractor for REL ; 
TADR Printer for REL. 
Pri nt ASC II ch aracter ina, space. 

Compute absol ute target 
address. 

and print it. 

Print ASCII character string pointed to by X register. 
Print 4 hexadecimal characters pointed to by X register: 
TT2 Print similar to MIKBUG OUT4HS; 
OUTS Print a space; 
OUT2 Print byte; 
OUTL Pr int left half of byte; 
OUTR Print right half of byte. 
Line printer print routine: 
T1 Tests keyboard for any key pressed, 
T3 Line printer done yet?; 
T2 Yes . 
Flag check - looks to see if immediate mode instruction, if so print 

" # " if no, go: 
NIM FCK done. 
Table check for op code in question: 
CK1 Ch eck it; 
MISS Not in table; print it as ASCII and give up; 
HIT In table, print mnemonic. 
Op code lookup table starts here. 
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Seethe 
BrighterWriter™ 
at these stores. 
Computerland 
At most stores, nationwide. 

Arizona 
Byte Shop: Phoenix. Tempe. Tuscon 
Calltornla 
Byte Shop: Lawndale. San Jose. Citrus 

Heights 
Capital Computer. Davis 
Computer Demo Room: San Rafael. 

Sunnyvale 
Computer Store. Santa Monica 
Computer Merchant. San Diego 
Jade Computer Products. Hawthorne 
Colorado 
Computer Tech .. Denver 
District 01 Columbia 
Georgetown Compuler. Washington 
florida 
Computer Age. Pompano Beach 
Micro Computer. So. D':Iytona 
Professionat Computing. W. Patm Beach 
Georgia 
Roy Abell & Assoc .. Columbus 
HawaII 
MicroComputer Systems. Honotulu 
Illinois 
Ittini Micro. Naperville 
Indiana 
Data Domain. Btoomington 
Iowa 
Memory Bank. Davenport 
Kansas 
Computer System. Wichita 
Kentucky 
Pragma Tech. Louisville 
LOUisiana 
Micro Computer. New Orleans 
Massachusetts 
Computer Mart. Waltham 
CPU Shop. Chartestown 
Michigan 
Computer Mart. Royal Oak 
Hobby Elec .. Flint 
Newman Computer. Ann Arbor 
Tri·Cities Computer Mart. Saginaw 
United Micro Systems. Ann Arbor 
Nebraska 
Omaha Computer. Omaha 
New Hampshire 
Computer Mart. Nashua 
New Jersey 
Computer Mart. Iselin 
New York 
Computer Mart. New York 
CompuWortd. Inc .. Rochester 
Mini-Micro Mart. Syracuse 
Ohio 
Cybershop Micro. Columbus 
Dayton Computer. Dayton 
21st Century Shop. Cincinnati 
Oklahoma 
Vern SI. Products. Paputpa 
Oregon 
Computer Pathways. Satem 
Real Oregon Compuler. Eugene 
Pennsylvania 
Microlronics. Philadelphia 
Texas 
Byte Shop. Richardson 
Interactive Compuler. Houston 
Micro Mike·s. Amarillo 
Micro Mart. San Anlonio 
Vermont 
Compuler Mart. Essex Junction 
Virginia 
Compuler Place. Roanoke 
Computer Syslems Siore. McLean 
Computers Plus. Alexandria 
Washington 
Empire Eleclronics. Seallle 
West Virginia 
Micro Dala Syslems. Osage 
Wisconsin 
Byte Shop. Greenlield 

t) Integral Data Systems, Inc. 
~ 14 Tech Circle. Natick, MA 01760 

(617) 237-7610 



Pay a litue bit more 
and get a printer that's 

brighter than your computer. 
The BrighterWriter~M 

When a few dollars more buys 
you a first-class impact printer, 
why settle for a toy? The Brighter­
Writer gives you quality to start 
with. And versatility that stays 
even if you outgrow your 
present personal computer. 

Built smart like the big ones. 
The BrighterWriter's a smart 

printer. There's a microcomputer 
inside. It outwits even the bigger, 
higher-priced printers. So you 
get versatility to do all kinds of 
printing. And power to grow on. 

:~:::~l' 

Prints fat, skinny, 
ta1l, sma1l.* 

... 
c~b~:~d~~'i' 

This printer can 
be as creative 

.;::::~: as your imag-
/ .... 
r'; abcck:f ination. Stretch 

out your char-
acters. Squeeze them close. 
Make them high. Low. 
Bold. Banner. You name it. .' 

Plugs into your computer. 
Most popular personal 

computers interface to the 
BrighterWriter. Simply and 
quickly Hundreds of 
BrighterWriters are working in 
Apple, TRS-80, Heathkit S-100 
and many other personal com­
puter systems right now. 

Pictures and fancy IL ..... """ .. ",,,jlH"· 
symbols.* 

•• :::::: : : :::::: :~:::; ••• 1' 

The BrighterWriter 
draws out your cre- :;;it<;: ... il... {)t 

·:E···· 
ativity You can print :::il' .:;::1:' .iiHHH~b 
drawings, graphs, 
diagrams, bold symbols, or just 
about any graphic you can 
imagine. 

Picture your page as thou­
sands of dots. The BrighterWriter 
can fill in the dots, plot them con­
tiguously stack them, or scatter 
them. And its special set of gra-

phic characters . -. .~ .. : 
I -. •• I. : .. - •.... Sl' mpll' fl' os the ;-': ·::i .~.; : .. ; ~ 

process. , .... ~ ••• -f·£ :,.; 
: .... r ... .: •• ~ ; •• : Prints any char-

E: :':'::: F 'f' acter a typewriter 
can. Faster . .. 

The BrighterWriter can print 
plain and simple. With 7x7 dot 
matrix clarity You get all the let­
ters, numbers, and standard 

symbols of a 
regular 

button to turn it on. A test button to 
self-test your printer. A paper feed 
button to advance the sheets or 
forms. Aline feed button to 
advance the paper a line at 

a time . 
'!=H:i. :€:;;;i: ,:::i~ .. :€:;i;i: Prints 

any-which-way. 
The BrighterWriter comes in 

two models. The IP-225, at $949, 
gives you a BrighterWriter with 
tractor-feed drive for precision 
forms control. This one can 
handle everything from labels to 
8 W' paper widths. 

It has eight form lengths and 
gives you all the features of our 
IP-125. 

i~1~ A brighter 
.;:}Y buy. ' ·!=j~:i. :;~;;::. :€:;i;l: :€:;i;l: 

typewriter. At up 
to 80 cps throughput. 
Ordinary paper. 

Fancy or plain, the Brighter­
Writer prints on ordinary paper. 
Better yet it prints on many 
shapes of paper. Single sheets. 
Roll. Fanfold. 

Want more copies? The 
BrighterWriter prints multiple 
copies without extra adjustments. 
Four easy buttons. 

Operating the BrighterWriter 
couldn't be simpler. Up-front con­
trols are easy to get to. A power 

Our IP-125, 
friction -feed ,BrighterWriter 

has a 96 character set and 
prints on 8W'wide paper. 

and lowercase. It prints 
expanded characters, too. 
You can choose a RS-232 serial 
or parallel interface. $799 

Lots of goodies. 
There's more. Choose all kinds 

of options for your BrighterWriter. 
Up to 132 characters per line, var­
iable character densities, larger 
buffers, special graphics pack­
ages, interface cables, and more. 

Give us a call or write. Integral 
Data Systems, 14 Tech Circle, 
Natick, MA 01 760, (617) 237-7610. 

Better yet see the Brighter­
Writer at the store nearest you. 

' Some of these advantages require extra·cost options. 
~ Integral Data Systems, Inc. 
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David J Beard 
Sortiarii 
RD 1 Box 648 
Newmanston PA 17073 
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Spacewar in Tiny BASIC 

Navigating Through Integer BASIC 

So you want to fly your own spaceship, 
but you're not up to doing six months worth 
of assembly language programming and the 
only high level language you've got is a tiny 
version limited to 4 function integer arith­
metic? That rules out any kind of realistic 
navigation - or so it seems_ All digital ma­
chines are limited to integer mathematics. 
Nearly any operation possible in machine 
code can be duplicated in a high level lan­
guage, provided you have enough memory 
and the time to wait for the results. Armed 
with a little bit of knowledge, though, you 
can keep the convenience of your interpreter 
and have three-d im ensional trigonometry, 
too. Here's how I did it. 

My first objective in writing a spacewar 
game was to provide a real istic trainer for 
spaceflight rather than a flashy video display 

l 

(X.V, l) 

--------- -. 
I 
I 
I 

v 

Figure 7: Cartesian coordinates for three­
dimensional representation of position, 
velocity and acceleration. 

or a complex set of board game type rules. 
I feel strongly that a spacewar game ought to 
be three-dimensional. The third dimension is 
far more than a frill: it's the major d iffer­
ence between spacefl igh t and su rface opera­
tions. I developed the scenario for my game 
in 1972 when I was working with a home­
brew analog computer. I n my version a 
single ship maneuvers in Cartesian space and 
is attacked by a series of hom ing torpedos 
that must be either destroyed or evaded . The 
game requires both aimed laser fire and navi­
gation precise enough to permit evasion by 
narrow margins. 

Th is article describes the trigonometry 
routines developed for the game. It assumes 
that you are familiar with high school phys­
ics and right angle trigonometry. These rou­
tines represent a compromise between preci­
sion and speed; they are neither quick nor 
simple, but then, neither is as trogation. 

Moving the Ship 

The playing area for my game is a sphere 
of Cartesian space with a radius of 10,000 
units. This provides about 4.2 x 1012 distin­
guishable positions, or the same number of 
vectors, each defined by a set of three i nte­
gers X, Y, and Z as in figure 1. The ship's 
position, accelerat ion and velocity vectors 
can be represented by nine integers. 

A convenient feature of this Cartesian 
representation is that motion along each axis 
can be calculated independently of the other 
axes. Also, I made the simplifying assump­
tion that each turn in the game is one unit of 
time. This simplifies Newton 's laws of 
motion considerably. The familiar : 

position=S=So +VT +A T2 /2 

ve locity=V=Vo +AT 

can be written as: 

S=S+V+A/2 
V=V+A 

for each axis. Finding relative position and 



TRS-80* SERIAL 
PARALLEL 1/0 MODULE 
8-SERIAL INPUT/OUTPUT PORTS: 
8-PARALLEL INPUT/OUTPUT PORTS: 
MODEL MS10-K $129.95 
MODEL MS-10A (ASSEM.) $149.95 

• EASY CONNECTION: Connects to the expansion 
port edge card connector between keyboard and 
expansion interface or direct to rear of the TRS-80* 
keyboard. 

• DIP SWITCH: All ports, baud rate, parity, etc. all set by 
dip switches. 

• ON BOARD FIRMWARE: No software driver routine 
needed for operation of the module. Simple OUT and IN 
statements operate the module. 

• RS-232, CURRENT LOOP: All 8 channels can be 
selected for RS-232 or current loop. 

• BAUD RATE SELECTION: All channels dip switch 
selectable for individual baud rates from 110 to 9600 baud. 

TRS-80* TO S-100 BUS 
MODEL RSB-K (KIT) - $249.95 
MODEL RSB-K (KIT) - $289.95 

• FULLY SELF CONTAINED POWER SUPPLY. (10 
AMP). 

• BUS TERMINATION: BUS termination and condition­
ing for no croos talk or noise etc. 

• S-100 SIGNALS: All required S-100 signals are 
generated by on board logic and is fully compatible with the 
TRS-80* . 

·TAs·eo is a Irademark of Tandy Corp. 

Circle 390 on inquiry card. 

• COMPLETE: Comes complete with cabinet , card 
guides, on-off switch and sockets. Nothing else to buy. 

• STAND ALONE: This system can stand alone or can 
operate with the TRS-80* . All input, output, address and 
signal lines fully buffered between TRS-80* and S-1 00 BUS 
system. 

• EASY CONNECTION: Just plug it into the rear of the 
keyboard or between the keyboard and expansion 
interface. Also inc ludes 40 pin edge connectors for 
connection to other interfaces. 

TRS-80* 
EPROM PROGRAMMER +3 
MODEL EPR-80K (KIT) - $129.95 
MODEL EPR-80A (ASSEM.) - $159.95 

• SELF CONTAINED: Comes housed in an attractive 
cabinet with self contained power supply. 

• PROGRAMS: This unit programs the popular 2708, 
2716 EPROMS. Personality modules for other EPROMS will 
be available at a later date. 

• FIRMWARE: On board firmware so that no software 
need be written or entered into your CPU system. The 
firmware can be shut off when not in use. Firmware 
residents at FOOOO. The firmware in and out of system is 
controlled from a switch on front panel. 

• 3-ADDRESSABLE ROM LOCATIONS: The EPROM 
Programmer has three sockets on front panel which are 
addressable to any location by dip switch. In addition each 
ROM location can be shut off or turned on by switches 
located on the front panel. 

• MONITOR: A monitor is supplied within the firmware 
for performing several functions . Move memory, debug , 
verify, program from memory, program from TTY input, etc. 

• EASY CONNECTION: The EPROM Programmer is 
attached with ease. For the TRS-80* users, the unit plugs 
into the rear of the keyboard or between the keyboard and 
expansion interface ,. Included with the unit are two 
additional 40 pin edge connections for interfacing of other 
interfaces . For the S-1 00 users, a molded connection cable 
is supplied and it is inserted into one of the connectors on 
your mother board . Plug it in and it is ready to use. 

• FULLY BUFFERED: add address and data lines are 
full y buffered . 

• OTHER FEATURES: Other features include status 
iights for which ROM selected, switch enable for 
programming, pulse (burn) indicator firmware select­
deselect switch, on, off and dip switches for the addressing 
of each ROM location. 
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Figure 2: Spherical representation in three 
dimensions. Instead of the X, Y and Z axes 
as in Cartesian coordinates, spherical coor­
dinates use azimuth, declination and radius. 

velocity is also much simpler. Vector addi­
tion is just that - addition : 

Srel=Sl - S2 

Vret V1- V2 

for each axis. 

Spherical Coordinates 

Cartesian coordinates make it simp le to 
model the laws of motion. A spaceship 
might possibly use a Cartesian system for 

18 IF 5)45 GOTO 68 
28 LET 5=174*5/ 18 
J8 LET T=5/ 18 
4tl LET 5=5- T*T /1B88*T /6+ T*U1B88*T /188*T/ 188*U128 
S8 RETURN 
68 LET 5=98-5 
{,8 LET 5=1 {,4*5/18 
88 LET T=5/ 18 
98 LET 5=1888- T*T/28+ T*T/ 1888*T/ 188*U24 
188 LET 5=5-T*Tr'1898*T/188*Tt'188*T/ 188*T/ 728 
118 RETURN 

Listing 7: BASIC routine for calculating the sine 
function. The sine is calculated in parts per thousand 
and the value of the sine is returned to the calling 
routine in variable S. 

18 IF U>968 LET U=U+4 
28 LET T=U/18 
J8 LET 5=U-T*T/1888*T/J+T*T/1888*T/188*T/188*T/5 
48 LET 5=5-T*T/1888*T/ 188*T/ 188*T/188*T/188*T/7 
58 LET 5=5*18/174 
68 RETURN 

Listing 2: Routine for calculating the arctangent of 
U in parts per thousand. The result is returned to the 
cal/ing routine in variable S. 
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navigation, but what about those homing 
torpedos 7 Any conceivab le shipboard rang­
ing and detection system tracking a foreign 
body should read out an angle and a range, 
not a set of grid points. Besides, entering 
your throttle settings in three axes is unnat­
ural enough to deter any but the most 
hardened of spacewar addicts. The simplest 
so lu tion is to keep track of all moving bodies 
in Cartes ian coordinates and convert those 
coord inates to spherical form for display. 
Figure 2 shows a system of spherical coor­
dinates. Each point or vector is defined by 
an azimuth ranging from 0 to 359 degrees 
(A), a declination ranging from -90 to 90 de­
grees (0), and a radius given in unit lengths 
(R) . Instead of X,Y,Z we have A,O,R. 

The ship 's position and velocity are con­
verted to spherical form for display . The 
thrust vector is input !n spherical form and 
converted to Cartesian for computation . The 
direction of laser fire is kept in spherical 
form and compared to the spherical coordi ­
nates of the target at the next turn. 

Next, we need routines to convert vectors 
in the form X,Y,Z to the form A,O,R and 
back again. The on ly trigo nometric func­
tions needed for those two conversions are 
the sine and the arctangent. 

'Listing 1 shows the S=sin (S) routine. Sis 
an angle ranging from 0 to 90 degrees. Th e 
routine returns the sine of S in variable S in 
parts per thousand (1000 times the sin (5)) . 
This routine makes use of the series: 

sin (5)=5-53/3!+55/5!-5 7/7!+ . . . 

where 5 is in radians. Line 20 converts 5 
from degrees to radians times 1000. Line 40 
is the sine series in a form suitable for 16 bit 
integer mathematics . Beyond 45 degrees this 
series gave poor results. For values over 45 
degrees line 10 transfers control to line 60. 
Lines 60 to 110 take the cosine of 90- 5 
using the series: 

cos (5)=1-52/2!+S4/4!_S6/6!+ . .. 

I t's a good idea to test th is routine by gener­
ating all 91 values and checking them against 
a table or calculator. The results should be 
within 2 or 3 parts per thousand . 

Listing 2 is a similar routine to ca lcu late 
the arctangent of a ratio U expressed in parts 
per thousand (U times 1000). The ser ies 
used here is : 

It is not val id for U ;;;;' 1. Line lOis an adjust­
ment to improve accuracy for values ap­
proaching 1. Notice that here the result 5 is 
in radians and must be converted to degrees 
immediately before exiting (l ine 50) . Again, 
it's a good idea to test this routine for values 
of U between 0 and 999 before using it. 



A DEVElOPMENT mOl FOR 
INTERACTIVE SOFTWARE 

CIS COBOL is more than an efficient COBOL Compiler, it is a complete 
software development tool for business and office automation systems. 
It enables the programmer to wri te applications in a powerful subsel of 
ANSI 74 standard COBOL and to take advantage of CIS COBOL language 
extensions such as interactive screen handling which are designed to fu lly 
exploit the special features of the microcomputer environment. Version 3 of 
CIS COBOL has many language additions but the compi ler still requires on ly 
20K bytes of memory and runs on 8080 and Z80 based microcomputers 
with 32K to 64K under the popular CP/M* operating system . 
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CIS COBOL is designed to support interactive applications. Areas of 
a CRT screen are mapped onto record descriptions in your CIS COBOL 
program and data is transferred using the ACCEPT and DISPLAY verbs 
providing full cursor manipulation and data entry faci lities to the CRT 
operator. CIS COBOL language extensions enable the screen position 
at which Ihe transfer is to start to be speci fied, protected fie lds to be 
defined and the CURSOR position to be detected and set by the program. 

CIS COBOL is able to exploit features of the microcomputer. Language 
extensions in CIS COBOL enable programs to define file names at run time, 
to read and write text files of variable record length and to access free 
memory in varying machine con figurat ions. CIS COBOL supports run time 
subrout ines written in assembler and accessed from COBOL by means of 
the CALL USING verb. Built in subroutines implement facilities to CHAIN 
programs together, PEEK and POKE memory locations outside your COBOL 
program and GET and PUT data to spec ial peripheral devices via your 
microcomputer's I/O ports. 

CIS COBOL is orientated toward rapid program development. The 
compiler accepts input of your source program direct from keyboard as 
well as from source and library files on disk and generates an object file 
which the CIS COBOL run time system immediately loads and executes or 
optionally links and saves as a se lf loading program. The run time system 
has built-in indexed and relative I/O packages and conta ins an interaclive 
debug package to help find errors quickly by steppi ng through the execution 
of your CIS COBOL program . 

CIS COBOL is supported by intelligent utility programs. When you take 
delivery of CIS COBOL Version 3 on 8 inch or 5 inch diskette you wi ll 
receive in addition to the compiler and run time system the CON FIG 
program wh ich enables you to configu re CIS COBOL run time systems 10 
drive many different types of "dumb" CRT terminal such as Lear Siegler 
ADM3A and Hazeltine 1500, plus the time savi ng FORMS program which 
allows you to create and edi t screen images of business forms and then 
automatica lly generate the correspond ing COBOL record descriptions to 
COPY into your CIS COBOL program. 

_ MICRO FOCUS 
MICRO FOCUS LTD. 58 Acacia Rd, St. Johns WOOd. London NW8 6AG 
Telephone: 01-722 8843 Telex: 28536 MICROF G 
*CP/M is a trademark 01 Digital Research 
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18 LET \/=8 
28 IF U)=T GOTO 78 
38 LET \/=1 
48 LET 5=T 
58 LET T=U 
68 LET U=5 
78 IF T)32 GOTO 118 
88 LET T=T*lB8B 
85 IF U=8 LET U=l 
98 LET U .. TIU 
188 GOTO 38B 
l1B IF U)327 GOTO 168 
12B LET T=T*188 
H8 LET U=U/1B 
135 IF U=8 LET U=1 
148 LET U=TIU 
158 GOTO 388 
168 IF T)3276 GOTO 218 
178 LET T=T*18 
188 LET U=U/1B8 
185 IF U=8 LET U=l 
198 LET U=TIU 
288 GOTO 388 
21B LET U=U/188 
215 IF U=8 LET U=1 
228 LET U=TIU*18 
388 IF U)999 LET U=999 
318 GOSUB (S=RRCTRH U) 
328 IF \/=1 LET 5=98-5 
338 RETURN 

Listing 3: To guarantee 
that overflows do not oc­
cur during calculation, this 
routine makes sure that 
the range of numbers is 
broken down by decades. 
This also improves the 
accuracy of the approx­
imation. 
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Figure 3: Measurements used for conversion 
between spherical and Cartesian coordinates. 
See text for full explanation. 

Exact values of the tangent for angles in 1 
degree increments should return the proper 
angle, but a tangent fall ing between these 
values does not necessarily return the closest 
angle. 

Large Values 

In order to prevent overflow and preserve 
even two digits of precision, it is necessary 
to make a special case of each decade. List­
ing 3, the 5=arctan (T/U) routine, should 
serve as a worst case example of this process. 
This routine calculates the 3 digit ratio U 
and calls the arctangent routine shown in 
listing 2. The variable V is a flag set for 
angles over 45 degrees (line 30) and cleared 
otherwise (line 10). 5 is a temporary storage 
location used to swap T and U in these cases 
(lines 20, 40, 50, 60). Lines 70 to 100 repre­
sent the first decade. Note the trap at line 85 
to prevent division by zero. The other dec­
ades are similar. Line 300 traps for values of 
U over 999, and line 320 tests the flag V and 
complements the angle 5 if T and U had 
been reversed. 

You will also need similar, but simpler, 
routines that return U=Usin(S) and U=U/ 
sin(5). All of these routines can be shortened 
considerably if they do not need to accept 
the full range of 16 bit integers (as, for exam­
ple, in a battleship type game on a 100 by 
100 grid). The general process of writing 
these routines is similar to the manipulation 
of decimal places and the use of rough pre­
calculations necessary if one were using a 
slide rule. It may be helpful to run through 

each decade of the routine on paper before 
beginning to program. 

One More Detail 

50 far, all our routines work with first 
quadrant angles (positive decl ination and 
azimuth from 0 to 90 degrees). It is nec­
essary to express each vector as its first quad­
rant equivalent before conversion, and re­
store the converted vector to its proper quad­
rant afterwards. Listing 4 is the Cartesian to 
spherical routine. I n lines 10 to 120 the 
values X, Y, and Z are made positive and 
their original signs stored in the flags F, L, 
and G, respectively. The vector is now in the 
first quadrant and conversion can proceed . 
Refer to figure 3 during this discussion. 
Lines 130 to 160 calculate the azimuth, 
angle A. Lines 170 to 190 find the projected 
radius (R 1 in figure 3) and store it temporar­
ily in variable R. Lines 200 to 220 find the 
declination, angle D. Lines 230 to 260 find 
the true radius. Note that line 230 comple­
ments 5; the projected radius divided by the 
true rad ius, R1/R, is the cosine of D or the 
sine of 90-D. 

The vector A,D,R is now complete but 
must be restored to the proper quadrant. In 
line 270 the declination is simply given the 
same sign as Z. Line 280 exits if the azimuth 
is unchanged. Lines 290 to 310 apply the 
proper correction for azimuths between 270 
and 360 degrees. Lines 320 to 340 deal with 
angles between 90 and 180 degrees, and 
line 350 corrects for the only remaining 
case. 

The conversion from spherical to Cartesian 
requires a similar process of reduction to 
first quadrant and restoration, and uses the 
same three flags. Listing 5 shows only the 
actual spherical to Cartesian conversion. 
Lines 10 to 40 find Z. Lines 50 to 80 find 
the projected radius R1 and store it tempo­
rarily in Y, again using the cosine or sine of 
the complement. Lines 90 to 11 0 find X, 
and lines 120 to 150 find Y. 

Application 

My version of th is trigonometric package 
ran to 170 I ines and almost 4 K bytes of pro­
gram storage in a version of tiny BASIC that 
permits subscripted variables and FOR­
NEXT loops. Even if your BASIC does not 
permit subscripted variables, it's a good idea 
to keep the temporary vectors A,D,R and 
X,Y,Z for the two conversion routines. If 
these are not written as subroutines, pro­
gram length will get out of hand quickly. 
The flags F, L, and G can be replaced by a 
single variable holding the quadrant number. 
In a game involving two ships, one can be 
kept at the origin (X,Y,Z = 0,0,0), and only 



113 LET F=O 
20 LET L=O 
30 LET G=8 
40 IF X'>-l GOro ?O 
50 LET X=-X 
60 LET F=l 
?O IF Y)-l GOTO 100 
SO LET ,'=-,' 
90 LET L=l 
108 IF 2)-1 GOTO 130 
110 LET Z=-2 
120 LET G=l 
130 LET T=X 
140 LET U=Y 
150 GOSUB (S=RRCTRN T/U> 
160 LET R=S 
170 LET U=X 
188 GOSUB (U=U/SIN 5) 
190 LET R=U 
208 LET T=Z 
210 GOSUB (5=RRCTAN T/U> 
220 LET D=S 
2313 LET 5=90-5 
24l~ LET U=R 
250 GOSUB (U=U/SIN 5) 
26B LET R=U 
270 IF G=l LET D~-D 
280 IF F=O IF L=O RETURN 
290 IF L=l GOTO 320 
388 IF F=l LET R=360-A 
310 RETURN 
320 IF F=l GOTO 350 
33B LET R=18tl-A 
348 RETURN 
350 LET R=1813+R 
368 RETURN 

Listing 4: BASIC program 
for converting from Carte­
sian to spherical coord­
inates. 

18 LET S=D 
28 LET UaR 
J8 GOSUB (U,.U.SIN S) 
48 LET ZO:U 
S8 LET U,.R 
68 LET S"98-D 
78 GOSUB (U"U.SIN S) 
88 LET Y=U 
98 LET S=R 
188 GOSUB (U"U.SIN S) 
118 LET X-U 
128 LET U-V 
138 LET S:98-11 
148 GOSUB (U=U.SIN S) 
1S8 LET V:U 

Listing 5: Program for 
converting from spherical 
to Cartesian coordinates. 

relative position and velocity for the other 
displayed. This saves nine more variables. 
However, it also eliminates a major challenge 
from the game. It 's astonishing how far from 
your station you can wander while concen­
trating on combat, and how long it takes to 
turn around and get back. If you assume a 
fixed, forward firing weapon, you can use 
the same vector to represent both thrust and 
direction of fire. As a last resort, you can 
always go two-dimensional; this brings the 
number of variables used within limits (and 
greatly simpl ifies the conversion process) . 

Don 't expect a great deal of accuracy 
from these routines. I got results within 1 
degree and 1 percent for most cases, but 

certain values return much larger errors. As 
long as the Cartesian vectors are preserved 
from turn to turn, the errors do not accumu­
late and can be treated as quirks in the ship's 
ranging and detection system. Any attempt 
to rotate the coordinate system by convert­
ing to spherical coordinates, adding angular 
translations and converting back to Cartesian 
wiil quickly introduce large errors. Also 
remember that to keep the radius (R) from 
overflowing, X, Y, and Z must be limited 
to about± 13,000. 

If you plan to acquire a full BASIC for 
your system, you'd be well advised to wait 
for it before attempting a spacewar game. 
If, like me, you have to live with integer 
arithmetic for some time, a weekend's worth 
of work will give you a package of trigo­
nometric capability that can serve as the 
nucl eus for a wide variety of games and 
simulations. 

Gravity wells and orbits can be handled 
nearly as easily as in a full BASIC; speed and 
position can be controlled accurately enough 
to make a docking maneuver painstakingly 
difficult. Another possibility is a version of 
lunar lander that includes the return to 
orbit. The software vacuum is likely to be 
with us for some time, but you can begin 
sharpening your skill as an astrogator now.-
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For the first time: 
Hard-to-obtain 
computer music 
material has been 
collected into one 
convenient, easy-to­
read book. 

The BYTE Book of 
Computer Music com­

bines the best from 
past issues of BYTE 

magazine with exciting new material 
of vital interest to computer experimenters. 

The articles range from flights of fancy about the reproductive 
systems of pianos to Fast Fourier transform programs 

written in BASIC and 6800 machine language. Included in 
this fascinating book, edited by Christopher P. Morgan, 

are articles discussing four-part melodies, a practical music 
interface tutorial, electronic organ chips, and a remarkable 

program that creates random music based on land terrain maps! 

ISBN 0-931718-11-2 $10DO 
Buy this book at your favorite computer bdiJOk III 1 jl 
store or order direct from BYTE BOOKS I[] .... 
Add SOC): per book for postage and handling ~[J[J 

"BOOKS OF INTEREST TO COMPUTER PEOPLE" 

70 Main Street Peterborough, New Hampshire 03458 
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TI PERSONAL COMPUTER DELAY DUE TO HARDWARE PROBLEMS. Rumors abound 
that Texas Instruments has delayed introduction of their personal computer system 
because of problems encountered in the design of a new microprocessor circuit to be 
used in the system. The 9985 microprocessor is a 16 bit stripped down version of the 9940, 
which contains 2 K bytes of read only memory, 128 bytes of programmable memory, 32 bit 
I/O (input/output), 5 M Hz operation and timer/counter on one integrated circuit. Also, it 
has been reported that the FCC rejected the TI approach to the RF (radio frequency) modulator 
design. It is expected that TI will have solved these problems for the introduction of the system 
in June at the summer Consumer Electronics Show in Chicago. 

RADIO SHACK HAS OVER 50 PERCENT OF PERSONAL COMPUTER BUSINESS. According to a report 
issued by Dataquest, a marketing research firm, Radio Shack sold approximately 100,000 TRS-80s, 
valued at $105 million dollars in 1978. This represented almost 10 percent of Tandy's business, and means 
that Radio Shack shipped over 50 percent of the total 1978 volume and 21 percent of the value of 
personal computer systems. Commodore was second, selling 25,000 PETs valued at $20 million, and 
Apple shipped 20,000 systems valued at $30 million. MITS/Pertec shipped 3000 units valued at $12 
million, IMSAI shipped 5,000 valued at $18 million and all other personal computer makers 
shipped 35,000 units valued at $130 million. Dataquest adds to this the IBM and Hewlett-Packard table­
top systems selling for less than $15,000. Thus IBM shipped 5 ,000 units valued at $95 million and 
Hewlett-Pac~ard shipped 4,000 units valued at $80 million. 

TANDY TO INTRODUCE NEW COMPUTER SYSTEM. Tandy has disclosed that it will soon 
introduce two, three and possibly four new computer systems in the second and third quarters of 
1979. The systems will be designed to fit specific purposes. This is seen by industry experts as an 
attempt by Tandy to strengthen its market position in anticipation of Texas Instruments 
entering into the personal computer market. Tandy has had their TRS-80 in production for almost 
two years. 

INTEL REPORTS 42 PERCENT INCREASE IN SALES FOR 1978. Intel, the pioneer in micro­
processors, reported sales of just over $400 million dollars in 1978, compared to $282.5 million in 
1977 - a 41.8 percent increase. In fact, sales in the last quarter increased over 61 
percent as compared to the same period in 1977. Profits increased 39.7 percent; from $ 31.7 
million to $44 million. Coincidentally, Zilog had sales of $18 million, and reportedly operated 
in the red for 1978 . 

MICROSOFT MOVING INTO 16 BIT SOFTWARE. Microsoft, a recognized leader in micro­
processor software, plans to introduce a broad range of software for 16 bit processors, using 
the new Intel 8086 and Zilog Z-8000 microprocessors. Most of Microsoft's business is OEM 
(original equipment manufacturer). This indicates that several hardware manufacturers plan 
systems using these 16 bit processors. Microsoft will not desert the 8 bit area in which 
they plan to release a BASIC compiler and Pascal and APL interpreters . 

INTEL PRESIDENT WORRIES ABOUT VLSI. Gordon Moore, Intel founder and president, was 
the keynote speaker at the recent International Solid States Circuit Conference. In his 
speech, he expressed great concern about the possibility that integrated circuit technology is 
too far ahead of applications. The industry is moving into the next generation of 
integrated circuits, called VLSI (very large scale integration) which feature devices with 
upwards of 400 K transistors, or 100 K gates . So far, the applications for such large devices 
have not developed. At the same meeting Dr Tom Longo, vice-president and chief technical 
officer at Fairchild Semiconductor, suggested that one possible application for VLSI might be 
the 64 bit microprocessor. 

MICRODISKS ARE COMING. Microdisk is the name given to the new 8 inch hard disk drive, 
which is now being developed by several disk manufacturers . It is expected that at least 
four manufacturers will show these new disks at the NCC (National Computer Conference) 
show next month . These drives will fit into the same space as an 8 inch floppy disk, provide 
upwards of 20 M bytes unformatted storage, and use Winchester technology for high speed 
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access. It is anticipated that the first production microdisks should be available late 1979, 
with full production not expected until mid 1980. Expected selling price in OEM quantities 
is $1500. This will probably translate to $3000 retail for a complete system including con­
troller and power supply. At present 14 inch hard disks with 10 M byte storage are avail­
able at an end user cost of $7000 to $10,000. 

16 BIT MICROPROCESSOR SCENE GROWING. 2ilog began shipping 2-8000 samples in March, 
and Motorola expects to start sampling their 68000 this month. Production quantities should 
be available in the fall. Meanwhile, Intel has heated up competition by cutting the 8086 
price by 23 percent; from $82.50 to $65.20 (4 MHz) and from $99 to $76.25 (5 MHz) 
in 500 quantity lots. The 8086 has been in production for almost a year; a very substantial 
lead time. However, the 2ilog 2-8000 and the Motorola 68000 in particular are more powerful 
than the 8086, and Intel's price reduction probably represents a marketing strategy. 

HP NOW PRIMARILY A COMPUTER COMPANY. Hewlett-Packard, which until now has been 
primarily a manufacturer of electronic instruments (voltmeters, frequency generators, etc), 
has disclosed that their computer business is now larger than their instrument business, and is 
growing at a faster rate. It is rumored that Hewlett-Packard will soon introduce a personal 
computer system. 

COMMODORE REPORTS 8.6 PERCENT INCREASE FOR 1978. Commodore's 1978 Annual 
Report states that sales increased from $46 million to $50 million and that income rose from $1.5 
million to $4 million, a 165 percent increase. There is little doubt that the PET and KIM 
accounted for the major portion of this increase. Like Tandy, Commodore does not break 
down its sales figures: however, industry experts estimate that over 25,000 PETs were sold 
in 1978. The Annual Report shows pictures of a PET with a standard keyboard, numeric 
pad and outboard tape recorder. Further, they promise a "new generation of PET computers" 
but do not say when. 

IEEE AND ANSI WORKING ON PASCAL STANDARD. The IEEE (Institute of Electrical and 
Electronic Engineers) and ANSI (American National Standards Institute) have formed a joint 
committee to coordinate development of a Pascal standard. It is expected that the development 
of the standard will take several months. 

PERKINS-ELMER LEAVES FLOPPY BUSINESS. Perkins-Elmer is the second major floppy disk 
manufacturer to leave the business within the last year. The Wangco division supplied drives 
to personal computer systems makers such as Cromemco, Heath Co and Intelligent Systems Corp. 
Although Wangco operated in the black and was growing, its profits were not apparently 
fulfilling Perkins-EImer's expectations. 

APL INTERPRETER AVAILABLE. The first APL interpreter for a microprocessor has been intro­
duced by Vanguard Systems Corp, San Antonio TX. It is designed to run on a 2-80 computer system. 
As yet no data is available on how it compares to IBM APL. Several companies, including 
Microsoft and Scientific Time Sharing, have been promising a microprocessor APL package, 
but Vanguard is the first to reach the market. 

LOW COST VOICE OUTPUT FOR COMPUTERS. If you are looking for a low cost, high quality 
voice output for your computer system, why not try interfacing the Texas Instruments Speak 
and Spell game to your system. This is done by interfacing some parallel ports to 
the keyboard connections of Speak and Spell. A short software driver routine for 
the interface was published in the January issue of the Ottawa Computer Group Newsletter 
(Box 132218, Kanata Ontario Canada) . 

MICROSOFT PASCAL. We have heard that Microsoft is going to announce a Pascal package. 
The Microsoft version is supposed to be compatible with UCSD, ANSI, and ISO Pascal. The 
initial implementations of Pascal will be on the 8080, 8086, 2-80, 2-8000, and LSI-ll. 
Additional implementations will be produced as the demand arises. The 8080, 8086, and 2-80 versions 
will be CP/M compatible. The rumored price for Microsoft Pascal is $1,000. 
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... And the future 
THE BYTE BOOK OF COMPUTER MUSIC combines 
the best computer music articles from past issues of 
BYTE Magazine with exciting new material-all written 
for the computer experimenter interested in this 
fascinating field. 
You will enjoy Hal Chamberlin's "A Sampling of 
Techniques for Computer Performance of Music", 
which shows how you can create four-part melodies 
on your computer. F orthe budget minded, "A $19 Music 
Interface" contains practical tutorial information-and 
organ fans will enjoy reading "Electronic Organ Chips 
For Use in Computer Music Synthesis". 
New material includes "Polyphony Made Easy" and 
"A Terrain Reader". The first describes a handy circuit 
that allows you to enter more than one note at a time 
into your computer from a musical keyboard. The 
"Terrain Reader" is a remarkable program that creates 
random music based on land terrain maps. 
Other articles range from flights of fancy about the 
reproductive systems of pianos to Fast Fourier trans­
form programs written in BASIC and 6800 machine 
language, multi-computer music systems, Walsh 
Functions, and much more. 
For the first time, material difficult to obtain has been 
collected into one convenient, easy to read book. An 
ardent do-it-yourselfer or armchair musicologist will 
find this book to be a useful addition to the library. 

_

ISBN 0-931718-11-2 
Editor: Christopher P. Morgan 
Pages: approx. 128 
Price: $10.00 

SUPERWUMPUS is an excit­
ing computer game incorpo­
rating the original structure of 
the WUMPUS game along 
with added features to make 
it even more fascinating. The 
original game was described 
in the book What To Do After 
You Hit Return, published by 
the People's Computer Com­
pany. Programmed in both 
6800 assembly language and 
BASIC, SUPERWUMPUS is not only addictively fun, 
but also provides a splendid tutorial on setting up 
unusual data structures (the tunnel and cave system 
of SUPERWUMPUS forms a dodecahedron). This is a 
PAPERBYTpM book. 

ISBN 0-931718-03-1 
Author: Jack Emmerichs 
Pages: 56 
Price: $6.00 

TINY ASSEMBLER 6800, 
Version 3.1 is an enhancement 
of Jack Emmerichs' success­
ful Tiny Assembler. The origi­
nal version (3.0) was described 
first in the April and May 1977 
issues of BYTE magazine, 
and later in the PAPERBYTETM 
book TINY ASSEMBLER 
6800 Version 3.0. 
In September 1977, BYTE 
magazine published an article 
entitled, "Expanding The Tiny Assembler". This pro­
vided a detailed description of the enhancements 
incorporated into Version 3.1, such as the addition of a 
"begin" statement, a "virtual symbol table", and a 
larger subset of the Motorola 6800 assembly language. 
All the above articles, plus an updated version of the 
user's guide, the source, object and PAPERBYTETM 
bar code formats of both Version 3.0 and 3.1 make this 
book the most complete documentation possible for 
Jack Emmerichs' Tiny Assembler. 

ISBN 0-931718-08-2 
Author: Jack Emmerichs 
Pages: 80 
Price: $9.00 

A. wa~k through this book brings you into Ciarcia's 
CIrCUIt Cellar for a detailed look at the marvelous 
projects which let you do useful things with your micro­
computer. A collection of more than a year's worth of 
the popular series in BYTE magazine, Ciarcia's Circuit 
Cellar includes the six winners of BYTE's On-going 
Monitor Box (BOMB) award, voted by the readers 
themselves as the best articles of the month: Control 
the World (September 1977), Memory Mapped 10 
(November1977), Program Your NextEROM in BASIC 
(March 1978), Tune In and Turn On (April 1978), Talk 
To Me (June 1978), and Let Your Fingers Do the Talking 
(August 1978). 
Each article is a complete tutorial giving all the details 
needed to construct each project. Using amusing 
anecdotes to introduce the articles and an easy-going 
style, Steve presents each project so that even a 
neophyte need not be afraid to try it. 

_

ISBN 0-931718-07-4 
Author: Steve Ciarcia 
Pages: approx. 128 
Price: $ 8.00 
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is right now! 
BASE}{, a new compact, compiled language for micro­
computers, has many of the best features of BASIC 
and the 8080 assembly language-and it can be run 
on any of the 8080 style microprocessors: 8080, Z-80, 
or 8085. This is a PAPERBYTETM book. 

Subroutines in the BASEX operating system typically 
execute programs up to five times faster than equiva­
lent programs in a BASIC interpreter-while requiring 
about half the memory space. In addition, BASEX has 
most of the powerful features of good BASIC inter­
preters including array variables. text strings, arithme­
tic operations on signed 16 bit integers, and versatile 
10 communication functions. And since the two lan­
guages, BASEX and BASIC, are so similar, it is possible 
to easily translate programs using integer arithmetic 
data from BASIC into BASEX. 
The author, Paul Warme, has also included a BASEX 
Loader program which is capable of relocating pro­
grams anywhere in memory. 

__ 
ISBN 0-931718-05-8 
Author: Paul Warme 
Pages: 88 
Price: $ 8.00 

PROGRAMMING TECH­
NIQUES is a series of BYTE 
BOOKS concemed with the 
art and sdence of computer 
programming. It is a collection 
of the best articles from BYTE 
magazine and new material 
collected just for this series. 
Each volume of the series 
provides the personal com­
puter user with background 
information to write and main­
tain programs effectively. 
The first volume in the Programming Techniques 
series is entitled PROGRAM DESIGN. It discusses 
in detail the theory of program design. The purpose 
of the book is to provide the personal computer user 
with the techniques needed to design effident, effec­
tive, maintainable programs. Included is information 
conceming structured program design, modular pro­
gramming techniques, program logic design, and 
examples of some of the more common traps the 
casual as well as the experienced programmer may 
fall into. In addition, details on various aspects of the 
actual program functions, such as hashed tables and 
binary tree processing, are included. 

ISBN 0-931718-12-0 
Editor: Blaise W. Liffick 
Pages: 96 
Price: $6.00 

SIMULATION is the second volume in the Program­
ming Techniques series. The chapters deal with 
various aspects of spedfic types of simulation. Both 
theoretical and practical applications are included. 
Particularly stressed is simulation of motion, including 
wave motion and flying objects. The realm of artifidal 
intelligence is explored, along with simulating robot 
motion with the microcomputer. Finally, tips on how 
to simulate electronic drcuits on the computer are 
detailed. 

ISBN 0-931718-13-9 
Editor: Blaise W. Liffick 
Pages: approx. 80 
Price: $6.00 
Publication: Winter 1979 

RA6800ML: AN M6800 RELOCATABLE MACRO 
ASSEMBLER is a two pass assembler for the Motorola 
6800 microprocessor. It is designed to run on a mini­
mum system of 16 K bytes of memory, a system 
console (such as a Teletype terminal), a system monitor 
(such as Motorola MIKBUG read only memory pro­
gram or the ICOM Floppy Disk Operating System), 
and some 'form of mass file storage (dual cassette 
recorders or a floppy disk). 
The Assembler can produce a program listing, a sorted 
Symbol Table listing and relocatable object code. The 
object code is loaded and linked with other assembled 
modules using the Linking Loader LINK68. (Refer to 
PAPERBYTETM publication LINK68: AN M6800 
LINKING LOADER for details.) 
There is a complete description of the 6800 Assembly 
language and its components, including outlines of 
the instruction and address formats, pseudo instruc­
tions and macro fadlities. Each major routine of the 
Assembler is described in detail, complete with flow 
charts and a cross reference showing all calling and 
called-by routines, pointers, flags, and temporary 
variables. 
In addition, details on interfacing and using the 
Assembler, error messages generated by the Assem­
bler, the Assembler and sample 10 driver source code 
listings, and PAPERBYTETM bar code representation 
of the Assemblers relocatable object file are all included 
This book provides the necessary background for 
coding programs in the 6800 assembly language, and 
for understanding the innermost operations of the 
Assembler. 

ISBN 0-931718-10-4 
Author: Jack E. Hemenway 
Pages: 184 
Price: $25.00 

\ to order books see next page ..... 
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LINK68: AN M6800 LINKING LOADER is a one 
pass linking loader which allows separately translated 
relocatable object modules to be loaded and linked 
together to form a single executable load module, and 
to relocate modules in memory. It produces a load map 
and a load module in Motorola MIKBUG loaderformat 
The Linking Loader requires 2 K bytes of memory, a 
system console (such as a Teletype terminal), a sys­
tem monitor (for instance, Motorola MIKBUG read 
only memory program or the ICOM Floppy Disk 
Operating System), and some form of mass file stor­
age (dual cassette recorders or a floppy disk). 
It was the express purpose of the authors of this 
book to provide everything necessary for the user 
to easily learn about the system. In addition to the 
source code and PAPERBYTpM bar code listings, 
there is a detailed description of the major routines of 
the Linking Loader, including flow charts. While imple­
menting the system, the user has an opportunity to 
learn about the nature of linking loader design as well 
as simply acquiring a useful software tool. 

ISBN 0·931718-09-0 
Authors: Robert D. Grappel 

& Jack E. Hemenway 
Pages: 72 
Price: $8.00 
Winter 1979 

TRACER: A 6800 DEBUGGING PROGRAM is for 
the programmer looking for good debugging software. 
TRACER features single step execution using dynamic 
break points, register examination and modification, 
and memory examination and modification. This book 
includes a reprint of "Jack and the Machine Debug" 
(from the December 1977 issue of BYTE magazine), 
TRACER program notes, complete assembly and 
source listing in 6800 assembly language, object 
program listing, and machine readable PAPERBYTETM 
bar codes of the object code. 

ISBN 0-931718-02-3 
Authors: Robert D. Grappel 

& Jack E. Hemenway 
Pages: 24 
Price: $6.00 

MONDEB: AN ADVANCED M6800 MONITOR­
DEBUGGER has all the general features of Motorola's 
MIKBUG monitor as well as numerous other capabili­
ties. Ease of use was a prime design consideration. 
The other goal was to achieve minimum memory 
requirements while retaining maximum versatility. 
The result is an extremely versatile program. The size 
of the entire MONDEB is less than 3 K. 
Some of the command capabilities of MONDEB in­
clude displaying and setting the contents of registers, 
setting interrupts for debugging, testing a program­
mable memory range for bad memory locations, 
changing the display and input base of numbers, 
displaying the contents of memory, searching for a 
specified string, copying a range of bytes from one 
location in memory to another, and defining the loca­
tion to which control will transfer upon receipt of an 
interrupt This is a PAPERBYTETM book. 

ISBN 0-931718.Q6-6 
Author: Don Peters 
Pages: 88 
Price: $5.00 

BAR CODE LOADER. The purpose of this pamphlet 
is to present the decoding algorithm which was de­
signed by Ken Budnick of Micro-Scan Associates at 
the request of BYTE Publications, Inc., for the PAPER­
BYTpM bar code representation of executable code. 
The text of this pamphlet was written by Ken, and 
contains the general algorithm description in flow 
chart form plus detailed assemblies of program code 
for 6800, 6502 and 8080 processors. Individuals with 
computers based on these processors can use the 
software directly. I ndividuals with other processors can 
use the provided functional specifications and detail 
examples to create equivalent programs. 

ISBN 0·931718-01-5 
Author: Ken Budnick 
Pages: 32 
Price: $ 2.00 

------------------------------BYTE BOOKS Division • 70 Main Street • Peterborough, New Hampshire 03458 

Name T itl e Company 

Street City State/ Prov ince Code o Check enclosed in the amount of $ ___ _ 
o Bill Visa 0 Bill Master Charge Card No. __________ Exp. Date ___ _ 
Please send the books I have checked. 
o Computer Music $10.00 
o SUPERWUMPUS $6.00 
o Tiny Assembler (3.1) $9.00 
o Circuit Cellar $8.00 
o BAS EX $8.00 
o Program Design $6.00 
BYTE BOOKS. BYTE BOOKS logo. and PAPERBYTE 
are trademarks of BYTE Publicat ions. Inc 

o Simulation $6.00 
o RA6800ML $25.00 
o Link68 $ 8.00 
o TRACER $6.00 
o Mondeb $ 5.00 
o Bar Code Loader $2.00 
Add 50(: per book to cover postage 
and handling 
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Text continued from page 6: 

The parts for a simple 110 VAC lamp 
controller with one channel and a 10 A 
rating consist of: 

One Sigma Instruments Model 221A-3-50 
Hybrid Relay 
One AC Line Cord (surplus store) 
One AC Socket (local hardware store) 
One plug for my computer's parallel 
interface (OB-15) 
One aluminum minibox 
Miscellaneous interconnect wire 

Total for one channel 

$12 .80 
$ 1.00 
$ 1.35 

$ 2.00 
$ 2.98 

0.00 
$20.13. 

In an evening I had this relay wired to 
my computer, and ready for use in some 
appl ications. The most obvious home 
oriented appl ication is, of course, the 
control of lamps in real time, assuming 
you have a real time clock and an ap­
propriate operating system in your com­
puter. At a high level, the simplest open 
loop lamp control procedure can now 
be implemented: 

DO FOREVER 
BEGIN 

Wait Until 6; 
Turn On Lamp; 
Wait Until 11 ; 
Turn Off Lamp 

END; 

Here I have used " DO FOREVER" to 
mean that the block will be repeated in­
definitely with no ending condition in 
the program itself, although it is always 
possible to pull the plug or reset the 
computer with manual intervention . 
This is a procedure which is reiterated 
day in and day out as a background task 
of the computer system, with a real time 
executive which can monitor time. What 
is the advantage over a simple mechani­
cal timer? It is, of course, the equivalent 
of that timer, but you have gained the 
ability to combine the relay control with 
the more sophisticated logic of a pro­
gram. 

With this simple amount of hardware, 
it is now possible to write programs 
which do much more than the me­
chanical timer. For example, if you want 
to give your house a lived-in look on the 
basis of lights, you can now add some 
randomization. Let's define a function, 
RANDOM(X), which returns a random 
number ranging from 0 to X, as do many 
standard compilers and interpreters. We 
can extend this procedure, using ran ­
domization of the starting and stopping 
times . I n this next example, we add a se­
cond period in which the lamp is on: 

DO FOREVER 
BEGIN 

Wait Until (6 + RANDOM(2)); 
Turn On Lamp; 
Wait Until (8 + RANDOM(l)); 
Turn Off Lamp; 
Wait Until (9 + RANDOM(l)); 
Turn On Lamp; 
Wait Until (11 + RANDOM(3)) 

END; 

Our program has no inputs now, other 
than time synchronization with the com­
puter's real time clock. The effect is that 
of having two periods with random star­
ting and stopping times during the even­
ing . Combine this with several other 
channels for different rooms of the 
house, and you have unique and random 
night lighting control for times when the 
house is vacant due to business or fami­
ly trips. Of course, no computer (as yet) 
can co ll ect piled up ·mail or c lear snow 
from the driveway, but with a simple 
evening's effort of wiring up several re­
lay.s in a control box, this sort of program 
can be left running when you go away. 

In thi s example, I wanted to use this 
relay for lamp control. But, with a little 
imagination, you can control much 
more than lamps. The solid-state relays 
can turn on and off virtually any load 
within the current limitations of the 
device (10 A in this examp le) at the zero 
point of the AC waveform. This could in ­
clude: turning on your coffeemaker in 
the morning (assuming that you primed 
it with water and grounds the night 
before); turning on a hot plate (of less 
than 1000 W) under a tea kettle in the 
morning; responding to a voice input 
microphone for the particular room you 
are in by recognizing the words on and 
off (all using techniques discussed in 
past BYTE issues). There is no reason 
why other appliances, such as the motor 
of my attic fan, could not be controlled 
in the same way. 

The point is, the act of creating hard­
ware for such brute force things as turn­
ing AC lines on and off has been reduced 
to wiring, and is now an easily solved 
problem . Just as we all experiment with 
software, we ca n now very simply ex­
periment with software that controls 
significant hardware outside the com­
puter system. All it takes is the will­
ingness to spend some time wiring the 
particular details needed to make your 
system's output port talk to the real 
world. Hardware is not hard to control, 
once you 've got a complete computer 
system with real time clock and parallel 
output data ports .• 
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In order to gain optimum cover­
age of your organization's computer 
conferences, seminars, workshops, 
courses, etc, notice should reach our 
office at least three months in 
advance of the date of the event, 
Entries should be sent to: Event 
Queuer-- B YTE Publications Inc, 70 
Main St, Peterborough NH 03458. 
Each month we publish the current 
contents of the queue for the month 
of the cover date and the two fol­
lowing calendar months. Thus a given 
event may appear as many as th ree 
times in this section if it is sent to us 
far enough in advance. 

May 1-3, 1979 Southwestern Computer 
Conference, Myriad Convention Center. 
Oklahoma City OK Thi s conf erence. 
sponsored by the Oklahoma State 
University Te chnical In stitut e in 
coo pera tion w ith the D ata Process ing 
M anagement A ss o c iati o n and th e 
Associati on for System s Ma nagement. 
wil l in c lude 150 exh ib i t booths and 60 
seminar presentations. Conta ct E Z 
Mi llion . O SU Techni cal Institute. 900 N 
Portland. Ok lahoma City OK 73107 . 

May 7-11, Data Base Concepts and 
Design, Kansa s City KS. Sponsored by 
the Ameri can Management A ssoc iation, 
thi s course wil l f eature practi ca l infor­
mation, work shops and case studi es to 
help the parti c ipant understand struc­
ture. concept s. design . software and 
m a n a ge m e nt Cont ac t A m e ri c an 
Management Associ ations. 135 W 50th 
St. New York NY 10020. (212) 586-8100 . 

May 11 -13, The West Coast Computer 
Faire. Sa n Franc isco Civ ic Aud itorium. 
Thi s is a conference and exposition on 
personal computers for hom e. bu sin ess. 
and industry. Contac t Computer Faire. 
POB 1579. Pa lo Alto CA 94302 . (415) 
851-7075 . 

May 14-16, Implementing Cryptography. 
The New York Sheraton. New York NY . 
Thi s seminar wi ll present current tec hni ­
qu es th at pro tec t transmitted and stored 
data . authenti ca te messa ges and system 
users. and generate elec troni c d igita l 
sign atures . Contac t Ketron Inc. Va ll ey 
Forge Executive M all . # 10. 530 E 
Swedes ford Rd. Wayne PA 19087. 

May 15-17 Micro/Expo '79. Centre In ter­
national de Pari s. Paris FRANCE . Con­
tac t Sybex In c. 2020 Mil v ia St. Berk eley 
CA 94704. 

If you need Business Reports with fancy 
frills you hC!;'($1.' the wrong company. We 
don't Rut lhese in our Software or our Ads. 
Botll cost ••• You **. Money. 

But if you ' need' s.olid, Down-To-Earth 
Software for your North Star, Imsai, or 
other , law cost Data Processing System 
written in Microsoft Basic or Cbasic in­
cluding GL, AR, AP, Inventory, Payroll, 
Mailing List ... and Fixed Asset Accounting 
then ,you .** Do *.. have the right 

..-
9 Qmpany. 

~ . 
GIVE US A TRY - WE KNOW YOU'LL 8E GLAD YOU DID 

We honor Visa and Mastarcharge 

102;Avenida Dela Estrella 
Suite 208 

San Clemente, CA 92672 
(714) 492-7633 
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May 15-17, First Education Computer 
Fair . Detroit Plaza Hotel. Detroit MI. 
This fair wi ll be held in conjun ction with 
1979 Associat ion for Educationa l Data 
Systems 17th Annu al Convention . The 
theme of the fair will be the use of 
microprocessors in education . Contact 
Bruce G Alcock . Riverd ale Country 
School. W 253 St and Fie ldston Rd. 
Bronx NY 10471 . 

May 15-18, 1979 Association for Educa­
tional Data Systems 17th Annual Con­
vention. Detroit Plaza Hotel. Detroit MI. 
The convention program wil l focus on 
computer applications. computer re­
sou rces. computer related curriculum. 
app lication development methodologi es 
and futures. Exhibits . user group 
meetings and vendor sessions wi ll also 
be offered . Conta c t Arthur W Daniel s Jr. 
31202 Dorchester. Madison Heights MI 
48071 

May 17-18, Microcomputers in Educa­
tion and Training. A rlington VA . Conta ct 
Society for Applied Learning Tech­
nology. 50 Cu lpeper St. Warrenton VA 
22186. 

May 21-23, Distributed Data Processing. 
Logan Airport Hil ton. Boston MA . A 
detailed perspective of the decis ions to 
be made in p lanning. implementing and 
maintaining distributed data process ing 
system s. Contact American Management 
Associations. 135 W 50th St. New York 
NY 10020. 

May 21-24, Eighth Annual Incremental 
Motion Control Symposium. Ramada 
Inn. Urbana IL. Contact Dr B C Kuo. POB 
2772 . Station A. Champaign IL 61820. 

May 21-25, Systems Analysis Workshop. 
Chicago IL. This works hop w ill teach 
systems ana lysts and others needing 
systems analysis sk ill s to use a practical 
set of tools and techniques to eva luate 
user requests and document require­
ments for new data processing sys ­
tems. Contact Brandon Systems Insti­
tute. 4720 Montgomery Ln. Bethesda MD 
20014 . 

May 21-25, Structured Programming and 
Software Engineering, The George 
Washington University. Washington DC 
This course is designed for experienced 
p rog ram arc hitects , designers and 
managers . It will provide up-to-date 
tech nica l knowledge of logica l expres­
sion. ana lysis and invention for perform­
ing and managing softwa re arch itecture, 
design and production . Presentations 
will cover princ ipl es and applications in 
st ru ctu red programming and software 
eng ineering. D es ign workshops with 
analysis and review sess ions will provide 
actua l practice in problem solving. Con­
tact George Washington University, Con-



16K MEMORY 
ADD-ON KIT 

FOR THE TRS-80* - SORCERER:t: 
APPLE lit 

8-PRIME, 250 NS HIGH SPEED 
MEMORY CHIPS 

$9500 

• All chips are new, top quality, factory fresh and 
tested . 

• Each kit comes with complete, simple to understand instruc­
tions. Even the least experienced individual can add on 
memory . 

• Comes complete with programmed jumpers. 

GUARANTEE 
If a chip fails, we will replace it with no questions asked. 

Lifetime guarantee! 
Remember: These are top quality prime #1 chips . All orders shipped same day as 
received! 

TERMS 
CASH WITH ORDER, VISA, MASTER CHARGE. NO C.O.D .'S! PERSONAL CHECKS REQUIRE 
3 WEEKS TO CLEAR. 

f>\ 

~ . WORLD POWER SYSTEMS, INC. 
1161 N. EI Dorado Place, Suite 333, Tucson, Arizona 85715 

24 Hour Order Phone No: 602-886-2537 

• TRS-80 is a trademark of Tandy Corp. 
:/: Sorcerer is a trademark of Exidy. Inc. 
t Apple II is a trademark of Apple Computer. Inc . 

WATCH FOR MODULE 50 
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tinuin g Engineering Edu ca tion, 
Washington DC 20052. 

May 23-24, The Clemson Conference on 
Small Computers; Application for 
Business, Industry, Education, Medicine, 
Clemson Uni versity, Clemson Sc. This 
conference will be o f interes t to in­
dividual s interested in small computers 
who have a wait and see attitude . Per­
sons who are already involved with small 
systems w ill find the conference in­
terest ing and benef ic ial. There w ill be 
discussions on a wide variety of appli ca­
tions, tutori als on small systems and ex­
hibits of equipment. Contact Wi lli am J 
Barnett, Assoc iate Professor, Coll ege o f 
Engineering, Clemson Universi ty, Clem­
son SC 29631. 

May 24-26, Computers in Critical Care 
and Pulmonary Medicine, Yale Univer­
sity School of M ed ic ine, Norwa lk CT . 
The purpose of this meeting is to bring 
together computer sc ientists, b iomed ica l 
engineers and phys ic ians who are in­
terested in the app li ca tion o f computer 
technology to the diagnosi s and treat­
ment of critical ly ill pat ients. The pro ­
gram will consist of one da y devoted to 
resp iratory monitoring and two days 
devoted to the presentation of papers 
pertaining to the application of com­
puter techno logy to the monito ring of 

criti ca ll y ill pat ients . Contact 5 Nair MD, 
Norw alk Hospita l and Ya le Un iversity 
Schoo l of M edic ine, Norwa lk CT 06856. 

June 3-6, 1979 International Summer 
Consumer Electronics Show, McCormick 
Pla ce, Chi ca go IL. Thi s show serves as 
the marketp lace fo r the entire consumer 
electroni cs industry . Co nta ct Consumer 
Electroni cs Show, 2 Ill ino is Ctr, Suite 
1607, 233 N Mich iga n Av, Chi cago IL 
60601 . 

June 4-7, 1979 National Computer Con­
ference, New York Coliseum, New York 
NY. NCC ' 79 wi ll feature a prem ier 
showcase of the state of the art in com­
puting and data processin g. Leading 
organ izat ions, large and small , w ill show 
the lates t equ ipment and se rv ices in ap­
proximately 1500 booths. More than 100 

. program sess ions are plann ed, emphas iz­
ing the four major areas of management, 
appl icat ions, sc ience and tec hnology, 
and soc ial impli cations . In conjunction 
w i th NCC '79, the Personal Computing 
Festiva l of comm erc ia l ex hi bits, appli ca ­
tion demonstrat ion s, and tec hni ca l ses­
sions on microcomputer systems and ap­
pli cat ions w ill be held at the Ameri ca na 
Hotel. Contac t NCC '79, c/o Ameri ca n 
Federat ion of In format ion Process ing 
Societ ies In c, 210 Summit Av, Montva le 
N J 07645 . 

NEW HEALTH INTEREST PROGRAMS ... 

Jpecl<ecsy Vita FactJ ™ 

For Everyone -
YOUTH 
ADULTS 
PARENTS 

A · 

~ 
• Heart Attacks 
• Blood Pressure 
• Adolescence 
• Teenage Drinking & Drugs 
• Birth Control 
• Talking About Sex 

Help yourself - your family - your friends to better health with the new Speakeasy VitaFacts Series 
learning programs! 
These professionaly-prepared programs include an audio cassette, a comput er cassette and a 
booklet. They are available through hundreds of computer stores worldwide at very reasonable prices. 
Please check with your dealer or contact Speakeasy Vit aF acts. 
DEALERS: Please call us at the number below for the name of your distributor. 

MICROCOMPUTER-ASSISTED 
INSTRUCTION FOR HEALTHFUL LIVING! 

fpecl<ecsy VitaFaa.r 
Box 909 Ke mptvitle, Ontario, Canada KOG IJO (613) 258-3291 
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June 6-8, Twelfth Annual Association of 
Small College Computer Users in Educa­
tion Conference, Den ison University. 
Gra nv ille O H. Sessions wi ll inc lu de the 
presentati on of papers and demonstra­
t ions of the ed uca tion al use o f mi cro­
computers, compu ter text book su rveys, 
di scussions with authors of computer 
texts, adm ini st rat ive uses of computers 
in small co ll eges, and a tutor ial on 
mi c rop rocesso rs. Co ntac t Dou g l as 
Hughes, Computer Ctr, Denison Uni ver­
si ty , Granv ill e O H 43055 , (614) 58HlBl0 . 

June 6-8, Eighth Annual Conference of 
the MUMPS Users Group, Marriott 
Hotel, Atlanta GA. Papers wi ll be 
presented on all aspects of MUMPS 
deve lop ment, imp lementat ion. and use. 
Contact Judith Fau lkner, Program Com ­
mittee, Depa r tment of Psyc hi atry, 
Cli nica l Sc iences Ctr, 600 Highl and Av, 
Madison WI 53792 . 

June 6-8, Computer Contract Nego tia­
tion, New York NY. Thi s three day course 
is des igned to give pa rti c ipa nts sou nd 
answers to the comp lex ram ifi cat ion s of 
prepar ing and negotiat ing computer con­
tracts. Contact Brandon Consulting 
Group Inc, 505 Park Av. New York NY 
10022. 

June 19-21, International Microcom­
puters/Minicomputers/Microprocesso rs 
'79, Pa lais des Expositions, Geneva 
SW ITZER LAND. Focus ing on the chang­
ing sta te of the art in mini/mi crocom­
puters and microprocessors, t he 1979 
conference program wi ll probe adva nces 
in systems and equipment, w i th em­
phasis on pra ct ica l app li cations and uses 
of mini computers and mi crocomputers 
as we ll as the tec hniques impor tant to 
thei r developm ent. 

June 20-22, The 1979 Symposium of the 
Wilmington Section of the Instrument 
S'ociety of America , Uni ve rsity of 
Delawa re, Newark D E. The symposi um 
theme, " Measurement Tec hn o logy fo r 
the 80'5," is be ing programmed by three 
of ISA's divis io ns: Process M easurement 
and Control, Ana lys is Instrumentation, 
and W ater and Waste Water Industries. 
Contact A H St raightif f, E I Du Pont de 
Nemou rs and Co Inc, (302) 366-3810. 

June 27-29, Machine Processing of 
Remotely Sensed Data, Pu rdu e Uni ve r­
sity, W Lafayette IN . Th e sympos ium w ill 
focus upon the theory, imp lementat ion 
and novel app li cat ions of machine pro­
cess ing of remotely sensed data . Contact 
Purdue Universi ty, Laboratory fo r Ap­
p li cat ions of Remote Sensi ng, 1 220 Pot­
ter Dr, W Lafayette IN 47906. 

July 9-20, Computing Systems Reliability , 
University of Ca li fo rni a, Sa nta Cru z CA. 
Contac t Institute in Computer Sc ience, 
University of Ca liforn ia Extens ion, Santa 
Cru z CA 95064 . • 



ISBN 0-931718-07-4 

$8.00 
Buy this book at 
yourfavorite com­
puter bookstore 
or direct from 
BYTE BOOKS.TM 

Add 5()q: per book for 
postage and handling 

~ ' _ ............ ~~~~~~~:: The marvelous ~ computer projects that 

Circle 36 on inquiry card. 

steve Ciarcia has constructed in his 
cellar are explained in detail so that you 

can make your microcomputer perform the same 
useful functions. Each article is a complete tutorial, 

presented in such an easy-going style that even 
beginners can understand and enjoy. 

"BOOKS OF INTEREST TO COMPUTER PEOPLE" 

70 Main Street peterborough, New Hampshire 03458 
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TMS-9900 Monitor 

Jeremy 0 Jones 
Alan Jones 
Dept of Computer Science 
Trinity College Dublin 
Dublin 2-IRELAND 

Everyone has their own idea of what a 
good monitor should and should not do. Our 
TMS-9900 monitor is aimed at a small Texas 
Instruments 9900 system (without disks) 
with a terminal (64 by 32 character screen 
size) for I/O (input/output). It has been 
designed so that programs (which may be 
cross assembled elsewhere) can be debugged 
efficiently. To this end, the monitor con­
tains an instant assembler, a disassembler, 
and comprehensive user program tracing 
facilities. The instant assem bier allows 
modifications in code to be made quickly, 
since calculating op codes is difficult because 
the op code fields are not aligned on nybble 
boundaries. 

The monitor occupies slightly less than 
256 bytes of memory and has been as­
sembled to occupy hexadecimal locations 
F400 thru FFFE. The monitor allows the 
user to examine and change memory 10-

cations; disassemble instructions; assemble 
mnemonics; perform memory searches; 
move blocks of memory; set breakpoints; 
trace program operation; and other func­
tions.-

The Nybbles Library is an inexpensive 
means for 8 YTE readers to share some inter­
esting but specialized forms of software. 
These programs are written by readers with 
small computers and printer facilities, and 
are therefore designed for particular systems. 
The algorithms and programming techniques 
in these programs can be directly used by 
readers with similar equipment, or can serve 
as an inspiration for improvisation on com­
puters of different characteristics. 

Potential authors of such programs 
should send us a self-addressed stamped 
envelope, with a request for a copy of our 
Guidelines for Nybbles Authors. Payment 
for Nybbles items is based on sales and 
length of the item. Rates are set at the time 
of acceptance. 

This month the 'TMS-9900 Monitor" 
(# 706) has been added to the Nybbles 
Library. To order your personal copy, at 
$3.00 postpaid, fill out the coupon below. 

Please send ____ copies of BYTE Nybble # _____ at $ _____ postpaid. 

Please remit in US funds only. 

____ Check Enclosed 

BillmyBAC # ____________ Exp Date 

BillmyMC # ____________ Exp Date 

Name ________________________________ _ 

Street ________________________________ _ 

City State Zip Code 

BYTE Nybbles library, 70 Main St. Peterborough NH 03458 

You may photocopy this page if you wish to keep your BYTE intact. 



CLIP & ORDER 
Descri ption Model No . Price Qnty Total 

16K Memory Add-On Kit $ 95.00 
S-100 3 S+P Interface Card 3 S+P-100K $159.95 

3 S+P-100A $1S9.95 
S-100 EPROM Programmer +3 EPR-100K $129.95 

EPR-100A $159.95 
TRS-SO* to S-100 BUS RSB-K $249.95 

RSB-A $2S9.95 
S-100 Video Display Board VID-100K $119.00 

VID-100A $139.00 
TRS-SO* Master Control Console MCC-K $159.95 

MCC-A $1S9.95 

TRS-SO* Expandor Interface EI-SOK $329.00 
EI-SOA $349.00 

TRS-SO* Disc Controller Module DCM-SOK $129.95 
DCM-SOA $159.95 

16K RAM Kit (With purchase of DCM-SO) $ S5 .00 

TRS-SO* EPROM Programmer +3 EPR-SOK $129.95 
EPR-SOA $159.95 

S-100 BUS Master Control Card MCC-100K $159.95 
MCC-100A $1S9.95 

S-100 Disc Controller Card- DC-SDK $139.00 
TRS-SO* Disc Drives DC-SOA $159.00 

S-100 RS-232 Control Card 232-100K $149.95 
232-100A $179.95 

TRS-SO* Serial Parallel I/ O Module MS10-K $129.95 
MS10-A $149.95 

S-100 Z-SO Central Processing Unit Z-S0100K $129.95 
Z-S0100A $139.95 

TRS-SO* To S-100 BUS Cable Adapter CAB-SOK $ 99.95 
CAB-SOA $119.95 

I 

S-100 SK Static 250NS RAM Memory Card 8K-100K $119.95 
8K-100A $139.95 

TERMS-CASH WITH ORDER, VISA, MASTER CHARGE. NO C.O.D .'S! TOTAL 
PERSONAL CHECKS REQUIRE 3 WEEKS TO CLEAR . 

o My check (made payable to World Power Systems, Inc.) is enclosed 

o Please charge to my: 0 Visa 0 Master Charge No. _______ Exp. Date __ _ 
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Signature _ _ ____________ _ 

SHIP TO: Name _ ______________ _ 

'TRS-80 IS a Iradema rk 0 1 Tandy Corp 
:j:Sorcerer is a trademark 01 EX ldy. Inc . 
tApple II IS a trademark 01 Apple Computer, Inc 

Address _ _____________ ___ 

City/State ______________ _ 

Phone _______________ __ 
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The Intel 8275 CRT Controller 

Chris Tennant 
119 S Kaspar 
Arlington Hts IL 60005 

About the Author 

Chris Tennant is an 
electrical engineering 
graduate of the Univer­
sity of illinois. His spe­
cific areas of interest 
are communications and 
computer systems. As a 
hobby, Chris has been 
building the Z-80 5-700 
microcomputer par­
tially shown in the 
pictures. 

Chris works in the 
University's Psychology 
department as an elec­
tronic technician of the 
Cognitive Psychophysi­
ology Lab. Brain wave 
experiments are run, 
and PDP-77 minicom­
puters abound in this 
environment. Along 
with a fellow senior 
technician he has de­
signed and built dig­
ital and analog devices 
to interface the com­
puters to the test sub­
jects. Microprocessor 
projects are both in 
progress and on the 
drawing board. 
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The Intel 8275 is a programmable video 
display controller manufactured by Intel 
Corporation. It is sealed in a 40 pin dual 
in line package. The device is presently 
expensive, but it replaces more costly 
circuitry of a greater size and complexity. 

The 8275 has full color capability, a 
light pen option, many display modes, and 
simplicity in both hardware and software. 
This article's focus is on the ability and 
overall value of an 8275 based video ter­
minal. Since value is a relative judgment, 
frequent comparisons will be made be­
tween an 8275 based terminal and other 
kinds of terminals presently available. 

Video terminals can be divided into two 
groups: 

• Dedicated memory terminals. These 
are prevalent in microprocessor sys­
tems. A typical terminal contains 
1 K or 2 K bytes of memory for 
screen data . The memory is used 

almost continuously for screen re­
fresh, and hence is dedicated to the 
terminal. The processor may have 
both read and write access to the 
video memory. Dedicated memory 
terminals include bit mapped ter­
minals. Every dot location on a bit 
mapped display is addressable. Many 
bit mapped terminals allow read 
access as well as write access. 

• Direct memory access terminals. This 
ki nd of term inal is connected to a 
processor bus. The video memory 
actually resides in processor memory. 
It is not dedicated memory, so the 
information must be transferred from 
the processor to the screen for each 
sc reen refresh. Usually processor oper­
ation is suspended for refresh, result­
ing in lower processor throughput. 

For the most part, this article considers 
the use of an 8275 and a microprocessor 

Photo 7: The author's 2 board video controller using the Intel 8275 video display controller. 



YES!! Godbout has S-100 
BANK SELECT BOARDS! 

We're happy to announce the new CompuKit '" memories, each with two 
totally independent, individually selectable and addressable banks. These are 
low power, completely static, 4 MHz boards that offer Econoram quality in a 
brand new format. 

Our memory boards are generally available in 3 forms: unkit (sockets, 
bypass caps pre-soldered in place for easy assembly); assembled and tested; 
or qualified under the Certified System Component (CSC) high-reliabi li ty pro­
gram (200 hour burn-in, guaranteed 4 MHz operation over the full commer­
cial temperature range, and immediate replacement in event of fai lure within 
1 year of invoice date). 

Name Storage Buss Addressable on Design Unkit Assm csc 

Econoram XII-16 'M 

Econoram XII-24 'M 

Econoram XIII'M 

16K X 8 
24K X 8 
32K X 8 

5-100 
5-100 
5-100 

8K boundaries static 
8K boundaries static 

16K boundaries static 

$369 
$479 
$629 

$419 
$539 
$699 

$519 
$649 
$849 

. . . AND WE STILL HAVE THE BOARDS THAT MADE US FAMOUS, 
ALL THE WAY TO 32K: 

Name Storage Buss Design Speed Configuration Unkit Assm CSC 

Econoram /I'M 8K X 8 5-100 static 2 MHz dual 4K $149 $164 N/A 
Econoram IV'M 16K X 8 5-100 static 4 MHz single 16K $295 $329 $429 
Econoram VI 'M 12KX8 H8 static 2 MHz 1-8K, 1-4K $200 $270 N/A 
Econoram VII'M 24K X 8 5-100 static 4 MHz 2-4K, 2-8K $445 $485 $605 
Econoram IX'M 32K X 8 Dig Grp static 4 MHz 2-4K, 1-8K, 1-16K $649 N/A N/A 
Econoram X 'M 32K X 8 5-1 00 static 4 MHz 2-8K, 1-16K $599 $649 $789 
Econoram XI 'M 32K X 8 sse static 4 MHz 2-8K, 1-16K N/A N/A $1050 

SEE CompuKif PRODUCTS AT YOUR LOCAL COMPUTER STORE 

• FULL FUNCTION 
THE • DUAL CHANNEL 1/0 BOARD 

$189 unkit, $249 assembled & tested 
Our new I/O board gives you unparalleled flexibi li ty and operating con­

venience . . . we include features such as two independently addressable 
serial ports, real LSI hardware UARTS for minimum CPU housekeeping, 
full RS232C, current loop (20 mAl and TIL signals on both ports, crystal 
controlled Baud rates up to 19.2 KBaud, transmit and receive interrupts 
on both channels, industry standard RS232 level converters with five 
RS232 handshaking lines per port, optically isolated current loop with pro­
visions for both on board and off board current sources, full feature 
operation with either 2 or 4 MHz systems, low power consumption ( + 8V 
@ 350 mA typ; + 16V @ 70 mA typ; -1 6V @ 55 mA typ), no software 
initialization required for board operation (although board parameters 
may be altered by software) ... and much more. 

Amazingly enough, all these features won't cost you more than other 
types of I/O boards that do a whole lot less. Want complete information? 
Just w rite, and we'll be glad to tell you all about it. 

16K MEMORY EXPANSION SET $109 (3/$320) 
For Radio Shack-60, Apple, Sorcerer machines. 250 ns chips for 4 MHz 

operation, DIP SHUNTS, 1 year limited warranty. Includes easy-to-follow 
instructions. 

ACTIVE TERMINATOR KIT $29.50 
Our much imitated design plugs into any S-100 motherboard to treat 

the S-100 buss as the RF system it really is, thereby reducing noise, glit­
ches, ringing, overshoot, and other buss-related problems. Improves 
reliability of data transfer, while saving power compared to standard 
passive termination systems. 

11 SLOT MOTHERBOARD UNKIT $90 
Includes 11 edge connectors soldered in place for simplified assembly 

as well as active termination for reliable data transfer with energy effi­
ciency. Dimensions: 8.5" x 11". 

18 SLOT MOTHERBOARD UNKIT $124 
Same as above, but 18 slot version. Dimensions. 8.5" x 16.7". 

-------------------------------- --------------------------------JUST IN: AN EXCITING NEW CHIP FROM WESTERN DIGITAL, the 1791 MOs LSI dual density disc controller chip, 
----------------~ Prime part! With pinout and data, only $59. ~----------------

~--.-----------------------.I TERMS: Allow 5% shipping, excess AT 
refund e d . Cal res add tax. ( -......,. • TM 
VISN!l/tv\asterchargel!l ca ll our 24 0 K t 
hour o ,der desk at (415) 562-0636. mpu I 
COD OK with street add ress for UPS 
(UPS COD charge applies). Plices 
good through cover month of 

from 

magazine. BOX 2355, OAKLAND AIRPORT, CA 94614 

Ci rcle 150 on inquiry card . 

HOT ·OFF· THE·PRESSES·CA T ALOGUE: 
Our new ca talogue is something you 
need if you' re into electronics. Parts, 
kits, computers, elec tronic music, 
specia ls ... it's really packed, and it's 
free. Just send us you r name and ad­
dress, we'll take care of the rest. 
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Figure J: A functional block diagram of the Intel 8275 video controller 
integrated circuit. 
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system as a terminal. Hence, this terminal 
is intended to be connected to a large 
computer. The hobbyist, on the other hand, 
often uses a microprocessor as a stand alone 
computer. For the hobbyist, processor 
time is more important than for the user 
of a microprocessor based terminal connect­
ed to a larger computer. Th erefore, the 
potential homebrewer reading th is article 
would understandabl y be skeptical of the 
8275 because it can rob up to 25 percent or 
more of the processor's time. But after all 
things are considered, I believe that even the 
experimenter wil l be tempted by the fea­
tures of the 8275 as I was. 

An example of how the 8275 can be 
uniquely applied to a real life situation 
wil l help to orient the reader toward its 
abi li ties. A power generating plant could 
employ an 8275 based te rmin al in its main 
control room. Many tab les of data might 
be kept in the computer defining the 
status of various generators, the power 
load of various points in the city and graphs 
of previ ous days and weeks' status. 

The operator, usin g an 8275 based ter­
minal, cou ld flip between the pages of 
inform ation. The operator could watch 

statistics change dynamically. Headings 
of tab les wou ld be underlined. Important 
statistics would be printed as reverse video 
characters, ye ll ow alert in formation would 
be highli ghted, and disaster information 
would be highlighted and blinking. This 
way, the operator can find the necessary 
information at a glance. If one is looking 
for all disaster and yellow alert data, one 
can spot it immediately, at a time when 
seconds count. If one is looking for other 
kinds of inform ation, it can also be found 
quickly because it, too, has its own kind 
of signature. Dedicated memory termi­
nals and bit map termina ls wou ld all be 
too slow for this application involving 
emergency situations . Once the operato r 
has the needed information, he or she can 
initi ate corrective measures through the 
same terminal. 

What follows is an introductory expla­
nation of 8275 operation. Its merits and 
weaknesses are judged by comparing it to 
scrolling terminals, dedicated memory ter­
min als and bit mapped (also dedicated mem­
ory) terminals. Finall y, the frequent uses 
of terminals in general are measured against 
the 8275's abilities. I hope to show that 
the 8275 meets most of these needs better 
than the other term inals. 

Device Description 

The 8275 video controller requires two 
peripheral items in order to operate : a 
microprocessor and a direct memory access 
device. The microprocessor initializes the 
8275 during power-up. It also shares its 
memory with the 8275. Figure 1 is a func­
tional block diagram of the 8275. ' The 
lefthand signal li nes interface to the system 
bus. The processor comm unicates with 
the 8275 via the bidirectional data bus and 
standard handshaking. The single address 
line, AO, indicates that this device occupies 
two locations in memory or I/O (input/ 
output) space. The 8275 communicates 
with the direct memory access controller 
via the direct memory access request output 
and direct memory access acknowledge 
input. The in terrupt output is used to co­
ordinate direct memory access activity. 

The video control lines are described 
below. 

• Character Clock input. The character 
clock te ll s the 8275 how fast char­
acters are to be output to the screen. 
It also clocks the several internal 
counters which provide the screen 
timing. Direct memory access timing 
is based on the character clock as 
well . 



FIJllL SIZE. DIJAL DENSITY. AFFORDABLE PRICE 
We are offering, for a limited time, the 
industry proven Remex RFD10008 
Disc Drive at an introductory price of 
$395. This is the lowest price ever 
advertised for a full size disc drive. This 
drive can operate in either single or 
double density mode and can store up 
to 800k bytes unformatted. It has been 
on the market for three years and has 
been proven in the field . 

We are also a service center and ready 
to service what we sell at rates that 
keep hobbyist and small OEM budgets 
in mind . 

Circle 68 on inquiry card. 

$395.00 
BONUS OFFER: We will include 
two important options-Optical 
Write Protect and a Door Lock 
Mechanism-list price value 
$50. for only $25. for ordering 
promptly . If you include check 
or money order with your 
order, we will include these two 
options absolutely FREE. 

The Computer Factory 
P. O. Box 155 
Arlington Ma. 02174 

Name 

Addrell8 

City 

Disc Drlves_@ ~395. 

State 

~Ions PackllIles_@ $25. 
Sh~~8.00/drlve 
Tax Mass. Residents 
TOTAL 

o Check or M.O. with order 
(Get free options package) 

o C.O.D. (Include 25% with order) 
o M.C. # 

Zip 

o Visa # ________ __ _ 

Signature 
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CHARACTER 
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J >-J CHARACTER J 
GENERATOR 
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~ ROM .1>- SHIFT 

LINE COUNT 2716 
~ 
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J J 
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J ----VERT"""-
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VIDEO 
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(2b) 

BJ~[]BEE 
Figure 2: A description of the circuitry needed for generating built-in characters. The resulting characters that are output are 
shown in figure 2b. 
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• Line Count outputs. These four 
outputs inform the character gen­
erator which scan line the screen 
is tracing. At the top of a character 
row, the line count is O. After the next 
retrace, the line count is 1, and so 
forth . The line count tells the char­
acter generator which row of dots 
to output. The line count is pro-

grammable from one to 16 scan 
Ii nes per character. 

• Character outputs . These seven bits 
of output determine which one of 
128 possible characters is to be dis­
played. They typically output the 
ASCII code representations of the 
characters. 



• Two Built in Characters outputs. 
These signals are used to provide 
11 characters without the use of a 
character generator. The use of these 
outputs may add needl ess complexity 
to the video circu itry. Figure 2a 
shows the circuitry needed to pro­
vide the characters in figure 2b. 
These characters are used for drawing 
boxes around fields on the screen. 
A lower chip count and severa l hours 
of bui lding t ime are sacrificed for 
these 11 characters. It is recom­
mended that the characters be put 
in the character generator read only 
memory. The 2708 programmable 
read on ly memory makes a good 
128 by 8 by 8 character ge nerator. 
I chose a programmable read onl y 
memory because I cou ld not find 
a character generato r I li ked on the 
market. 

• Two General Purpose outp uts. These 
two bits can be individually pro­
grammed to change logic leve ls at pre­
determined points on the scree n. Their 
functio n is left to the designer. 

• Reverse Video output. This bit te ll s 
the video circu itry that the negative 
image of the character is to be dis­
played. A white character on a black 
background is therefore displayed as 
a black character on a white back­
grou nd. 

• Light Enable output. When this out­
put is high, an override of the char­
acter generator occurs and only 
white dots are sent to the screen. 
This output is used for the under­
line functio n and to display the 
cursor. 

• Video Suppress output. This output 
has the opposite function of light 
enable. It blan ks the screen. I t also 
provides blinking characters, invisi­
ble retrace and "end of line" blank­
ing (which wi ll be explained later) . 

• Highlight outp ut. Characters of two 
intensities are possible because of this 
output. 

• Horizontal Retrace output. Raster 
timing is generated in ternall y. This 
output synchronizes the video moni­
tor's horizonta l oscillator with the 
8275 . 

• Vertical Retrace outpu t . Th is output 
synchro ni zes the monitor's vertical 

Number Type +5 V GND - 5 V +12 V 

IC1 8275 40 20 

IC2 8212 24 12 

IC3 74LS165 16 8 
IC4 741 69 16 8 
IC5 7404 14 7 

IC6 7400 14 7 
IC7 7486 14 7 
IC8 7402 14 7 

IC9 7432 14 7 

IC10 7416 14 7 
IC11 7408 14 7 

IC12 7414 14 7 

IC13 74174 16 8 

IC14 74157 16 8 

IC15 74157 16 8 

IC16 74157 16 8 

IC17 7400 14 7 

IC18 74 126 14 7 

IC19 2102 10 9 

IC20 2102 10 9 

IC21 2102 10 9 

IC22 2102 10 9 

IC23 2102 10 9 

IC24 2102 10 9 

IC25 2102 10 9 

IC26 2102 10 9 

IC27 2708 24 12 21 19 

IC28 7400 14 7 

IC29 74426 14 7 

IC30 74426 14 7 

IC31 74426 14 7 

IC32 74426 14 7 

IC33 7405 14 7 

IC34 7421 14 7 

IC35 7486 14 7 

IC36 74139 16 8 

Table 7: Power pin assignments for the circuits in figures 3 thru 6. 

osci ll ator with the 8275. The duration 
of both kinds of retrace is program­
mab le. 

• Light Pen input. A positive edge on 
this input latches the present row and 
column positions. One possibl e li ght 
pen circuit is shown in fig ure 3. The 
li ght pen is a phototransistor. It is 
connected to a differentiator (the 
resistor/capacitor network) and a com­
parator. The comparator detects a 
positive sp ike caused by the electro n 
beam intensifying the phosphor on 
the screen. A Schmitt gate gives the 
video contro ll er a clean, sharp edge. 
The contro ll er now has the row and 

Tex t continued on page 739 
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NEW UTILITY FOR 
YOUR COMPUTER. 
Until now, there hasn't 
been a Real.:rime Clock 
for the Apple 11*. The 
Apple Clock from Moun­
tain Hardware keeps time 
and date in 1 mS increments 
for over one year. On- board 
battery backup keeps the clock 
running in the event of power 
outage. Software controlled interrupts are 
generated by the clock. That means you can 
call up schedules, time events, date printouts 
.. . all in real time on a programmed schedule. 
EASY TO USE. 
The Apple Clock is easily accessed from 
BASIC using routines carried in on-board 
ROM. With it, you can read time and 
program time-dependent functions for 
virtually any interval. From milliseconds to 
days, months or a year. 
PLUG IN AND GO. 
Plug the Apple Clock into a peripheral slot 
on your Apple II and you're ready to go. 

FEATURES. 
• Time and date in 1mS 
increments for periods 
as long as one year. 

• Software for calendar 
and clock routines, as 

well as an event timer 
are contained on on­

board ROM. 
• Program interrupts . 

• Crystal controlled accuracy 
of ±.001% . 

• On-board battery backup keeps your clock 
in operation even during power outage. 

REAL TIME AT THE RIGHT PRICE. 
At $199 assembled and tested, it's the clock 
your Apple has been waiting for. And, it's 
available now through your Apple dealer. 
Drop in for a demonstration. Or return the 
coupon below. 

A COMPLETE LINE. 
Mountain Hardware also offers a complete 
line of peripheral products for many fine 
computers. 

r----------------------------------, 
! .~~ Mountain Hardware, InC. 
I ~ 300 Harvey West Blvd., Santa Cruz, CA 95060 
~ (408) 429·8600 . 

Sounds great. 

_ Send me everything I'll need to know about the Apple Clock. 
_ I've got a computer. Send me information. 

Name _ _____________ _ _ 

Address _ _ ~ ___ _ _ _ _ ___ _ _ 

City ________ State _ __ Zip __ _ 

• Apple II is a trademark of Apple Computer, Inc. l __________________________________ ~ 

Circle 256 on inquiry card. BYTE May 1 979 137 
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Text continued from page 735: 

column positions latched in its in­
ternal registers. 

I t is good to know that the two General 
Purpose, the Reverse Video, and the High­
light outputs all operate identically. Their 
functions can be changed at the will of 
the designer. Any three of the outputs 
could be used to represent the primary 
colors. Then either additional chroma 
circuitry or direct connection to the elec­
tron guns' amplifiers could turn the output 
bits into actual colors. This feature could 
be very important to experimenters who 
may someday upgrade ' their systems to 
have color video. 

Video Display Circuitry 

Since this article is primarily concerned 
with the 8275's operation, discussion of 
the circuit will be limited mostly to the 
composite video output circuitry. The 
purpose of this section is to further acquaint 
the reader with the 8275. Figure 3 shows 
one' configuration for producing a composite 
video signal. A dot clock is divided down to 
provide the character clock. If the dot clock 
is divided by n, there are exactly n dots per 
character horizontally. The character clock 
is connected to the 8275, but it must also 
connect to two other points. It controls the 
loading of the shift register, and it clocks 
several bits through flip flops. The shift 
register turns the parallel dot data from 
the character generator to serial form for 
the video display. The six bits (Reverse 
Video, Light Enable, Video Suppress, High­
light, Horizontal Retrace and Vertical 
Retrace) are delayed by one clock by passing 
them through the flip flops to synchronize 
them with the slow speed of the character 
generator. They are then gated with the 
character data through some logic gates to 
produce the composite video output signal. 

My character generator (figure 4) has 128 
fixed characters and 128 programmable 
characters. The . programmable characters 
are interfaced to the processor bus in such 
a way that the processor has priority of 
access over the 8275. The video controller 
selects one of the 128 character groups with 
a General Purpose output. Note that up to 
512 characters are possible if both General 
Purpose outputs are used. The simplest 
character generator would have no inter­
face to the processor bus and would consist 
of a single character generator. 

Figure 3 gives the reader an idea of the 
complexity of the output circuit. Each box 
represents one integrated circuit (if a simple 
character generator is assumed), except 
for the six flip flops, which are all contained 
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Figure 5: This circuitry will interface the video controller to the computer's 
bus. 

in a single chip. A total of about a dozen 
chips is required to realize the output logic. 
With a crystal and some resistors and capac­
itors, the output circuit is complete. 

Screen Format 

The screen format of the 8275 is pro­
grammer definable . Characters can be 
displayed either single or double spaced. The 
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Figure 6: The address 
decoding circuitry is added 
to the character generator 
circuitry of figure 4 to 
complete the video 
controller. 

140 May 1979 © BYTE Publi ca tions Inc 

+5V 

~
IC35 

10K 4 7486 

~ 5 b 
rh AI4 

r AI3Oo---'-I 
+5V 

J AI2C>-"":":7 

height of each character is programmable 
from 1 to 16 raster scan lines. The number 
of characters in a row is programmable from 
1 to 80. The number of rows from top to 
bottom is programmable from 1 to 64. 
Unfortunately, the monitor's timing is not 
infinitely flexible . Some screen formats 
would be impossible for a monitor to 
synchronize with. For example, a screen 
format of two characters horizontally by 
two characters vertically would not be 
possible. A horizontal or vertical retrace 
signal would come from the 8275 long 
before the monitor's beam was at the end of 
the screen. Another limitation may be the 
bandwidth of the monitor. If the monitor 
has a low bandwidth, the characters may 
become smeared and difficult to read if 
there are too many characters in a hori­
zontal row. The parameters also depend on 
the character clock going into the 8275. 

In spite of all this confusion, there is a 
range of screen and character formats wh ich 
is acceptable to the monitor, and one of 
them must be chosen before data can be 
displayed. 

The screen format parameters are loaded 
into the 8275 after power-up, but can also 
be changed dynamically. This means that 
different screen and character formats can 
be used to represent different kinds of 
information . For example, a tightly packed 
screen of 4 K characters might be used for 
graphics, a medium packed screen of 2 K 
to 3 K characters might display text, and a 
loosely packed 1 K character screen might 
be a table of contents or other directive 
data. The user could tell at a glance what 
kind of information he is looking at just by 
the screen format. Only six bytes are required 

A II 

AIO 

6 

IC 36 
74139 

CS 

MCs 
ROMCS 
DIRECT MEMORY 
ACCESS Cs 

to reprogram the 8275'5 screen and character 
format. 

Controller Circuitry 

Building a direct memory access circuit 
requires special care. The device is master 
of the bus at one moment, a normal periph­
eral the next; a situation which requires 
some signal reversing. Furthermore, when it 
is the bus master, it can do some odd things 
to the timing. 

The Intel 8257 direct memory access 
controller will set up a memory address 
and do a normal memory read by making 
MEMRD low. Then, the I/O write (IOWR) 
will go low to strobe the data to the I/O 
device (the video controller in this case). 
The signal DACK informs the video control­
ler that it alone is intended to receive the 
data. If the designer is not careful, other 
I/O devices may be accidentally addressed. 
Each direct memory access cycle puts a new 
address on the bus. The cycling of addresses 
and the strobing of 10WR will eventually 
access all I/O devices unless disabling of I/O 
devices is designed into the system . The job 
is more complex when dealing with S-100 
signals. 

My direct memory access controller has 
evolved its way out of S-100 compatibility . 
Stubbornly using Intel's direct memory 
access controller meant altering boards and 
the bus . Some nonstandard things needed to 
be done . I ndeed, my devices are not even 
I/O mapped as the 8275 assumes. Rather 
than raking over the details of my circuit, I 
recommend the reader check on other direct 
memory access devices, such as the Zilog 
Z-80 DM-8. It has separate cycles for reading 



5·100 Memory for peanuts, 
Artec has dashed its prices! 

32K 'or $620, 16K for$315-Assembled. 
No matter what your needs, Artec has a 
memory board for you. You can start with 8K 
of TI 4044 memory on a 5.3" x 10" card and 
work your way up to a full 32K in 8K 
increments. The access time is only 250ns. 
The memory is addressable in 4K blocks 
and is perfect for S100 and battery aug­
mented systems. The Artec 32K Expand­
able Memory has four regulator positions, 
bank select and plenty of room for all 
necessary support hardware. It uses less 
than 1 amp per 8K of memory (3.9 for 32K), 
and only +8 volts. 
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BOARD KIT ASSEMBLED 
8KMemory $150 $175 

16K Memory $265 $315 
24K Memory $400 $475 
32KMemory $520 $620 

Add-ons: $1 35-Chips alone: $7.00 

Ci rc le 13 on inquiry ca rd . 

GP100-$20.00 
Maximum design 
versatility along with 
standard address 
decoding and buffer­
ing for S100 sys­
tems. Room for 32 
uncommitted 16 pin 
IC's, 5 bus buffer & 
decoding chips, 1 
DIP address select 
switch, a 5 volt reg­

. ulator and more. High 
quality FR4 epoxy. 
All holes plated 
through. Reflowed 
solder circuitry. 

WW100-$20.00 
A wire wrap bread­
board, similar to the 
GP100. Allows wire 
wrap of all sizes of 
sockets in any sizes 
of sockets in any com­
bination . An extra 
regulator position for multiple voltage appli­
cations . Contact finger pads arranged 
for easy pin insertion. 

Buffering Kit-$12.65 
All the necessary components to bootstrap 
any Artec board into your system. Buffering 
110, DIP switch heat sinks and every support 
chip you need. 

TO ORDER: Use your Mastercharge or 
BankAmericard. Or just send along a money 
order. We can accept only U.S. currency. 
Please include $3 handling on all orders. 
California residents add 6.0% sales tax. 

FOR MORE INFORMATION: For more in­
formation about these or any of Artec's com­
plete line of circuit boards or for either indus­
trial or personal use, please call or write. A 
catalog will gladly be sent. 

~----- --------------------, 
Please send me: (Include Quantity) 
_32K _ GP100 _WW100 
o I've enclosed a money order. 

o Mastercharge No. 

o BankAmericard No. __ _ 
Exp. Date 

Name ________________________ __ 

Address ______________________ _ 

City ______ Stat. ___ Zip __ _ 

Calif. Res. add 6% Sales Tax $3.00 Handling Encl. 

ART€C €L€CTRONIC), INC. 
605 Old County Rd ., San Carlos, CA 94070 

(415) 592-2740 
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Figure 7: An example of scrolling and using direct memory access. The screen 
(7a) resides in processor memory (figure 7b). Scrolling takes place when the 
current direct memory access pointer is moved as shown in figures 7c and 7d. 
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memory and writing to a peripheral. It also 
all ows memory mapped I/O. Of the two 
direct memory access devices mentioned, it 
alone can be considered S-l 00 compatible. 

Direct Memory Access 

Characters which are to be disp layed on a 
video screen are transferred by direct memo­
ry accessi ng from processor memory . The 
direct memory access process also retrieves 
the special attributes such as reverse video, 
highlight, underline, blink, and two general 
purpose signals. A series of direct memory 
access transfers occur for each character line 
to be displayed. After the 'entire screen has 
been written, vertical retrace occurs, and the 
direct memory access is repeated. The micro-

processor must wait wh ile the transfer takes 
place. This may interfere with as much as 
25 percent of the processor's time. This 
figu re does not take "cycle steal ing" into 
account. (Cycle stealing is a condition where 
the processor all ows the direct memory 
access controller to take control of the 
system bus whi le the processor is doing 
internal work.) The processor is not using 
the bus anyway, so the direct memory access 
controller steals that clock cycle or cycles . 
For an 8080A, the timing diagrams seem to 
indicate that no cycle stealing takes place. 
The processor-direct memory access hand­
shaking is too slow. This will be true for 
either controller mentioned earlier. My 
25 percent figure assumes a full 2 K screen 
with no cycle stealing, and using the Intel 
controll er at a 2 MHz clock frequency . The 
screen is refreshed at a rate of 60 Hz . 

A strong argument against the 8275 is 
. that it cuts into processor time wh ile merely 
displaying a static picture. Other terminals 
for microprocessors, such as those with 
ded icated video memory, can operate 
without disrupting processor operation at 
all. The only time the processor uses up with 
respect to video is the time it takes to 
change the screen. 

Opponents of the 8275 point out the 
direct memory access problem as its greatest 
weakness. But using direct memory access 
also has its advantages. The reader can weigh 
the advantages of the 8275 against this 
overhead disadvantage. I find that, for 
my purposes, the fl ex ibility and display 
power offered is worth the loss of processor 
throughput. Furthermore, as will be seen, 
the overhead can be red uced . 

With direct memory access capabilities, 
the processor memory is shared with video 
memory but without timing conflicts. 
Dedicated memory video terminals, on the 
other hand, give the processor priority in 
memory operations. If the terminal is 
writing characters when the processor takes 
over its memory, the screen becomes unde­
fined, and a "scratch" mark results. Scrol ling, 
page changing and other operations which 
require arou nd 2,000 reads and 2,000 writes 
(for a typical 2 K screen) can produce 
temporary havoc on the screen . A dynami­
call y changing screen can be annoying to 
look at. Video memory for the 8275 can be 
read from or written into at any time with­
out scratch marks because only one device 
operates at a time - either the controller or 
th e processor. 

The direct memory access contro ll er is 
programmable to work on any section of 
memory. It can, in fact, be programmed to 
change source locations at any time. This 
means that page changes of the video screen 



can be made by changing the accessed 
address; a task which requires half a dozen 
writes. This compares with 2,000 reads and 
2,000 writes of a block transfer in dedicated 
memory terminals. 

With direct memory access, scrolling is 
automatic. The interrupt output of the 8275 
is used to tell the processor that the bottom 
of the screen has been reached . At th is 
time the processor can effect a scroll by 
changing the current pointer in th e con­
troller (figure 7). Without any actual charac­
ter manipulation, the characters on the 
screen are made to move up by one row. 
The top row swings around to the bottom . 
This new bottom row can then be erased. 
The same locations in memory are used 
before and after the scroll. Both scrolling 
up and scrolling down are possible. 

A different kind of scrolling is also 
possible. I n this method, the addressed 
memory space actually does change. If the 
programmer is dealing with 10 K bytes of 
text, it could be scrolled one I ine at a time 
by moving the direct memory access space 
down by 80 (for an 80 character per line 
screen format - see figure 8) . The current 
direct memory access pointer is always at 
the top of the address space. Th is is just 
another form of page changin.g with most of 
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Circle 75 on inquiry card. 

((II (bl 

BEFORE SCROLL AFTER SCROLL 

the screen being common to both pages. 
The 8275 is an intelligent controller. 

As it accesses the data, it examines the 
incoming characters for special command 
bytes . When the most significant bit is a 
one, the controller knows this is a special 
command. One command outputs one 
of the 11 built-in characters. Another special 
command sets or resets six bits corre­
sponding to reverse video, underline, blink, 

Figure 8: A simplified 
memory map showing 
scro/ling by moving the 
pointers to different mem­
ory areas which are ac­
cessed by the video 
control/er. 
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INTRODUCING - THE NEW 
DUAL DRIVE MINIFLOPPY FOR PET! 

c· PET 

CUSTOMER ORDERS 
ARE NOW BEING 
SHIPPED WITHIN 
TEN DAYS!!! 

NOW WITH 
OPTIONAL 400K 
(DUAL DENSITY) 

• DUAL MINI FLOPPY DRIVE WITH 100K PER DISK SIDE FOR TOTAL 200K ON LINE. 
• COMMERCIAL LOADING SPEEDS' 8K LOADS IN 2.6 SECONDS COMPLETE. 
• DOS REORGANIZES SPACE AFTER SAVE OR ERASE FOR EFFICIENT STORAGE. 
• DISKMON ADDS OVER 20 COMMANDS TO BASIC INCLUDING DISK DATA FILES. 
• DISKMON COMMANDS SUPPORT COMMERCIAL PRINTER OFF PARALLEL PORT 

SUCH AS CENTRONICS LINE OF PRINTERS (AVAILABLE FROM NEECO) 
• FULL DISK SOFTWARE SUPPORT' FORTRAN & PLM COMPILERS' 
• 90 DAY MANUFACTURER'S WARRANTY ON HARDWARE' READY TO USE ON 

DELIVERY . FULL MANUAL AND UTILITY DISKETTE INCLUDED. 
• CALL OR WRITE FOR COMPLETE INFORMATION ON THE "DISKDRIVER". 
• THIS SYSTEM REQUIRES EXPANDAPET MEMORY (MINIMUM 16K) 

DKH642 - DUAL DRIVE SYSTEM , COMPLETE WITH DISKMON 
ASM789D - PET ASSEMBLER ON DISKETTE WITH MANUAL. 

'LNK456 - AUTOLINK LINKING LOADER ON DISKETTE WITH MANUAL . 
'PLM400 - COMPILER ON DISKETTE (AVAILABLE APRIL/MAY) 

FOR300 - FORTRAN COMPILER ON DISKETTE (AVAILABLE APRIL/MAY) . . 
DKL067 - DISKMON ASSEMBLER LISTING/DOS ..... . ....... " 
DATA1 00 - COMPLETE DATA BASE SYSTEM (PRICE APPROXIMATE) . . 
BASCOMP - BASIC COMPILER ON DISKETTE (AVAILABLE MAY) .. 
NGP200 - 20 GAMES ON DISKETTES . 
BKGAM - BACKGAMMON ON DISKETTE 
MICRO - MICROCHESS ON DISKETTE ..... . .• . . . . . 
CEN779(1 ) - CENTRONICS 779·1, ROLL FEED DOT MATRIX 

$1295.00 
$49.95 
$49.95 
$49.95 
$69.95 
$19.95 

$400.00 

$49.95 
$24.95 
$24.95 

COMMERCIAL PRINTER ......... $1245.00 
CEN779(2) - SAMEAS 779(1) BUT WITH TRACTOR FEED - PLUG INTO PET . $1345.00 

DKH641 IS A PRODUCT OF COMPUTHINK. AX10M - ELECTROSTATIC5.5INCHPRINTERW!THALLOFPET'SGRAPHICS $495.00 

PET COMPUTER 
NEECO 

NOWOFFERS 

A FULL SIX 

MONTH 

WARRANTY 

ON ALL 

PETS ' - AN 

ADDITION AL 

.,~ 
P .. · ·:·:·:~:.;:~ ~~~ 
~,........-- by 

WHY NOT BUY FROM THE BEST? 
8K PET .. . . .. $$1729250: ~~i;~~~~';EU;~~~.~:~RR~~~,T~~:EUE~LOS~~~6cREE ~~~::~~T. 
24K PET (8 + 16K) * FULL CUSTOMER SERVICE AND FULL PRODUCT SUPPORT. 

32K PET (8+ 24K) $1320 * 48 HR MAXIMUM 'TURNAROUND' ON PET WARRANTY 
SERVICE ON PETS PURCHASED FROM NEECO. 

ALL PRICES INCLUDE 48 HR. PRE. * FULL PRE·PURCHASE INFO AVAILABLE FROM OUR PET INFO 
SHIPMENT TESTING & PACKAGE - WE ANSWER CUSTOMER QUESTIONS! 

3 FREE CASSETIE PROGRAMS * ~W~E~~T~CAf3~~~~S~E~~~m~R~T'f-Pt1~SLY~~EOD~R PET 
* COMMERCIAL QUANTITIES AVAILABLE. 
* WE ALSO MARKET REPLACEMENT RAMS & ROMS, ETC. 

COMMODORE 
* OFF THE SHELF DELIVERIES (NO DEPOSIT REQUIRED). 

PRICES SHOWN ABOVE IN· 
CLUDE EXPANDAPET. PME 
MEMORIES WILL HAVE HIGHER 
PRICING. 

SCHOOL INQUIRIES INVITED! ----, ............. ,.......,.....1IIIIIIII 

EXPANDAPETTM INTERNAL MEMORY 
EXPANSION UNIT 

DEALER INQUIRIES 
INVITED 

'MOUNTS EASILY INSIDE YOUR PET 
'EASY TO INSTALL (15 MINUTES) 
'NO DEGRADATION OF PET SYSTEM 
'USES LOW POWER DYNAMIC RAMS 
'90 DAY PART&LABOR, 1 YR·RAMS. 
'30 DAY MONEY BACK GUARANTEE. 
'MOUNTING SLOTS FOR 4 BOARDS. 
'CALL/WRITE FOR ADDITIONAL INFO 
'DEALER INQUIRES INVITED. 

EXPANDAPET PRICES 

16K (+8K PET = 24K) $425 
24K (+8K PET = 32K) $525 
32K (+8K PET = 40K I $615 

OPTIONAL PLUG·IN BOARDS 32K UNIT ALLOWS' 8K OF 
4K EPROM DAUGHTER BOARD ASSEMBLY LANGUAGE 
USING 2716 EPROMS ... . $50 SUBROUTINES ACCESSED 

VIA THE USR COMMAND. 

EXPANDAPET IS A PRODUCT OF COMPUTHINK. 

'COMMERCIAL QUALITY KEYBOARD WITH METAL ENCLOSURE. 
'BASIC TYPEWRITER DESIGN FOR TOUCHTYPISTS. 
'SINGLE KEY FUNCTIONS FOR ALL CURSOR CONTROLS. 
SHIFT/RUN, INSERT, CLEAR SCREEN/HOME CURSOR, MORE. 

'FUNCTIONS SIMULTANEOUSLY WITH PET'S KEYBOARD. 
'PLUGS DIRECTLY INTO PET'S LOGIC BOARD. 
'DOES NOT USE USER OR IEEE·488 PORTS. 
'NPK·101 IS FULLY TESTED & READY TO USE. 
'ATTACHES ~IRECTLY TO FRONT OF PET'S FRAME. 
'CAN BE USED AS A REMOTE TERMINAL (SPECIAL ORDER). 
'30 DAYS TRIAL PERIOD' 90 DAY WARRANTY. 
'CALL OR WRITE FOR FULL SPECS·INITIAL aTY LIMITED. 

NOW 
AVAILABLE! $139.95 

NPK·101 IS A PRODUCT OF NEW ENGLAND ELECTRONICS. 

WE CANNOTLIST ALLOF OUR SOFTWARE AND HARDWARE PRODUCTS 
CALLOR WRITE FOR OUR*FREE*SOFTWARE/HARDWARE DIRECTO 
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NEW ENGLAND ELECTRONICS CO., INC. 
679 HIGHLAND AVE ., NEEDHAM . MASS. 02194 

MON .·FRI. 9:30·5:30 

(617) 449·1760 
MASTER CHARGEIVISA ACCEPTED 
TELEX 951021 

Circle 281 on inquiry card. 



PET 2001 - 32K 

PROUDLYANNOUNCESTHENEWEST 

PET MICROCOMPUTERS BY COMMODORE! 
The PErM is now a truly sophisticated 

Business System with the 
announcement of these Peripherals. 

Ill!! PET'· ,ncorllOfi) tcd \\ ("1/1(' rtoppyOlsJo, and PfII'1ICf to<lay lIolle. s 11 \'J1~eIiI!IgCOI applcaMns 110m lOc;g.ng 
ma~cs an 'Ileal t1US't\CSS system IOf most pra!CSioonal mana~1 sl'a~egy In rna:or CO'poIar.ons loo'caruNlQ 
.lna spec'al'lNj :,(>lll5 mcC,C"lC 1;..01 cCntal l£.>Seare" accounts and IflVi?flIOl'y COOlrol 01 SIl1an tlus>fl(.'Sses HCIC 
I) rl(i nccrong l00!ma~'ng p!1nll fll1 ('(lucahofl Ct1Cfgy con· arc luSI a l(lI'l 01 inC cosl ·sav og uses on the corporal ml, 
Sl'rv<lhOn c rc !'IC PEr- BlIs,flnss System liS ~ prOfesSional oU,ce 01 small tJUs'ncss slOC~ control. 
11l"n.lycrncrll loo1.ll.'I,~crs ,nIOIIl1.11oon 10')11 k.'Ycs at purcnasmg lorecastlng manul<lCILflng costing customer 
Ous,ncss orl:"."ouSly ana·nablcont~\\~[hCCu'I)fl"Cfl1 'ceoras ma,I'ngl,s:s crc i'lcPET"" FlopoyD$o( and 
'!I;my runes mOI(> e,"cnso~e 11"10 PI: T'~ Bus,ness P"rlle, a COIf'Po" '!]''..' ilus,ness system i1t a 'l:asona~e 
5y~t c! ~115 01'1(' or 111(' most cost f'1l1c,cnt bus-ness tOOlS IllIce - Ta" .... a closer ;'It Inesc Pcnpl1(!,ais 

PRODUCT DESCRIPTION 

PET 2001 - 4K ' . 4K RAM 
PET 2001-8K· 8K RAM 
PET 2001-16KLARG E KEYS 16K RAM 
PET 2001-32KLARG E KEYS 32K RAM 
PET 2041 SINGLE FLOPPY 
PET 2022 PRINTER TRACTOR/ROLL 
PET 2023 ROLL FEED 
PET 2040 DUAL FLOPPY 
8 K RETROFIT ROM KIT 

PRICE 

$ 595 
$ 795 
$ 995 
$1195 
$ 595 
$ 995 
$ 850 
$1095 
$ 50 

AVAILABILITY 

IMMEDIATE 
IMMEDIATE 
IMMEDIATE 
IMMEDIATE 

JUL Y·AUGUST 
JUL Y·AUGUST 
JULY·AUGUST 

IMMEDIATE 
IMMEDIATE 

. THESE UNITS IN CLUDE THE C2N CASSETTE AND SMALL KEYBOARD. THE FULL SIZE 
KEYBOARD UNITS DO NOT INCLUDE A BUILT IN CASSETTE-ORDER C2N 

I LARGE TYPEWRITER KEYBOARDS NOW AVAILABLE! 

NEECO IS NOW ACCEPTING $25 DEPOSITS ON THE SYSTEM COMPO 
NENTS OF YOUR CHOICE! PURCHASE ORDERS ARE ACCEPTED IN 
LIEU OF DEPOSITS. NEECO IS A FULL COSTOMER SERVICE ORIENTED 
COMPAN Y. PLEASE CALL FOR ADDITIONAL INFORMATION 

THE NEW (: commodore PET PERIPHERALS! NEW IBM SELECTRIC II 
TYPEWRITERS FOR PET! 

(BRAND NEW IBM II) 

\ 
I -- -~ .=-_",-> 1 ",-- __ .... ,,,..,_, 

l2r.>l!Il Iir~ 

2040 

Dual Drive Floppy Disk 
The Dual Drive Floppy is Ihe lalesl in Disk lechnology 
wilh exlremely large slorage capabilily and excellenl fi le 
management As Ihe Commodore disk is an ·· Inlelligenr 
peripheral. il uses none of Ihe RAM (user) memory of Ihe 
PET'" The Floppy Disk opera ling syslem used with the 
PET'" computer enables a program to read or write data 
in the background while simullaneously transferring dala 
over the IEEE to Ihe PET'". The Floppy Disk is a reliable 
low cost unit, and is convenient for high speed data 
Iransfer. Due tc Ihe latesl technological advances 
incorporaled in this disk. a lOla I of 360K bytes are avail­
able in Ihe two standard 51" '· disks, wilhout the problems 
of double tracking or double densily. This is achieved by 
the use of Iwo microprocessors and fifteen memory I.C.s 
buill inlo the disk unit Only two connections are neces­
sary - an A/ C cord and PET" interface cord. 

IMMEDIATE DELIVERY 

2022 

Tractor Feed Printer 
The Tractor Feed Prinler is a high speci ficalion prinler 
Ihat can print onlo paper (mull iple copies) ailihe PET'" 
characlers - lellers (upper and lower case). numbers 
and graphics available in Ihe PET'". The Iracior feed 
capabi lily has the advanlage of accepting mailing labels. 
using slandard preprinted forms (cuslomized). cheque 
prinling for salaries, payables, etc. Again, the only can· 
neclions required are an A/ C cord and PET'" connecting 
cord. The PET'" is programmable. allowing Ihe printer to 
format print for: wid th, deCimal posit ion, leading and 
trailing zero's, left margin justified. lines per page. etc. 
It accepts By,' · paper giving up to four copies. Bidirec· 
tional prinling enables increased speed of prinling. 

PLUG COMPATIBLE VIA USER 
PORT! WORD PROCESSING 
SOFTWARE AVAILABLE 
FROM NEECO_ CALL FOR 
INFO! IE3M FOR PET $1995. 

NEW ENGLAND AREA SUB-DEALERSHIP INQUIRIES INVITED! 

$9995 

C2N SECOND CASSETTE 

NEECO NOW OFFERS A FULL SIX MONTH WARRANTY ON ALL PETS SOLD BY NEECO! FEEL FREE TO CALL US FOR THE 
LATEST INFORMATION ON THE NEW PET PERIPHERALS . REMEMBER, A $25 DEPOSIT (OR A PURCHASE ORDER) WILL 
BACKORDER AND HOLD ANY SYSTEM COMPONENT OF YOUR CHOICE!-WHY NOT BUY FROM THE BEST!-NEECO OF· 
FERS THE BEST IN CUSTOMER SERVICE!-NEECO OFFERS COMPLETE SOFTWARE (COMMERCIAL & CONSUMER) SUP· 
PORT!-MANY PACKAGES AVAILABLE! CALL FOR MORE INFO!-ARE YOU ON OUR MAILING LIST? 
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NEW ENGLAND ELECTRONICS CO., INC. 

679 HIGHLAND AVE, NEEDHAM , MASS. 02194 

MON .-FR!' 9:30-5 :30 

(617) 449·1760 
MASTER CHARGEIVISA ACCEPTED 
TELEX 951021 
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Figure 9: An example of 
using "invisible" special 
commands with the video 
controller. The output 
shown in figure 9a is what 
is desired. We wish to 
underline the five letters in 
the word "codes". Figure 
9b shows a memory map 
with the special codes 
inserted in the text. The 
set underline bit com­
mand will command the 
controller to underline all 
output until the bit is 
reset. The reset underline 
bit command stops the 
underlining procedure. If 
the codes were not invis­
ible, the output would 
probably look like figure 
9c. Since the special com­
mand codes cannot be 
converted into printable 
ASCII characters, spaces 
are output on the screen. 
Note the extended under­
line. This occurs because 
the reset underline bit 
command is printed before 
the bit is actually reset. 
This visible code mode is 
not advisable for high 
quality output. 
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2 SPACES 2 SPACES 

NOTE EXTENDE 0 
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high light, and general purpose. 
In order to underline fiv'e consecutive 

characters on the screen as in figure 9a for 
example, the five characters must be pre­
ceded by a special command which sets 
the underline bit (figure 9b). Every character 
followi ng the command is underlined for the 
remainder of the screen un less another 
special command resets the underline bit. 
Such a command would follow the 5 charac­
ter word to terminate the underline. Note in 
figure 9a that the special code does not 
occupy a character position on the screen. 
Th is happens with the 8275 even though the 
special codes are accessed just like the 
displayed data. The codes are "invisible." 
The 8275 can be programmed for either 
visib le or invisible special command codes. 
Figure 9c is an example of a visible com­
mand code. 

A different kind of command is end of 
line . When the 8275 reads this one byte 
command , it blanks the remainder of the 
current line by enabling the video suppress 
output. Thus, after a scroll, the new bottom 
line need not be erased but only headed by 
an end of line command. For an 80 charac­
ter per line format, one write effectively 
clears the bottom line instead of 80 writes. 

The end of screen command is similar to 
end of I ine except that the remainder of the 
screen is blanked instead of just one line. 
Thus, a clear screen operation consists of 
one write instead of 2,000. The end of 
screen command wou ld be placed at the top 
lefthand corner of the screen. 

It has been shown that emulating a simple 
scrolling terminal is easy with the direct 
memory access controller and the 8275 
video controller. When using a scrolling 
terminal, one notices the large amount of 
unused screen space that frequently exists. 
If the 8275 controller were to access 2,000 
characters when, say, only 200 characters 
were being disp layed, the 8275 would be 
wastefu Ily cutting into processor time . The 
stop direct memory access commands 
answer this problem. A short line of print is 
followed by an end of line, stop direct 
memory access command, which blanks the 
remainder of the line and discontinues 
memory transfer unti l it is needed for the 
next line . Variable line lengths are stored in 
memory, each fo llowed by end of line, stop 
direct memory access. The end of line, stop 
direct memory access command allows text 
to be both stored in compact form and dis­
played easily. Both kinds of scrolling dis­
cussed as well as page changing are simply 
achieved. The on ly difference is that variable 
line lengths are involved. 

The last line of nonblank characters can 
be followed by end of screen, stop direct 
memory access, which blanks all subsequent 
lines and terminates the transfer operation. 
The stop direct memory_ access cOl'flmands 
reduce overhead considerably. The processor 
experiences not 25 percent delay, but fre­
quently as low as 0 to 10 percent delay due 
to direct memory access operation. In this 
way, the direct memory access overhead 
argument is no longer as strong. Further­
more, much processor time is actually saved 
by the memory access - page changes, scrol­
ling, and line and screen blanking are all 
faster, requiring fewer reads and wr ites. 
They take less software than most dedicated 
memory terminals. Also, visual continuity is 
maintained because no scratches ever appear 
on the screen during reads and writes. 

Interesting results can be obtained by 
changing some of the device parameters. If 
the direct memory access controller is 
programmed to transfer 4 K bytes of mem­
ory, but the video controller is only pro­
grammed for a 2 K byte screen, the fol lowing 
resu I ts occu r. 

The first scan displays the first 2 K bytes 
of addressed memory. The vertical retrace 
occurs and the screen is redrawn. This time, 
the second 2 K bytes of addressed memory 
is disp layed . Upon the third frame, the first 



T.M . 

• IS 
available in 

----------------------
Please send me additional information. 

Name ____________________________ __ 

Institution __________________________ _ 

Street ____________________________ __ 

City ______________________________ _ 

State _________________ Zip 

University Microfilms 
International 
300 North Zeeb Road 
Dept. P.R. 
Ann Arbor, MI48106 
U.S.A. 

18 Bedford Row 
Dept. P.R. 
London, WC1 R 4EJ 
England 

BYTE May 1979 147 



146 M ay 1979 © BYTE Publications Inc 

2 K bytes is once again displayed. A double 
exposure of the two images effectively 
occurs. Since each frame is 1/60 second, the 
refresh of each image is 1/30 second. The 
human eye senses flicker below approxi­
mately 24 frames per second, so no flicker 
is noticeable. I f each frame contained a 
graph on identical axes, the double exposure 
would be the superposition of the two 
graphs. The graphs could be plotted by 
loading programmable characters into the 
character generator and displaying them in 
the proper positions on the screen . 

Double exposures would double the 
memory requirement but have no effect 
on the data transfer overhead. The video 
display is still refreshed at the same rate 
but with alternating images. Triple exposures 
can also be made. The addressed memory 
size is three times the screen size. Some 
flicker would exist since each image is 
refreshed every 1/20 second. 

Superposition of screens cannot be done 
with ordinary dedicated memory systems. 
Bit mapped displays can, however, super­
impose any number of images without 
experiencing screen flicker. This can be 
done by ORing the images together into 
the same bit map. If involved graphics 
are intended for a video terminal , the bit 
map displays are preferred to an 8275 based 
display. 

Interlacing 

Ordinary television sets and·monitors will 
interlace the picture if the incoming signal 
has interlace timing. An interlaced picture 
has twice as much vertical resolution as a 
noninterlaced picture. For ordinary televi­
sion, there are 525 scan lines in an interlaced 
picture but only 262 lines in a noninterlaced 
picture. Like so many video terminals, the 
8275 unfortunately does not provide inter­
lace timing. 

Cost 

This topic is a bit unpleasant to the 
average hobbyist. As of midMarch, 1978, the 
8275 was a $100 integrated circuit. If this 
device is like many others, its price could 
drop significantly before too long. Th e 
direct memory access controller is presently 
about $28 (it has two spare channels left 
over for the user's floppy disk and digital 
cassette too). A character generator runs for 
$8 to $18. My 2 board system was under 
$225. All things considered, this is not 
very expensive when one thinks about th e 
price of terminals with half the features 
of this one. 

A smart way to build this circuit (or 

anything else that uses expensive com­
ponents) is to construct the boards first, 
begin testing the transistor-transistor logic, 
and last of all buy the 8275 . This way, you 
give the price a chance to come down. 

Conclusions 

An 8275 based terminal offers the user a 
large number of features. The useful lifetime 
of such a terminal is long because of its 
flexibility. It can bend to meet a wide 
variety of requirements. Features which are 
not immediately taken advantage of are 
always available at a later time. 

Features include outputs for reverse 
video, underlining, blinking, highlighting and 
general purposes (user defined). A light pen 
can be used and a cursor is provided. 11 
built-in characters are a mixed blessing 
because of the work involved in decoding 
them. The character height (line count), the 
screen format, the retrace timing, the direct 
memory access burst timing, and the type of 
cursor to be displayed are programmable. 

Upgrading the system is easy because of 
its programmability . Hence, color can be 
added without major complications. The 
controller easily becomes a dual controller 
for two video monitors . 

More and more "minimal systems" that 
are not so minimal in their power are coming 
into being. Greater need is arising for a video 
interface that is small. 10 chip computers 
with video are possible, and larger single 
board computers promise great performance 
for their size when they use the 8275 . The 
price paid for all the features of the 8275 is 
in direct memory access overhead . The 
processor is halted for a portion of the tim e 
wh ile the screen is refreshed. The end of 
line, stop direct memory access and end of 
screen, stop direct memory access commands 
reduce this overhead, dependent on how 
full the screen is. The double space mode 
cuts the overhead in half. 

Direct memory access also increases the 
speed of some operations. Page changing 
and scrolling are two examples that take 
almost no processor time. To the user, 
they appear to be instantaneous operations. 
Visual continuity is maintained while the 
processor works in video memory . None of 
the "scratch" marks characteristic of dedi­
cated memory terminals appear. 

Feature for feature, terminals using the 
8275 surpass dedicated memory terminals. 
In text environments with only light graphics 
requirements, its speed and special attributes 
make it more attractive than bit-mapped 
terminals . For many users, a video terminal 
based on the 8275 video display controller 
is the optimum choice.-



THE DIAGNOSIS: 
MEDICAL OFFICE MALAISE 

Between insurance 
forms, Medicare and 
Medicaid forms, bills, and 
patient records, the typical 
medical office today is 
swamped with paperwork. 
If the sheer volume isn't 
enough of a problem, it is 
also essential that all this be 

done with speed and 
accuracy. It has been 
estimated that Doctors and 
office staff spend nearly a 
quarter of their time 
handling paperwork. Until 
now, the only alternatives 
were either hiring more per­
sonnel or subcontracting 

with an outside firm. 
Obviously, a medical data 
base management system 
has great potential for 
significantly increasing 
office efficiency and freeing 
staff for more valuable 
duties. 

THEe E: 
MED2 FROM OIDO MICRO SYSTEMS 

MED2 is a reliable, 
debugged program that 
generates valuable adminis­
trative reports, bills, aging 
account analysis, and 
insurance forms. It is the 
result of over a year of 
design, testing, and 
retesting in colloboration 
with medical offices. It 
features a large on-line 
capacity and can be 
operated by the existing 
office staff. MED2 is 
suitable for one person 
offices or group practices. 
It adapts readily to OP's, 
specialists, dentists, and 
medical laboratories . 
MED2 requires a ZSO/SOSO 
microcomputer system that 
supports CP 1M and it is 
available on Micropolis 
5.25 in. and IBM 3740 Sin. 
diskettes. 

FREEUSERSSENITNAR 
WITH EVERY MED2 DISK 

There is a lot to know 
about MED2 - more than can 
be explained in an ad or 
manual. To show you what 
MED2 can do, how to use it, 
and why it is configured as it 
is, OHIO MICRO SYSTEMS 
makes an unprecedented offer 
- a FREE two day user's 
seminar (lodging included) 
with every MED2 disk. We 
believe this is the best way for 
you to obtain a thorough 
working knowledge of MED2. 
You get to see, question, and 
evaluate MED2 witb its 
designers. The seminar is 
comprehensive and includes 
information on procedures in 
medical offices, customizing 
MED2 for unique situations, 
technical aspects of MED2, 
and marketing strategies. The 
seminar can be a complete 
course for an end-user familiar 

with microcomputers, but it is 
specifically geared for dealers . 
MED2 provides an excellent 
entry for dealers into tbe large 
new marketplace of medical 
offices. Tbere is no question 
tbat tbe need exists. Investing 
the time in the seminar will 
open the doors to increased 
hardware and system sales. 

The price of MED2 is 
$895. A deposit of $200, which 
applies toward the purchase 
price, is required for 
registration in the seminar. If 
you decide to not purchase 
MED2 after the seminar, you 
owe no more. Contact OHIO 
MICRO SYSTEMS for 
seminar dates, registration, 
and further information. 
Phone (216) 678-5202 or write 
to us at 500 South Depeyster, 
Kent, Ohio 44240. 

OHIO MICRO SYSTEMS 
500 S. DEPEYSTER ST . • KENT, OHIO 44240. (216) 678-5202 
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Smart Memory, Part 2 

In part 1 the principal processes of an 
associative memory and processor were 
described . These include : 

• Selection - activating the desired 
memory words in parallel via their 
content (addressing by content). 

• Alteration - updating all selected 
words in parall el, with multiwrite . 

• Arbitration (Responder Resolution) -
methods for I'ead ing content serially 
from potentially more than one 
responding wOI·d. 

The second and concluding part of this 
article reiterates these themes through the 
use of successive black box logic diagrams. 
No attempt is made to specify exact devices 
(as in a schematic), since the idea is to 

illustrate a general architecture. Once the 
conceptual components are understood (and 
this isonly one of many forms for associative 
memories) the personal computer enthusiast 
can experiment with methods for further 
logic reduction through the use of large scale 
integration circuits, addition of circuitry 
for random access or multidimensional 
addressing, or even the application of more 
hardware processing power at each memory 
node. 

This concludes our content addressable 
design discussion. For informat ion about 
REM, which is a 4 K byte assoc iative mem­
ory board for the 5-100 bus, contact Semi­
onics at 41 Tunnel Rd Berkeley CA 94705. 

See figures following on pages 152 thru 160. 

Photo 2: Content addressable memory board for the 5-700 bus. The 4 K byte memory board is 
manufactured by Semionics Associates. 



SPINTERM" 
MEANS QUALITY IN REVERSE 

Introducing Bidirectional Printing At Affordable Prices 

FASTER THAN THE DEVIL! 

Using bidirectional printing the Spinterm can print up to 55 
characters per second with the quality of a printing press. In 
fact, with more than 14 different optional printing "thim­
bles," each with up to 128 characters, there is no end to its 
printing capabi lities. In addition, during communications, 
there are six user selectable baud rates to 1200. Untouchable! 

MULTI-FUNCTIONAL 

Spinterm' s many standard features include 10 or 12 pitch 
spacing (user selectable), normal and absolute tabs from 
1-136 (in either direction), adjustable line feed with sub­
script and superscript capabilities and enough power to 
imprint the original and five copies. 
Spinterm boasts an incredible graphing resolution of up to 
5760 plot points per square inch (120 horizontal - 48 verti­
cal) . Fantastic! 

LONGER LIFE - QUIETER OPERATION 

Having an MTFB of more than 2000 hours, the Spinterm will 
perform to the reliability you demand. The materials used in 
the "thimble" and print hammer extend their life by 50% . The 
" thimble" alone provides normal element life of more than 
30 million impressions! 

And when it comes to quiet, the Spinterm printers are -60dB 
with the standard die-cast aluminum cover; 67dB or less 
without cover - so they can be used in almost any 
application. Unbelievable! 

TOTAL ADAPTABILITY 

Means compatibility. The Spinterm features five optional 
interfaces (RS232-C, standard). In addition, Spinterm's op­
tions include Proportional Spacing - Tractor, Bottom and Pin 
Feed - Nylon fabric or Multi-strike film ribbon cartridges, 
plus too many more to mention. Outstanding! 

Now instead of a printer playing catch-up, the computers 
gotta pitch. See it! 

For complete information about Spinterm printers see your 
dealer or write: SPINTERM, Input Output Unlimited, 5922 
Kester Avenue, Van Nuys, CA 91411, (213) 997-7791. 

a.-.. ~~ 
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Educational Sales Division: PO Box B394, Ann Arbor, MI 48107 • (313) 655-8514 
Export Sales Division: IOU Inc., Dept. IS, 5922 Kester Avenue, Van Nuys, CA 91411 • TelexlTWX 910496 3497 



Note: The numbering of 
figures, photos and tables 
is continued from part 1 
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Figure 4: Word parallel associative memory. Each cell of the word contains logic to compare its 
contents with the respective bit of the comparand broadcast from the central processor. The 
type of comparison selected by the FNCODE is generally only exact match (=) for this archi­
tecture. The result of the comparison for each bit is placed on the output line, and the separate 
bit results are combined by external logic into the result for the entire word. For exact match, 
the output lines need merely be A NDed. If the outputs are open collector, this can be imple­
mented without a gate by tying the outputs together through an appropriate pull-up resistor. 
An N bit mask is applied to the associative cells so comparison on only part of the word (where 
the mask = 7) is possible. The inset shows how the comparison logic box could be implem ented 
for exact match. The word read and write logic is omitted for simplicity. 
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Figure 5: Word parallel associative memory with external word logic for 
comparisons. By placing the comparison logic external to the memory word, 
the need for special memory cells is removed, and the memory word may be 
an ordinary, available, and cheap random access type. The N bit comparison 
logic can be built in the form of available integrated circuit comparators. 
Magnitude comparisons like word> comparand (», or word < comparand 
(<), etc. are now readily included with exact match in the associative func­
tion set. 
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LOGIC 

WORD OUTPUT 
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Figure 6: Block oriented comparison logic: byte serial, block parallel. A fur­
ther savings in associative logic can be realized by sharing the logic over a 
block of memory words. By choosing the block size judiciously, it is possible 
to use eXisting programmable memory circuits. Information in the block will 
be considered as a unit (eg: a personnel record for one individual) and all 
blocks (rather than all words) in the system will be treated in parallel. For 
the rest of this article, the figures will illustrate conceptual architectures for 
a microcomputer add-in associative memory subsystem. Therefore, the word 
size will be eight bits. The blocl? size is chosen as 256 words by eight bits 
so it can hold enough related character information. For textual information, 
one ASCII character will occupy one byte. Since our processor can send only 
one byte of comparand to the memory at a time, eight bits of low address 
(A 7 thru Ao) will select the one of 256 bytes of all blocks to be compared. 
This offset address can be kept conveniently in an 8 bit register and incremen­
ted or changed when necessary. 
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WITH YOUR LEVEl II TRS-80* 
TRcopy is u cassette tape copying system that lets 
you SEE what your comput e r is reading. 

COPY ANY CASSETTE TAPE" 

With the TRcopy system you can copy any TAS-
80 Level If cassette taJ.le whether it is coded in 
Busi c or in machine language. YOli can also copy 
data created by programs and you can copy assem­
bler listings. 

YOU CAN SEE THE DATA 

As the tape is being loaded . you can SEE the 
actual data byt e-far-byte from the beginning to th e 
end of the program. Up to 320 bytes are displayed 
at one tim e. ASC n c haraC'lers are dis played on 'th e 
first line and hexadecimal code is displayed on the 
following two lines. Data is displayed exactly as it 
is input includ ing memory locations and check sums. 

IDENTIFY PROGRAMS 
With TRcopy you can identify programs on cas ­

sette tapes without written documentation becau se 
you ean SEE the fil ename. If you forget to labe l a 
tape , you can use TRcopy to display the tape content s 
and identify the cas selle. 

VERIFY CASSETTE TAPES 
With TR copy you can verify both the original tape 

and the tape copies. You cun make certain that your 
machine reads the original tape correctl y and that it 
makes byte-far-byte copies. TR copy also counts as 
it I'eads giving you the eXat.;l length of the data . 

MAKE BACKUPS FOR YOUR PROGRAMS 
Now you CUll make backup copies oryour va luabl e 

programs. Many times a cassette that you make will 
load better than one that is mas S product:.od . The 
origi nal CUll then be kept as a backup in case th e 
copy is damaged . 

MAKE COPIES OF YOUR SOFTWARE 
II you are in the softwnre businl:Ss you Clln usc 

TRcopy to make tested copies of youI' programs for 
sa les distribution. TRcopy produces machine lan­
guage tapes that are more effici ent than those pro­
ducf'd by the assemble r Itse lf. 

RECOVER FAUl TV DATA 
With TR copy you can expe riment with the vo lume 

and level contro ls and you can SEE what the computeI' 
is rending-- even if your comlAlter will not read the 
data through normal read ins tructions! tn this way it 
is poss ibl e to read and copy faulty tapes by adjusti ng 
the volum e contro l until you SEE that the datu is 
input properly. 

SIMPLE - FASCINATING - FUN 
TIlcopy Is not only a practical utility program . It 

is also a fa scinating graphics program that lets you 
SEE, for the first time, cassette dala as youI' com­
puter is reading it. And it' s as simple as 1-2-3. 
Just load . verify and copy. You will now be able to 
use cassette tapes with confiden ce knowing that 
TRcopy is the re when you need it. 

The TRcopy system is a machine language program 
with docume ntation explaining tape leaders , sync 
bytes , check sum s and other formatting convent ions. 
With the TRcopy system . you can SEE what you !Irc 
doing! 
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X l X X H 

t H l H 0 0 

t H l l l 

Table 2: Partial function table of a j-K flip flop. 
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Figure 7: The parallel selection system. Suppose the first ten bytes of each block were defined 
to hold the lastname of each person in our personnel file. To find all people named Smith, the 
computer would execute a series of byte comparisons: [Iastnamej = S, [Iastname + 7 j = M, etc. 
Lastname is the beginning offset (A 7 - A 0 = 0) of that field, and [Iastnamej indicates the value 
stored there in each b/ocl? 

For multibyte comparands we need a temporal AND of the byte comparison results, as op­
posed to the spatial AND of bit comparison results in figure 5. A j-K flip flop (whose partial 
function table is given in table 2) performs the conjunction. The SET function intializes the 
tags of all blocks. All blocks start as responders (tag = 7) because no selection criteria have been 
imposed. Subsequent restrictions cause those blocks that do not meet all specifications to turn 
their tags off - and they remain discarded until a new SET command is issued. 

Therefore, at the end of the comparison or selection process, that subset of blocks whose tags 
are still on have met all the requirements. The SAMPLE line clocks the flip flops only during an 
associative compare function, and at the time when the comparison logic result becomes valid. 
All blocks respond to the comparison simultaneously, and as shown at this level of the design, 
can only read out their data for comparison purposes. 



• NEW PRODUCT. 

64K bytes of 
fast. low 
power dyna­
mic RAM. 
MEMORY 
BANK SELECT 

$89500 
lor model OMB 6400 

•••••••••••• 

64K bytes of 
fast. low 
power dyna­
mic RAM. 

$79500 
for model DM - (,4QO 

•••••••••••• 
• NEW PRO DUCT. 

32K bytes of 
faster Static 
RAM which 
MEMORY 
BANK SELECT 

Both our UNCommon Dynamic and our UNCommon Static RAMS have the following 
features and specifications: 

$69500 
for m odel 5MB 3200 

• They are all GUARANTEED to be compatible with the following S· IOO 
systems: 
CROMEMCO. IMSAI. ITHACA AUDIO. M ITS. NORTH STAR. PROCESSOR 
TECHNO LOGY. TDL. TE I. VECTOR GRAPHICS. ancl orher S-IOO systems. 

Both of Our UNCommon Dynamic RAM Series, 
the DM 8 -6400 and the DM-6400, feature: 
• 64K bytes of clynamic RAM with on boarcl transparent refresh. 
• S- IOO interface compatible. wi th crystal controllecl timing INDEPENDENT 

of bus or processor tim ing. 
• No wait states with 8080 or Z·80 to 4MHz. Up ro 5MHz with I wait st,lte. 
• Memory selectable or cleselectable in 4K byte increments. 
• Low power. 8 WiUtS maximum. in 641< byte configuration. 

Our UNCommon Static RAM Series, the 5MB-
3200, features: 
• Memory Bank select capabi li ties, Eitherrwo (2) 16K bytebanksofmem-

ory. or one (I ) 321( byte bani, per boarcl. 
• 32K bytes of low power static RAM. 
• No wait states with 8080. 8085. or Z-80 processors up ro 5M Hz. 
• Aclcl ressable in 41( byte increments ,It 4K bounclaries. Deselec table in 4K 

byte increments. 

• UNCommon Dynamic RAMS w ith 
MEMORY BANK SELECT. 

o DM B 6400 / 6 41< RAM - '895°0 

o DM B 48 0 0 / 4 81< RAM - ' 795°0 

o DMB 3 20 0 / 3 2 1< RAM - '69 5°° 

• UNCommon Static RAMS wi t h 
MEMORY BANK SELECT. 

o 5MB 3200/ 3 2 1< RAM - '695°0 

• UNCommon Dynamic RAMS 

Announcing the Model DM8-6400 Series 
of UNCommon Dynamic RAMS. This Series 
incorporates the features which are stan­
dard in the DM-6400 Series and adds the 
following capabilities: 
• MEMORY BANK SELF.CT which is compatible with CROMEMCO. 

NORTH STAR. ancl other systems using output porr bank select. 
• 256 porr s selectable (inc lucling CROMEMCO 40H ancl NORTH 

STAR COH ) 
• Eight (81 64K bytes bani" of memory per ou tput porro 
• Each 16K bytes of aclclressable memory space may be incl iviclually 

set to starr at 0000. 4000. 8000. or COOO ancl can be set for any of 
the 8 banks on one selectecl output porro The bank memory size 
can be incrementecl from 16 1( bytes t064K bytes in 16K increments. 
al lowing 512 K byte bani, sizes. 

• Total memory aclclressing to over 100 Megabytes by using cl iffe rent 
I/ O ports for memory comro l. 

All of our UNCommon Dynamic and Static Series 
RAMS feature the following: 
• Inputs ,1(e RC Alterecl and bufferecl wi th I LS TIL loacl. Compat ible with 

terminated or unterminated busses. 
• OutputS are all tri -s tare. 
• Disc compatible. DMA compatible. 
• Phantom memory selectable on pin 67. 
• DIP switch selectable "c1c1ressing. 
• Reliabi liry - .,11 boarcls fully testecl ancl burnecl-in. 
• FULL DOCUMENTATION - Schematics. layour. parrs lisr. theory of oper­

arion. timing diagrams. and option se lection. 
• Inciusrri,ll quality design. componen ts and construct io n. Glass epoxy 

boarcls. Fusecl. double solcler masks. Silk screenecllegencls. Golcl p latecl 
connector conracts. A ll ICs socl<er mounted. 

• Guaranteed performance on pc1rrs and 1~1bor for o ne yec'U. 

o DM 6400 / 6 4 1< RAM - ' 795°0 
o DM 4800/ 481< RAM - '69 5°° 
o DM 3200/ 3 21< RAM - ' 59500 

Df' liVl"ry: "1('Il" fO 30 d, IY" 

. PRIC(S SUBI[CT TO CHANG[ WITHOUT NOTlC£. . 

MEASUREMENT 
systems &.. controls 

incorporated 

86 7 N o rth M ain Street 
O range. Califo rnia 92668 

Te lepho ne, (7 14) 633-4460 

Fo r the above p ro duc ts see you r local d eale r o r order d irect ly. 

Circle 215 on inquiry card . 

ORDERS - BA. VISA. MASTER C H ARGE. money orders. or p e rsonal checks. Please allow 14 
days for c hecks to clear bank. Califo rnia resid ents p lease ad d 6% sales til>< to you r ord e r. 

A ll orders shipped postpaid. A ll orders in U .s. funds. Please add 10 % o n all ord e rs outside the 
U.s.A. and Canada. 
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Figure 8: Parallel processing 
in place: the multiwrite func­
tion. New logic black boxes 
have been added to the CE 
(chip enable) and the WE 
(write enable) inputs of our 
memory blocks to turn them 
into CAPPS (content address­
able parallel processors), 
which Foster (see biblio­
graphy, part 7) has defined 
as associative memories with 
parallel write ability. Without 
recourse to address, we can 
change the contents of any 
previously selected blocks, 
whose tags are 7. When the 
multiwrite responders com­
mand is executed, only the 
chip enables of those blocks 
whose tags are on are acti­
vated. The write enable is also 
activated during multiwrite. 
The value of the addressed 
byte in all selected blocks is 
changed to the contents of 
the comparand bus. The tags 
are unaffected (no SAMPLE 
signal is present). Without 
knowing the addresses of the 
blocks in our selected subset, 
we are able to change their 
contents in place. Notice this 
change can be common data 
(mark all engineers in our file 
for a $100 bonus) or specific 
(show 550 parts on hand for 
stock item #36574). 
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MASK 

B 

CE 

LOGIC 
I 1------1CE 

B 

256 X B 
MEMORY 

D OUT 

B 

WE CEI----I 
25 6 X B 
MEMORY N 

D OUT 

B 

COM PARAND ----t'---~~-~-+_l-+_-_f r--~-....J 
M 

FN CODE----t'-------~_l-+_-__fr--------J 
B 

MASK----t'--------_l-~-~(r-------_l~ 

SAMPLE -----..... --t> I PR 

a 

TAGO 

WR'SYSTEM MEMORY WRITE STROBE 

MW'MULTIWRITE. I OF FN CODE 

Access Address 

N PR 

a 

W'E'MWI\WR 

CEj'MW fI TAGj V MW 

Resulting 
Type A15 thru A12 All thru AS A7 thru AO Access Type 

MEM Hole FNCODE OFFSET 1 of 16 associative 
WRITE other < address> functions. Random 

access memory write. 

MEM < 16 bit address> Random access mem-
READ ory read ; any memory 

in hole space must be 
read only . 

Deri vation of Associative Commands 

A15 thruA12 All thru AS A7 thru AO 

I HOLE I FNCODE I OFFSET I 
(Address during an associative command .) 

B 

CE 

LOGIC 
N 

Table 3: A clarification of the random access and associative operation definitions. 
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Figure 9: Nonassociative read responder techniques. In part 7 an associative technique was 
described to read the contents of responders (without addresses) when there were more than 
one. It consists of a daisy chain connecting all the tags in the memory into a priority list. 
During an associative read, only the highest priority responder (the first responder) could place 
its contents on the bus to the processor. A companion function, next, to turn off the first 
responder, and the query function to determine if there are any more responders, completed 
the description of necessary hardware. Implementing these priority chains would require at 
least three more different logic gates per memory word and, although fast (and address free), 
the design becomes rather bull?y. 

When a random access address structure is placed on the memory words (as it usually is to 
facilitate loading and unloading of the memory), a nonassociative technique for reading re­
sponders is available. The responders may be read serially by tal?ing advantage of their address 
structure. The tags of all bloC/?s from least to highest in address may be sent in batches to the 
central processor through input ports. The processor can then scan the tags in sequence for 
the next (or first) responder, and quickly derive the responding block 5 address in preparation 
for a random access read. The tag input ports could also be arranged hierarchically, to speed 
search in cases where there are likely to be few responding words. Alternatively, all responders 
could first multiwrite a 7 into a reserved flag bit in their memory block. Groups of tags could 
be ORed and the results for many groups sent to the processor through input ports. Finding 
a 7 in any bit of the input word tells the processor the group of blocks to search. A random 
access, serial scan of the flag bit for each block in that group determines exactly which one 
(or more) responded. A random access read then fetches the information desired. The query 
function, here, simply entails reading and testing the input words. 
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• Built in Keyboard 
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ACCESS 
OETERMINATION 
LOGIC 

WRSTAT'SYSTEM WRITE STATUS 

ASSOC' (AIS-AI2 = 'HOLE') 1\ WRSTAT 

DETERMINATION OF ASSOCIATIVE ACCESS REDUEST 
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ASSOC }---+j 
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Figure 70: Accessing the add-in associative memory. Only eight address bits (A 7 thru Ao) are 
used for associative memory accesses, Therefore, eight bits (A,s thru As) are left to specify 
whether a memory access represents an associative access, and, if so, which function is involved. 
Let A77 thru As be the FNCODE (one of 76 functions) during an associative instruction, 
Comparison and multiwrite instructions need data supplied by the central processor. For these 
operations, the processor must execute a memory write. If the non associative (random access) 
technique for reading responders is used, all associative functions may be initiated by a processor 
memory write cycle. To distinguish between random access and associative operations, a 4 K 
byte "hole" is defined at some arbitrary 4 K boundary of address space. In general, a memory 
write to the hole indicates an associative function specified by A 77 thru As' A read of any byte 
in the hole is considered normal random access (although memory, if present, must be read 
only). Table 3 clarifies the definition of random access and associative operations. Figure 70 
also illustrates the derivation of the mask and other signals used in previous diagrams. The 
mask, for example, can be implemented by a simple 8 bit output port, _ 



PROGRAM DESCRIPTION TRS-8O Ll/2 PET PRICE 

GALACTIC BLOCKADE RUNNER • AN EXCITING SPACE WAR GAME WITH GRAPHICS • • $ 995 fi) 
SCI-FI GAME SAMPLER ·3 GAMES-LUNAR LANDER-STAR MONSTER-SPACE BATTLE • • $ 7:95 
R/ T LUNAR LANDER • A REAL TIME LUNAR LANDER WITH GRAPHICS • $ 7.95 
MICRO-TEXT EDITOR • FORMAT TEXT-SAVE & LOAD TO TAPE-OUTPUT TO PRINTER • $ 9.95 
OTHELLO 11/ • A STRATEGY BOARD GAME-PLAY AGAINST COMPUTER OR OTHERS • •• $ 7 95 EJ 
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APPLE TALKER • YOUR APPLE SPEAKSI NO NEW HARDWARE REQUIRED • $ 15:95 
APPLE L1S'NER • SPEECH RECOGNITION THE EASY WAY-GREAT WITH THE TALKER • $ 19.95 
TIC-TAC-TALKER • TIC-TAC-TOE USING SPEECH SYNTHESIS AND RECOGNITION • $ 19.95 
FORTRAN • FOR THE TRS-80--SEE MICROSOFT'S ADS • $325 00 • 
SYSCOP • MAKE BACKUP TRS-SO SYSTEM TAPES THE EASY WAY • $ 9'95 G 
ANDROID NIM-2 • GAME OF NIM WITH ANIMA TEO ROBOTS AND SOUND • $ 14:95 • 
SNAKE EGG • A BETTiNG GAME WITH ANIMATED SNAKES AND SOUND • $ 14.95 
LIFE 2 • 100 GEN. PER MIN. LIFE & BATTLE OF LIFE W/ANIMATION & SOUND. $ 14.95 
DCV·1 • PUT SYSTEM TAPES ON DISK EVEN IF IN SAME MEM AS DOS • $ 9.95 
MUSIC MASTER • ENTER SHEET MUSIC-THE TRS-SO THEN COMPILES & PLAYS IT • $ 14.95 ~ 
DISK MUSIC MASTER • SAME AS ABOVE BUT ON DISK WI MANY SELECTIONS • $ 24.95 
TRS-SO CP/M • OPENS UP THE WHOLE WORLD OF CP/M SOFTWARE TO THE TRS-80. $150.00 
PET ASTROLOGY • DOES ALL THE COMPUTATIONS FOR YOU • S 14.95 
PERSONAL FINANCE PKG. • KEEPS TRACK OF CHECKS, BUDGET, COMPUTES INTEREST •• • $ 995 <J 
TRS-SO DISK LIB. "A" .9 PROGRAMS ON DISK-INC. BLOC. RON, OTHELLO ETC. • $ 39:95 ' 
BUSINESS AND APPLICATION SOFTWARE-CALL OR WRITE FOR DETAILS 
16K MEMORY UPGRADE FOR TRS-SO. APPLE & SORCERER COMPUTERS S 94.95 
C-IO HIGH QUALITY DATA CASSETTES W/SCREW HOUSINGS lOIS 34.95 
VERBATUM 5-112 INCH BLANK DISKETTES lOIS 10.00 B' 

10'10 OFF IF YOU ORDER 3 SOnwARE PACKAGES OR MORE SEND FOR FREE CATALOG-GIVE TYPE OF COMPUTER 

AVAILABLE FROM THESE FINE MICRO COMPUTER DEALERS 
JAJ ELECTRONICS L TO HOBBY WORLD ELECTRONICS 
21 COLLINOTON AVE. 19)" BUSINESS CENTER DR. 16 
BEXHILL.()N·SEA. E. SUSSEX. ENO. NORTHJUOOE CA 91lU 

COMPUTER VILLAGE 
9]1 SW I'TTH AYE. 
MIAMI FL lll7. 

l. C. SALES 
100 HINCHEY AVE. 17m 
OTTAWA, ONT .• CAN. KIY4U 

AUGUST AUTOMA nON 
lIMlut ST. 
WESTBORO MA OISII 

THE CPU SHOP 
19 'PLEASANT ST. 
CHARLESTOWN MA 0211'9 

CAPITOL COMPUTEK SYSTEMS COMPUTI:R CABLEVISION, INC. 
))96 EL CAMINO AVE. 261142ND ST. NW 12 
SACRAMENTO CA 95Il:1 WASHINGTON DC 2IOJ7 

TR.S-«I SOFTWAIlE EXCHANOE KENNEDY SYSTEMS 
17 BRIARCLIFF DR. 7. BROAD ST. 
MILmRD NH O~S lYNDONVILLE VT OSISI 

OP AMP TECH BOOKS 
lOll N. SYCAMORE AVE. 
LOS ANOLES CA 90011 

ADVANCED COMPUTER PRODUCTS 
11108 E. EDINGER 
SANTA ANA CA 9l1'OS 

TO ORDER BY PHONE OR FOR DEALER INFO-CALL-(617) 682-8131 
ADD 75c SHIPPING & HANDLING. MASS. RESIDENTS ADD 5% SALES TAX 
MAD HATTER SOFIWARE. 900b SALEM RD· DRACUT. MA 01826 
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PET / TRS-80 / APPLE: Personal Software brings you the finest! 

NEWI THE ELECTRIC PAINTBRUSH by Ken Anderson for 4K The machine language interpreter executes your programs almost 
Level I and II TRS-80s: Create the most dazzling graphics displays . instantaneously, allowing you to create real-time, animated 
you have ever seen with a minimum of effort. The Electric . graphics displays. The screen photos above are actually 
Paintbrush is actually a simple 'language' in which you can write 'snapshots' of the action of a single one-line program over about 
'programs' directing your paintbrush around the screen-drawing thirty seconds. Mesmerize your friends with visual effects they 've 
lines, turning corners, changing white to black, etc . Once defined, never seen on a TV screen! There's no limit to the variety of exciting 
these programs may be called by other programs or repetitively and artist ic graphics displays you can create with The Electric 
executed, each time varying the parameters of brush movement. Paintbrush. And it's available now for only ... .. .. . ... . . . $14.95 

MICROCHESS is the cUlminat ion of two years of chessplaying 
program development by Peter Jennings, author of the famous 1 K 
byte chess program for the KIM-1. MICROCHESS 2.0 for 8K PETs 
and 16K APPLEs, in 6502 machine language, offers 8 levels of play 
to suit everyone from the beginner learning chess to the serious 
player. It examines positions as many as 6 moves ahead, and 
includes a chess clock for tournament play . MICROCHESS 1.5 for 

BRIDGE CHALLENGER by George Dulsman for 8K PETs, Level II 
16K TRS-80s, and 16K APPLEs: You and the dummy play 4 person 
Contract Bridge against the computer. The program will deal hands 
at random or according to your criterion for high card points. You 
can review tricks, swap sides or replay hands when the cards are 
known . No longer do you need 4 people to play! .. .... . . $14.95 

TIME TREK by Brad Templeton with sound effects for 8K PETs is 
Personal Software 's answer to the proliferation of Star Trek games. 
This is a real time action battle game which requires fast thinking as 
well as sharp wits. There are no 'turns' in Time Trek: your scanners 
and ship's status report are constantly updated on the screen , and 
you can enter commands as fast as you can press the keys. You use 
your shields, phasers and photon torpedoes against enemy 
Kl ingons in a game where you can move, steer and fire at the same 
time. Star Trek aficionado or not, you'll appreciate the excitement 
and excellence of this real time game . ....... . ... ... . . . . $14.95 

WHERE TO GET IT: Look for the Personal Software'· display rack 
at your local computer store. Over 275 dealers now carry the 
Personal Software'· line-more than any other brand. If your local 
dealer doesn't already carry Personal Software'· products, ask him 
to call us at (617) 782-5932. Or you can order direct from us by 
check, money order or VISA /Master Charge. If you have questions, 
please call us first at (617) 783-0694. If you know what you want 
and have your VISA /MC card ready, you can use any telephone to 

VISA' 
DIAL TOLL FREE 

1-800-325-6400 • 24 hrs In Missouri diaI1-BOO-342-6600 7 days 
Or you can mail your order to the address below. To add your name 
to our mailing list for free literature and announcements of new 
products, use the reader service card at the back of this magazine. 

Personal Software™ 
P.o. Box 136-B4, Cambridge, MA 02138 
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4K TRS-80s, in Z-80 machine language, offers 31evels of play (both 
Levell and Level II versions are included and can be loaded on any 
TRS-80 without TBUG) . MICROCHESS checks every move for 
legality and displays the current position on a graphic chessboard. 
You can play White or Black , set up and play from special board 
positions , or even watch the computer play against itself! Available 
now at a special introductory price of only .. ... . . . . ... . . $19.95 
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Look for Personal Software™ products at the dealer nearest you! 
ALABAMA SMALL SYSTEM SOfTWARE ILLINI MICROCOMPUTERS COMPUTER MART OF NJ A B COM THE COMPUTER SHOP 
BYTE SHOP Th ousand Oaks, CA 91360 NaperVllle, IL60540 Iselin, NJ 08830 . PUTERS Calgary, Alberta T2T 4T9 
HuntSVille, AL 35805 COMPUTER COMPONENTS COMPUTERLANO OF NILES MSM ElECTRONICS ~~~k:~~R6A 18944 ORTHON COMPUTERS 
COMPUTERLAND Van Nuys, CA 91411 Niles IL 60648 Medlord, NJ 08055 Phil'deIPh ·~IXPA 19106 Edmonlon, Alberla T5N 3N3 
Hunlsville, AL 35805 COMPUTERLANO COMPUTERLAND COMPUTERLAND I , TJB MICROSYSTEMS 
CPU, INC. Walnul Creek, CA 94598 Oak Lawn, IL 60453 Morristown, NJ 07960 g~~1~R~AROLINA Edmonlon, Alberta T5M OH9 
Monlgomery, AL 36104 BYTE SHOP COMPUTERLANO OF PEORIA COMPUTERLAND . CONTI ELECTRONICS 
THE LOG IC STORE Westminster, CA 92683 Peoria, IL 61614 Paramus, NJ 07652 GreenVille, SC 29607 Vancouver, B.C. V5W 2Z4 
Opelika, AL 36801 COMPUTER COMPONENTS OF WALLACE ELECTRONICS COMPUTER NOOK TENNESSEE COMPU TER CITY 
ALASKA ORANGE COUNTY Peor", IL 61614 Pine Brook, NJ 07058 MICROCOMPUTER STORE Winnepeg, Maniloba R3P OH8 
ALPHA ELECTRONICS Westminster, CA 92683 DATA DOMAIN COMPUTER CORNER KnOXVille, TN 37919 COMPUTERLAND 
Anchorage, AK 99503 COLORADO Schaumburg, IL 60195 Pomplon Lakes, NJ 07442 ~OMP~TE~NLA:8~~: MEMPHIS Winnepeg, Maniloba R3G OM8 
ARIZONA BYTE SHOP INDIANA COMPUTER ENCOUNTER e~p IS, INTERACTI VE COMPUTER SYSTEMS 
MILLET'S TV & RAOIO Boulder, CO 80301 DATA DOMAIN OF FORT WAYNE Princelon, NJ 08540 ~OChSI~O~~UI~~IIHOP Fredericklon New Brunswick 
Mesa, AZ 85204 COMPUTERLAND Fort Wayne, IN 46805 TYPTRONIC COMPUTER STORE T~sX~' e, MINICOMP SYSTEMS 
PERSONAL COMPUTER PLACE Colorado Springs, CO 80917 HOME COMPUTER CENTER Ramsey, NJ 07446 COMPJTERLANO OF AUSTIN Halil", Nova Scotia B3K 2GI 
Mesa, AI 85202 AMPTEC Indianapolis IN 46220 NEW YORK . KOBETEK SYSTEMS 
COMPUTERLANO Of PHOENIX Oenver, CO 80216 PUBLIC COMPUTING COMPUTERLAND ~~~'~Ui:R~8?~~H G Wolfville, Nova Scotia BOP IXO 
Phoenix, AZ 85016 COMPUTERLAND Lafayelle, IN 47904 Buflalo, NY 14150 A . T 787 IN S COMPUTER LAND 
COM PUTER SHOWROOM Denver, CO 80222 IOWA COMPUTERLAND ushn, X 31 Burlington, Ontario 
Tucson, AZ 85710 BYTE SHOP SYNCHRONIZED SYSTEMS Carle Place, NY 11514 MICRO COMPUTER SHOPPE LYNTRONICS 
ARKANSAS Englewood, CO 801 10 Des Moines, IA 50310 COMPUTER SHOP OF SYRACUSE ~gr~~~~~8~h, TX 7841 1 Downsview, Onlario M2J 2W6 
COMPUTERLAND MICRO WORLD ELECTRONIX THE COMPUTER CENTER Oe Witt, NY 132 14 D II TX 75243 CO MPUTER CIRCUITS 
little Rock, AR 72212 Lakewood , CO 80226 Walerloo, IA 50701 THE COMPUTER TREE C~~~'UTERLANO London, Onlario N6A 3H2 
DATACOPE CONNECTICUT KANSAS Endwell, NY 13760 Dallas TX 7523 1 COMPUMART 
Lltlle Rock, AR 72204 COMPUTERLAND Of fAIRfiELD THE COMPUTER ROOM LONG ISLAND COMPUTER KA ELECTRONICS SALES Ollawa, OntarIO K2A IJ2 
CALIFORNIA fai rfield, CT 06430 Overland Park, KS 66212 GENERAL STORE Dallas TX 75247 CO MPUTER INNOVATIONS 
JAY·KERN ElECTRONICS JRV COMPUTER STORE PERSONAL COMPUTER CENTER Lynbrook, NY 11 563 COMPlJTER TERMINAL Ottawa, OntarIO KIB 4A8 
Bakersfi~d, CA 93305 Hamden, CT 06518 Overland Park KS 66206 COMPUTER MICROSYSTEMS EI P TX 79901 RICHVALE TElECOMMUNICATIONS 
BYTE SHOP THE COMPUTER STO RE COMPUTER SYSTEMS DESIGN Manhasset, NY 11030 RAMa~icRO SYSTEMS Richmond Hill, Onlar io 
Burbank, CA 91506 Harllord, CT 06103 Wichita , KS 67214 COMPUTER SHOPPE fort Worth TX 76 11 6 THE COMPUTER CENTRE 
BYTE SHOP OF SACRAMENTO THE COMPUTER STORE LOUISIANA Middle Island, NY 11953 COMPUTEliCRAfT Sarma, OntarIO N7T IB4 
Citrus Heights, CA 95610 Windsor Locks, CT 06096 COMPUTER SHOPPE THE COMPUTER FACTORY Houslon, TX 77063 COMPUTER MART 
COAST COMPUTER CEN TER WASHINGTON D.C. Melaire LA 70002 New York, NY 10017 COMPUTER LAND OF HO STO B Toronlo, OnlarlO M4G 3B5 
Cosla Mesa, CA 92627 COMPUTER CABLEVISION MARYLAND COMPUTER MART Of NEW YORK Houslon TX 77058 U N AY THE CO MPUTER PLACE 
CAPITOL COMPUTER SYSTEMS Washlnglon, D.C. 20007 COMPUTERLANO New York, NY 10016 NEIGHB(lRHOOO COMPU TER Toronlo, OntarIO M5V IZI 
DavIS, CA 95616 FLORIDA Rockville MO 20855 OATEL SYSTEMS L bb k TX 79401 COMPUTER SPECIALI ST 
COMPUTERLANO SAN DIEGO EAST COMPUTERLANO COMPUTER WORKSHOP New York, NY 10036 C~M~~TER PATCH OF SANTA FE Toronto, Ontario M3K IEl 
EI Caion, CA 92020 Boca Ralon, fL 33432 Rockville MO 20852 AUTOMATIC SYSTEMS Od TX 79762 HOME COMPUTER CENTRE 
COMPUTERLANO Of El CERRITO THE COMPUTER STORE COMPUTERS ETC Poughkeepsie, NY 12603 CO~~~SHOP Toronto, Ontario M2M 3W2 
EI Cerrilo, CA 94530 Bradenlon, fL 33505 Towson, MO 21204 COMPUTER HOUSE Richardson TX 75080 HOUSE Of COMPUTERS 
BUSINESS ENHANCEMENT THE COMPUTER STORE COMPUTERS UNLIMITED Rochesler, NY 14609 THE COMPUTER SHOP Toronto, OntarIO 
COMPUSERVICE Clearwaler, fL 335 16 Towson, MO 21204 THE COMPUTER STORE San An lonio TX 782 16 MARKETRON . 
Escondido, CA 92027 UCATAN MASSACHUSETTS Rochester, NY 14618 COMPUTER 'SOLUTIONS Toronto, OntarIO 
CHANNEL DATA SYSTEMS Oeshn, fL 3254 1 THE COMPUTER STORE HOME COMPUTER CENTER San Anlonio TX 78229 MICRO.WARE . 
Golela, CA 93017 BYTE SHOP Burlington MA 01803 Rochester, NY 14607 WICHITA CO'MPUTER SYSTEMS Toronto, OnlarlO M4E 2L2 
RAINBOW COMPUTING Fort Lauderdale, fL 33334 THE COMPUTER STORE THE COMPUTER CORNER Wichila falls TX 76301 COMPUCENTRE 
Granada Hills, CA 91344 COMPUTER LAND Cambr idge MA 02139 White PlainS, NY 10601 UTAH ' Montreal, Quebec HIJ IZ4 
JADE COMPU TER PRODUCTS Fort Lauderdale, fL 33308 CPU SHOP' READOUT COMPUTER STORE ADP SYSTEMS FUTUR BYTE 
Hawthorne, CA 90250 COMPUTERS fOR YOU Ch .. lestown MA 02 129 Williamsville, NY 14221 L UT 84321 Montreal. Quebec H3B 3C9 
BYTE SHOP Of HAYWARO fort Lauderdale, fL 33312 MAO HATTER SOfTWARE NORTH CAROLINA c~g~~'UTER CONCEPTS GROUP CUSTOM COMPUTING SERVICES 
Hayward, CA 94541 DATA MOVERS Dracut, MA 01826 BYTE SHOP ' SallLake City UT 84109 Saskatoon, Saskatchewan S7K 2B5 
COMPUTER LAND Of HAYWARD fort Meyers, fL 33901 NEW ENGLAND ELECTRONICS Charlo lie, NC 28212 THE HI.fl SH(lP DIGITAL SERVICE 
Hayward, CA 94541 fOCUS SCIENTifiC ENTERPRISES Needham, MA 02194 COMPU TERLAND Sa lt Lake City, UT 84 117 Saskatoon, Saskalchewan S7J 3A9 
COMPU TERLAND Of WEST l.A. Miami, FL 33132 NEW ENGLAND ELECTRONICS Charlotte, NC 28205 VERMONT PUERTO RICO 
Inglewood, CA 90302 GRICE ElECTRON ICS Springlield MA 01103 fUTUREWORLD COMPUTERMART MICROCOMPUTER STORE 
COMPUTER COMPON ENTS Pensacola, fL 32589 MICHIGA'N Durham, NC 27707 Essex Junction VT 05452 RIO Piedras, PR 00921 
OF SOUTH BAY COMPUTER AGE BYTE SHOP ' ENGLAND 
Lawndale CA 90260 Pompano Beach fl 33062 NEWMAN COMPUTER EXCHANGE Greensboro NC 27401 VIRGINIA BYTE SHOP 
COMPUTER LAND Of SOUTH BAY PAPERBACK BOOKSMITH Ann Arbor, MI 48104 MICROCOMPUTER SERVICES COMPUTER HARDWARE STORE IIlord, Essex 
Lawndale, CA 90260 Sarasota, fL 33581 NEW DIMENSIONS IN COMPUTING Hickory, NC 28601 Alexandria, VA 22314 INFOGUIDE 
A.VIDD ELECTRONICS AMf ELECTRONICS East LanSing, MI 48823 BYTE SHOP Of RALEIGH COMPUTERS PLUS London 
Long Beach, CA 90815 Tampa, fL 33612 COMPUTER HOUSE DIV. Raleigh, NC 27605 Alexandria, VA 22304 CYTEK 
COMPUTERLAND MICRO CO MPUTER SYSTEMS Jackson, MI 49202 OHIO COW, INC, Manchester M4 3E4 
Los Altos, CA 94022 Tampa, fL 33609 COMPUTER LAND OF BASIC COMPUTER SHOP Blacksburg, VA 24060 PETSOFT 
BYTE SHOP COMPUTER CENTER OF GRAND RAPIDS Akron, OH 44314 HOME COMPUTER CENTER Newbury, Berkshire RGI3 IPB 
Mountain View, CA 94040 PALM BEACHES Kenlwood , MI 49508 CINCINNATI COMPUTER STORE Newport News, VA 23606 KEEN COMPUTERS 
HOBBY WORLD ELECTRONICS West Palm Beach, FL 33409 COMPUTRONIX Cincinnati, OH 45246 COMPUTER TECHNIQUES Nottingham NG7 IfN 
Northridge CA 91324 GEORGIA Mid land, MI 48640 21ST CENTURY SHOP Richmond, VA 23235 T & V JOHNSON 
COMPUTERS.MAOE.EASY ADVANCE COMPUTER TECHNOLOGIES COMPUTER MART Of ROYAL OAK Clncinnali OH 45202 THE COMPUTER PLACE MICROCOMPUTERS 
Palmdale, CA 93550 Allanta, GA 30328 Royal Oak, MI 48073 DIGITAL DESIGN Roanoke, VA 24015 Camberly, Surrey 
BYTE SHOP OF PLACENTIA COMPUSHOP TRI GlTY COMPUTER MART Clncinnali, OH 45202 CdMPUTER WORKSHOP PETALECT 
Placenlia, CA 92670 Atlanla, GA 30342 Saginaw, MI 48603 CYBER SHOP Sprlnglleld, VA 22 151 Waking, Surrey 
COMPU TER CENT ER DATA MART CDMPUTERLAND Columbus OH 43227 COMPUTERLAND J&J ElECTRONICS 
Riverside, CA 92503 Atlanla, GA 30305 Southlleld, MI48034 MICRO MiNI COMPUTER WORLD Vienna, VA 22 180 Bexhill·on·Sea, East Sussex 
CAPITOL COMPUTER SYS TEMS THE LOGIC STORE LEVEL fOUR PRODUCTIONS Columbus OH 43213 HOME COMPUTER CENTER DPTRON ICS 
Sacramento, CA 95821 Columbus, GA 31906 Westland, MI 48185 CDMPUTE'R SOLUTIONS Virginia Beach, VA 23452 Twickenham !WI 4RY 
COMPUT ER LAND COMPUTERLAND OF ATlANTA MINNESOTA Dayton, OH 45409 WASHINGTON DENMARK 
San Bernadino, CA 92404 Smyrna, GA 30080 COMPUTERLAND DAYTON COMPUTER MART OMEGA NORTHWEST MICRO SYS 
COMPUTERLAND Of SAN DIEGO HAWAII Bloomington, MN 55431 Dayton OH 45409 Bellevue, WA 98004 Copenhagen VIBYJ 
San Diego, CA 92111 COMPUTERLAND MINN. MICRO SYSTEMS ASTRO 'VIDEO ElECTRONICS COMPUTERLAND OF SOUTH FRANCE 
COMPUTER MERCHANT Honolulu, HI 96813 MinneapolIS, MN 55454 Lancaster, OH 43130 KING COUNTY SVEA 
San Diego, CA 92115 MICROCOMPUTER SYSTEMS MISSISSIPPI COMPUTERLAND Of CLEVELA ND federal Way, WA 98003 . Paris 75008 
COMPUTERLAND Of Honolu lu, HI 96813 OXfORD SOFTWARE CO. Maylield Heigh ts, OH 44 121 YE OLDE COMPUTER SHDPPE GERMANY 
SAN fRANCISCO RADIO SHACK IDealerl Oxlard, MS 38655 RADIO SHACK IDealerl Richland, WA 99352 BECK COMPUTERS 
San franCISCo, CA 94105 lihue, HI 96766 MISSOURI SI. Clairsville, OH 43950 THE COMPUTER SHOPPE 8 Munchen 70 
VIDEO GAMES & COMPUTERS IDAHO fORSYTHE COMPUTERS OKLAHOMA Seattle, WA 98115 ING. W. HOFACKER 
San francISCO, CA 94 118 NORTHWEST COMPUTER CENTER Clayton, MO 63105 HIGH TECHNOLOGY EMPIRE ELECTRONICS 8 Munchen 75 
COMPUTER LAND Of SAN JOSE Boise 10 83704 COMPUTER COUNTRY Oklahoma City OK 73 106 Seattle, WA 98166 HOLLAND 
San Jose, CA 95129 ILLINOIS Florissant, MO 63031 MICROLITHICS PERSONAL COMPUTERS COMPUTRON 
CO MPUTERLAND (Centrall COM PUTERLAND Of GREATEST GRAPHICS Oklahoma City, OK 73127 Spokane, WA 99202 Den Haag 2502 ER 
San Leandro, CA 94577 ARLINGTON HEIGHTS Spflnglleld, MO 65804 HIGH TECHNOLOGY CDMPUTERLAND ITALY 
BYTE SHOP Arlington Heights, IL 03904 NEBRASKA Tu lsa, OK 74129 Tacoma, WA 98499 HOMIC MICROCO MPUTERS SRL 
San Louis Obispo, CA 93401 fARNSWORTH COMPUTER CENTER OMAHA COMPUTER STORE OREGON WISCONSIN 20123 Milano 
MARIN COMPUTER CEN TER Aurora, IL 60505 Omaha, NE 68127 THE COMPUTER STORE BYTE SHOP OF MILWAUKEE SCOTLAND 
San Ralaol, CA 94903 KAPPEl'S COMPUTER STORE NEVADA Corvallis, OR 97330 Greenfield, WI 53227 MICRO CENTRE 
ADVANCED COMPU TER PRODUCTS Belleville, IL 62220 HOME COMPU TERS CAMERA AND COMPUTER COMPUTERLANO Edinburgh EH3 5AA 
Santa Ana, CA 92705 DOW.COM Las Vegas, NV 89109 EMPORIUM MadISon, WI 53711 SINGAPORE 
BYTE SHOP Carbondale, IL 62901 NEW HAMPSHIRE Portland, OR 97205 MADISON COMPUTER STORE THE COMPUTER CENTRE PTE. LTD. 
Santa Clara, CA 95051 BYTE SHOP TRS·80 SOFTWARE EXCHANGE COMPUTERLAND OF PORTlAND MadISon, WI 53711 Singapore 7 
COMPUTER fORUM Champaign,IL6 1820 Milford, NH 03055 Tlgar t, OR 97223 COMPUTERLAND SWEDEN 
Santa Fe Springs, CA 90670 THE ELEKTRIK KEYBOARD COMPUTERLAND OF NASHUA PENNSYLVANIA Milwaukee, WI 53222 MICROFUTURE 
THE COMPUTER STORE Chicago, IL 60614 Nashua, NH 03060 BYTE SHOP fOX VALLEY Stockho lm 10322 
Santa Monica, CA 90401 EMMANUEL B GARCIA JR BITS, INC. Bryn Mawr PA 19010 COMPU TER STORE SEMIDAKO 
SANTA ROSA COMPUTER CENTER AND ASSOCIAiES ' Peterborough, NH 03458 PERSONAL 'COMPUTER CENTER ~~~h~I~~54956 Uppsala 75353 
Sanla Rosa, CA 95404 Chicago, IL 60613 NEW JERSEY Frazer PA 19355 SWITZERLAND 
BYTE SHOP PERSONAL COMPUTER COMPUTER LAB Of NJ CDMPIJTER AID ~~MPUTER J~~~6~IS INTERfACE TECHNIC 
Suisun, CA 94585 Chicago, IL61820 Budd Lake, NJ 07828 Latrobe, PA t5650 eyenne, Basel 
COMPUTERS PLUS COMPUTERLAND COMPUTER EMPORIUM THE COMPUTER WORKSHOP AUSTRALIA INGENIEUBUREAU 
Sunnyvale, CA 94087 Downers Grove, IL60515 Cherry Hill, NJ 08002 Murrysville, PA 15668 ElECTRONIC CONCEPTS PTY. LTD. Basel I 

BYTE SHOP Of TARZANA COMPUTER STATION P.S .. ' VISICALC-How d,'d you ~D~PUT~RSLA:D DIALOG COMPUTER 
Tarzana, CA 91356 Granite City, IL 62040 Y ney, . . . Lucerne 
COMP UTER LAND Of ORCUTT 8USINESS MACHINES ~~:P~~~DP ELBATEX 
i~~u~;~~OO~k~~~A 91360 La Sa lle, IL 61301 ever do without it? Calgary, Alberta T2N 2M Welfingen 
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(7 a) 

EIO 
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(7 b) 

FlO 

EIO 

Figure 7: The "wrap­
around" queue. The queue 
is a method for storing 
data in the form of a list: 
the first item into the list 
becomes the first out 
of the list, in the same 
manner as a waiting line of 
people at a supermarl?et 
chec!wut counter. Figure 
7 a shows the data for an 
input queue in memory 
with two pointers, FlQ 
(front of input queue) and 
ElQ (end of input queue). 
When an item is added to 
the end of the queue, ElQ 
is incremented by 7. In 
removing an item from the 
queue, FlQ is incremented 
by one. Note that the 
queue is "upside-down" 
here; that is, the end of 
the queue is on top. 
When the top of the array 
in memory is reached, ElQ 
is altered so it points 
to the bottom of the 
array, thus "wrapping" the 
queue around the array 
as in figure 7 b. Notice also 
that pointer E IQ points to 
the location that is one . 
beyond the end of the 
queue. This enables the 
program to detect an 
empty or full array when 
EIQ = FlQ. 
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Simultaneous Input and 
Output for Your 8080 

The process of I/O (input/output) in 
assembly language on a typical microcom­
puter system is rather crude. You input the 
status register and perform a logica l AN D 
with a mask consisting of one bit. If the 
result is not zero, you know the bit was 
on and the I/O device was therefore ready. 
In that case, you either input or output the 
data register, as appropriate . Otherwise, 
you loop back to input the status register 
aga in . On the 8080, it goes like this: 

ILOOP : 

OLOOP: 

Input 

IN ISTAT 
ANI IREADY 
JZ ILOOP 
IN !DATA 

Output 

IN 
ANI 

OSTAT 
OREADY 

JZ OLOOP 
OUT ODATA 

where the quantities ISTAT, IDATA, 
OSTAT, ODATA, IREADY, and OREADY 
are what is call ed, in the world of big com­
pu ters, "i n stalla tion-dependent" (that is, 
they differ from one person's 8080 to 
another). Th e first four of these might be 
given by: 

ISTAT 
IDATA 
OS TAT 
ODATA 

EQU 3 
EQU 2 
EQU 3 
EQU 2 

describing a single channel for both input 
and output involving two ports, with port 
numbers 3 and 2. The other two might be 
given as: 

IREADY EQU 1 
OREADY EQU 2 

to denote that the rightmost bit of the status 

I'egister is the input-ready flag and the second 
bit from the right in this register is the out­
put-ready flag. (Your dealer must supply 
you with these values, or show you how to 
find what they are, when you buy your 
system.) You can also make these into sub­
routines by adding a return as follows : 

INPUT : IN ISTAT 
ANI IREADY 
JZ INPUT 
IN !DATA 
RET 

OUTPUT: IN OSTAT 
ANI OREADY 
JZ OUTPUT 
OUT ODATA 
RET 

This allows you to CALL INPUT to bring a 
newly input character into register A, or to 
CALL OUTPUT whenever you have a new 
character in register A that you want to put 
out. 

The trouble with this kind of I/O is that 
it is not simultaneous. When you are doing 
in put, that is all you are doing; when you 
are doing output, that is all you are doing. 
Meanwhile, your system is sitting uselessly 
in a loop, which it is performing several 
thousands of times, or sometimes (particu­
lar ly in the case of input) several millions of 
times. What you need in order to increase 
the efficiency of your system, if you have 
190 bytes of read only memory and 65 
bytes of programmable memory to spare, is 
a simultaneous I/O package which allows 
you to do input, processing, and output, all 
at the same time. 

The basic idea of simultaneous I/O is that 
of the queue. Any queue can be considered 
by analogy to a waiting line for a bus. (The 
story, told to this author second or th ird 
hand, is that in England people line up for 
buses in li nes that look like spirals or, more 



~YBEV THE LEADER IN 
miCRocompUTER EDUCATION PRESENTS 

BEST-SELLING BOOKS 
Used by Universities and Industry worldwide (ten languages} 

8 

C200-AN INTRODUCTION TO 
PERSONAL AND BUSINESS COMPUTING 
Rodnay laks, 250 pp 
A comprehensive introduction to small computers, their 
peripherals, and what to select. $6.95 

C201- MICROPROCESSORS: FROM 
CHIPS TO SYSTEMS 
Rodnay laks, 416 pp 
The basic lext on all aspects of microprocessors and 
the assembly of a system. $9.95 

6502 
APPLICATIONS BOOK 

C202 - PROGRAMMING THE 6502 
Rodnay laks, 250 pp 
A complele inlroduclory programming lexl for Ihe 
6502 . $10.95 

D302 -6502 APPLICATIONS BOOK 
Rodnay laks, 200 pp 
Connecting a 6502 board 10 Ihe oulside world, from 
home alarm to music and industrial control . $12.95 

MICROPROCESSOR 
INTERFACING 
TECHNIQUES 

C207 - MICROPROCESSOR 
INTERFACING TECHNIQUES 
A lesea & R. laks, 416 pp 
How to Interface a microprocessor to external devices, 
from keyboard to ADC to floppy disk, inc luding 
standard busses, $11.95 

Xl- MICROPROCESSOR LEXICON, 125pp 
All the definitions of the microprocessor world in a con­
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IP: 

IP2: 

IP3 : 

IP4: 

PUSH H 
LHLD FIQ 
LDA EIQ 
CMP L 
JNZ IP3 
CALL OPOLL 
CALL IPOLL 
JNC IP2 
MOV A,M 
PUSH PSW 
INX H 
MVI A,TIQ 
CMP L 
JNZ IP4 
MVI L,BIQ 
SHLD FIQ 
POP PSW 
POP H 
RET 

informally, like the tai l of a pig - a shape 
that is in turn called queue in French, pre­
sumably because it looks vaguely like the 
letter Q.} Consider the characters waiti'ng for 
the bus as ASC II characters, rather than as 
local town characters, and consider the bus 
not as a bus in the technical sense, but 
(for output) as the actual output device -
the teletypewriter video display terminal, 
Selectric term inal, or whatever. When you r 
routine wants to output a character, this 
character goes on the end of the queue. It 
then has to wait for a while until the charac­
ters in front of it, wh ich were entered 
earlier, get on the bus - that is, until they 
are actually output - before it can be 
output. 

The analogy with the bus is not a perfect 
one, because a real bus; when it comes along, 
takes everybody waiting for it all at once. A 
waiting line in a supermarket at the check­
out counter would be a better analogy, be­
cause characters, li ke shoppers, leave the 
queue one at a time, as we ll as entering it 
one at a time. 

For input, there is another queue, but 
this time the input device feeds new charac­
ters onto the end of the waiting line, and 
they come off the front - that is, 'board the 
bus - when they are actua ll y used by th e 
program which is asking for input. Several 
characters might be typed before they were 
actually used by the program, presumably 
because it is doing something else, such as 
a long computation. For output, the use 
of the queue is more common, because 
programs typically produce output charac­
ters much faster than they can actually be 
put out; these characters enter the queue 
and are then output from it, one 'at a time, 

SAVE HL REGISTER 
FRONT OF INPUT Q TO HL 
END OF INPUT,Q (LO) TO A 
COMPARE FIQ(LO):EIQ(LO) 
IF UNEQUAL, Q NON EMPTY 
Q EMPTY. TIGHT LOCP 
(KEEP POLLING I AND 0) 
(UNTIL IN CHAR. RECEIVED) 
FIRST IN Q CHAR. TO A 
SAVE THIS CHARACTER 
UPDATE FRONT OF INPUT Q 
WRAPAROUND TEST (COMPARE 

FIQ(LO) AND TOP OF IN Q 
(LO) -- IF =, RESET TO 
BOTTOM OF IN Q (LO) 

PUT FIQ BACK IN MEMORY 
RESTORE INPUT CHARACTER 
RESTORE HL REGISTER 
OUT OF THIS ROUTINE 

Listing 7: Subroutine IP, written in 8080 assembler language and called when 
the user's program wants an input character. IP returns that character in the 
A register. 
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while the computer goes on to whatever it 
has to do next. 

Before we discuss how a queue like this 
is actually implemented, let us digress a 
bit and answer one fundamental question: 
how are we to hand Ie three programs going 
simu ltaneously - an input program, an out­
put program, and something else which is 
reading input and writing output? There are 
two ways, one being the use of interrupts , 
the other making use of a technique called 
polling. We shall use polling, mainly because 
it does not require any special hardware (not 
all 8080 systems have a priority interrupt 
contro l unit) and also allows the user who 
might not have written his own monitor 
to use simultaneous I/O without interfering 
with any interrupt conventions which his 
monitor might have established. 

Polling, in this case, assumes that the 
functions of watching the input device and 
the output device to see iJ they are ready, 
and taking appropriate action when they are 
ready, are subroutines of the user's pl"Ogram. 
We shall ca ll them IPOll and OPOll. They 
are not to be confused with the ordinary I/O 
subroutines which supply input to the user's 
program and accept output from it; we shall 
call these IP and OP. To summarize the 
functions of our four routines: 

(1) I P is called when the user's program 
wants an input character, and I P re­
turns with that character in register 
A. 

(2) OP is called when the user's program 
has a character to be output, and this 
character must be in register A when 
OP is called . 

(3) IPOll is called every so often (in a 
sense to be described more precisely 
below) to check whether the user 
has keyed in a new character that 
has to be placed on the end of the 
input queue. 

(4) OPOll is called every so often to 
check whether the output device 
has completed its processing of the 
previous character to be output; if 
it has, the next one is sent out. 

IPOll and OPOll are ca ll ed both from 
I P and OP and from the user's program. 
When they are called from IP and OP, they 
emp loy an additiona l feature, not discussed 
above. IPOll returns with the carry set if 
a new character is placed on the input queue, 
and clear otherwise . OPOll I'eturns with the 
carry set if a new character was I"emoved 
from the output queue and put out, and 
clear otherwise. This information is used by 
I P and OP, bu t it is not needed by the user 
program. In fact, for the user program, there 
is no need to distinguish between the func-
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OP: PUSH PSW 
PUSH H 
LHLD EOQ 
MOV M, A 
INX H 
MVI A,TOQ 
CMP L 
JNZ OP2 
MVI L,BOQ 

OP2: LOA FOQ 
CMP L 
JNZ OP4 

OP3: CALL IPOLL 
CALL OPOLL 
JNC OP3 

OP4: SHLD EOQ 
CALL OPOLL 
CALL IPOLL 
POP H 
POP PSW 
RET 

tions of call ing IPOll and calling OPOlL. It 
is enough to have a single subroutine, POll, 
whose only function is to cal l IPOll and 
OPOll and then return; the subroutine 
POll can then be called by the user program. 

How often must the user program call 
the subroutine POL L? The answer is that the 
user program must be so organized that 
there is never a significant amount of real 
time during which POll is nqr called. (How 
to ensure this will be described below.) The 
reason, of course, is that if this is not so, we 
cou ld have the bad luck to push an input 
key during such a period of real time, and 
then, since POll was not cal led, that input 
character will never be placed on the input 
queue and will therefore never be seen by 
the user's program. (Remember Murphy's 
law: if anything can go wrong, it will.) 

On output, the situation is not that bad , 
but if there were a significant amount of 
time during which POll was not called, 
the output device would effectively be 
stopped during that period of time. If this 
were a recurrent phenomenon, you would 
see the output device starting and stopping 
in jerks, like a car that loses power. 

The easiest way to call POll often enough 
from the user's program is to cal l POll once 
in every loop and· at least once in every sub­
routine. (If there is a subroutine ca ll instruc­
tion in a loop, we do not need to call POll 
explicitly in that loop, since POll will be 
called by the ca lled subroutine.) Or, for a 
more explicitly stated method, call POll 
just before every return instruction and at 
every labeled instruction to which there is a 
backward jump. (That is, if the label is 
ALPHA, then somewhere later in the pro­
gram there must be a jump to ALPHA) 

SAVE A-REGISTER 
SAVE HL-REGISTER 
END OF OUTPUT Q 
PUT CHAR. ON END OF Q 
UPDATE END OF OUTPUT Q 
WRAPAROUND TEST (COMPARE 

EOQ(LO) AND TOP OF OUT Q 
(LO) -- IF =, RESET TO 
BOTTOM OF OUT Q (LO)) 

FRONT OF OUTPUT Q (LO) 
TO A -- IF = EOQ (LO) 
AFTER INCR., Q FULL 

Q FULL. TIGHT LOOP 
(KEEP POLLING I AND 0) 
(UNTIL SMALLER OUT Q) 
PUT EOQ BACK IN MEMORY 
MAKE SURE OPOLL AND IPOLL 

ARE CALLED AT LEAST ONCE 
RESTORE HL-REGISTER 
RESTORE A-REGISTER 
OUT OF THIS ROUTINE 

Listing 2 : Subroutine Op, called when the user's program has a character to 
be output. This character must be in the A register when OP is called. 
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This insures that POLL will be called often 
enough. (In a system with a real time clock, 
calling POLL from the interrupt handler 
for the clock every few milliseconds will 
accomplish the same end . ... CHj 

We now discuss the way in which we im­
plement a queue in memory, namely as a 
"wraparound array." We start with an array 
10 (input queue) of characters, together 
with two 16 bit pointers, or variables whose 
values are addresses, called FlO (front of in­
put queue) and EIO (e~d of input queue). 
Figure 1 shows a typical configuration of the 
input queue. The shaded area shows the 
characters that are actually in the queue; the 
unshaded area shows the rest of the array in 
memory. To take a character off the front 
of the queue, assuming that FlO is in register 
pair Hl (which we can bring about by doing 
lHlD FlO)' we get the character to which 
FlO points (by doing MOV A,M) and then 
increase FlO by one (by doing INX H). To 
put a character on the end of the queue, 
assuming that EIO is in the Hl register pair 
(by means of lHlD EIO)' we move it to 
memory at the place where EIO points (by 
doing MOV M,A - assuming that the new 
character is in the A register) and then in­
crease EIO by one (by doing INX H). Note 
that, in a sense, the queue is' "4Pside-down" 
- the end of the queue is on top. If it were 
"right-side-up" we would have to decrease 
FlO and EIO by one in the above processes 
(by doing DCX H), rather than increasing 
them by one. Of course, after either de­
creasing or increasing, we must put FlO 
(or, respectively, EIO) back in memory (by 
doing SHlD FlO or SHlD EIO). 

Of course, we cannot keep increasing FlO 
and EIQ forever. Eventually, in figure la, 
EIO will get to the top of the array in mem­
ory. When this happens, we alter it to point 
to the bottom of this array (this is the 
"wraparound" feature). After a while, the 
situation looks like figure 1 b. Here again, the 
shaded area represents the characters act­
ually in the queue. The first one is where 
FlO points, the next one is right above that, 
and so on up to the top of the array; then 
we start at the bottom of the array, and so 
on up to 'where EIO points_ We are treating 
the array as if it were cyclical, and, in fact, 
on big computers, this setup is often known 
as a "circular array" or a "ring buffer." 

We note that FlO points to the first 
character in the queue, but EIO does not 
point to the last character in the queue - it 
points to the position one beyond the last 
character. To see why this is so, suppose the 
queue has exactly one character in it. We do 
not want FlO and EIO to be the same, be­
cause we want that to happen only when the 
queue is empty - when there are no charac­
tel-s in it - or else when it is entirely full 
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IPOLL: IN ISTAT 
ANI IREADY 
RZ 
PUSH H 
IN IDATA 
LHLD EIQ 
MOV M,A 
INX H 
MVI A,TIQ 
CHP L 
JNZ IPOLL2 
MVI L,BIQ 

IPOLL2: LDA FIQ 
SUB L 
JZ IPOLL3 
SHLD EIQ 

'IPOLL3: JNC IPOLL4 
ADI LIQ 

IPOLL4: CPI IFUDGE 
JNC I POLL 7 
LXI H,IAC 
INR M 

IPOLL7: POP H 
STC 
RET 

(since these are the two cases in which special 
action has to be taken) . By adopting the 
convention illustrated in figure 1, both of 
these conditions can be sensed by testing for 
FlO = EIO. Of course, the entire setup of 
figure 1 has to be duplicated for the output 
queue 00 and its two associated pointers 
FOO and EOO. 

l et us make the simp lifying assumption 
that each queue is entirely within one 256 
byte page {from hexadecimal addresses xxOO 
through xxFF for some hexadecimal value 
of xx}. This means that we can compare reg­
ister pair Hl with the address of the top of a 
queue by simply comparing register l with 
the low-order eight bits of this address. On 
equality, we set register l only (register H 
does not change) to the low-order eight bits 
of the address of the bottom of the queue. 
Here the top and the bottom refer to the 
array in memory, and are distinct from the 
front and the end as discussed above. 

What happens when our queues get full? 
First of -all, let us discuss how big we want 
the queues to be. The two queues and the 
four addresses FlO, EIO, FOO, and EOO 
must of course be in programmable memory, 
while the four routines IP, OP, IPOll, and 
OPOll can be in read only memory. So to 
a certain extent it depends on how much 
programmable memory is avai lable in your 
system. An input queue of n characters 
allows you to type n characters ahead of 
where the program is at any given moment; 
an output queue of n characters allows 

GET STATUS BITS (IN) 
READY BIT ZERO MEANS 

NOTHING TYPED - OUT 
SOMETHING TYPED - SAVE 

HL REG. AND INPUT IT 
END OF INPUT Q TO HL 
PUT CHAR. ON END OF Q 
UPDATE END OF INPUT Q 
WRAPAROUND TEST (COMPARE 

EIQ(LO) AND TOP OF IN Q 
(LO) -- IF =, RESET TO 

BOTTOM OF IN Q (LO)) 
FRONT OF INPUT Q (LO) 

TO A -- IF = EIQ (LO) 
AFTER INCR., Q FULL 

NOT FULL. RESTORE EIQ 
IF FIQ-EIQ IS NEGATIVE, 

ADD SIZE OF INPUT Q 
TEST IN Q WITHIN FUDGE 

FACTOR (7) OF BEING 
FULL. IF SO, BUMP INPUT 
ALARM COUNTER BY 1 

RESTORE HL REGISTER 
SET CARRY (CHAR. THERE) 
OUT OF THIS ROUTINE 

Listing 3: Subroutine IPOLL, called periodically to check whether the user 
has keyed in a new character that has to be placed at the end of the input 
queue. 

170 May 1979 © BYTE Publications Inc 

your program to put out n more charac­
ters than have actually been output yet 
by the output device at any given mo­
ment. While the device is outputting these n 
characters, your system can be doing some­
thing else simultaneously. There is no reason 
for the input and the output queues to be 
the same size, and in a typical application 
you might be using 10 characters in the in­
put queue and 55 characters in the output 
queue. A bit of experimentation here will 
satisfy you as to what is comfortable for 
your appl ication. 

When the output queue gets full, it means 
that the capacity of the queue for temporarily 
saving output characters has been used up. 
In that case we simp ly go back to what we 
used to do before we had simultaneous I/O -
that is, wait for a character to be actuall y 
put out before we do anyth ing else. When­
ever the user's program puts a new character 
into the output queue, we perform our 
incrementation, as discussed above, and then 
check to see if the output queue is full 
{FOO = EOO}. In that case, we go into a 
loop, cal ling IPOll and OPOll until 
OPOll returns with the carry set. This indi­
cates that OPOll sensed output ready and 
put out a character - an operation that re­
duces the size of the output queue. The 
result is that, when we enter the output 
routine OP, the output queue will never be 
full, and, if FOO = EOO, we know that the 
output queue is not full but empty. 

When the input queue becomes full, we 
are typing too fast. Any further characters 
which we type will not be read by the 
user 's program. The only thing we can do 
in this case is to give the user a warning that 
this has happened , so that he will retype the 
characters involved. Fortunately we can do 
this easily, with most output devices, by 
putting out a control-G (hexadecimal 07, or 
on some output devices 87) which will 
either ring a bell or put out a high-pitched 
beep. A variation on this system, which we 
use, involves putting out the contro l-G when 
the output queue is almost full {let us say, 
seven or fewer spaces remaining} so that the 
last few characters do not have to be re­
typed; the user simp ly stops typing for a 
while and waits for a decent interval. 

A minor technical point: We cannot 
sound the bell simply by calling OP. Recall 
that calling OP simply puts a character 
on the output queue; it may be a second 
or longer before that character is actual ly 
put out. When we type a character that 
has to be retyped, however, we need an 
immediate indication of this fact. We there­
fore use a single-byte input alarm counter 
lAC which is normally zero. To specify 
a bell as above, we simply increment lAC 
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OPOLL: IN OSTAT 
ANI OREADY 
RZ 
LDA lAC 
DCR A 
JM OPOLL1 
STA lAC 
MVI A,CTRLG 
OUT ODATA 
RET 

OPOLL1: PUSH H 
LHLD FOQ 
LDA EOQ 
CMP L 
JZ OPOLL7 
MOV A,M 
OUT ODATA 
INX H 
MVI A,TOQ 
CMP L 
JNZ OPOLL5 
MVI L,BOQ 

OPOLL5: SHLD FOQ 
OPOLL 7: POP H 

STC 
RET 

GET STATUS BITS (OUT) 
READY BIT ZERO MEANS 

PORT STILL BUSY - OUT 
GET INPUT ALARM COUNTER 
AND DECREASE IT BY 1 
IF WAS ZERO, NO ALARM 
STORE DECREASED VALUE 
CONTROL-G (BELL) TO A 
OUTPUT (TYPING TOO FAST, 

ALARM) AND EXIT 
SAVE HL REGISTER 
FRONT OF OUTPUT Q TO HL 
END OF OUT Q (LO) TO A 
COMPARE FOQ(LO) :EOQ(LO) 
IF EQUAL, NOTHING IN Q 
GET FIRST THING IN Q 

AND PUT IT OUT 
UPDATE FRONT OF OUTPUT Q 
WRAPAROUND TEST (COMPARE 

FOQ (LO) AND TOP OF OUT 
Q(LO) -- IF =, RESET TO 
BOTTOM OF OUT Q (LO)) 

PUT FOQ BACK IN MEMORY 
RESTORE HL REGISTER 
SET CARRY (WORK DONE) 
OUT OF THIS ROUTINE 

Listing 4: Subroutine OPOLL, called periodically to chec!? whether the 
output device has completed its processing of the previous character to be 
output. If it has, the next character is sent out. 

FIQ: DS 2 
EIQ: DS 2 
FOQ: DS 2 
EOQ: DS 2 
lAC: DS 1 
LIQ EQU 36 
LOQ EQU 36 
IQ: DS LIQ 
OQ : DS LOQ 
BIQ EQU IQ MOD 256 
BOQ EQU OQ MOD 256 
TIQ EQU BIQ+LIQ 
TOQ EQU BOQ+LOQ 
ISTAT EQU 3 
OSTAT EQU 3 
IDATA EQU 2 
ODATA EQU 2 
IREADY EQU 2 
OREADY EQU 1 
CTRLG EQU 7 
IFUDGE EQU 7 

FRONT OF INPUT Q (2 BYTES) 
END OF INPUT Q (2 BYTES) 
FRONT OF OUTPUT Q (2 BYTES) 
END OF OUTPUT Q (2 BYTES) 
INPUT ALARM COUNTER (1 BYTE) 
LENGTH OF INPUT Q 
LENGTH OF OUTPUT Q 
INPUT Q (S INGLE PAGE) 
OUTPUT Q (SINGLE PAGE) 
BOTTOM OF INPUT Q (LO) 
BOTTOM OF OUTPUT Q (LO) 
TOP OF INPUT Q (LO) 
TOP OF OUTPUT Q (LO) 
INPUT STATUS PORT 
OUTPUT STATUS PORT 
INPUT DATA PORT 
OUTPUT DATA PORT 
MAS K FOR INPUT READY 
MASK FOR OUTPUT READY 
CONTROL-G (SOMETIMES 87H) 
INPUT FUDGE FACTOR 

Listing 5: Suggested data definitions. 

INIT: LXI H, IQ 
SHLD FIQ 
SHLD EIQ 
LXI H,OQ 
SHLD FOQ 
SHLD EOQ 
XRA A 
STA lAC 

BOTTOM OF INPUT Q IS 
INITIAL VALUE OF FRONT 
AND END OF INPUT Q 

BOTTOM OF OUTPUT Q IS 
INITIAL VALUE OF FRONT 
AND END OF OUTPUT Q 

ZERO IS INITIAL VALUE 
OF INPUT ALARM COUNTER 

Listing 6: Initialization of the system. 
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by one, and then OPOll checks lAC 
before it does anything else (if the output 
device is ready) and outputs a bell if lAC 
does not equal 0, decrementing lAC by one 
as it does so. 

The complete code for IP, OP, IPOll , 
and OPOll is given in listings 1 through 
4, with the data definitions given in listin g 
S and the initi ali zation given in listing 6. 
To summarize the steps needed in order to 
use the system: 

(1) Include in your program (kept in 
either read on ly memory or programmable 
memory) the subroutines given in listings 
1, 2, 3, and 4. 

(2) Include as part of the ini t iali zation 
of your main program the initialization 
steps given in li stin g 6. 

(3) Includ e as part of your data (kept 
in programmable memory) the data defini­
tions of li sting S. 

(4) In your program, whenever you need 
an input character, write CAll IP to put a 
new character into the A register; whenever 
you have a character to put out, put it in 
the A register and then CAll OP. 

(S) Have a subroutine POll in you r 
progl'am, as fo llows: 

POLL: PUSH PSW 
CALL IPOLL 
CALLOPOLL 
POP PSW 
RET 

and have your program ca ll POll once in 
each loop and ju st before each subroutine 
return . 

As soon as you have gotten thi s mu ch 
working, it will be possible for yo u to 
tinker with this system a bit fUl'ther. Some 
suggested ways of doing this are as fol lows: 

(1) The sizes of the input and output 
queues can be altered. Make sure to alter 
the entire data structure of listing S to 
insure that all the rout ines of li stings "I, 
2, 3 and 4 operate on the same version of 
the data structure. 

(2) There is a section of code in IP that 
almost duplicates a sim il ar section of code 
in IPOlL. With a little in ge nuity, this can 
be made in to a subroutin e called by both 
IP and IPOLL. (Hint: the first instruction 
is IN X H, and JN Z can be rep laced by RNZ.) 
Th e same thing happens with OP and 
OPOlL. 

(3) The input alarm logic can be fu rther 
changed. For exam ple, two kinds of alarm s 
could be given: a single bell when the inpu t 
queue is almost full, and a long string of 
bell s (say, ten of them) when the queue 
is actually fu ll.-



5 reasons wh, ,OU should not IIu, 
the electric P~~~s!! II ™ 

Check the appropriate box(es): 
-----..""------' You love typing the same copy 20 thousand times a day. 

D Your secretary can type 250 words per minute. 
D You're dying to spend $15,000 on a word processing system, just for the 

tax investment credit. , 
D All your capital assets are tied up in a 10-year supply of correction fluid. 
D You never commit a single thought to paper. 
If you have checked one or more boxes, you do not need The Electric Pencil. 
On the other hand, you may want to join the thousands of people who haven't · 
checked a single box. 

Have we got a version 
for you? The Electric Pencil II is a Charac­

ter Oriented Word Processing System. 
Th is means that text is entered as a 
string of continuous characters and is 
manipulated as such . This allows the 
user enormous freedom and ease in the 
movement and handling of text. Since 
line endings are never delineated, any 
number of characters, words, lines or 
paragraphs may be inserted or deleted 
anywhere in the text. The entirety of 
the text sh ifts and opens up or closes 
as needed in full view of the user. The 
typing of carriage returns or word 
hyphenations is not required since 
lines of text are formatted automatic­
ally. 

As te xt is typed and the end of a 
line is reached, a partially completed 
word is sh ifted to the beginning of the 
following line . Whenever text is insert­
ed or deleted, existing text is pushed 
down or pulled up in a wrap around 
fashion. Everything appears on the 
video display as it occurs, which elim­
inates guesswork . Text may be review­
ed at will by variable speed scrolling 
both in the forward and reve rse direc­
tions. By usin~ the search or search 
and replace functions, any string of 
characters may be located and /or re­
placed with any other string of charac­
ters as desired. 

Numerous combinations of 

CP/M versions 
Digital Research's CP/ M, as well as 

its derivatives, including I M DOS and 
CDOS, and Helios PTDOS versions are 
also available. There are several N EC 
Spinwriter print packages. A utility 
program that converts The Electric 
Pencil to CP/ M to Pencil files, called 
CONVERT, isonly$35. 

Features 
• CP/ M, IMDOS and HEllOS compatib le 
• Supports four disk drives 
• Dynamic print formatting 
• DIABLO and NEC printer packages 
• Multi-column formatting in one pass 
• Print value chaining 
• Page-at-a-time scrolling 
• Bidirectional multispeed scro lling con­

trols 
• Subsystem with print value scoreboard 
• Automatic word and record number 

ta ll y 
• Cassette backup for additiona l storage 
• Full margin control 
• End-of-page control 
• Non-printing text commenting 
• Line and paragraph indentation 
• Centering 
• Underlining 
• Bold face 

Upgrading policy 
Any version of The Electric Pencil 

The Electric Pencil II operates 
with any 8080/ Z80 based microcom­
puter that supports a CP/M disk sys­
tem and uses an Imsai VIO, Processor 
Tech . VDM-1, Polymorphi;. VTI , Solid 
State Music VB-1 B or Vector Graph ic 
video interface. REX versions also 
available. Specify when using CP/ M 
that has been modified for Micropolis 
or North Star disk systems .as follows : 
for North star add suffix A to version 
number; for Micropolis add suffix B, 
e.g., SS-IIA, DV- II B. 

Verso Video Pr inter Price 
SS-II SOL TTY or similar $225. 
SP-II VTI TTY or similar 225. 
SV-II VDM TTY or simi lar 225. 
SR-II REX TTY or similar 250. 
SI-II VIO TTY or similar 250. 
DS-II SOL Di ab lo 1610/20 275. 
OP-II VTI Diablo 1610/20 275. 
OV -II V OM Di ablo 1610/20 275. 
OR -II RE X Di ab lo 1610/20 300. 
01-11 via Di ab lo 1610/20 300. 
NS-II SOL NEC Spinwriter 275. 
N P-II VTI N EC Spinwriter 275. 
NV-II VDM NEC Spinwriter 275. 
NR-II RE X NEC Spinwriter 300. 
NI-II VIO NEC Spinwriter 300. 
SS H SOL Heli oslTTY 250. 
OSH SOL Heli os/Diablo 300. 

Attention: TRS .. 80 Users! 
line length, page length, line 
spac ing and page spacing permit 
automatic formatting of any 
form. Character spacing, bold 

m ss 
MICHAEL SHRAYER SOFTWARE, INC. 

1253 Vista Superba Drive 
Glendale, CA. 91205 

The Electric Pencil has been de­
signed to work with both Level I 
(16K system) and Level II mod­
els of the TRS-80, and with vir­
tually any printer you choose. 
Two versions, one for use with 
cassette, and one for use with 
disk, are available on cassette. 

face. multicolumn and bidirec­
tional printing are included in 
the Diablo versions. Multiple 
columns with right and left justified 
margins may be printed in a single pass. 

Wide screen video 

(213) 956-1593 

may be upgraded at any time by sim­
ply returning the original disk or cas­
sette and the price difference between 
versions, plus $15 to Michael Shrayer 

Versions are available for Imsai Software, Only the originally purchas-
V I 0 video users with the huge 80x24 ed cassette or diskette will be accepted 

The TRS-80 disk version is easi ly tran­
sferred to disk and is fully interactive 
with the READ, WRITE, DIR , and 
KI LL routines of TRSDOS 2.1. 

character screen. These versions put al- for upgradi ng under this policy. TRC Cassette 
Disk 

Price 

$100. 
$150. most twice as many characters on the TRD 

screen !!! Demand a dell10 from your dealer! 
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Givethem 
the Gift of - - L e &, 

~~s-:.~E 
CHILDREN'S 
RESEARCH 
HOSPITAL 
Danny Thomas , Founder 

St. Jude Children's Research 
Hospital is the only . 
research institution 
dedicated solely to the 
conquest of catastrophic 
diseases of childhood. 

In less than twenty years, 
the knowledge and new 
treatment procedures 
developed there have 
brought hope to suffering 
children who once would 
have been called incurable. 

This knowledge is freely 
shared with pediatricians 
and physicians all over the 
world. Children admitted to 
st. Jude Children's Research 
Hospital study programs 
receive total medical care 
without cost. 

This unique hospital needs 
help to continue. Inflation 
keeps eating away at the 
value of the dollar and 
increases the cost of 
operation. At the same time, 
the very success that allows 
children under its care to live 
longer means that st. Jude 
must provide free care to an 
increasing number of 
patients. 

Please join in this effort to 
save children everywhere. 
Write: ALSAC·St. Jude 
Children's Research 
Hospital, 539 Lane Ave., 
Memphis, TN 38105 for 
fu rther information. 

Please give these children 
the Gift-of-Life by sending a 
tax-deductable gift. 
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Computer Chess Report 

The ninth annual North American 
Computer Chess Champsionship held at 
the convention of the Association for 
Computing MaChinery December 1978 
produced a new champ ion program . The 
Belle system, developed at Bell Lab­
oratories by Ken Thompson, emerged 
with four wins in the Swiss System 
Tourn ame nt and with top honors. 

Belle was seeded fourth in the 
tournament, and faced defending cham­
pion program Chess 4.7, the perennial 
favorite written by David Slate and 
Larry Atkin of Northwestern University, 
in the second round . This match was 
generally thought to be the finest game 
of the entire event. Only the programs 
"knew" what was go in g on ; neither 
Robe rt Byrne nor David Levy, both 
highly ski ll ed chessmasters, could eve n 
tell which program was winnin g. 

A complete table of tournament 
results is reproduced here. Th e table 
contains blank entries because the 4 
round Swiss System does not have each 
program play aga inst every other pro­
gram. A clear winner is produce d, but 
the relative ranking of contestants 
finishing in the middle of the pack is 
indete rminate. The seedi ng of entries, 
performed by Dr Monroe Newborn, 
was fairly accura te; onl y three game 
resu lts were contrary to that predicted 
by th e seeding. 

Two programs in the event were 
written for microprocessors. Sargon, 
for the Z-80, and Mike, for the 6800, 
competed against program s executing on 
impressive ly la rge computers. Much jest 
was made over the fact that Sargon, 
running on a Wave Mate Jupiter com­
puter, defeated the program Awit, which 
was running on a huge Amdahl 470 
system. 
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1. Chess 4 .7 ['\ 1 0 1 1 

2 . Duchess 0 
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3. Chaos ~ '' ''' 0 1 

4. Belle 1 1 

"" 
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5. Blitz ~ 0 I"" 
6. Ostrich 0 0 I"" 1 

7. Black Knight 0 0 ~ 
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B.Awit 0 0 ~ 
9. Sargon 0 1 

10. Mike 0 ~ 

11 . B56676 0 0 

12. Brute Force 0 0 

~ 
0 

" 

1 

0 
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Awit had its problems, many of 
which were caused by attempts to run 
the program on several different ma­
chines during the tournament. The 
saddest hard luck entry, however , was 
the Brute Force program. It was plagued 
with system crashes, program bu gs (it 
couldn't hand le en passant pawn cap­
tures made in just a particul a r way), and 
malfunctioning "patches" to the pro­
gram bugs. Brute Force lost its second 
round game in three different ways. 

A speed chess tournament pitting 
hum an chess players against Chess 4.7 
was held as an adjunct to the main eve nt. 
The machine won two "S-minute" 
games from Mark Diesen , one of the 
fast rising young stars of American 
chess. Robert Byrne beat the machine 
twice, but in "lO-minu te" games. The 
programmers were honored to h ave had 
the program playa speed game agai nst 
Edward Lasker, at 93 years of age the 
grand old man of chess. The co mputer 
was not awed; it won the game. 

Chess Endgame Research and 
Developments 

Ken Thompson, the programmer of 
Belle, has written other programs which 
specialize in playing chess endgames. 
One program plays the endgame of 
King and Queen versus King and Rook. 
In late December 1978, Walter Browne 
(see "Grandmaster Walter Browne versus 
Chess 4 .6," Janu ary 1979 BYTE, page 
110) played this endgame against the 
machine. 

Browne played White , having the 
material advantage. The computer, 
playing a previously unknown defensive 
method, tenaciously defended its "theo­
retically lost" position. According to the 
rules of chess, Browne had to capture 
the Rook withi n 50 moves after the start 
of the exercise, or the game wou ld be 
declared drawn. 

The initial position was chosen to be 
the worst possible position for the 
computer's Black pieces. It is hi gh ly 
significant that despite his best efforts, 
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Table 7: Cross table giv­
ing results of games in 
the 7978 North Amer­
ican Computer Chess 
Championship. 
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Browne was only able to capture the 
Rook exactl y on move 50. This enabled 
Browne to quickly w in th e game and a 
$100 wager he had riding on it, but he 
was not able to find the win in 31 moves 
predicted by the program . 

In his ch ess programs Thompson uses 
a D igital Equipment Corp PDP-11 which 
has been outfitted with two special 
purpose hardware devices. On e generates 
possible moves, and the other evalu ates 
positions .• 

Land Identification and Information 
Management System 

The Sa n Di ego County Departmen t o f 
Transportat io n has recentl y fo rmed a 
ta sk force w hose ob ject ive is to f o r­
mall y def ine a pro posed LlMS (Land 
Identi ficat io n and In fo rmat io n M anage­
ment Sys tem). 

The collect io n, analysis and d ispla y o f 
land related inf orm ati o n, pa rti cul arl y in 
map form, is a signifi ca n t pa rt o f every­
day county operati ons, no t only in Sa n 
Diego or Ca li fo rni a. bu t nat ionw ide. In 
the United Sta tes, county governm en ts 
are the geograp hi c and po lit ica l un i ts fo r 
land inform ati o n and reco rd keeping. 
M os t land use recording and mapp ing 
sys tems tod ay are un o rga ni zed and un ­
coordina ted, hav ing evo lved from ant i­
quated sys tems wh ich have changed 
littl e sin ce the da ys wh en Am eri ca w as 
still expanding w estw ard . The curren t 
sys tems used in process in g, sto rage, and 
subseq uent use o f thi s data perta ining to 
l and use, acqui sit io n, assess ment, and 
deve lopment are prov ing to be cos tly 
and ineffic ient. 

Sa n Di ego Coun ty's LIMS Task Fo rce 
is p ro pos ing to develop a land identifi ­
ca ti o n sys tem w hi ch will combine these 
effo rts into a single, com prehensive and 
cos t-ef fec ti ve sys tem . High-speed, hi gh 
ca pac ity compu ter tec hno logy w hich 
w ill perm it inc reased da ta sto rage, rap id 
access to thi s da ta, and auto m ated 
di sp lay and/o r p rintout o f t he des ired 
m a p -fo rmul a t ed p rod u c t s i s now 
ava il able. The sys tem would prov ide a 
ce ntra l repos ito ry o f a ll geograp hi ca ll y 
o ri ented in fo rm atio n in t he county and a 
singul ar comprehensive fil e o f land 
related da ta. 

Sa n Di ego County is app roaching the 
da ta input probl em in a w ay th at is 
signi f ica nt ly different fro m prev iously 
pro posed o r deve loped au tomated map­
ping sys tem s. The innovat ive method of 
da t a input env isio ned f o r th e LlM S pro­
jec t w ill uti l ize inpu ts based o n engin eer­
ing ca lcul a ti o ns. in lieu of d igi t ized in ­
pu ts . Th is process will p rod uce end 
res ul ts w hi c h represent rea l wo rl d 
geograp hi c va lu es in stea d o f di giti zed 
map data . 

The stud y w ill examin e the ineffi c ien­
cies of the cu rrent land record s keeping 
sys tem , prepare new sys tem des ign 
pa r a m ete rs, eva lu a t e a lt e rn a t ive 
system s, and recomm end a fin al des ign 
w ith orga ni za ti o nal, funding, and im ­
p lem entat io n p l a ns. W hen impl e­
mented, LIMS should se rve such other 

coun ty d epa rtm ents as the p lanning, 
assess m ent, records, a nd reg istry o f 
vo ters depa rtments. Add itional users are 
expected to be the muni c ipa li t ies within 
the coun ty, sta te and fe dera l agenc ies 
loca ted in the county, and la nd rel a ted 
b usin esses in t he pri va te sec to r. 

For f urther in fo rm ati o n o n the LlMS 
Pro ject in Sa n D iego County, con tac t 
Ke nneth L Py le, LIM S Task Fo rce Direc­
to r. at (714) 565-5 297 . • 

A Call For Educational Material 

The Flo ri da Educa ti o nal Computing 
Pro ject, w hi ch is suppo rted by the sta te 
o f Flori da, has recentl y approved a pro­
ject for the eva lu a t ion and imp lem enta­
ti o n o f a mi c rocom pu te r based in stru c­
tional com pu t ing system . As a m ember 
of the evalu ati o n com mittee, I am 
writing to you so we m ay con tac t those 
readers w hb have educa ti o n o ri ented 
so ftwa re deve loped fo r mi crocomputers . 

We are look ing fo r both computer 
a ided instru cti o n type m ateri a l and ad­
mini strat ive suppo rt program s (eg: film 
library inve ntory/con t ro l, word p rocess­
ing, sta ti sti ca l analys is, etc). A t thi s ti me 
we do no t have the funds to purchase 
any so ftwa re, and w oul d therefore be 
w illing to ce rtify t he return o r dest ru c ­
ti o n o f any program m ateri a l loa ned to 
us. 

Beca use of the va ri ety o f computers 
these programs m ay run on, we would 
prefer t hose w hi ch are not too depen­
dent on a parti cul ar hardw are confi gura­
t ion o r ope rating sys tem (if o ne is re­
quired). Howeve r, we wo uld like to hea r 
about any program s running o n 6502, 
6800,8080, 8085, o r Z-80 machin es . 

The outcom e 'o f thi s projec t w ill be a 
ca ta log li stin g a ll t he accep tabl e so ft­
wa re pac k ages we rece ive, their eva lua­
t ion, and the ir source of di stributio n. 
Thi s cata log w ill be ava il ab le to a ll 
educa ti o nal inst i tu t io ns in the sta te of 
Flo rid a and to any o ther interes ted 
ed u cat io na l sys t em s. Na tura ll y we 
would lik e to share w ith those who con­
tri bu te so ftwa re for eva lu at io n, poss ibly 
starting an exc hange prog ram among the 
pa rti c ipants. 

A ny help we rece ive would no t only be 
grea tl y app rec ia ted, bu t would ac­
ce l e ra t e t he expos ure, u se, a nd 
kn ow ledge o f m i c rocomputers in 
general We fee l tha t the mi c rocom­
pu te r, beca use o f its re la ti ve sm a ll size, 
low cost, and dedicated o ne-on-one 
res ponsiveness, w ill p rove to be a pow er­
f ul lea rn ing too l fo r the stud ent and a 
va luab le timesav ing a id to the educa to r. 

We ho pe, w i th the cooperati o n o f 
your m agaz ine and your readers, tha t 
our ef fo rts w ill show th at the mi c rocom ­
pu te r is " an idea w hose t ime has come" 
in the f ie ld of edu ca ti o n. 

Those w ho have softwa re they wi sh to 
submit f o r eva luat io n and in c lu sio n in 
our cata log, o r q uest io ns conce rning our 
p rojec t m ay con tact Dr Nelson J Tow le, 
Sa rasota County Sc hoo ls, 2409 H atton 
St, Sarasota FL 33577, (305 953-5000 ex­
t ension 322 . • 
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Pascal 
MICROENGINE™ 
16-bit P-code CPU 

PASCAL PROGRAMS EXECUTE 5x 
FASTER THAN ON SIMILAR CPU's 

READY TO RUN 

$2995 List price 

$2949 COD (25% down) 

STANDARD: 
• 16-bit P-code CPU 
• 64K bytes RAM 
• Floppy disk co ntro ller 
• FullDMA 
• Floating poin t hardware 
• 2 seri al li D ports 
• 2 parall el 1/0 ports 
• Pascal & Basiccompilers. text ed itor. file manager, 

C PU & memo ry d iagnostics, symbo lic Pascal 
debugger 

$1795 * Without case & power supply 

$1995 List price 

$1949 COD (25% down) 

10% 
DOWN, GUARANTEES 
PRIORITY & PRICE 

PERKIN-ELMER (Model 550) 

List price $956 
COD (25% down) $899 

$695 * SHUGART (Model SASSO) 

$755 List price 

$719 COD (2S%down) 

*LIMITED TIME 
CASH DISCOUNT 

(IL residents add 5% sales ta.) 

A full refund will be made for any product returned within 
10days. 

X-pert Systems'· designed by Compute. 
are integrated and cost efficient. Customer 
satisfaction is guaranteed. Write for information 
on technical details and applications software. 
Special prices to co mputer clubs. Complete 
systems catalogue $1 . 

(312) 684-3183 

COMPUTEX 
"The Computer Experts" 
5710 Drexel Avenue 
Ch icago, IL 60637 

Sales & Service 
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Queuing Theory, 

The Science of Wait Control 

Len Gorney 
Box 96 R 0 1 

Clarks Summit PA 18411 

Part 2: System Types 

In part 1 we discussed the computer 
implementation of row and circular queues . 
Now, let us take a loqk at the structure of 
queues in the real world and see if they can 
be fitted to our previous programs. In the 
following discussion, the word queue refers 
to the waiting line iii the system. I he word 
facility ·refers to the service facility area 
located at the head of the queue . 

System Types 

There are four general types of queuing 
s~ructures . The first, and simplest, is the 
single queue single facility system (figure 3). 
In this structure, there is one waiting line 
and one service area to be studied . A 1 pump 
gas station with one entrance is a real world 
example of this system . 

We can extend this system' to the single 
queue multifacility system (see figure 4) . 
In this structure, custom ers line up in a 
single waiting line and are serviced at the 
first of a series of facilities. Upon depar­
ture from the first facility, the customers 
immediately enter another queue to await 
their turn at the second service facility. 
This insertion and deletion continues until 
the customer is eventually deleted from 
the last facility and consequently the entire 
system. This structure is not unlike a cafe-

teria where you first line up for a sandwich, 
then line up for dessert, then for a drink, 
and finally, for the cash register. 

Another basic queue structure is a multi­
queue single facility system (see figure 5) . 
Th is is the type of structure you see at a 
typical supermarket checkout counter area. 
Customers ari'ive at the queue with their 
purchases and choose one of many waiting 
lines. Each service facility offers the same 
service, that is, checking out the purchases, 
but each line holds different customers. 

The multiqueue, multifacility system in 
figure 6 is a combination of the previously 
mentioned structures. A number of initial 
queues feed into a series of facilities . When a 
customer enters a particular queue, that 
customer travels from each facility within 
that subsystem until the eventual deletion 
from the system. Once a customer is entered 
into a subsystem, that customer causes that 
subsystem to behave as does the single queue 
multifacility queue system. 

Any waiting line can be fitted to one of 
the four queue structures just mentioned . 
Try it the next time you're waiting in a line. 

--= ___ ------' SERVICE 
CUSTOMERS IN I> QUEUE FACILITY 

OUT _ 

After we are able to define the type of 
queue we have, the problem of analyzing 
the structure and arriving at answers most 
important in queuing problems is our next 
step. At this time we won 't concern our­
selves with the difference between a single 
server or a multiserver queue. The former 
represen ts a grocery store checkou t cou nter 
arrangement where customers enter any 
line (usually the shortest or the fastest 
moving). The latter fits into the situation 
at a barbershop. One long line feeds into Figure 3: A single queue single facility system with one waiting line and one 

service area. 

Note: The numbering of 
the figures and listings is 
continued from part 1 
in April 1979 BYTE, 
page 132. 
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SERVICE SERVICE L ~ 
CUSTOMERS IN I> QUEUE I FACILITY QUEUE 2 FACILITY ••• FACILITY OUT ~ 

~I ____ ~I ~2 ____ ~r- ~ 

Figure 4: Single queue multifacility system, in which the customer waits in a queue to 
use a facility, then waits in another queue for the second facility, and so on until all ser­
vice facilities have been used. 



a lal'ge service area where a number of 
barbers (ie: the servers) wait for you to 
come to th em. 

Let's imagine a 1 pump gas station. 
At the start of the day, the operator (ie: 
server) opens the pump and waits for the 
first customer of the day to arrive. After 
some period of time, the first customer 
arrives and immediately drives up to the 
pump for service . This lucky f irst customer 
has no waiting time since the fac ility (at 
the head of the queue) is open and free of 
prev ious custom ers. The customer requires 
some period of time for service, and upon 
completion of this servicing time leaves 
the system. The operator sits back and 
waits for the nex t customer to arrive. 

The second customer arrives, is immedi· 
ate ly served, and leaves the system. If the 
only tim e a customer spends in a queue is 
the tim e required for service, no qu eue 
forms. What we need for a queue to form is 
to have customers arrive whi le there is a 
customer being serviced. Then a line wi ll 
form wi th waiting customers. The qu eue 
will form based entirely upon the service 
requirements of the customer at the service 
area. 

Randomness 

A pure queuing problem requires that 
customer arrival and service tim es be differ­
ent. lri other words, whi le a customer is 
being serviced, other customers enter the 
system at random interva ls dur ing the 
simulation period to form a queue. 

Formal ly speaking, the rando mness of 
these arrivals foliows a Poisson distribution 
and exponential interarrival times. Basically, 
this means that an arrival has an equa l 
chance of arriving at the tail of the qu eue 
at any time during the simu lation period 
of the problem. Typical nonqueue structures 
do not exhibit this random criterion. Fo r 
example, a movie theater lin e is not a good 

SUBSYSTEM I 

I SERVICE 

queue proble m because arrivals usuall y 
bunch up in a period 10 to 15 minutes 
before the new show starts. Therefore, 
du ring the si mu lation period, rando mness 
is a key ingred ient. Randomness causes the 
queue to lengthen and decrease based on ly 
on th e se rvice requirements of each customer. 

Usuall y a custo mer mu st wait in a line at 
any business establishment before rece iving 
the desired service . How th e busin essm an 
treats these wa iting customers is of prime 
importance as to the success or failure of 
most businesses. A typical custo mer wil l 
take one of the fo ll owing action s when 
faced with a waiting line. The first action 
is to just wa it in th e lin e unti l service arrives. 
Once in line, that customer wil l remain in 
lin e unti l the end . The busin essman has 
litt le wo rry over thi s customer because this 
customer will eventual ly be se rviced and 
some profit wi ll be realized. 

A second altern ative open to a waiting 
custo mer is for that customer to jockey 
from lin e to line. How many times have you 
see n this customer arrive at one qu eue, wait 
for a short period of time, move to another 
qu eue, wait agai n, then move aga in, and so 
on. Thi s situation exists in th e multiqueu e 
system as is ev idenced in a bank o r large 
supermarket with many serv ice fac ili ties 
ava il abl e for customer use. 

IN 
QUEUE I 

CUSTOMERS IN 
IN 

QUEUE 2 

IN 
QUEUE n 

The definition of a queue 
req ui res that arrivals to the 
queue be random. 

SERVI CE 
FACILITY OUT -----t> 
I 

SERVI CE 
FACILITY OUT --(> 

2 

• • 
• 

SERVICE 
FACILITY OUT -----t> 

I 
n 

Figure 5: Multiqueue single facility system. An example of such d system is 
the supermarket checkout area. The checkout area has several service facili­
ties, each with a corresponding queue, that all offer the same service. 

SERVICE SERV ICE 
QUEUE I FAC ILITY QUEUE 2 FACILITY QUEUE 3 • •• QUEUE n FACILITY CUSTOMER OUT ------i> 

I 2 I n I 
SUBS YSTEM 2 

I SERVICE I SERVICE SERVICE 
CUSTOMERS IN QU EUE I FAC ILIT Y QUEUE 2 FAC ILITY QUEUE 3 • •• QUEUE n FAC IL ITY CUSTOMER OUT ~ 

I 
I 2 I I n 

SUBSYSTEM m 

I SERVICE SER VICE SERV ICE 
QUEU E I FACI LI TY QUEUE 2 FACILITY QU EUE 3 • •• QU EUE n FACILIT Y CUS TOME R OU T ---l> 

II 2 I n 

Figure 6: Multiqueue, multifacility system. This system has a number of initial queues feeding into a series of facilities. A cus­
tomer entering a particular queue stays within that particular subsystem until leaving the system. 
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SINGLE HEAD DRIVES 
TF-1 X Choose Pertec FD-200 or MPI 
TF-3 Shugart SA 400 

DUAL HEAD DRIVE 

$379 
$389 

TDH-2 Dual Headed minifloppy, includes cable $699 
CABLES 

TFC-2 Cable for two disk drives 
TFC-4 Cable for four disk drives 

$25 
$35 

TRS-80 PERIPHERALS & SUPPLIES 

PRINTERS 
LP779TR Centronics Model 779 with tractors 
LP1 Centronics Model P1 

$1179 
$399 

$39 CABLES 
MEMORY 

16KM 16K RAM Kit (specify computer or 
expansion interface) 

NEW PRODUCTS 
AC-1 A.C. Line Interference Eliminator 
NKP Numeric 16-Key Pad Kit 

DISKETTES 
VERBATIM 5" Soft sector 
GM 5" Soft sector 

TRS-80 SOFTWARE 

New TRS-80 DOS 
Accounts Recievable 
Inventory Control 
Job Entry/Status 
Mail List 

SEND FOR FREE PRODUCT CATALOG 

$84 

$18.95 
$68 

$95 
$39 
$39 
$75 
$39 

$3.59 
$3.49 

BUY IT ALL... HARDWARE/SOFTWARE ... FROM 
ONE SOURCE-TWO LOCATIONS TO SERVE YOU 

APPARAT, INC. 
6000 E. Evens Ave. Btdg. 2 
Denver, CO. 80222 

303-758-7275 

MICROCOMPUTER 
TECHNOLOGY INC. 
2080 S. Grand Ave. 
Santa Ana, CA. 92705 

714-979-9923 
ORDERING INFORMATION: Cash, cheel<, Money Order or Credit Card (MC or VISA). COO's 
require 20% deposit. Orders will be processed and shipped within 3 to 10 days of receipt 01 order. Customers 
will be notil~d 01 any delay over 30 days. 
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The previous two actions should cause 
little concern. The customer remains in the 
system and will eventually be served, there­
by yielding the business some profit. How­
ever, what happens when the customer 
leaves the system after entering or refuses to 
enter the system initially? 

If a customer has entered the system and 
leaves before being serviced, that customer 
has reneged. This situation occurs quite 
often when the waiting I ines are moving at 
a rate far too slow for the customers within 
th e lines. The customer and possible profits 
are lost to the businessman when a custom­
er's action takes him or her on this route. 

The last, and most damaging to the 
businessman, is the situation where a cus­
tomer doesn't initially enter the system. 
When a customer sees a long and slow 
moving line, that customer usually balks. 
Th is cu stomer is surely lost because he 
doesn't even give the businessman a chance 
at the very ou tset. 

Since time is money, the important 
questions relating to queuing systems must 
be solved with relation to the time involved 
in waiting and servicing customers. 

What is the maximum amount of time 
a customer waits in a line? What is the aver­
age amount of time all the customers are 
expected to wait in line before being served 
and deleted? What is the maximum amount 
of service time for anyone customer during 
a typical period of time? Any measurement 
involving customer waiting time and cus­
tomer service time is vital to the success 
or failure of a business. 

A Queuing Problem 

The program shown in listing 3 is that of 
a typical queuing problem utilizing the 
circular queue as the queuing structure . 
What we may have here is a hypothetical 1 
pump gas station . The system will therefore 
be described as a single queue single facility 
structure. 

Past experience gives us some of the input 
parameters required for the problem solu­
tion. For example, our queue is dimensioned 
to ten locations, so only ten cars can fit in 
our service area. This parameter can be 
adjusted using input parameter questions at 
the beginning of the program. In addition 
to the queue length, the program asks for 
the minimum and maximum typical service 
times. The arrivals per unit tim e determine 
how m any customers are arriving each 
minute during the simulation . The simula­
tion is halted after the first parameter value 
is reached, namely, the amoun t of ti me to 
run the model. 
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DISPLAYABLE CHARACT ERS 
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Listing 3: BASIC program that simulates a single queue single facility system 
such as a 7 pump gas station. The program incorporates several functions 
discussed in part 7. 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 

DIM Q(10) 
PRINT "MINUTES TO RUN SIMULATION="; 
INPUTM 
PRINT "MAXIMUM ARRIVALS/UNIT TIME="; 
INPUT A2 
PRINT "MINIMUM SERVICE TIME="; 
INPUT S2 
PRINT "MAXIMUM SERVICE TlME="; 
INPUT S3 
PRINT "QUEUE LENGTH="; 
INPUT H2 
PRINT "INPUT 1 FOR RUNNING OUTPUT. ELSE INPUT 0" ; 
INPUT P 
C = 0 
C2 0 
C3 0 
C4 0 
M2 0 
M3 0 
S4 0 
H = H2 
T = H2 
FOR J2 = 1 TO H2 
Q(J2) = -9 
NEXT J2 
Q(T) = 0 
T = T - 1 
GOSUB 1610 
FOR J = 1 TO M 
FOR J2 = 1 TO H2 
I F Q(J2) = -9 THEN 1330 
C = C + 1 
Q (J2) = Q (J2) + 1 
NEXT J2 
C2 = C2 + C 
IF C < = C3 THEN 1370 
C3 = C 
C = 0 
IF P = 0 THEN 1410 
PRINT" PICTURE OF QUEUE AFTER"; J;" MINUTES" 
GOSUB 1680 
I F 6(H) < M3 THEN 1520 
M2 = M2 + M3 
C4 = C4 + 1 
S4=S4+S 
I F P = 0 THEN 1470 
GOSUB 1730 
GOSUB 2110 
GOSUB 1610 
I F P = 0 THEN 1520 
PRINT "PICTURE OF QUEUE AFTER DELETE" 
GOSUB 1680 
A3 = 1 
A = INT (RND (1) * A2) 
IF A3 > A THEN 1580 
GOSUB 1900 
A3 = A3 + 1 
GOTO 1540 
NEXT J 
GOSUB 1730 
STOP 
S = INT (RNO (1)*10) + (S3-9) 
I F Q (H) = -9 THEN 1640 
Q (H) = 0 
M3 = Q (H) + S 
IF P = 0 THEN 1670 
PRINT "REQUIRED SERVICE TlME="; S 
RETURN 
FOR J2 = 1 TO H2 
PRINT Q (J2); 
NEXT J2 
PRINT "TAILc"; T;" HEAD="; H 
RETURN 
PRINT C4;" FULLY SERVED CUSTOMERS IN "; J;" MINUTES" 
PRINT "MAXIMUM CUSTOMERS QUEUED= " ; C3 

180 May 1979 © BYTE Publ icat ions Inc 

1750 
1760 
1770 
1780 
1790 
1800 
1810 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1931 
1932 
1933 
1934 
1940 
1950 
1960 
1970 
1971 
1972 
1973 
1980 
1990 
1991 
1992 
1993 
2000 
2010 
2020 
2021 
2022 
2023 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2101 
2102 
2103 
2104 
2105 
2110 
2120 
2130 
2140 
2150 
2160 
2170 
2171 
2172 
2173 
2174 
2180 
2190 
2200 
2201 
2202 
2203 
2210 
2220 
2230 
2240 
2250 
2260 
2270 

M5 = M2/C4 
PRINT "AVERAGE WAIT TIME ="; M5 
S5 a S4/C4 
PRINT "AVERAGE SERVICE TIME=" ; S5 
C5 = C2/J 
PRINT "AVERAGE NUMBER OF QUEUED CUSTOMERS=" ; C5 
RETURN 
REM 
REM INS E R T ION R 0 UTI N E 
REM 
REM CHECK TAIL AND HEAD POINTER VALUES 
REM 

REM 

IF H = T GOTO 1970 
IF H < T GOTO 2030 
I.F T > = 1 GOTO 2030 
IF H = H2 GOTO 2080 

REM INSERT ITEM AT Q (H) 
REM SINCE QUEUE IS EMPTY 
REM 

REM 

Q (H2) = 0 
T = H2-1 
GOTO 2050 
IF T <> 0 GOTO 2000 

REM RESET POINTERS TO HEAD OF QUEUE 
REM 

REM 

H = H2 
T= H2 

REM CHECK IF Q (T) EMPTY FOR POSSIBLE INSERT 
REM 

REM 

IF Q (T) <> -9 GOTO 2080 
H = H2 
T = H2 

REM NORMAL TAIL INSERTION 
REM 

REM 

Q(T)=O 
T = T-1 
IF P = 0 THEN 2070 
PRINT "ARRIVAL" 
RETURN 
IF P = 0 THEN 2100 
PRINT "OVERFLOW" 
RETURN 

REM DEL E T ION R 0 UTI N E 
REM 
REM CHECK POINTER VALUES FOR POSSIBLE DELETE 
REM 

REM 

IF H = T GOTO 2150 
IF H > 0 GOTO 2190 
H = H2 
GOTO 2180 
IF H <> 0 GOTO 2180 
H = H2 
T = H2 

REM DELETE FROM Q (H) IF Q (H) HAS AN ITEM 
REM ELSE. QUEUE IS EMPTY. I. E. UNDERFLOW 
REM 

REM 

IF Q (H) = -9 GOTO 2240 
Q(H)=-9 
H = H-1 

REM RESET POINTERS FOR NEXT DELETE 
REM 

END 

IF H <> 0 GOTO 2260 
H = H2 
RETURN 
IF P = 0 THEN 2260 
PRINT "UNDERFLOW" 
RETURN 



Conclusion 

For- th e serious reader , the li st of refer­
ence material includes those tex ts wh ich 
pl ace a good emph as is on queuing theory. 
After digesting the ideas in this arti cle, 
plun ge in to these tex t s. Now I can return 
to my reading queue and get to th ose 
lines of books and artic les wa iting on my 
booksh elf. I'm sure that som ewhere au t 
there is a I ine wai t ing fo r you! . 
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ALPHA MICRO 
FINANCIAL ACCOUNTING SYSTEM 

A generalized, interactive bookkeeping and accounting 
system created by our staff of ePAs for our accounting 
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competitively priced, backed by an unconditional 
90 day warranty and in stock for fast delivery. 
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Digits 
Hal Snyder 
855 Fair Oaks 
Deerfield IL 60015 

Listing 7: The Digits program, written for the Texas Instruments SR-52. The 
object of the game is to guess a number generated randomly by the calculator 
in the fewest number of guesses possible. 

Program Listing 

000 LBLA' 
002 4 STO 00 rtn 

007 LBL E' 
009 ( STO - .5 ) 
015 EE INV EE rtn 

019 LBL 0' 
021 10 INV log rtn 

026 LBL + 
028 A ' 
029 LBL cos 
031 9 SUM 00 
035 ( INO RCL 00 -
041 9 INV SUM 00 
046 INO RCL 00) 
051 I NV ifzro 1T 
054 INO STO 00 
058 1 SUM 19 
062 LBL 1T 
064 dsz cos rtn 

067 LBLB 
069 prt fix 0 
072 7A' INV log 
076 LBL sin 
078 x 10 = 
082 -E'INOSTOOO= 
089· dsz sin 
091 o STO 19 
095 SBR + 
097 10PROO19 
102 A ' dsz x 
105 LBL x 
107 RCL 00 + 
111 A ' RCL 01 ( 
116 LBL l' 
118 INO EXC 00 
122 INV ifzro 2' 
125 INO EXC 00 
129 LBL 2' 
131 dsz l' 
133 +A'O) 
137 INO STO 00 
141 SBR + 
143 0= STO 00 
148 dsz x 
150 RCL 19 INV fix 
155 prt pap HL T 

158 LBL E 
160 fix 0 A' 
163 LBL SUM 
165 RCL 00 + 9 
170 + STO 01 
174 7y X 9xRCL99 
181 70' - E' = 
186 x 0'';- STO 99 
192 91NVlog = 
196 E' x ( 
199 INO STO 01 -
204 07) = 
208 ifpos SUM 
210 dsz SUM 
212 INV fix CLR HLT 

216 LBL 0 
218 EXC99HLT 
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Commentary 

; number of digits 

; truncate 

; 1010 

; count matching 
; digits 

; if match, clear 
; guess d igi t, 
; increment count 

; respond to guess 

; fraction in display 

; tens dig it in 
; response 

; cycle 
; save outer loop 
; index 

; leave zeroed digit 
; in place 

; retrieve outer 
; loop index 

; pick a number 

; generate random number 
; by takin!L 
; (R99 x i 9 ) mod 1010 

; get leading digit 

; is it in range? 

; cleanup 

; seed for random 
; note EXC is used 

Digits is a number guessing game written 
for the Texas Instruments SR-52 program­
mable calculator featuring cyclic permu­
tation, nested loops and various space saving 
devices. Hal Snyder teaches mathematics at 
Roosevelt University in Chicago. 

Instructions: 

1. Enter program. 
2. Start random number sequence by 

keying in a positive integer and pressing D. 
3. For a new game, press E. I n the 

initial configuration, the SR-52 se lects 
four digits, all between 1 and 6, such as 
2361 or 5335, then displays 0 (this takes 
about 120 seconds). 

4. Key in your guess and press B. 
After a few moments (see below for approxi­
mate timing), SR-52 responds with a 2 digit 
number xy, where x (tens) is the number of 
digits in your guess which are in the right 
position, and y (ones) is the number of cor­
rect digits in the wrong position. For 
examp le, if the S R-52 had chosen 5335 and 
your guess was 5351, the response would be 
21. 

5. Repeat step 4 as many times as 
needed to determine the hidden number 
comp letely. If not using a TI PC-100 printer, 
you should keep a written record of guesses 
and responses . The object of the game is to 
use as few guesses as possible. Step 3 starts a 
new game. 

6. Variation : the program is initially 
set for 4 digit numbers. For any other num­
ber (2 to 9) of places, set location 002 to the 
desired number, say by keying GTO A' LRN 
number LRN. 

7. Variation : the program initially 
uses digits 1 thru 6. To use digits 1 thru r, 
enter r+ 1 in locations 204 thru 205, with 
leading 0 if r+1 is a 1 digit number. To use 
digits 1 thru 7, key GTO 204 LRN 08 LRN. 

Digits Versus Codebreaker 

The game described above is similar to 
Codebreaker (copyright 1976, Texas I nstru­
ments), which comes in the TI game library 
for the SR-52. Digits, however, permits 
repeated occurrences of a digit in the hidden 
number, and can be easily modified (steps 6 
and 7 above) for different versions of the 
game. 

The Program 

The Digits program is shown in listing 1. 
Frequently used subroutines are placed at 
the front for improved speed. Subroutine 



Circle 85 on inquiry card. 

E' shows one way to do truncation on the 
SR-52. A quick way to get powers of 10 is 
illustrated in D'. The "cycle" routine (loca­
tions 105 thru 149) cycl ically permu tes the 
digits of the guess entered with the following 
modification: any digits in the guess which 
were previously matched in the answer will 
have been set to 0, and these digits will not 
be moved. (Thus, 1234 becomes 4123, but 
1034 becomes 4013.) The outer loop (105 
thru 149) contains an inner loop (114 thru 
132), and the program listing shows how the 
outer index is saved on the SR-52 operations 
stack when the inner loop is executing. 

I""TRS':'SO";;';';;' busi ness! ...... " 

The random number formula (see listing 
commentary) is the one used in the TI 
basic library. Key D can be used between 
games to examine or restart the random 
sequence since it exchanges display contents 
with the random number in memory. 

Response time depends on the width 
of the numbers used. As a rule, if you are 
using numbers with p decimal positions, 
the time in seconds from guess entered to 
response displayed will be 5/3 (p2+p), which 
means it will take about 20 and 35 seconds 
for 3 and 4 digit numbers respectively, all 
the way up to 150 seconds for 9 digit 
numbers.-

••• with CP 1M, CBASIC2, 
& applications software. 

CP/M ("the software bus") & CBASIC2 (the stan­
dard for business software) bring new power and 
versatility to the TRS-80 for practical use. 

CP/M Operating System (w/Editor, Assembler 
Debugger, Utilities & 6 manual set) .. . . : .. $145 

CBASIC2 ComJliler (w/manual) .. .. ... . .... $ 95 
OSPOOL Print Spoolel" (w/manual) .... . ..... $ 75 

*Osborne & Assoc. PAYROLL W/COST 
ACCTNG ................. . ...... $250 

*Osborne & Assoc. ACCTS. RECEIVABLE & 
ACCTS. PAYABLE ................. $250 

*Osborne & Assoc . GENERAL LEDGER ...... $250 
*=CBAS IC2 so urce programs ; add $15 (each ) for 

applicable 0 & A book. 

APH - Self-administered Automated Patient 
History .......................... $175 

Write/ca ll for additional software available & F R E E 
"CP/M Primer". 

CA residents add 6% tax . Visa, M/C,M/O,Check OK . 

(S?I!!-""~'~ ' E/lC ' ~""" l~ 

(714) 848-1922 

IS 
8041 NEWMAN AVENUE · SUITE 208 • HUNTINGTON BEACH , CALIFORNIA 92647 

00000001 000000001? 

CP/M~ TRS·80® 
The CP/M Operating System now available 

for Radio Shack's TRS·80 
CP/M OPERATING SYSTEM 
• Editor, Assemb ler, Debugger, and Utilities 
• For 8080 and Z-80 Systems 
• Up to four floppy disks 
• Documentation includes: 

CP/M Features and Fac i I ities 
CP/M Editor Manual 
CP/M Assembler Manual 
CP/M Debugger Manual 
CP/M Interface Guide 
CP/M Alteration Guide 

CP/M System Diskette and Documentation (Set 
of 6 manuals) for $150. 

CP/M Documentation (Set of 6 manuals) only 
$25. 

MAC@) MACRO ASSEMBLER 
• Compatible with new Intel Macro standard 
• Complete guide to Macro Appl ications 
MAC Diskette and Manual for $150. 

SID@) SYMBOLIC INSTRUCTION DEBUGGER 
• Symbolic memory reference 
• Built-in assembler/disassembler 
SID Diskette and Manual for $125. 

TEX@) TEXT FORMATTER 
• Powerful text formatting capabilities 
• Text prepared using CP/M Editor 
TEX Diskette and Manual for $125. 

HIGH-LEVEL LANGUAGES 
• Basic 
• Fortran 
• Cobol 
• Call or write for information 

USER'S GROUP 
.35 disks with utilities, games and 

appl icat ions 
• Call or write for information 

P.O. Box 16020 • Fort Worth , TX 76133 • (817) 738-0251 

CP M IS a registered trademark of Olgllal Research Corp I RS·80 IS a regis tered trademark 01 Radio ShaCk 
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Figure 7: Diagram illustrating rotation of the vector x, y in Cartesian coordi­
nates. The final position of the vector endpoint is x', y'. Two different "black 
boxes" or subroutines are used to solve various trigonometric problems by " , , 
means of the CORDIC algorithm. Black Box 7 (BB 7) calculates x and y 
given the displacement angle f) . Black Box 2 (BB 2) calculates the displace­
ment angle f) necessary to rotate the vector to a given y: These two routines 
enable the programmer to calculate a variety of trigonometric functions 
quickly and efficiently. 

Trigonometry 
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in Two Easy Black Boxes 

John A Ball 
Oak Hill Rd 

Harvard MA 01451 
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About the Author 

john A Ball is a radio astronomer at the Center for Astrophysics, Cam­
bridge MA. He has written a book entitled Algorithms for RPN Calculators 
pUblished by Wiley. 

If your computer can add, subtract, 
multiply, divide, calcu late square roots, 
sines, cosines, tangents, arc sines, arc cosines, 
and arc ·tangents, then you are prepared to 
so lve any trigonometry problem. How­
ever, if your computer lac ks some of these 
trig functions, then this articl e will be help­
ful, as it shows how to use CORD IC tech­
niques to program two "b lack boxes" (alias 
subroutines or processors) to perform 
trigonometric functions. As a bonus, you 
wi ll find that some complex and important 
problems are eas ier with the two bl ack boxes 
than with conventional tr ig functions. 

Coordinate Rotations 

Suppose we have a black box (call it BB 1 
for "black box number one") th at performs 
rotations in Cartesian coordinates. Given x, 
y, and f), BB 1 ca lcu lates x' and y' where: 

X ' = xcos(J - ysinfJ 
= (x - ytanf))cosf) 

y' = ycosf) + xsin8 
= (y + xtan8)cosf) 

(£q 7) 

Th ese are the standard equations for a rota­
ti on. They can be derived hom figure 1. 
Th e sign convention on the angle 8 in these 
equations is such that th e point (or vector) 
x, y rotates counterc lockwise through an 
angle 8 in a stat ionary coordinate system, 
or alternatively, the coordinate system ro­
tates clockwise through an angle 8 and th e 
point is stationary . In terchanging the plus 

and minus signs in equations gives the 
opposite sign convention for f). 

Many trigonometric problems are solvable 
usin g BB 1. The special case y = 0, x = R, 
fOI' example, gives: 

, 
X 

y' 
Rcos8 
Rsin8 (£q 2) 

Th ese are the equations for converting polar 
to rectangular coordinates. The special case 
y = 0, x = 1 gives: 

, 
X 

y' 
cosf) 
sinf) (£q 3) 

BB 1 will calcul ate sines and cosines, and 
from these the other trigonometric functions 
are easy. 

Now suppose we have a second black 
box, BB 2, which rotates the given coordi­
nates x and y through whatever angle is 

x' 
y' 

:---~:D==~ 
Figure 2: Functional diagram of Black Box 7 
and Black Box 2 showing inputs and the 
outputs which can be calculated from them, 



SWllfCIHIED=ON TAs-aD 
SHSTEMS ••• SUPPORT ••• 

SOFTWARE 
Using the Radio Shack TRS-80 as our base, we 
provide a full line of business-oriented soft­
ware, plus products with the follow-on 
support necessary to insure a success­
ful installation and ongoing ~perations. 

Our program costs $100 for the docu­
mentation , an additional $50 for the 
software on magnetic tape, and/or 
another $100 for the software on diskette . 
We highly recommend that you subscribe 

'. 

on one form of media. In adopting this ap- .. ' 
proach, we're going straight for the jugular 
(so to speak). Within the next year , we anti­
cipate a very competitive market for busi-
ness software relating to the TRS-80, and 
wish to establish ourselves immediately in a 
dominant position. In doing so, we are 
presuming over 1,000 participants in BIZ-80 . 

Pricing accordingly, we' re sure BIZ-80 will 
become such a fantastic bargain that few 
serious businessmen intending to use a 
TRS-80 could possibly pass up the value of­
fered. Really .. . how could you pass this up? 

We're sure you must 
ested in just what 

be inter­
you'll be 

' . 

getting ... Well, just about 

~~ 

everything you need! Within the year, you'll receive a disk 
based I nventory system, Accounts Receivable system, Ac­

'. 

counts Payable system, General Ledger system, 
Sales and Payroll . At the same time, all six 

subjects will be covered for a tape-based sys­
tem. Yes! Provisions have been made so 

that as your system upgrades, your data 
base will follow with a minimum of dif­

...... ficulty . 

We're not talking about stripped­

..... 
down systems, either. Elements of 
BIZ-OO are already prepared and have 

. ... 
..... 

been sold to satisfied customers for 
as much as $150. The Name/ Address 
system requires an entire diskette it­

self (over 50,CXXJ bytes) with some op-
tional subroutines relegated to yet an­

other disk. 

Our magazine, SoftSide, has proven it can be 
done: significant software can be offered at ex­
traordinary prices , attracting a sufficient fol­
lowing to make the effort profitable . 

BIZ-80 is not only competitive, but will set the 
standard by which value will be compared ... 
and that standard will be hard to meet. 

The object .of BIZ-80 is to develop systems 
that are easy to use , well-documented and 
include simple error-correction routines ; 

will be inexpensive; can be used by the cus­
tomer without the need for sophisticated com­

puter-oriented personnel ; existing employees 
and management can easily learn to operate . 

Our goal is to ultimately provide the complete computer 
system with 1. Basic busiress programs on subscription basis 

2. Special applications business programming on contractual basis 

The systems are professional quality products developed for the businessman utilizing a TRS-80 microcomputer­
they are well-documented from the customer's point of view; tney all tie together , i.e ., Order Processing feeds Ac-

counts Receivable , etc.; and they work all the time. Rerun , operation and backup procedures, as well as start-up 
and first time run instructions are covered in detail , from the perspective of the first-time user . 

Easily followed step-by-step instructions guide you through a sample run with dummy data (provided 
with every system). Start running your system at once, without the need to stumble through it try­

ing to create a fil e in order to understa nd how to use it. Periodically, we upgrade the documentation to 
reflect improvements and/ or changes in the system caused by TRS-80 enhancements. The enhancements will be available 
at a nominal charge to cover distribution expenses. Updates are FREE to BIZ-80 subscribers. 

Programs and systems are only as good as the documentation and people behind them. Participants in the one-year (max .) 
contract will receive: -12 Systems-6 tape/6 disk -Support -Updates -Newsletters Our software products are oriented to 
four levels of TRS-80 systems: System S-a stand alone 16K Level II with one cassette tape System I-a 32K with DOS , op­
tional printer (CRT oriented) and one disk drive System II-a 32K with DOS , line printer and two disk drives System III-a 
48K with DOS, line printer, RS232 interface and three-plus disk drives. Remember, all these business systems tie together 
They ' re add-on modules developed to complement one another; the 
buildif)~ blocks of your complete business microcompute r system. 

The TRS-80 is a powerful tool for business 
management. We want to help you use this tool to 
your best advantage. 
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liz-aD 
17 Briar Cliff Dr . Milford, NH 03055 

603-673-5144 

BYTE May 1979 185 



Write faster in BASIC, 
FORTRAN, or COBOL 
Document & modify more easily, too 

Human·engineered to do the job beller. Yes, you really can get flawless code 
faster, using the Stirling/BekdorfTM system of software development tool s with 
structured programming concepts. The 78 F2, 78P4 , and 78Cl are human-engineered 
to reduce initial errors, improve de-bugging speed, and aid concept communication. 

First, use the 78F2 Flowchartrix™to layout your orig in~1 concept blocks. Th en 
use it to write a finely detailed flowchart. 

54% more logic cells than other flowchart forms, put far more of your program 
on each page. Each Flowchartrix has a full 77 logic ce ll s, not just 50 . This saves 
paper, and makes your finished flow charts easier to understand. By seeing up to 
27 extra steps of a program on each page, you comprehend program flow more 
clearly. You save money and storage space, too. 

Every matrix cell in the 7 x 11 matrix has a specific label to help you track 
branch points. When you write program documentation, having a separate reference 
point for each cell makes your program much easier to describe clearly. 

With Flowchartrix, you don't need a shape template to draw remarkably regular 
logic symbols. Guides for the most·used logi c symbo ls are right in each m~trix 
cell , to help you draw most standard flowchart symbols enti rely fr ee-hand. 

78P4 Print· Out Designers are nexl. When you fini sh flowchartin g, layout the 
printed reports your program will generate. Then when you write code you blaze 
through the report generation segments right along with th e rest of your program. 

Unique 70 x 160 matrix accommodates even proportional· spacing word processor 
formats. The 160·column width can handle practically ~ny printer form at. Th e 
78P4 is big, 14'-'1 x 22 inches, because we've sca led th e ce ll size to human writing 
comfo rt, not machine print. giving nearly twi ce th e character·w riting ~rea of other 
printout design sheets. 

Special 5·column area records the program line number of the code which 
creates each printed line. It shows, at a glance, exactly whi ch line of code creates 
each line of your report, saving hours of needless search time when you must 
change the report format (and don't you always have to , sooner or later?) 

Every sheet of 78Cl gives you 2 form uses for the price of one. Us e 78Cl's 
full 28 line x 80 column grid area to code regular program steps. Th en for inter· 
active or instructional sections, simply keep your characters withi n th e appropriate 
CRT indicator lines, and you'll ~utomatically know where every charac ter wi ll show 
on your CRT sc reen. 

28 line x 80 column coding capacity saves you 14 sheets out of every 100, 
compared to 24·line forms. 86 sheets hold more program steps than 100 sheets 
of any 24-line form, yet we offer full -size 6mm x 3mm grid blo cks to giv e you 
comfortab le wTlting room and visual space between lin es. 

Works with your CRT display, no mailer what brand you own, Equipp ed for 
both 16 line x 64 column and 24 line x 80 column display formats. 

Available in three vers ions (one for BASIC languages, one for FORTRAN, another 
for COBOL), th e 78Cl is so powerful we include a J.page instruction manual with 
every order. 

Every tool in the Stirling/Bekdorf system is surface-engineered to take both 
pen & pencil without blotching. Our tough, extra-heavy, 22 = paper is pure enough 
to use with critical magnetic ink character readers. and gives you cri sp. sharp char 
acters wi th pencil or plastic-tip pen. 

Every part of our system uses eye-comfortable soft blue grids. All grid rulings, 
tints, and division rules are reproduced in a special shade of blue, easy on your 
eyes even after hours of con tinuou s programming If you're a professional pro· 
grammer, you'll particularly appreciate our improvem ent over th e green lin es you 've 
been writing on. 

A 3-ring binder is one more of our secrets for your success. All your notes, 
logic concepts, flowcharts, code, CRT layouts, print-out designs, and documentation 
can be kept together, in order, in one place. When everything you create stays 
together, debugging and modification is much simpler. 

Order your supply of the world's most advanced software development tools 
right now, before you hatch even one more bug. 

78f2 Flowcharlrix 
o 2 pads of 50 - S7 . 90 ~· U85 pkng & Shpll. 
o IOpadso l 50 .. SJU5+ S645pkng & shP!: 

78P4 P, in l·Qul Design Sheets 
o I pad 0150 - S7.45,,· SJ15pkng & shpg 
o 5padsot50 - S3210 -.· S675pkng & Sh pll. 

78C1 CombinalionCoding/CRTlarouts 
All are the s,1rne price, bil l please check whi ch language 
formal Ylluwant. 
o for BASIC 0 for FORTRAN 0 for COBOL 

o 2 pads 0150 ... S6 3S -.- $195 pkn~ & shpg 
o 10 pads 0150 ... $26 85.-- S3 35 pknR & shpg 

J.hole punched vinyl pockets lor 78P4 Design Sheets UPS 10 PO BOI addrm musl il,~ e phone numbel Prien ~o "n 

o set at 5 tor S2.65 + Sl 35 pkng & shpg lor pa~~InE & s/1 IPPlnE art USA onl1 Inlem~ l lon~1 shlPPlni ra les 

o selotl2torS5.00 .. SJ.85pkng& shpg m hlihe'. Yrll i e lor dmlls 

o Sa mpl, 01 aile sheel 01 each lorm + Charge 10: D Masler Charg e 0 Visa expo dale_ 
associaled labels & 1,leralu re $2 .50 Card 1-----_____ _ 

Enclosed is my check lor $ Signalure __________ _ 
Name __________ _ ___________ _ 

Address ____________ Phone ___ _ ___ _ 

Cily ________ Slale ______ Zip _ _ _ _ _ 

Slirling/Bekdorf 
4407 Parkwood 0 San Antonio , TX 78218 0 (512) 824-5643 : 

~~ ____________ £].:!:':.'!:!d~~~I!!m.:.":! . .: . .: ______________ .. 
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necessary to give a specifiedy'o So BB 2 also 
satisfies equations 1 but x, y, and y' are the 
given quantities and BB 2 calculates x' and 
e as shown in figure 2. Equations 1 can be 
rewritten as: 

I ± J x2 + y2 - /2 x 

e sin-1 (y'/R) - ¢ 
(Eq 4) 

where 

R J x2 + y2 

¢ tan-1 (y/x) 

x = Rcos¢ 
(Eq 5) 

y Rsin¢ 

That is, Rand ¢ are the polar coordinates 
corresponding to x and y as shown in figure 
1. Some combinations of x, y , and / are 
impossible: ifly'l> R, then BB 2 will award 
you a demerit and write an uncomplimen­
tary error message. 

Two distinct solutions exist for x ' and e. 
.These solutions differ in the sign of x', and 
e is replaced by 1800 

- e - 2¢. BB 2 gives 
the solution first encountered while rotating. 
Alternatively, a version of BB 2 could be 
written to give both solutions. 

BB 2 is also a powerful trigonometric 
problem solver. The special case y' = 0, for 
example, gives: 

I 
X 

e 
±R 
-¢ or 180

0 
- ¢ (Eq 6) 

This case gives rectangular to pol ar coordi­
nate conversion. Also, since ¢ = tan-1 (y/x), 
this case gives a four quadrant arc tangent. 
The special casey = 0 gives: 

I 
X ±v x 2 - y'2 

xcos8 

e sin-1 (y'/X) 
(Eq 7) 

This case gives an arc sine and the solution 
to a right triangle. And the special case x = 0 
gives: 

I 

X 

e 

±v y2 - y'2 
-ysine 

cos- 1 (y'/y) 
(Eq 8) 

This case gives an arc cosine and the solution 
to a right triangle. 

Together with add, subtract, multiply, 
divide, and maybe a square root, BB 1 and 
BB 2 can be used to solve any solvable prob­
lem in plane or spherical trigonometry. 



Many problems are simplified by being 
written directly in terms of coordinate rota­
tions or rectangular to polar to rectangular 
coordinate conversions. Examples are con­
versions of coordinate systems in positional 
astronomy and problems in complex num­
bers, especially complex impedances in 
electronics. 

CORDIC Techniques 

Voider (1959) developed the original 
CORDIC (COordinate Rotation Digital 
Computer) technique for use in a special 
purpose computer which solved, among 
other problem s, for the distance and heading 
between two points specified by their lati ­
tudes and longitudes on the earth. Meggi tt 
(1962) an d Walther (1971) described gen­
eralizations of the CORDIC technique called 
pseudo-multiplications and pseudo-divisions. 
(See the end of this article for bibliographic 
information about this reference and the 
other references cited.) Hewlett-Packard and 
other calculators use CORDIC techniques 
internally to calculate trigonometric func­
tions [see Cochran (1972) and Egbert 
(1977)]. 

CORDIC techniques allow one to pro­
gram (or to "solder" together) BB 1 and 
BB 2 using only adds, su btracts, and sh ifts 
inside the loops. Outside the loops one also 
needs one or two multiplications or divisions 
in a base 2 machine, or one or two multi­
plications or divisions and a square root in 
a base 10 machine. As a rough general 
rule, CORDIC techniques are faster and 
easier in a computer that has no floating 
point hardware and no multiply/divide 
hardware, but does have multibi t shifts. 
If a multibit shift mu'st be built up from 
single bit shifts or from a multiply, then 
series expansions to get trigonometric 
functions are sometimes preferabl e. These 
statements are usuall y also true in a base 10 
machine with "digit" substituted for " bit. " 
If you are reall y in a hurry, a CORDIC rota­
tor can be made in hardware, as Voider 
(1959) describes. 

With the second half of equations 1 in 
mind, suppose we wan " to perform coordi­
nate rotations quickl y and easi ly. The 
cose factor multiplyi g the parentheses 
is a scale factor for both x' and y' . As a 
special case, consider rotating through an 
angle en satisfy in g: 

en = tan- 1 (b- n) (Eq 9) 

where b is the radix or the base of the num­
ber system in the computer (usu ally b = 2 or 
10) an d n is an intege r. For these special 

Up Your 
Out ute 

MULTI-TASKING! 
The TEMPOS Operating System is quick ly becoming the standard in Mul ti­
User, Multi-Tasking operating systems for 8080 and Z80 microcomputers. 
Multi-Tasking means that, even with only one use r a t one terminal, more 
than one job can be running on the system simultaneously!If you have ever 
had to go get a cup of coffee whil e you wait for your computer to print list­
ings, you know the advantages of a system that will handle one job while 
you are working on another. TEMPOS is a true time sharing system, and 
the maximum number of jobs is limited only by your memory. 

MUL TI-USER! 
Want to share your computer with another user? With TEMPOS all it takes 
is anothe r te rminal ... up to seven interactive terminals are allowed! And 
with Re-Ent rant programs, each user does not need a complete copy in 
memory. We include three Re-Entrant programs (the OPUS/ THREE High­
Level Language, the TEXTED Text Editor, and FILES , a disc file 
directory/ manipulator) or write your own! In addition, we include an 
assembler , a linking loader, over a half-dozen other utility programs and 
over 60 system subroutines, callable by the programmer! 

PROVEN! 
With TEMPOS, you get a package that has been tested in our fac ilities for 
over two years, and in the field at over 50 different installations. We have 
used this system ourselves for everything from writing high-level languages 
to developing app lications to text editing to games. TEMPOS is undoubted­
ly the most flexible software tool on the market ... and you can have it for 
much less than you think! 

COMPATIBLE! 
TEMPOS is available for many different systems; pre-written drivers may 
include yours. Or, using our interactive System Generation Routine, you 
can add your own . Call or write now for our free catalog and the name of a 
dealer near you . The TEMPOS Operating System is available for $787.00, 
the manual set (price may be credited toward the purchase of the TEMPOS 
package) for $21.50 (prices include shipping within the U.S .). 

ADMINISTAATIVE 
DO SYSTEMS 

DDDINC. 
DO 

1642 S. Parker Road, Suite 300, Denver, Colorado 80231 
(303) 755-9694 
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AI'JNOUNCING 

• 110 or 300 baud, RS 232C serial 
ASCII 

• Friction feed, paper width to 15" 

New 
from DIABLO 

DIABLO 1640 $ 2,690. 00 

Receive-only $ 2,331.00 
High-quality daisywheel printing at 
45 cps. 

DIABLO 1650 $2.779.00 

Receive-only $ 2,419. 00 
Metal daisywheel printing at 40 cps. 

SO Roe 10120 $ 795.00 
• RS 232C, upper/lower case full 

ASCII 
• Numeric keypad, protected fields 
• Cursor keys plus addressable 

cursor 
• Au xi liary extension port 

New 
from DEC 

LA34 DECwriter IV 

$1 ,199.00 

• Upper/lower case, 9 x 7 dot matrix 
• 10,12,13.2, 16.5 characters linch 
• 2, 3, 4, 6, B, or 12 lines/inch 
• 22"W x T'H x 15 W D, 25 Ibs. 

Telelype 43 $ 999.00 
• RS 232C, 110 or 300 baud 
• Upper/lower case full ASCII 
• Pin feed, 12" x BY,' paper 

T.I_ 810 prinler $1,695.00 
• 150 characters per second 
• RS 232C serial interface 
• Adjustable lorms tractor 
• Upper/lower case option $90.00 

SORoe 10140 $1,250.00 
• RS 232C and 20mA current loop 
• Extensive editing features 
• 25th line terminal status display 
• 16 function keys (32 with shift) 

To Order: Send certified check (personal or company checks require 
two weeks to clear) including handling' and 6% sales tax if delivered 
within California. 
'Handling: Less than $2,000, add 2%; over $2,000, add 1%. Everything 
shipped freight collect in factory cartons with manufacturer's warranty. 
Visit MICROMAIL at the National Computer Conference - Personal Com­
puting Festival, New York City, June 5-7, Booth 12B. 

MICROMAIL • BOX 3297 • SANTA ANA, CA 92703 
(714) 731-4338 

188 1\ \.1 ', l l ll t) © BY r~ Publl c(ltions Inc Circle 222 on inquiry card. 

(Ingles , the rota tion in equations 1 simpli fies 
to sh ifts (multiplying by tan 8n is equ iva lent 
to a right sh ift by n places) and add and sub­
trac t, exeep t for the scale fae tor eos8n-
Since On becomes arb itraril y sma ll for arbi ­
traril y large n, any angle 8 can be repre­
sented as a sum of 8n : 

(Eq 70) 

where each Rn is an integer, and IRnl <b_ ln 
base 2, for examp le: 

° n == 45°, 26 .565°, (Eq 77) 
14.036°, 7 _125°, 3576°, __ _ 

and in base 10: 

0n==45°,5.7106°, (Eq72) 
0.5729°,0_05730°, 0.005730°, _ --

The set Rn represents ° in what is called the 
arc tangent radix. 

Given (J and b, the set Rn is unique only 
with some add iti onal cond itions_ In bases 
other than 2, we usually specify Rn;;;' 0 and 
also 8 ;;;. 0, whi ch are not restrictions, since 
o ~ 8 < 360° repl-esents all possibl e angles_ 
III base 2 we can spec ify Rn = ±1 (never 0) 
provided we begi n with a 90° initi al rota­
tion, and provided - 180° < e < 180°. 
Rotating by 90° is, of COU I'se, trivial. ,These 
Rn in base 2 have the following advantage : 
The sca le fac tor cos(Rn8n) is independen t 
of Rn , so the product 

K = n(cos8n) - 1 
n 

== 1.64676 
(Eq 73) 

whi ch is th e sca le factor for the total e rota­
tion, is a constant independent of Rn and e. 
K depends only slightl y on the number of 
bits in a word, which is th e range of n in 
equat ion 13. 

In any base other than 2, K is a function 
of Rn and we need to calcul ate K fOI- each 8. 
Fortunately this calculation can be done also 
using onl y adds (lnd shifts inside the loop 
and a square root outside the loop. To see 
this, write: 

K 

R 
K2 =- n (1 + b- 2n) n 

n 



Multiplying by b-217 is equivalent to a right 
shift by 217 places. 

Th is scheme for finding K works well for 
BB 1 because the square root can wait until 
outside the loop; but BB 2 is somewhat 
more difficult. In BB 2 we need to know K 
at each step of the loop in order to compare 
the current y' with the desired y' (unless it 
is 0). Except for the needed square root, we 
could use equations 14 to keep a correctly 
scaled version of the desired y' to compare 
with the current y' at each step. The need 
for a square root can be eliminated by step­
ping through angles of 28n . The correct 
factor for K therefore becomes (cos8n)-2. 
Rota ting by 28 n at each step is twice as 
much work as rotating by 8 n, but any other 
scheme involves still more work. BB 2 takes 
about twice as much time in the loop as 
BB 1, but needs no square root. 

As pointed out by Walther (1971) and 
Rheinstein (1977), the CORDIC approach 
can also be used to calculate hyperbolic 
functions, and, from these, logarithmic and 
exponential functions. In my experience, 
however, the conventional approach using 
series expansions for logs and exponentials 
is almost always preferable. 

CORDIC techniques produce arbitrarily 
precise answers if the effective word length 
is arbitrarily long. If digits lost by shifting 
are rounded rather than truncated, then the 
precision will usually be no worse than ±2 or 
±3 in the least significant digit, as discussed 
by Meggitt (1962) . 

Test Programs in BASIC 

Listing 1 is a CORDIC version of BB 1 
and BB 2 written in BASIC. ' The point of 
using BASIC is that this listing is simultane­
ously an algorithm (or flowchart) and a test 
to verify that the algorithm works. The pro­
gram in BASIC has no practical value, but 
should be translated into assembly language 
(or even hardware) to make useful sub­
routines. 

Statements 10 thru 60 are initialization. 
B is the base of the computer's number sys­
tem (a special version for B = 2 is discussed 
beloW). M is the number of digits in a word 
and also the number of places in the arc 
tangent radix representation of angles. The 
array A is () n (see equation 12). The value of 
A should be precalculated and assembled 
into the program as a permanent reference 
array. The D array is unnecessary in a work­
ing program. Instead, think of D{j)* as an 
operator that produces a right shift by 2J 
digits. This is important because D{J)* is 
used not as a multiply, but as a shift in the 
loops. 

The units in this program are degrees. To 

5 REM BBl. 8821 AND R->P 
b REM ADAPTED FROM RHEINSTEIN IN BYIE 2-B. 142 CAUGUST 1977) 

10 LET B = 10 
20 LET M = b 
25 DIM A(M)' D(M) 
30 FoR J = 0 TO M 
40 LET O(J) B'C-2"J) 
50 LET A(J) ATNCBf(-J))"180/3014159 
b0 NEXT J 

70 PRINT "TYPE I FOR BBl. 2 FOR BB2. OR 3 FOR R->P "; 
80 iNPUT i! 
85 PRiNT 
90 iF Z = I GOTO 120 

I 00 iF <! = 2 GOTO 300 
I 05 iF i! = 3 GOTO 500 
110 GOTO 70 

120 PRINT "TYPE X. Y. THETA 
130 iNPUT X. Y. T 
132 iF T >= 0 GOTO 135 
133 LET T = T+360 
134 GOTO 132 
135 PRiNT 
I 55 LET K = I 
170 FOR J = 0 TO M 
175 LET II = T 
180 LET T = T-A(J) 
190 iF T < 0 GOTO 250 
210 LET YI = Y 
220 LET Y = y.x 
230 LET X = X-D(J).YI 
235 LET K = K+D(J).K 
240 GOTO 175 
250 LET I = TI 
ZS5 LET Y = HB 
260 NEXT J 
265 LET K = SQR(K) 
280 PRiNT "X" = "; X/K; ". Y' 
290 GOTO 70 

J 00 PRiNT "T.Y PE X. Y. y' "j 

3 10 INPUT X. I. 13 
3 15 PRiNT 
3 ~Iil LET T 0 
345 LET K 13 
350 FOR J 0 TO M 
370 LET YI Y 
372 LET XI X 
374 LET Y2 I+X 
376 LET X2 X-O(J)oY 
380 LET Y = 12+X2 
3B2 LET K I = K 
384 LET K = K+D(J)oK 
390 iF <Y-K)o(YI-KI) <= 0 GOTO 430 
400 LET X = X2-D( J )OY2 
402 IF X.XI > 0 GOTO 410 
404 iF (Y I -K I ). x > 0 GOTO 430 
410 LET T = T+A(J)+A(J) 
420 GOTO 370 
43" LET Y YI 
435 LET X = XI/B 
436 LET K = K I 
440 NEXT J 
442 iF A8S(Y/K-I) < Bf(-M+I) GOTO 445 
443 PRINT "ERROR! DELTA Y = "; (Y/K-I)oY3 
445 LET K = K/Y3 
450 PRINT "X' = "; X/K*Br(M+I); ". THETA = "; T 
460 GOTO 70 

500 PRINT "TYPE x. Y "; 
5 10 INPUT X. Y 
515 PRINT 
540 LET T 0 
545 LET K = I 
550 FOR J = 0 TO M 
570 LET Y I = Y 
580 LET 1 = V-X 
590 IF YoYI <= 0 GOTO 630 
600 LET X = X+D(J).Y I 
610 LET T = T+A(J) 
615 LET K = K+D(J).K 
620 GOTO 570 
630 LET Y = YI.B 
640 HEXI J 
645 LET K = SQR(K) 
646 IF X > 0 GOTD 650 
647 LET X = -x 
648 LET T = T+180 
650 PRINT "R = "; X/K; ". PHI 
b 60 GOTO 70 

999 END 

"; T 

Listing 7: A CORDIC 
version of Black Box 7, 
Black Box 2, and a rec­
tangular to polar conver­
sion routine written in 
BASIC for the decimal 
number system. This list­
ing is intended as a "flow­
chart" of the CORDIC 
algorithm to show how it 
works. Readers should 
convert it to assembly or 
machine language to make 
it fast enough to be 
practical. 
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5 Rt.r<I BBI, 992, R->P 
6 RE.M ADAPTED fROM RHEINSTEIN IrJ BYTE 2-8,142 eAUGUST 1977) 
8 Rt.M BINARY I/E.RSIOr-l, B = 2 

12 L E1 K = I . 6467 b 
20 LEl M = 22 
25 DIM AeM )' D(M) 
27 L E. T A e 0) = 90 
30 FOR J = 1 TO M 
40 LEl DeJ) 2' e I-J) 
50 LEi AeJ) = ATN(DeJ»oI80/3.14159 
61i NE.XT J 

7e PRINT "TYPE I FOR BBI, 2 fO R B62, OR 3 FOR R->P "; 
80 INPUT i!. 
85 PRINT 
90 IF c = I GOTO 120 

I 00 IF l = 2 GOTO J00 
I 05 IF l = 3 GOTO 500 
110 GOTO 70 

120 PRINT "TYPE X, y, THETA "; 
130 INPUT X, y, T 
131 IF T-180 < 0 GOTO 134 
132 LET T = T-360 
133 GOTO 131 
134 IF T+180 > 0 GOTO 137 
135 LET T = T+360 
136GOT013~ 

137 PRINT 
170 FOR J = 0 TO M 
175 LET I SGN(T) 
176 LET 1 = I+I-ABSel) 
177 REM 1 = SGNeT) WON'T DO BECAUSE SGN(0) 0 
180 LET T = T-I*AeJ) 
210 LETYI=Y 
2 12 IF J > 0 G OTO 220 
213 LET Y = I'X 
21~ LET X • -1'YI 
215 GOT0260 
220 LE:T Y = Y+lOD(J)oX 
230 LET X = X-I.ueJ)'YI 
260 NEXT J 
280 PRINT "X' = "; X/K; ", Y' "; Y/K 
290 GOTO 70 

300 PRINT "TypE X, 'f, Y' "; 
310 INPUT X, y, Y3 
31S PkiNT 
3 ~0 LET T = 0 
345 LET XI = Y3 
350 FOR J = I 10M 
372 LET [ = !;GNe(l<l-n'X) 
313 LET I = I+I-A!;!;e[) 
380 LET VI = y+[.DeJ)'X 
400 LET X = X-['DeJ)~Y 
402 LET Y = YI+I'DeJ)'X 
404 LET X = X-['DeJ)'YI 
410 LET T = T+I'(A(J)+AeJ» 
~15 LET 1<1 = KI+OeJ)'O(J)'XI 
440 NEXT J 
442 IF A9SCY/KI-IJ < 21(-M+3) GOTO 445 
~43 PRINT "ERROR! DE.LTA Y = "; (Y/KI-I)*YJ 
~45 l.ET 1<1 = KI/Y3 
450 PRINT "X' = "J X/XI; ", THETA = "; T 
460 GOTO 10 

500 PRINT "TYPE X, Y "; 
510 INPUT X, Y 
SIS PRINT 
540. LET T = 0 
550 FOR J = 0 TO M 
570 LET YI = Y 
572 LET [ = SGN<Y) 
513 LET [ = [+I-ASS([) 
574 IF J > 0 GOTO 580 
575 LET Y = -I.X 
57 b LET X = lOY I 
571 GOTO 610 
580 LET Y ¥-I'C(J).X 
600 LET X = X+I'O(J)'VI 
610 LEi T = T+l*ACJ) 
640 NEICT J 
&50 PRINT "R = "; X/K; ", PHI "; T 
660 GOTO 10 

999 END 

Listing 2: A CORDIC version of Black Box 7, Black Box 2, and a rectangular 
to polar conversion routine written in BASIC for the binary number system. 

190 May 1979 © BYTE Publica tions Inc 

change to radians, drop the *180/3.14159 in 
line 50 and replace 360 by 211 in line 133 
and 180 by 1T in line 648, 

Statements 70 thru 110 allow the opera­
tor to select BB 1, BB 2, or R~P discussed 
below. 

BB 1 

Statements 120 thru 290 are BB 1. The 
operator types X, Y, and THETA (alias T). 
Lines 132 thru 134 make T positive. This 
version can rotate only positively; negative 
angles are handled by going all the way 
around. Two nested loops are necessary: a 
) loop from lines 170 thru 260, which cor­
responds to the n sum in equation 10, and 
an inner loop from 175 to 240, which 
rotates and also determines Rn by the sub­
traction in 180 and the test in 190. State­
ments 210 thru 230 implement equation 1 
for 8 = 8n but with two twists : first, cos8 
is ignored until outside the loops, as men­
tioned above; second, the Y value is 
actually YB) (see line 255). This eliminates 
a shift which would otherwise be in line 220. 
So we trade a multidigit shift in the inner 
loop for a single digit shift in the) loop (line 
255) and a multi digit shift outside the 
loops (in the print statement 280) . This idea 
is described by Egbert (1977). The inner 
loop also calculates K, as in equations 14. 
Line 235 is another shift and add (not a 
mUltiply) and the square root is outside the 
loop in line 265 . Dividing by K in line 280 
gives X' and y' correctly scaled. Note that 
X, Y, and T are all written over. 

BB 2 

Statements 300 thru 460 are BB 2. The 
angle T starts from 0 in line 340 and K is 
initialized to Y3 (the desired y') in line 345 
rather than to unity as in line 155. The) 
loop extends from lines 350 thru 440 and 
the inner loop from lines 370 thru 420. 
Lines 370 thru 384 and lines 400 and 410 
implement the double angle rotation de­
scribed above. The trick of moving one of 
the shifts outside the inner loop, a5 de­
scribed in BB 1, is used here also, but with 
the roles of X and Y interchanged (see line 
435). 

The obscure part of this program is prob­
ably the three I F statements (lines 390, 402, 
and 404) used to determine when to exit 
from the inner loop. Only one subtraction 
per cycle is needed in line 390 because the 
expression Y1-K 1 for one cycle is the same 
as Y-K for the preceding cycle. The multiply 
is not needed. Instead, the point of 390 is 
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to determine whether the sign of Y-K differs 
from the sign of Y1-K1 and, if so, to go to 
line 430. These signs differ only if the last 
rotation has carried past the proper stopping 
point. K and K1 in line 390 are the desired 
y' scaled by the same factors as Y and Y1 . 
The subtractions would be meaningless if the 
scale factors were different. 

Even if the signs of Y-K and Y1-K1 in 
line 390 are the same, the rotation might 
still have carried past the proper stopping 
point. This occurs if Y1-K1 is positive and X 
,has chang~d from positive (Xl) to negative, 
or if Y1-K1 is negative and X has changed 
from negative (Xl) to positive. These two 
cases correspond to rotating through 90

0 
or 

2700 and are tested for in lines 402 and 404. 
The multiplications in 402 and 404 again 
need not be done, and the subtraction in 
404 has already been done in 390. An alter­
native would be to perform the addition in 
line 410 and then test T. 

Statement 442 tests whether the desired 
y' has been achieved. If not, the desil'ed y' 
is too large (Iy'l > R) and your reward is in 
443. K needed to scale X' is calculated in 
line 445, this time without a square root. 
However, there is a problem: Y3 (the desired 
y') must not be O. This version of BB 1 can­
not work with the desired y '= O. 

R~P 

The special case y' = 0 in BB 2 is the very 
useful rectangular to polar (R~P) coordinate 
converter. Although the preceding general 
purpose BB 2 will not handle y' = 0, a spe­
cial program for y' = 0 is actually easier and 
faster than BB 2. Statements 500 thru 660 
are R~P. No new tricks are needed: R~P is 
quite similar to BB 1. The I F statement in 
line 590 determines whether or not the sign 
of Y has changed. The reversed signs in lines 
580 and 600 change the sign of the angle to 
give ¢ rather than e as the answer (see equa­
tions 6). Statements 646 thru 648 are neces­
sary because X can be negative. 

Figure 3: The side-angle-side problem in plane trigonometry (given a, b, C; 
find A, B, c) can be solved as follows: 

Call BB7 (b,O, C; tl, t2) 

Call R~P (a - t7, t2; c, B) 

A = 780· - B - C 

t7 and t2 are the rectangular coordinates corres­
ponding to a vector of length b at an angle C 
(equation 2 in the text). 

a - t7 and t2 are the rectangular coordinates 
corresponding to a vector of length c at an angle 
B. 

the sum of the interior angles of a triangle is 
780·. 
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Base 2 is Special 

A binary version with Rn = ±1, as shown 
in listing 2, allows some simplifications but 
also presents some problems. For BB 1 and 
R~P, K is the constant in line 12. With no 
inner loop, just a J loop, no advantage comes 
from shifting only X or only Y. So D(J)* is 
an operator causing a right shift by J-1 bits. 

This binary version of BB 1 can rotate 
either positively or negatively, but only up 
to 1800

; hence the reason for lines 131 thru 
136. I is the direction to rotate and is eq\.lal 
to the sign of T (see line 175); so multiply­
ing by I in lines 180, 213, 214, 220, and 230 
is really just selecting whether to add or sub­
tract. The special case for J = Q in lines 213 
through 215 is a preliminary 90

0 
rotation, 

as mentioned above. 
In BB 2, J can start at 1 rather than 0 

(line 350) because each rotation step is 
double the normal angle. The direction to 
rotate is positive if K1-Y has the same sign 
as X and negative if these signs differ (see 
line 372). As before, K1 is the desired y' 
with the same scale factor as Y. 

Most of the rest of this program is the 
same as the previous version in listing 1. 

Examples 

This section contains two examples of 
problems solved using BB 1 and BB 2. I use 
the following notation: 

Call BB 1 (x,y, e;x',y') 
Call BB 2 (x,y,y';x', e) 
Call R~P (x, y; R, ¢) 

(Eq 75) 

In each case above, the given quantities pre­
cede and the answers follow the semicolon 
(see figure 2). When using the actual pro­
grams, remember that the given quantities 
often are written over. 

Consider first a plane triangle. Given two 
sides and the included angle, find the other 
side and two angles (see figure 3). This prob­
lem is known as SAS for side-angle-side: A, 
B, and C are angles; a, b, and c are the oppo-
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site sides. Given a, b, C; find A, B, c. The 
solution can be written as: 

Call BB 1 (b, 0, C; t1, t2) 
Call R-+P (a - t1, t2; c, B) 
A = 180° - B - C 

(Eq 76) 

The ts are intermediate answers. As a test 
case : a = 50, b = 70.71, C = 105°; get A = 

30° B = 45° and c = 96.59. This test case is 
in listing 3. The derivation of this algorithm 
is left as an exercise for the reader; start 
from the equations in any trigonometry 
book. 

As a somewhat more difficult examp le, 
consider the problem Voider (1959) origi­
nally solved: given the latitudes and longi­
tudes of two points on the earth, find the 
great circle distance between them and the 
initial heading. This problem comes up, for 
example, in long-distance ham radio in deter­
mining where to point the antenna beam. 
Given the longitude "1 (west longitudes are 
+) and latitude ¢1 (north latitudes are +) of 
station 1 (home) and the longitude "2 and 
latitude ¢2 of station 2, the algorithm below 
calculates A , the initial heading or pointing 
angle (north reference clockwise azimuth) 

RUN 
TYPE 1 FOR BBl. 2 FOR 6B2. OR 3 FOR R->P 7 1 
TYPE X. Y. THETA 7 70.71? 07 105 
X' = - 1 8 • 3009 • Y • = 68 • 30 1 I 
TYPE I FOR BBl. 2 FOR BB2. OR 3 FOR R->P ? 3 
TYPE X. Y 7 68.30097 68.3011 
R = 96.5922. PHI = 45.0001 
TYPE I FOR BBl. 2 FOR BB2. OR 3 FO~ R->P 
STOP i 80 
PRINT 180-45.0001-105 29.9999 

Listing 3: Test case solution to a side angle 
side triangle problem. 

PRINT 71.05-70.667 .383 
RUN 
TYPE 1 FOR 6BI. 2 FOR BB2. OR 3 FOR R->P 7 I 
TYPE X. Y. THETA 7 17 07 -33.417 
X' = .834679. Y' = -.550139 
TYPE I FOk BBl. 2 FOR BB2. OR 3 FOk H->P 7 I 
TYPE x. Y. THETA 7 .8346797 07 .383 
X' = .83466. Y' = 5.57898E-3 
TYPE I FoR BBl. 2 FoR 9B2. OR 3 FOR R->P 1 
TYPE X. Y. THETA? .834661 -. 5507397 -42.361 
X' = .245545. Y' = -.969314 
TYPE 1 FOR BBl. 2 FOR B92. OR 3 FOR R->P 7 3 
TYPE x. Y 7 -.9693147 5.51&98[-3 
R = . 96939. PHI = 179.67 
TYPE I FOR BBl. 2 FOR B82. OR 3 FOR R->P 7 3 
TYPE X. Y 7 .245>457 .96939 
R = I. PHI = 75.7858 
TYPE I FOR BBl. 2 FOR BB2. OR 3 FOR R->P 
STOP i 80 
PRINT 15.1856*69.1 5236.8 

Listing 4: A test case for the algorithm 
that gives great circle distance and heading 
between points on the earth. 

from station 1 toward station 2, and D, the 
great ci rcle distance between stations. 

Call BB 1 (1,0, ¢2; C2, 52) 

Call BB 1 (C2, 0, "1 - "2; tl, t2) 

Call BB 1 (t1, 52, -¢1; t3, t4) (Eq 77) 

Call R-+P (t4, t2 ; t5, A) 

Call R-+P (t3, t5; t6, d) 

As a test, t6 = 1. The angle d is the dis­
tance D in angular units. If d is in degrees, 
multiply by 60 to get D in nautical miles; by 
69.1 to get statute miles; or by 111.2 to get 
kilometers. This algorithm is approximate 
because it assumes a sphericai earth. As a 
test case: "1 = 71.05°, ¢1 = 42.367° 
(Boston), "2 = 70.667°, ¢2 = -33.417° 
(Santiago de Chile on the . west

o 
co~st of 

South America) ; get A = 179.7 (slightl y 
east of south) and D = 5237 statute miles. 
This test case is shown in listing 4. 

The derivation of this algorithm is also 
left as an exercise for the reader. [As a hint: 
two approaches are possible. One approach 
begins with figure 6 in Smart (1962) and 
uses spherical trigonometry. Another ap­
proach, mentioned by Voider (1959), uses 
rotation matrices and views the problem in 
terms of coordinate transformations. Calcu­
lator algorithms for this and some similar 
problems are in Ball (1978), appendix 
A.7.]-
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"HOT" NEW BOOKS FOR 
MICRO-COMPUTER PROS! 

The latest in micro-computer books that people waited in line to buy! 

How to Buy & Use Minicomputers & 
Microcomputers 

By W. Barden, Jr. 
Explores the basics; covers hardware, 
software, peripheral devices, programming 
languages & techniques ; use for fun or profit! 
240 pgs. #21351 ... $9.95 

Microcomputer Primer 
By M. Waite & M. Pardee 

Explains it all: central processing unit, mem­
ory, input/output interfaces, programs. Dis­
cusses well-known models & shows how to 
program your own. 224 pgs. #21404 ... $7.95 

Basic Primer 
By M. Waite & M. Pardee 

Covers BASIC fundamentals, program con­
trol , organization, functions & variations. With 
a game program & data on numbering sys­
tems & ASCII character codes. 192 pgs. 
#21586 . . . $8.95 

How to Program Microcomputers 
By W. Barden, Jr. 

Examines assembly-language programming 
of 8080, MC6800 & MCS6502 models. Ex­
plains concepts, operation & architecture. 
With precanned operations . 256 pgs. 
#21459 ... $8.95 

Fundamentals of Digital Computers 
(2nd Ed., 

By D. Spencer 
Explains computers, programming, hard­
ware , BASIC, FORTRAN & COBOL lan­
guages, advanced concepts & computer 
center operation. 320 pgs. #21534 . .. $9.95. 

The 8080A Bugbook®: Microcomputer 
Interfacing and Programming 

By Rony, Larsen & Titus 
Emphasizes the 'computer as a controller. 
Covers principals & 4 basic tasks of computer 
interfacing. BUGBOOK® is a registered 
trademark of E&L Instruments, Inc., Derby, 
Conn. 06418. 416 pgs. #21447 ... $10.50 
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Now available by mail for the first time. 

DBUG: An 8080 Interpretive 
Debugger 

By C. Titus & J. Titus 
How to use DBUG (a software debugging 
package) to develop & test programs. With 
documented hexadecimal & octal listings. 112 
pgs. #21536 .. . $4.95 

Introductory Experiments in Digital 
Electronics and 8080A 

Microcomputer Programming and 
Interfacing 

By Rony, Larsen & Titus 
Covers basic gates thru microcomputer inter­
rupts , with hardware & software examples. 
Experiments re: breadboarding , circuits, etc. 
over 416 pgs . each . Book 1: #21550 . . . 
$12.95. Book 2: #21551 . . . $10.95. 
Both: #21552 ... $20.95 

NCR Data Communications Concepts 
By NCR Corp. 

Explores concepts, techniques & limitations of 
data communications : telephone-based & 
others. 208 pgs. #21548 . . . $6.95 

NCR Data Processing Concepts 
Course 

By NCR Corp. 
Intro to data processing, computers & digital 
logic. Covers input/output devices, memories, 
control . 256 pgs. #21547 ... $7.95 

Understanding CMOS Integrated 
Circuits (2nd Ed., 

By R. Melen & H. Garland 
Begins with basic digital ICs; covers 
semiconductor physics, CMOS fabrication 
technology & design, & advanced CMOS ap­
plications. 144 pgs. #21598 ... $5.95 

Transistor-Transistor Logic (2nd Ed., 
ByG. Flynn 

Discusses digital logic & different types of 
logic circuits used in the TTL functional class. 
With block diagrams, schematics, logic truth 
tables. 288 pgs. #21572 .. . $6.95 
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Tic-T ac-Toe: 
A Programming Exercise 

Computer and calculator games serve at 
least four useful functions: 

• Developing logic and mathematical 
ski ll s. 

• Demonstrating programming methods. 
• Demonstrating operation of the com­

puter. 
• Providing entertainment. 

Keeping these possibilities in mind , let us 
examine the problem of developing a pro­
gram to enable the computer. to play tic-tac­
toe with the user. 

The game of tic-tac-toe at first appears 
to be a trivial game. New players quickly 
learn that a game played rationally by both 
sides must end in a draw. But being un­
beatable does not mean you have mastered 
the game. The skilled player sets traps in 
the form of forks so that there are two ways 
to complete a row of th ree, on ly one of 
wh ich can be blocked by the opponent. 
There are 15,120 different sequences for the 
first five moves alone, counting rotations and 
reflections, but these may be reduced to a 
manageable number of possibilities. There 
are only three basic opening moves: center, 
side, and corner. The corner opening is 
strongest; only by taking the center can the 
second player avoid an im'mediate trap . With 
a side opening or with a center opening, the 
second player has four choices to avoid an 
immediate trap. F()r the side open ing game, 
these safe choices are the three adjacent 
cells or the opposite side. For the center 
opening game, the safe choices are the four 
corners. 

There are a number of tic-tac-toe pro­
grams alt'eady available, so why write an­
other one? Many of these programs playa 
very passive game, and some even allow the 
user to win. If the user can win, it fol lows 
that the computer response was a mistake. 
Actually, the computer response may be a 
mistake even if it does not allow a user win 
(it may fai l to take advantage of an oppor­
tunity to set a trap) . I have designed an ag-

gressive program that allows no user wins, 
and that takes every possible opportunity to 
set a trap. The user has to play a perfect 
game to get even a draw. 

System Considerations 

I t is assu med that ei ther a pri nter or a 
video terminal is to be used for input and 
output. The user's responses to program 
questions may be entered as Y or N (for yes 
or no), and user moves during the game may 
be entered as single digits 1 thru 9. Each 
digit represents one of the nine cells of the 
playing board (see figure 1 a). The printer 
or video terminal al lows a 2-D display of the 
tic-tac-toe playing board, including the posi­
tions of all computer and user moves. 

Program Planning 

There are several possible ways of pro­
gramming a tic-tac-toe game. One way is 
to identify all possible board configurations 
(as is done in the game of Hexapawn) and 
then to make the proper response for each 
configuration. For tic-tac-toe, this wou ld 
involve an unreasonable number of possibili­
ties . Another approach is to check the center 
cell, take it if it has not been taken, and 
otherwise take a corner cel l, etc. This leads 
to a passive and irrational game. The algorithm 
used in my program is as follows: 

1. Randomly select a center, side, or 
corner opening move. 

2. Check the user's response to be sure it 
is a legal move before entering it onto 
the board. 

3. Based upon the user's response, select 
a sequence of forcing moves so that 
the user must next make a predeter­
mined move or lose the game. 

4. If possible, set a trap (fork). 
5. For variety, randomly select alternate 

strategies for setting traps. 
6. After either a computer win or a draw 

game, print an appropriate message 
(remember that it is not possible for 
the user to win). 
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TRS-SO LEVEl II AND DOS 
GENERAL SUBROUTINE FACILITIES GSF. 
Ciiile'Ciion 01 last easy·to·use machine language routines. 

IN ·MEMORY SORT with multiple variables and keys. 
SORT 1000 - Element array in 9 seco nds. 
ARRAY read/ write to tap e. com press/uncompress / move data. 
SCREEN scro lling. save sc reen di splays. and more . 

DISK SORT PROGRAM ·DSP.· .. 
-SORT / MERGE multi·di skette liles. Fas t and easy to use. 

MUL TlPLE var iables and key s. User inpu t/output sort exi ts. 
Includes GSF machine language in·memory sort. etc. 32 or 48K. 

RENUMBER WITH ·REMODEL· - MERGE WITH ·PROLOAD· 
REnumber any sec tion or an entire progr am. 
MOve program seg ments. DELete program lines . 
All line ref erences readju sted as required. 
COMBINE programs with renumb er and merg e. 
LOAD or SAVE any port ion of program from tape. 

COPY SYSTEM TAPES WITH ·COPSYS· 
-COPY and VERIFY machine language object tapes. 

MERGE object tapes to form sing le load modul e. 
MICROCOMPUTER CASSETTES ·C·20·s . 

SPECIAL formulation optimized for microcomputers. 
Extremely bro ad FREQUENCY response. Cl ea n record ing s. 
Exceptional DENSITY character istics. Broad range. Consistency. 

Dealer Inquiries Invited 
REMODEL Ord er TS21 Oat S24.95 
REMODEL + PROLOAD Order TS220 at S34.95 
GENERAL SUBROUTINE FACILITIES Order TS250 at S24.95 
DISK SORT PROGRAM Order TS26 Oat S34.95 
Must specify 16. 32. or 48K on above. System house discounts. 
COPSYS [Not DOSI Order TS24D at S14.95 
For TAPES that TEST best Order 10 ea at S14.95 

User Manuals S3 .00 refundable on program purchase . 
~ RACET ..::3 Check. VISA . M/ C. C.O.D. 
E COMPUTES""3 Calif. res idents add 6% 

702 Palmdate , Orange CA 92665 [7141637·5016 

\ WATS line in our 

Peterborough, New 

Hampshire office. 

If you would 

BYTE's New 

Toll-free 
Subscriber 
W.A.T.S. Line 

( 800) 258-5485 
We thank you and look 

forward to serving you. 

su bscription, 

you are invited 

to call * 
(800}258-5485 
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READY-TO-RUN SOFTWARE 
FORVOUR NORTH STAR COMPUTER 

NEW! LANGUAGE TRANSLATOR PKG. $60.00 
ENGLISH TO JAPANESE - Teaches rudimentary 
conversational Japanese - easy to use, easy to learn. 

TUTORIAL III $40.00 
Release version 4, covers many new commands plus 
customizing program for BASIC. 

INTEGRATED BUSINESS SYSTEM $175.00 
Designed for dual floppy drive system - contains A/ P; 
A/R; Pay; Gen. Ledger; Letter Generator; Bus Stat; 
Inventory; Sales/Sales Analysis. 

MEDICAL/PROFESSIONAL BILLING $35.00 
Doctors, Lawyers and Dentists - use this to issue 
statements, track receivables, age accounts, etc. 

MAILING LABEL PROGRAM $35.00 
Lots of help for your direct mail program. Add, delete, 
maintain mailing list and print labels. 

ALL SOFTWARE PACKAGES ARE WRITIEN IN BASIC ON 
DISKETIE ONLY 

Send for Free Catalog 
Packages containing Program List ings only are avai lable. 

(714) 774-1270 

1m ~oJ~x ~~~!!~~~2669 
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T.D.Q. 
TAPE DATA QUERY 

PET -8 K SOL-IIA TRS-80-LEVEL II 
*FILE MANAGEMENT SYSTEM 

-UTILI ZES DUAL AUDIO CASSETTE RECORDERS 

*INTERACTIVE QUERY LANGUAGE 
-ENG LISH-LIKE COMMANDS 

-POWERFUL INFO RETR IEVAL CAPABI LITY 

*COMPUTERIZED BUSINESS & PERSONAL RECORDS 
- CUSTOM IZE YOUR OWN FILE STRUCTURES 

-CREATE & MAINTAIN DATA FILES 

-NO PROGRAMMING EXPERIENCE REQU IRED 

*IMPLEMENTED IN BASIC 
T.D.Q. CASSETTE WITH MANUAL & REF. CARD $50.00 

THE FOLLOWING PRE-DEFINED T.D.Q. FILE STRUCTU RES 
ARE AVAILABLE TO SOLVE YOUR DATA PROCESSING NEEDS: 

INVENTORY CONTROL $35 .00 
ACCOUNTS RECEIVABLE $35.00 
ACCOUNTS PAYABLE $35.00 
ORDER PROCESSING $35 .00 
CUSTOMER DIRECTORY $25.00 
APPOINTMENT SCHEDULING $25.00 

EACH WITH CASSETTE AND MANUAL 

SEND SELF·ADDRESSED STAMPED ENVELOPE FOR 
COMPLETE SOFTWARE CATALOGUE. 
SEND CHECK OR MONEY·ORDER TO: 

H. GELLER COMPUTER SYSTEMS 
DEPT. B, P .O . BOX 350 
NEW YORK, NY 10040 

(NEW YORK RESIDENTS A DD APPLICA BLE SALES TAX) 

;1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111;; 
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There are a number of special cases that 
complicate things. The program must cor­
rectly handle all possibilities. 

Implementation 

The program first checks to see if the 
operator needs instructions for playing the 
game. If so, they are printed out, including a 

Listing 7: Tic-tac-toe program written in BASIC. 

10 PRINT" *** RATIONAL TIC-TAC-TOE ***" 
20 REM 

tic-tac-toe board with the number of each 
cell indicated. Note that the board array (B), 
which holds the contents of all nine board 
cells, is not a string array; instead, the num­
ber wh ich corresponds to the desired ASCII 
character is stored and then converted to an 
ASCII character at board display time. 

Program initialization is necessary to in­
sure that the first and all subsequent games 
start off correctly. The initial computer 
move is selected by using the RND function, 

Text continued on page 202 

30 REM A PROGRAM BY D D HINRICHS IN TDL 8 K BASIC 
40 REM APRIL 1977 
50 PRINT 
60 INPUT "DO YOU WANT INSTRUCTIONS (Y OR N) " ; A$ 
70 IF A$ = "N" THEN 230 REM SKIP INSTRUCTIONS 
80 N =48 
85 FOR I = 1 TO 9 
90 B(I) = N + I REM SET EACH BOARD CELL TO ITS NO. 
100 NEXT I 
110 PRINT 
120 PRINT "THIS PROGRAM PLAYS AN AGGRESSIVE GAME OF TIC-TAC-TOE. IF" 
130 PRINT "YOU MAKE ANY MISTAKE, THE COMPUTER WILL WIN. IF YOU PLAY" 
140 PRINT "A PERFECT GAME, YOU WILL GET A DRAW. THE PLAYING BOARD IS" 
145 PRINT "DISPLAYED AS FOLLOWS :" 
150 GOSUB 1780 : REM DISPLAY PLAYING BOARD 
160 PRINT 
170 PRINT "TO MAKE YOUR MOVE, ENTER THE DIGIT (1 - 9) THAT REPRESENTS" 
180 PRINT "THE BOARD CELL YOU WISH TO OCCUPY, THEN ENTER A CARRIAGE" 
190 PRINT "RETURN. THE COMPUTER WILL THEN CALCULATE ITS RESPONSE AND" 
195 PRINT "DISPLAY THE UPDATED BOARD. AT THE START, THE COMPUTER WILL'" 
200 PRINT "RANDOMLY CHOOSE A CENTER, CORNER, OR SIDE OPENING MOVE." 
205 PRINT 
210 PRINT "COMPUTER MOVES ARE : X" 
220 PRINT "YOUR MOVES ARE : 0" 
230 F = RND(-l) 
250 DATA 4 ,6,8,2,3,7,0,9,0,0, 7,3,1,4,9,3,7,6,9,4 
260 DATA 2,8,6,4,1,9,0,7,0,0, 1,9,3,7,2,7,3,8,9,2 
270 DATA 9,1 ,8 ,2,7 ,3,7,1,2,9 , 8,2,1,9,6,4,0,3,0,0 
280 DATA 9,1,6,3,4,1,9,7,4,3, 6,4,2,8,7,3,0,1,0,0 
290 DATA 5,8,7,3,6,4,0 ,9,0,0, 5,8,6,4,1,9,0,7,0,0 
300 DATA 1,3,5 ,9,8,5,8,3,1,7 , 1,3,7,4,6,0,9,0,8,0 
310 DATA 3,1,5,7,8,5,8,3,1,7, 1,3,5,8,9,0,0,0,0,0 
320 DATA 1,5,7,4,6,3,6,5,7,4, 3 ,1,5,8,7,0,0,0,0,0 
330 DATA 4,7,5,6,9,5,9,7,4,3, 9,5,7,8,4,7,4,9,5,8 
340 DATA 5,9,2,8,3,3,2,9,5,6, 5,9,3,2,7 ,2,3,5,8,9 
350 DATA 2,3,5,8,9,9,5,3,2,6, 3,2,5,9,7,7,4,5,3,9 
360 DATA 7,4,3,5,2,3,2,7,4,5 
440 REM 
450 REM ENTRY POINT TO INITIALIZE FOR A NEW GAME 
455 RESTORE REM RESET DATA POINTER TO START 
460 E = 0 
465 F = INT(RND(1)*2) : REM SET FLAG TO 0 OR 1 
470 G = 1 
475 H = 0 
480 Cl = 10 
490 C2 = 10 
500 N = 0 
510 FOR I = 1 TO 9 
520 B(I) = 32 : REM SET BOARD CELLS TO BLANKS 
530 NEXT I 
550 REM INITIAL COMPUTER MOVE IS 0,1, OR 2 (0 THEN CHANGED TO 5) 
570 C = INT(RND(1)*3) : REM SELECT INITIAL MOVE 
580 IF C = 0 THEN C = 5 REM CENTER OPENING GAME 
590 U = 10 - C REM PUT COMPUTER MOVE IN CELL , 
600 GOSUB 2100 REM DISPLAY BOARD, ACCEPT 1ST USER MOVE 
630 IF C = 5 THEN 1720 REM CENTER OPENING GAME 
640 IF C = 2 THEN 1320 REM SIDE OPENING GAME 
650 IF U = 5 THEN 940 REM CORNER GAME, 1ST USER MOVE 5 
670 R = 10 * U + 140 REM FIND RESPONSES FOR CORNER GAME 
680 IF U > 5 THEN R = R - 10 
700 E = 1 REM REENTRY POINT FOR 5-UNIT RESPONSES 
720 IF F = 1 THEN R = R + 5 
740 F = 1 REM REENTRY POINT FOR 7-UNIT RESPONSES 
742 IF R = 0 GOTO 770 
745 FOR 1= 1 TO R 
750 READ C REM INCREMENT DATA POINTER TO 1ST RESPONSE 
760 NEXT I 

Listing 7 continued on page 200 
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ACCOUNTS PAYABLE 

ACCOUNTS RECEIVABLE 

GENERAL LEDGER 

COMPATIBLE MOD UL ES AlA : CUSTOMER STAT EMENTS 
ALSO I NDEPENDENTLY INSTALLABLE AGEING & TRI A L BALANCE 
PROGRAMS IN EACH M ODULE ALLOW : SAL!:S/ C / R JOURNA L S 
A ll File Maintenance AlP ; CHECK WR ITI NG 
Utility Fite Lis t ing AG EING & TRI A L BALANCE 
Individual Account In q uir i es ACC T .:: VERIFICAT·,ON 
Ori ginal J ournals GI L : DETAIL HISTORY INQU IR Y 
Automat' c Maste r F ile updating TRI AL BALAN C i: 
filsi Accurate Keyboard input P&L & BA L ANCE SHEET 

BUSINESS APPLICATION SOFTWARE 

D ivision of E lP Deyelopmen t Co ., In c . 
16755 Littlefield Lane, Los Galos, CA 95030 

IT EM A / R AlP 

S y s tem Manual SID 00 n SID 00 ,-I 
P rogrllnl LIstings 55500 r': .$5500 11 
Programs on D isk' $90 00 ~ 1 590 .00 n 
AR . AP. G l on d isk wit h manua l $390 .00 COD orders accep ted 
Immcdiate $h ipmCrll upon rec eip t ot c er t ified c heck o r moncy o. clel 
. CP/ M CBA$IC Compatible SOluc e 8. O b jec t c ode SinSjle n 

Gi l 

$ 19 .00 P 
160 .00 r1 
250 .00 t J 

or Dual O e n si ty n 

NAME ________________________________________ __ 

Ci IV _________________________ Statc ___ Z, p ____ _ 

-----------------------­Announcing .. . 

SMALL BUSINESS COMPUTERS Magazine 
The magazine for users and potential users of 
small business computer products and services 

• Thp monlhly magazinE> for nuslnessmen In th e protess of purchasing or installing their fir st com· 
plI l e> rs 

• The prac llcal how to plIhhcaflon wrlrlen In non·techmcallanguage and stressing business applica ' 
lions for sma ll computer sySlems. Each monthly issue includes' 

FEATURE SURVEY REPORTS: Such as. Software Packages lor Small Business Applications. 
Sma ll ManufactUring Sys tems. Inven tory C ontra/Sys tems, Microcomputer Business App/ioc tions, 
and so on. 

APPLICA TlON STORIES: Real ·life examples of compu ter applications in the small business en · 
vironmen t - capanililies. benefits. wha t to wat ch for. and much more of direct interest to the small 
businessman. 

COMPUTER PROFILES. IDEAS AND INNOVATIONS. INFORMATIVE ADS 

SPECIAL CHARTER SUBSCRIPTION 
12 issues @ 50% off 

Receive the next 12 issues of Small Business 
Computer Magazine for just $9 ... 50'\, off the 
cover price 

Mail the co upon today to: SMALL BUSINESS COMPUTERS Magazine 
33 Watc hung Plaza' Mon tclair. NJ 07042 

-----------------------­SMALL BUSINESS COMPUTERS Magazine. 33 Watchung Plaza' Montclair. NJ 07042 

o YES. Enter my charter subscription at the '.' ·price cost of $9 for 12 monthly issues . 

o Chec k enclosed. o Bill me. 

Name 

Organization __________________________________ _ 

Address 

City/ State Zip ______________ _ 
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SHOULD it be a Heathkit® ? 
Whether you are considering the purchase of an 

additional peripheral or your first computer you 
shoul d know more about Heath~ computer products . 
Heathkit~ has a continuing commitment to selling 
well-documented computer kits and software. Are 
they for you? How can you find out? 

Read Buss: The Independent Newsletter of Heath 
Co. Computers, where information on new products 
i s printed as it leaks out of Benton Harbor, not 
held back to suit a marketing plan. Buss is not 
a company-controlled publication, so it can deal 
with weaknesses of Heathkit~ products as well as 
their strengths. · It features news of compatible 
hardware and software from other vendors. Every 
Buss issue has candid accounts of experiences of 
Heathkit~ owners. Results of their discoveries, 
which often include hardware modifications, save 
subscribers headaches--and money. That's proven 
by two years' experience. So Buss can guarantee 
a full refund any time you're not satisfied. 

Buss is mailed first class (by airmail outside 
North America ). The 24-issue subscription gives 
you the choice of starting with the latest issue 
or with available back issues (about 8 are still 
in stock ). Send $ 8 .00 for 12 issues or $ 15.25 
for 24 (overseas, $10.00/12; $19.25/24 US funds) 
to: Buss 

325-B Pennsylvania Ave., S.E. 
Washington, DC 20003 

The Independent Newsletter 
of Heath Co. Computers 

ED SMI~R'S SOI'~WABE WOBKS 
ANNOUNCES J~3J:~U~~(Ql 

AN M6800 SYSTEM RELOCATABLE RECURSIVE 
MACROASSEMBLER &: LINKING LOADER 

A TTENTION ALL PROGRAMMERS: If you have 
been looking for an assembler with real macro capabilities, then 
J]).J]).Jli(.!A\.© is the one for you. 

Character replacement is the crux of ma.cro expansion. llilliJli(OiJ.© 
allows unlimited character replacement in any field of a macro 
model statement. llilliJli( OiJ.©'s argument notation can specify replace· 
ment from any field, subfield, sublist or substring of the macro call 
statement. llilliJli(OiJ.© 's set of macro directions supports both global 
and local set symbols. Set symbols can be based on either arithmetic 
expressions or character expressions. Macro model statements can 
determine attributes of set symbols or macro arguments. llilliJli(OiJ.© 
allows macros to define new macros arid to call other macros. Macro 
calls can be recursive, that is, a macro may call itself. 

llilliJli(OiJ.© contains a mini co-resident editor, allows spooling if 
desired, supports insert files, retains TSC Text Editor source code 
compatability, plus many ·other programmer convenience features. 

llilliJli(OiJ.© can be furnished on cassette or mini-floppy in either SSB 
or Mini-Flex format. Comes complete with linking loader, Instruc· 
tion Manual/Programmers Guide iii! an extensively commented 
assembly listing. 

M68RR ... cassstte .... $150.00 
M68RR·D ... 88B disc .8150.00 
M68RR·F .. FLEX disc .. 8150.00 

A 6800 to 6809 cross assembler 
version of llilliJli(.!A\.© will bs 
avaUable in June. 

Order directly by check or MC/Visa. California residents add 6'1. 
sales tax. Customers outside of U.S. or Canada add $5 for air postage 
iii! handling. 
Dealer inquiries welcome. 

Ed Smith's SOFTWARE WORKS 
P.o. Box 339, Redondo Beach, CA 90277, (213) 373-3350 
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770 REM REENTRY POINT FOR LOOP TO SELECT COMPUTER RESPONSES 
780 F = F - 1 
790 F = F * F 
800 READ C 
810 C2 = C 1 
820 Cl = C 
830 N = N + 1 
840 IF C = 0 OR C = U THEN 770 
850 B(C) = 88 
860 IF C2 = 0 OR C = H THEN 1160 
870 IF F = 1 THEN 2070 
880 IF E = 0 THEN 900 
890 IF N = 5 THEN 2070 
900 GOSUB 1780 
910 GOSUB 1980 
920 GOTO 770 
930 REM 

REM FLIP FLAG (0 TO 1 OR 1 TO 0) 
REM SELECT COMPUTER RESPONSE FROM LIBRARY 

REM UPDATE PREVIOUS COMPUTER RESPONSE 
REM INCREMENT RESPONSE NO. 
REM IF SPACER OR MATCH, TRY AGAIN 
REM PUT COMPUTER MOVE IN CELL 

REM DRAW GAME 
: REM COMPUTER WINS 

: REM COMPUTER WINS 
REM DISPLAY UPDATED BOARD 
REM ACCEPT NEXT USER MOVE 
REM LOOP TO SELECT NEXT RESPONSE 

940 REM CORNER OPENING GAME, FIRST USER MOVE WAS 5 
950 U = 1 REM PUT COMPUTER MOVE (9) IN CELL, 
960 GOSUB 2100 REM DISPLAY BOARD , ACCEPT 2ND USER MOVE 
970 IF U = 3 OR U = 7 THEN 1220 REM SECOND USER MOVE IS 3 OR 7 
980 IF U = 4 OR U = 8 THEN G = 0 REM SECOND USER MOVE IS 4 OR 8 
990 GOSUB 2100 REM CALC RESPONSE, DISPLAY, 3RD MOVE 
1030 C = 7 
1040 IF G = 0 THEN C = 3 REM SET UP TRIAL COMPUTER MOVES 

REM TRIAL CORRECT, COMPUTER WINS 1050 IF C < > U THEN 2060 
1060 GOSUB 2100 REM OTHERWISE, CALC RESPONSE , DISPLAY, 4TH MOVE 
1090 IF G = 0 THEN 1130 
1095 C = 2 
1100 IF B(2) < > 32 THEN C = 6 
1110 IF B(C) = 32 THEN 2060 
1120 GOTO 1150 
1130 C = 4 
1135 IF B(4) < > 32 THEN C = 8 
1140 IF B(C) = 32 THEN 2060 
1150 C = 10 - U 
1155 B(C) = 88 
1160 GOSUB 1780 
1163 PRINT 

REM SET UP TRIAL COMPUTER MOVES 
REM TRIAL CORRECT, COMPUTER WINS 

REM SET UP TRIAL COMPUTER MOVES 
REM TRIAL CORRECT, COMPUTER WINS 
REM CALC FINAL MOVE FOR DRAW GAME 
REM PUT COMPUTER MOVE IN CELL 
REM DISPLAY BOARD FOR DRAW GAME 

1167 PRINT "CONGRATULATIONS - YOU GOT A DRAW THAT GAME" 
1170 INPUT " DO YOU WANT TO PLAY ANOTHER GAME (Y OR N)"; A$ 
1180 IF A$ = "Y" THEN 450 : REM GO TO START NEW GAME 
1190 PRINT 
1195 PRINT "SO LONG UNTIL NEXT >TIME THEN" 
1200 STOP 
1210 REM CORNER OPENING GAME , 1ST USER MOVE 5, 2ND USER MOVE 3 OR 7 
1220 CO = 2 
1230 IF U = 3 THEN CO = 4 
1240 GOSUB 2100 
1250 C = CO 
1260 IF U = C THEN C = C + 4 
1270 GOTO 2060 
1310 REM 

: REM SET UP TRIAL COMPUTER MOVES 
REM CALC RESPONSE , DISPLAY, ACCEPT 3RD USER MOVE 

: REM ADJUST TRIAL COMPUTER MOVES 
REM COMPUTER WINS WITH. ADJUSTED TRIAL MOVE 

1320 REM SIDE OPENING GAME REENTRY POINT 
1330 IF U = 8 THEN 1420 REM SKIP IF FIRST USER MOVE IS 8 
1340 R = 10 * U + 60 REM FIND RESPONSES FOR SIDE GAME 
1350 IF U = 1 THEN R = 80 
1360 IF INT(U/2) = U/2 THEN 700 
1370 IF U > 6 THEN E = 1 
1380 GOTO 740 
1400 REM 

REM RETURN TO SELECT RESPONSES 

: REM RETURN TO SELECT RESPONSES 

1410 REM SIDE OPENING GAME , FIRST USER MOVE IS 8 
1420 B(9) = 88 REM COMPUTER RESPONSE IS 9 
1430 GOSUB 1780 REM DISPLAY UPDATED BOARD 
1440 GOSUB 1980 REM ACCEPT SECOND USER MOVE 
1450 IF U < 4 THEN 1560 
1460 IF U > 5 THEN 1630 
1470 B(3) = 88 
1480 GOSUB 1780 
1490 GOSUB 1980 
1500 C = 1 
1510 IF U = 1 THEN C = 6 
1520 GOTO 2060 
1540 REM 

REM COMPUTER RESPONSE IS 3 
REM DISPLAY UPDATED BOARD 
REM ACCEPT THIRD USER MOVE 

REM COMPUTER RESPONSE IS 1 OR 6 
REM COMPUTER WINS 

1550 REM SIDE OPENING GAME, 1ST USER MOVE IS 8, 2ND USER MOVE IS 3 OR 1 
1560 F = 0 
1565 H = 6 
1570 IF U < > 1 THEN 1600 
1580 F = 1 
1590 H = 4 
1600 R = 140 
1610 GOTO 700 
1620 REM 

REM SET UP LAST 5 REPONSES 

REM SET RESPONSE ENTRY POINT 
REM RETURN TO SELECT RESPONSES 

1630 REM SIDE OPENING GAME, 1ST USER MOVE IS 8, 2ND USER MOVE IS 6 OR 7 
1640 B(l) = 88 REM COMPUTER RESPONSE IS 1 
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22 START-AT-HOME 
COMPUTER BUSINESSES 

Circle 79 on inquiry card . 

PET WORD PROCESSOR 

In "The Datasearch Guide to Low Capital, 
Startup Computer Businesses" 
CONSULTING. PROGRAMMING. SOFTWARE PACKAGES 
• COM. FREELANCE WRITING. SEMINARS. TAPE/DISC 
CLEANING • FIELD SERVICE • SYSTEMS HOUSES • 
LEASING. SUPPLIES. PUBLISHING. TIME BROKERS. 
HARDWARE DISTRIBUTORS • SALES AGENCIES • 
HEADHUNTING • TEMPORARY SERVICES • USED 
COMPUTERS. FINDER'S FEES. SCRAP COMPONENTS. 
COMPUTER PRODUCTS AND SERVICES FOR THE HOME. 
Plus -- Loads of ideas on moonlighting, 
going full-time, image building, revenue 'ow ..... ' .. """'" 

This program permits compos ing and printing letters, 
flyers, advertisements, manuscripts, etc., using the 
COMMODORE PET and a pri nter. 

building, bidding, contracts, marketing, 
professionalism, and more. No career 
planning tool like it. Order now. If not 
completely satisfied, return within 30 
days for full immediate refund. 

• 8'h x 11 ring bound • 156 pp. • $20.00 

Script directives include l ine length, left margin, cen­
tering, and sk ip . Edit commands allow the user to 
insert lines, delete lines, move lines and paragraphs, 
change strings, save onto cassette, load from cassette, 
move up, move down, print and type . 

Phone Orders 901-382-0172 
The CmC Word Processor Program addresses an RS-
232 printer through a CmC printer adapter. 

DATASEARCH 
incorporated 

The CmC Word Processor program is available for 
$29.50. Add $1.00 for postage and handling per order. 

5694 Shelby Oaks Dr., Suite 105, Dept. B, Memphis, TN 38134 Order direct or contact your local computer store. 

Rush __ copies of "Low Capital Startup Computer Businesses" at $20 
per copy to me right away. 

NAME/COMPANY ______________ _ 
ADDRESS ________________ __ 

CITY/STATE/ZIP ______________ _ 

o Check Enclosed 0 Bankamericard 0 Masler Charge 

CONNECTICUT microCOMPUTER 

150 POCONO ROAD 
BROOKFIELD, CONNECTICUT 06804 

(203) 775-9659 
TLX: 7104560052 

* North Star DOS and BASIC now fully supported on double density 8" drives. 

More than 500K storage per disk now possible. 

TIMESHARING 
for the Horizon-

T:,e only lrue inlerrupt ·driven , bank 
swilching I imesharing software avai lable 

for the Horizon. 

Supporls as many as fo ur 5Yo " drives, 
fou r 8" drives, and as many as four 
CRTs with 16 to 48 K RAM per CRT. 
Interrupls a t 26 ms. Spooler and fil e 
locking to be s upported in the nea r 
future . 
Specify s ingle (Release 4) or double 
densily (Release 5). 

Requires additional memory in compute r. 

A mac hine langu age progr am 
o n 5Yo" disk . .. . . . ......... . .. . $49.95 

Complete business application software 
auailable. Writ e for additiona l 
information. Dealer discount s auai/able. 

Circle 204 on inquiry card . 

Thinker Toys dual density 8" drive and 
contro ll er . ....... . ........... . ... $1149 

Additional drives ..... .... ....... .. .. . .. $795 

8" disk drive connector software on 
5 y," disk included with drivels) and 
contro lle r without additional charge, 
or , separately .... . .... ..... . .... . $49.95 

PerSci dual and quad density dual 8" drives to be 
supported in the near future . 

Specify CPU clock speed and Release 4 BASIC or 
Release 5 BASIC. 

North Star DOS and BASIC licensed for use with 
North Star disk controlle r only. 

All software shipped on 5 y," N orth Star ONL Y. 

Write for information about COMPUCORP 
computers. 

Micro Mike's 
PROGRAM LIBRARY 

A one ·time fee of $500 (soon to be 
increased) buys for Ihe purchase r 
co ntinuous unlimit ed access to the 
programs, updates and revisions in the 

PROGRAM LIBRARY. 

In stock: Intertec In te rtu bes . . $874 ea. 

Slight ly used (demonstralor ADM·3A 
CRTs. full upper & lower case $695 ea. 

Micro Mike's,Incorporated 
905 South Buchanan 

Amarillo, Texas 79101 
806-372-3633 
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456 

789 

Figure 70: Cell numbers 
for the tic-tac-toe board. 

I 
o X I X 

- - - - + - - - + - - --
I X I 0 

----+---+----
I 0 I X 
I I 

Figure 7 b: A typical print­
out of a tic-tac-toe board. 

Listing 7 continued from page 200: 
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Text continued from page 798: 

which calculates a random (actually pseudo­
random) number between 0 and 1. This 
number is then multiplied by 3, and only the 
integer part saved to form a random 0, 1, or 
2. Then 0 (later changed to 5), designates a 
center opening game, 1 a corner opening 
game and 2 a side opening game. Variable F 
(flag), which selects alternate computer 
strategies, is also randomly set to 0 or 1. 

In this program, the response library is 
entered with DATA statements. The pro­
gram's opening move and the initial user 
response are used to determine where to 
start reading in the response library . The 
library contains sequences of digits which 
represent the program's forcing moves. For 
13 of the 24 possible combinations of 
opening move and user move, there are two 
possible winning strategies for the program, 
one of which is selected depending upon 
the status of variable F. Thus, even with 
the same opening move and the same initial 
user move, the program 's responses may 
vary. Each of these winning strategies, 
which results in a fork , has five digits . These 

digits are selected sequentially for the pro­
gram's responses . If the selected response is 
the same as the user's move, the user has 
blocked that row and the next digit is 
selected by using a loop. The digits in the 
even numbered positions and the fifth (last) 
digit represent winning responses, and con­
trol is diverted to a win routine which prints 
the board and the computer winning 
message. 

Two more of the 24 possible combinations 
have only one strategy for a sure program 
win, but the program responses are handled 
in the same manner. 

Six of the 24 possible combinations do 
not have a forced win strategy . These are 
handled by a 7 digit string of forcing moves 
that may end in a draw. These 7 digit strings 
have a 0 spacer inserted before the seventh 
digit to trigger diversion to tre draw routine. 
The latter prints the board and a draw mes­
sage after the seventh digit has been selected . 
A separate test causes a jump to the next 
digit if a zero spacer is detected as a program 
response. 

That leaves three cases that require spe-

1650 GOSUB 1780 REM DISPLAY UPDATED BOARD 
1660 GOSUB 1980 REM ACCEPT THIRD USER MOVE 
1670 C = 3 
1680 IF U = 3 THEN C = 5 REM COMPUTER RESPONSE IS 3 OR 5 
1690 GOTO 2060 REM COMPUTER WINS 
1700 REM 
1710 REM CENTER OPENING GAME REENTRY POINT 
1720 R = U * 10 - 10 REM FIND RESPONSES FOR CENTER GAME 
1730 IF U > 5 THEN R = R - 10 
1740 IF INT(U/2) = U/2 THEN 700 : REM RETURN TO SELECT RESPONSES 
1750 GOTO 740 : REM RETURN TO SELECT RESPONSES 
1760 REM 
1770 REM DISPLAY SUBROUTINE TO PRINT UPDATED PLAYING BOARD 
1780 PRINT 
1790 PRINT TAB(4) "I I" 
1800 PRINT TAB(2) CHR$(B(l)) ;" I II ; CHR$(B(2)) "I II ; CHR$(B(3)) 
1810 PRINT "----+---+-- --" 
1820 PRINT TAB(2) CHR$(B(4)) ;" I "; CHR$(B(5)) "I " ; CHR$(B(6)) 
1830 PRINT ,,----+---+----" 
1840 PRINT TAB(2) CHR$(B(7)) ;" I II ; CHR$(B(8)) "I "; CHR$(B(9)) 
1850 PRINT TAB(4) " I I: ' 
1860 RETURN 
1960 REM 
1970 REM SUBROUTINE TO ACCEPT AND CHECK NEW USER MOVE 
1980 INPUT "YOUR MOVE IS" ; U 
1990 IF U < 1 OR U > 9 THEN 2030 
2000 IF INT(U) < > U THEN 2030 
2010 IF B(U) < > 32 THEN 2030 
2020 B(U) = 79 
2025 RETURN 
2030 PRINT "YOUR MOVE IS ILLEGAL. TRY AGAIN" 
2040 GOTO 1980 
2050 REM 
2055 REM ROUTINE FOR WHEN THE COMPUTER WINS THE GAME 
2060 B(C) = 88 REM PUT COMPUTER MOVE IN PROPER CELL 
2070 GOSUB 1780 REM DISPLAY BOARD FOR WINNING GAME 
2075 PRINT 
2080 PRINT" ***** I WON *****" 
2090 GOTO 1170 REM NEW GAME? 
2100 REM 
2110 REM SUBROUTINE FOR COMBINED CALC, ENTERING, BOARD DISPLAY , USER MOVE 
2120 C = 10 - U 
2130 B(C) = 88 
2140 GOSUB 1780 
2150 GOSUB 1980 
2160 RETURN 
2170 END 



cial handling. One is similar to the six cases 
of the preceding paragraph except that the 
last move is not a forcing move. To avoid a 
false win-test on the sixth {even} digit, zeros 
are inserted as spacers before the sixth and 
also before the seventh response digits. 

The last two cases are more difficult, 
and somewhat similar. In each case it would 
be possible to use a series of forcing moves 
ending in a draw if the user simply blocked 
each potential row of three as it occurred . 
In each case, it is also possible to forego a 
first response forcing move, and instead to 
set a trap if the nonforced user move is not 
correct. I used the latter method in this 
program. This requires checking the second 
user move and then making the correct 
response to that move. A number of extra 
program steps are required to do this, but 
the program now plays a rational game. 

Other Systems? 

Some BASICs may not have some of the 
features used in this program, such as logical 
operators, ASCII code to character conver­
sion , string variables, prompting INPUT 
statements, or PRI NT TAB. These opera­
tions can normally be duplicated in other 
BASICs by slight program changes. If you 
would like a copy of this program in its 
Hewlett-Packard HP-67 programmable cal­
culator form, send me two blank magnetic 
cards and a stamped, self-addressed enve­
lope, and I will send it to you along with the 
slightly different instructions. 

Conclusions 

This game program exercise demonstrates 
the programming requirements for even a 
fairly simple problem: 

1. Thoroughly evaluate the problem, to 
be sure that all possibilities are allowed 
for . 

2. Consider the limitations and special 
features of the system to be used . 

3. Decide exactly what you want to 
program to do, and then program to 
do it in a logical, straightforward 
manner. 

4. Plan for ease of input and clarity of 
output. 

5. Document so that others {and yourself 
at a later date} can readily understand 
the program. 

In programming for this game, you may 
have fou nd some pointers on logic and pro­
gram planning. In any case, the completed 
program may be used to demonstrate system 
operation while entertaining your family 
and friends.-

SUPER 
SOFTWARE! 
MICROWARE 6800 SOFTWARE IS 

INNOVATION AND PERFORMANCE 

I NEW I LISP Interpreter 
The programming language LISP offers exciting new possibilities for 
microcomputer applications. A highly interactive interpreter that uses 
list-type data structures which are simultaneously data and executable 
instructions. LISP features an unusual sfructured, recursive function ­
oriented syntax. Widely used for processing, artificial intelligence, 
education, simulation and computer-aided design . 6800 LISP requires 
a minimum of 12K RAM . 
Price $75.00 

A/BASIC Compiler 
The ever-growing AI BASIC family is threatening old-fashioned 
assembly language programming in a big way. This BASIC compiler 
generates pure , fast , efficient 6800 machine language' from easy to 
write BASIC source programs. Uses ultra-fast integer math, extended 
string functions, boolean operators and real-time operations. Output is 
ROM able and RUNS WITHOUT ANY RUN-TIME PACKAGE. Disk ver­
sions have disk 1/ 0 statements and require 12K memory and host DOS. 
Cassette version runs in 8K and requires RT 168 operating system. 
Price: Disk Extended Version 2.1 $150.00 
Cassette Version 1.0 $65.00 

INEWI A/BASIC Source Generator 
An "add-on" option for AlBASIC Compiler disk versions that adds an 
extra third pass which generates a full assembly-language output 
listing AND assembly language source file. Uses original BASIC names 
and inserts BASIC source lines as comments. SSB and SWTPC 
Miniflex version available. 
Price: $50.00 

IN:EWJ A/BASIC Interpreter 
Here it is-a super-fast AI BASIC interpreter that is source-compatible 
with our AIBASIC compiler! Now you. can interactively edit, execute 
and debug AIBASIC programs with the ease of an interpreter-then 
compile to super efficient machine language. Also a superb stand· 
alone applications and control-oriented interpreter. Requires 8K RAM . 
The cassette version is perfect for Motorola D2 Kits. 
Price: $75.00 

RT /68 Real Time Operating System 
MIKBUG-compatible ROM that combines an improved monitorl 
debugger with a powerful multitasking real-time operating system. 
Supports up to 16 concurrent tasks at 8 priority levels plus real time 
clock and interrupt control. Thousands in use since 1976 handling all 
types of applications. Available on 6830 (MIKBUG-type) or 2708 
(EPROM-type) ROM. Manual is a classic on 6800 real-time applications 
and contains a full source program listing. 
Price: RT68MX (6830) $55.00 
RT68MXP (2708) $55.00 

6800 CHESS 
A challenging chess program for the 6800. Two selectable difficulty 
levels. Displays formatted chess board on standard terminals. Re­
quires 8K memory. Machine language with AlBASIC source listing. 
Price: $50.00 

ELIZA 
6800 version of the famous MIT artificial intelligence program. The 
computer assumes the role of a psychoanalyst and you are the patient. 
This unusual program is unique because the dialog with the com­
puter is in unstructured piain English. An impressive demonstration 
program. 
Price: $30.00 

Our software is available for most popular 6800 systems on cassette or diskette 
unless otherwise noted. Disk versions available on S.S.B., SWTPC, or Motorola 
MOOS. Please specify which you require. Phone orders are welcomed . We accept 
MASTERCHARGE and VISA. We try to ship orders within 24 hours of receipt. 
Please cail or write If you require additional Information or our free catalog. 
Microware software Is available for OEM and custom applications. 

MICROWARE 
SYSTEMS CORPORATION 
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P.O. BOX 4865 
DES MOINES, IA 50304 
(515) 265-6121 
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The Birmingham 
Microprocessor Group 
Computer Club 

The Bi rmin gham Mi c ropro cesso r 
Group Computer Club meets on the 
fourth Sunday of each month . Meet ing 
time is 2 PM at the Park Memoria l 
Branch of the pub li c library, 1814 11th 
Av S, Birmingham. The rea r entrance to 
the bui lding shou ld be used. Member­
ship dues are $6 per year wh ich inc ludes 
their news letter. For more info rm ation, 
write POB B072, Birmingham AL 3521B . 

New Apple Computer Club 
in North Carolina 

A new Apple computer c lub, the 
Ca rolina Apple Core, has bee n founded 
in the Durham-Raleigh-Chapel Hill NC 
area. The meeting format consists of 
monthly meetings on the third Tuesday 
of eac h month at different locat ions. 
Annual dues are $5 with a monthly 
news letter and softwa re library deve­
loping. At leas t two Apple computers 
with dual disk drives w ill be attendant at 
eac h mee ting . Dynami c programs featur­
ing Apple ca ptions are sc heduled mon­
thly, with sem inars on App le top ics 

sc heduled at other times during the 
month for the novice or the professional. 
The club is interested in exchanging in-
formation and sof tware with other clubs. 
Contact Carolina App le Co re, 5212 In­
glewood Ln, Ra leigh NC 27609. 

MUMPS Users Group 

In an attempt to reac h a larger 
MUMPS area, the MUMPS Users Group 
has sw itched to a controll ed c ircu lat ion 
magaz ine form at. The intention is to 
pub lish the magaz ine quarte rl y with 
eac h issue f eaturing a major MUMPS ap­
pl ica tions package, a number of unique 
applications, facts on new imp lemen­
tations, informati on on the an nu al 
meeting and on ava il abl e MUMPS 
tutorials , and whatever items prove of in­
teres t to the reade rs. For more informa­
tion about the MUMI)S Users G roup, 
write to PO B 208, Bedford MA 01730. 

Triangle Amateur 
Computer Club 

The T ACC (Tr iangl e Amateur Com­
puter Club) in Ra leigh NC is ded icated to 
the advancement of in te rest in amateur 
or personal computers. Membership is 
open to al l who suppor t these id eas. The 
c lub meets on the last Sunday of the 
month at 2 PM in th e Drey fus Audi ­
torium, Resea rch Triangl e Institute, 
Resea rch Triangl e Park NC. For further 
information about the c lu b, wr ite POB 
17523, Ral eigh NC 27514 . 

Apple Users Group 
in Boston Area 

The Boston area now has its own Ap­
ple Computer Users Group. NEAT (New 
England Apple Tree) supports a regular 
news letter containing the latest informa-

[;T;] ... ~.l.lct" -
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tion in the worl d of App le, programming 
tips and techn iqu es, program listings, 
reviews, tutoria Is, and more. M onthly 
mee tings are held the third W ednesday 
of eac h month in the Mitre Corp 
cafete ri a, Rt 3, Bedford MA, for sof tware 
exc hange, information sharing, and 
guest speakers. They also have ava ilabl e 
softwa re for the App le. Annua l du es are 
$6. For further information, contact 
Mitch Kapor, 31 Birch Rd, Watertown 
MA 02172. 

Boston Computer Society 
Membership Increases 2B1 % 

According to the lates t issue of The 
Boston Computer Society newsletter, 
the BCS Update, their club's member­
ship has increased from 80 to 225 
members in a five month period. Con­
gratu lations! The club has a wide range 
of interests, ideas and interesting peop le. 
New computers and programs are dis­
played at meetings, rumors and fa c ts 
are exc hanged, free magaz ines and in­
fo rm at ion are ava il able, and guest 
spea kers keep members up to date w ith 
new systems and appl ications. Addi­
tiona ll y, the club foste rs a PET use r 
group. For meeting informat ion, w rite to 
The Boston Computer Society, 17 
Chestnut St, Boston MA 02108. 

Attention French Computer 
Enthusiasts 

A new c lub ca ll ed Microte l-c lub for 
the hobbyi sts in mi crocomputer and 
telecommu ni ca ti on areas has been form­
ed in France. Their intentions are to 
deve lop the interes t of the French 
po'pul ation in these tec hni ca l areas, to 
give the members the chance to use and 
compare mi crocomputers, to support the 
most interes ting projects of i ts users, 
and to promote the exc hanges between 
th em. More than ten Microtel-c lubs ex ist 
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in France. In Pa ri s the c lu b owns six 
mi crocomputers, ma ny training k its, a 
li brary, and three laboratori es w ith elec­
troni c equ ipment. The cl ub is open every 
day and a news lette r is pub li shed tw ice a 
month . A new Microtel-c lub will be 
fo rm ed in Palo A l to CA to deve lop ex­
changes between France and the United 
States. The membersh ip cos t is $35 pe r 
yea r. Fo r f urther inf o rm ati on, w ri te 
Microtel-c lu b Adm ini strat ion, 9 rue 
Huysma ns, 75006 Pa ri s FRANCE 0 544 70 
23 . 

Newsletter for 
Processor Technology 
Computers 

Prote us/News, fo rm erl y Sa lus News, is an 
independent news lette r fo r ow ners and 
users of Processor Tec hn o logy Corpora ­
ti on co mputers. A sa mpli ng of the con­
tent of thi s one page news let ter in c lu des: 
a " Review of PTDOS 1.5"; " An Introd uc­
tion to Programming in Pasca l"; a book 
rev iew of 45 BAS IC Programs by Didac­
t ix; " Deve lopm ent o f th e SLAC Pasca l 
Comp il er"; desc ript ion of the SLAC 
Pa sca l Solu siC uter u t ili t ies; and o ther 
features. The b imonthl y subscri pt ion 
rate is $12 per yea r Contact Pro teus, 
1690 Woodside Rd, Suite 219, Redwood 
City CA 94061. 

Free Timeshare Access 

The 8080 Etc compa t ib le users group 
has ex pa nded i ts serv ices to both the per­
so nal compu ter user and com merc ia l 
f irm s. Free access to over 85 types of 
bu siness , medi ca l, accounting, resea rch, 
and hobby so ftwa re p rograms is offered 
to members w ho have a com muni ca ti ons 
mod em. Acoust ic coup lers or the IDS 
ca rd fo r the S-1 00 bus are recom mended 
and they mu st be se t at the transmi ss ion 
rate of 300 bps. The system ca n be ac­
cessed by dia ling (209) 638-6392 and typ-

ing the fo ll ow ing passwords : Hell o-w1 01 , 
8080 Et c. The use rs group also publi shes 
a qu arterl y jou rn al of group ac tivities 
and general debuggi ng notes and a lw ays 
has need for t idb its and notes from 
members or in teres ted peop le. For a f ree 
list of program tit les, se nd a se l f add ress­
ed sta mped enve lope and incl ude the 
type of sys tem and speci fic components, 
along w i th any qu es t ions to Membershi p, 
The 8080 Etc, POB 894, Fres no CA 93714 . 

Microcomputer Business 
Users Group 

BUG (The M icrocomputer Busin ess 
Users Group) is an assoc iation of 
bu siness men and women and data pro­
cess ing prof ess iona ls w ho meet monthl y 
to edu ca te th emse l ves about t he 
methods of achiev ing so luti ons to 
business prob lems wit h microco mpu ters. 
Th e p ri mary emphas is is upon educat ion 
re l a t ed to app li ca tion so f twar e, 
al though sys tem software and hardware 
get some attent ion. Vendors are inv ited 

FFT BASIC Problem 

Some users have experi enced p ro­
bl ems in run ning the BAS IC program 
fr om " Fast Fourier Transforms on Your 
Hom e Co mputer" by W illi am D Sta nl ey 
(D ecember 1978 BYTE , page 14) The d i f­
f icul t ies are ca used by d iff erences in the 
behavior of BAS IC interp rete rs w hen 
t hey encount er add iti o nal statements on 
the sa me li ne fo ll ow in g an IF-TH EN 
statement. 

M any BAS IC syste ms act in this man-

to spea k and are encouraged to give 
ed uca t iona l ta lks. The group is geared 
towards end users and vendors o r pro­
spec t ive vendors of software. The BUG 
news let ter keeps members in fo rm ed 
abou t ac ti v i t ies, happenings, fo rth ­
comin g spea kers, hea rsay in fo rm at ion 
and p rev ious meetings. M eet ings are 
held 7 PM on the first Tu esday of eac h 
month at Ba ru ch Co ll ege, 46 E 26 St, 
New York NY (3 rd f loor co mputer 
li bra ry). Contact The M icrocompu ter 
Business Users Group, 161 W 75 St, New 
York NY 10023. 

Chicago TRS-80 Users Group 

TRS-80 users in Chi cago w ill be p leas­
ed to k now of the ex istence of the 
Chi cago TRS-80 Users Group (C hi catruc). 
The group meets the third Wednesday of 
eve ry mo nth and a mo nthl y news letter is 
ava il ab le to mem bers who have paid the 
$9 membership fee. Contac t Emmanu el 
B Garc ia J r and Assoc iates, 3950 N Lake 
Shore D r, Apt 2310, Chica go IL 60613 . 

ner: in cases where the cond i t ion tes ted 
by the IF is fa lse, prog ram fl ow proceeds 
to th e next line of the progra m, ski pp in g 
over addi t iona l statements on the sa me 
li ne as the IF-TH EN (fo ll ow ing the co lon 
or backs las h). However, so me BAS ICs 
w ill execute statements on th e sa me line 
as the IF -TH EN, even i f the cond itio n is 
false . 

I f you have the second type of BAS IC 
in terpreter, the fo ll ow in g program line 
must be inserted for the program to run 
correc t ly: 

1075 IF C > X4 TH EN 1090. 

[Thanks to Dana Trembla y, 178 County 
SI, A pt 6, Attleboro MA 02703, for poin­
t ing out this prob lem. ) • 

SO-100 VIDEO DOAR.D FEATURES 
• 64x16 line format with 128 displayable characters 

• Serial ASCII or BAUDOT with multip~ Baud rates 
• $187 Assembled or $157 Kit (Partial Kit $95) 

• FllU Cllrsor control with scrolling and paging 
:. On board power"supply ' 

• Serial interface RS232 or current 190P 

• Purchase SCT-lOO alone or complete terminal 

»XITE:X CORR .... X4 

COMPLETB KEYBOARD TERMINAL *sao 13828 Nou_P.O. Boa 402110 
Dalla •• Teao 75240 (214) 386-3859 

F ull Kit $295 (includes SeT-lOO) ORDER BY PHON E/Overseas orders & dealers welcome 
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Bill Claxton 
431 Mishler Rd 
Mogadore OH 44260 

'iJ GCD V 

APL and the Greatest Common Divisor 

I read the article "Pascal versus BASIC: 
An Exercise" in August 1978 BYTE, page 
168. Upon examining the Pascal, BASIC 
and FORTRAN listings on page 172 for th e 
greatest common divisor between two 
integers, I was curious about how an APL 
program would compare. I submit my APL 
version in li sting 1 (several example runs 
are shown in listing 2). A detailed step by 
step analysis of theAPL program is given 
which shows some of the power inherent in 
the APL language. 

Analysis of Program 

The explanation is given for the function 
GCD 6 8 14. The greatest common divisor 
among a series of integers as contained in 
vector V is necessarily less than or equal in 
magnitude to the smallest one of th e inte­
gers. The small est in teger is easily se lected 
in APL using the floor reduction LIV, which 
in our example would result in selecting the 
number 6. One could procee d by dividing all 
of the elements of V by this smallest intege r 
and testing each division for a remainder of 
O. This again is easily imp lemented using 
AI ( ( L I V) I V) = 0 , wherein, for our exam­
pl e, the 6 resi due of vector 6 8 14 given by 
6 1 6 8 14 returns the vector 0 2 2. When 
this vector is logically equated to 0 the vec­
tor 1 0 0 results. Th.e logical AND reduction 
of this vector All 0 0 returns the number 

O. One could next subtract 1 from the 
smallest element, 6, and repeat, whereupon 
onewou ldfindthat A/(5 16 8 1 4 ) =0 
also returns the number O. Obviously, the 
first integer in the decreasing series of inte­
gers thus obtained that returns the number 1 
will be the greatest common divisor. 

In our example t 6 gives the vector 1 23 
4 56. Thus if we reverse th is vector, we have 
the desired elements for successive divisors. 
This is done in AP L for our example using ' 
the vector reversal (Pl 6. This gives the vector 
654321. 

The outer product in APL is call ed out by 
the two symbols" 0 . ", precisely the oper­
ation needed here since the outer product 
will take each of the elements on the left 
and apply it in turn to the primitive function 
on the right. Thus in our example, 6 5 4 3 
2 1 0 .1 6 8 14 returns the matrix: 

o 
1 
2 
o 
o 
o 

2 
3 
o 
2 
o 
o 

2 
4 
2 
2 
o 
O. 

When th is matrix is logically compared to 0 
we obtain: 

1 
o 
o 
1 
1 
1 

o 
o 
1 
o 
1 
1 

o 
o 
o 
o 
1 
1. 

[1J ' GCD= ','f(hL IV) [( A/ (( <PlL IV ) o .I V) =O)1 1]'iJ The AND reduction, AI ,applies to the 
rows of a matrix. Hence we will return in 
our example the vector 0 0 0 0 1 1 when 
applied to the last matrix above. The posi­
tion of the first 1 that occurs in this vector 
wi ll reference the position in the vector of 
divisors ( <pt L IV) . If this position index is 
appended as asubscript, (<ptL IV )[ .. index 
. . J " the greatest common divisor will be dis­
played. The first occurrence of 1 in the 
vector for our example is obtained by the 
dyadic use of the index operator iota on the 
vector 000011 t 1, which returns a 5. 
The fifth element of vector 6 5 4 3 2 1 is 2, 
which is the greatest common divisor of 
6814.-

Listing 7 

GCD 391 238 1 88 7 1003 
GCD= 1 7 

GCD 63 7 7 35 34 3 4 9 6468 
GCD= 4 9 

GCD 6 8 14 
GCD= 2 

Listing 2 
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APl Aids Instructors 
Prof Selby Evans 
Psychology Dept 
Texas Christian University 
Fort Worth TX 76129 

Fortunately, I did not know that APL 
was unsuitable for computer aided instruc­
tion , so I started using it four years ago . It 
works fine. Professor Gerhold's "Teaching 
with a Microcomputer" (December 1978 
BYTE, page 124) falls far short of convinc­
ing me that I should learn another special 
purpose language just to handle computer 
aided instruction . . 

Professor Gerhold found the interpre­
tation of responses to simple yes-no ques­
tions formidable in BASIC. None of my 
programs ask that kind of question as part of 
the instruction, but rather as the start up 
routine. Here 's how I handle it: 

[1 0 J +SKx l' N '=lt~,D+ 
' WANT YOUR MI SSI ON ORDERS? ' 

I don't try to handle variants of expres­
sion because I find that beginning students, 
told to answer yes or no, do it. I haven't 
protected against expressions Ii ke yesterday, 
yetti , or you blasted idiot, because I've never 
seen inexperienced students answer that 
way. Semisophisticated students may try to 
spoof the system with things like that, but 
as far as I am concerned, they are welcome 
to whatever they get. 

When I present a question call ing for a 
word or two as response, I use a function 
that tests for the presence of key letters in 
specified order. Thus, a judicious selection 
of key letters makes the function tolerant 
of some misspelling and typographical 
errors. The function checks the list of al­
ternatives and responds differently depend­
ing on whether the response matches the 
first or one of the subsequent alternatives. 

Professor Gerhold believes that such a 
function would be too slow. I find no basis 
for that bel ief. On a Sigma-9 in a timesharing 
environment with 30 users, the function has 
no discernable impact on terminal response 
time. Under those conditions the response 
tim e does not exceed the carriage return 
time and so is perceived as immediate. If 
a dedicated microprocessor can't match that, 
I am going to be disappointed. 

Aside from permitting me to work in 
a familiar and powerful language, using APL 
for computer aided instruction allows me 
to use functions al ready developed. For ex­
ample, when I need to plot histograms, I 
simply copy the histogram function from 
my statistical workspace. Th is came in 

handy in the writing of my StarTrek game in 
which I had to figure a confidence interval 
for the mean, in order to spread the phaser 
enough to have a reasonable chance of 
hitting the Klingon. 

A third advantage of APL is that it lets 
me write complex programs very easily.-

The Problem 
of Software Piracy 
Revisited: A Proposal 
Vernor Vinge 
Assoc Prof of Mathematics 
San Diego State University 
San Diego CA 92182 

One of the greatest problems facing indi­
viduals who own computers is to legally 
acquire inexpensive, high quality software. 
The fact that it is often possible to acquire 
such software for free illegally is one of the 
reasons we have the problem, for if a paying 
market existed, some extremely useful pro­
grams would be written for it. (There are 
rumors that Bell Labs LSI-11 UNIX may 
never be released : if it costs hundreds of 
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thousands of dollars to develop a system 
which can then be stolen and sold for $10, 
there is scarcely a reason to market it at 
$500 to $1000, prices that would yield a 
good profit on an "honest" market.} 

Most illicit copying is done casually and 
in a spirit of friendly (nonprofit) cooper­
ation between fellow users. I believe that the 
following suggestion, if adopted by sellers 
of major software products, would drasti­
cally reduce the risk of such copying . . 

Let P be the price the seller has currently 
put on one unit of his or her product. (P 
would be related to the seller's estimate of 
what the traffic could bear if no illicit 
copying were possible.) When customers 
buy the product, they have the option of 
naming (on the sales form) any person who 
is al ready a registered pu rchaser of the soft­
ware. The person so named would then 
receive an rP dollar "software bounty" 
from the seller, where r is a number between 
o and 1 announced by the seller when the 
product is introduced. (It might take some 
experience to decide the best value for r. 
My opinion is that some value greater than 
0.5 would be optimum for the seller. The 
price P could be changed with time, but a 
fixed r would help consumers maintain 
confidence in the bounty.) 

Retro-Graphics™ 
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The rP software bounty would have 
many effects. Suppose Tom buys the pro­
duct. If he can convince Jan to buy, Tom 
can recover a substantial portion of his 
expense (assuming that r is reasonably 
large) . But why would Jan name Tom on 
the sales form? Presumably because Tom 
has prom ised J an some fraction of the 
bounty; that is their affair. If Tom is an 
enterprising individual (and if the product 
is much in demand) then he might be able 
to recover his entire purchase cost and 
possibly make more. 

Of course, J an and all the others that 
Tom has won bounties on may be doing 
the same thing. This is a secondary effect 
of the scheme. It turns present marketing 
realities upside down : the software bounty 
would reward those who purchase early, 
and leave procrastinators with the risk 
that there may be no bounties left to win 
when they get around to buying. 

Notice that although the arrangements 
between customers and prospective cus­
tomers may be quite complicated and 
novel, the situation would be simple for 
the seller. He or she must keep a mailing 
list of registered purchasers- also necessary 
for sending out software updates and main­
tenance fixes . If n units are eventually sold, 
the seller will receive at least nP - (n-l }rP 
for his efforts. (If P changes with time, the 
result is only slightly more complicated.) 

The software bounty scheme will not 
stifle those whose moral fiber is not merely 
weak, but nonexistent. An outright criminal 
who copies the product and sells it at a low 
price could make a lot of money. Two fea­
tures of the plan might tend to discourage 
this, however. The person receiving the 
bounty must be named by the new pur­
chaser on a bona fide sales form . Thus 
anyone buying a bootlegged product would 
know that he was doing so and would know 
that he could not obtain any bounties of his 
own; in fact, he would have to undertake 
equivalent criminal activity if he wished to 
make any money from disseminating the 
product. Secondly, outright bootlegging 
directly damages legitimate bounty hunters 
and is therefore more Ii kely to be reported 
than under present marketing strategies.-

A creative suggestion, to be sure. But if 
to purchase a score of a great symphony one 
had to pay the same amount as the original 
composer's stipend, very few people would 
have ever heard a number of masterpieces. 
A commission sales arrangement is ex actly 
how such works of art are sold by a myriad 
of dealers - and there is no reason why 
software works of art cannot be sold on a 
similar basis . ... CH 



An Added Attraction 

Christopher Strangio 
CAMI Research 
43 Bailey Rd 
Watertown MA 02172 

Using any instructions in the In te l 8080 
instruction set except ADD, ADI, ADC, 
ACI, and DAD, write a program that adds 
two 8 bit binary numbers. Assume that 
the addend and augend have been preloaded 
into the Band C registers, respectively. The 
sum should be located in the accumulator 
when the additi on is completed, and then 
the processor should be halted. The pro­
gram should have a minimum number of 
instructions and should execute with the 
greatest possible speed. Puzz le a bit on this 
problem and when you figure out how to 
do it, turn to page 217 .• 
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$ Have you gotten one of 
Don Lancaster's 

INCREDIBLE SECRET 
MONEY MACHINES 

yet? ~~ 
[fJ0~f 

The Incredible Secr et Money Machine 
is a Get-Rich-Quick book that shows 
tested and proven ways to reduce or 
eliminate taxes, get free insurance, 
eliminate utility bills, to pick up paid-

~ for vacations & win at " investments. " 
The Incredible Secret Money Machine is a self-help, how-to cookbook 
essential for anyone setting up their own craft, computer or technical 
business . 
The Incredible Secret Money Machine is the only book that dares tell 
all about the honchee guidelines, the steam calliope fund, the perfect 
tinaja quest, the Deadly J -Dollar, and the dangers of two crossed 
granfalloons . 
The Incredible Secret Money Machine is the seventh and l atest book by 
Don Lancaster . He has half a million books in print so far. 

r---Sy;;~~g;ii~~~--~pi~B:85-,-----B~;;;-iii2-,--Pa;k;;;~-AZ-S53-44-----i 
: Please send m e __ lNCREDIBLE SECRET MONEY MACHINES at s6.95 each postpaid . ! 
: Price includes 11 postage & handling. : ! ( ) I en c lose a tota l of 1 ___ ,ch eck or moneyorder , .... or . : 
: ( ) You can charge my Bank A m ericard I Visa card no.: : , ' i expiration date: signature: ! 
, ' 
: name : : , ' 
: a ddress: : , ' , ' 
L_~~t!'_: ________ _______________________________ ~ ~_~~t~~~~~~~_ ~ ___ ~~ ______ ~~:~ _ ~ _____________ .J 

·""""11"",."""""",11"",., •• "." •••••••• ,,, •• "",." ••• " ••••• , •••• """.""",.""",., • 

P.S. SOFTWARE HOUSE 
FORMERLY PETSHACK 

PErM SCHEMATICS 
FOR ONLY $24.95 YOU GET: 
24" X 30" schematic of the CPU board, plus oversized schematics of the Video 
Monitor and Tape Recorder, plus complete Parts layout . all accurately and 
painstakingly drawn to the minutest detail. 

PErM ROM ROUTINES 
FOR ONLY $19.95 YOU GET: 
Complele Disassembly lislings of all 7 ROMS, plus identified subroutine entry 
points; Video Monitor, Keyboard routine. Tape Record and Playback routine. Real 
Time Clock, etc. To entice you we are also including our own Machine Language 
Monitor program for your PET using the keyboard and video display. 
You can have the Monitor program on cassette for only $9.95 extra. 

PET 10 PARALLEL INTERFACE with 5V .8A power supply $74.95 
PEno 2nd CASSETIE INTERFACE $49.95 

Send for our free SOFTWARE BROCHURE. Deafer inquiries welcome. 

PErM EXPANDOR PRINTER 
PRINTER PRICE WITH PET INTERFACE $525 
• Small size of 4S·H x 12V,"W x 9v, ·'D 
• Impact printing· 3 copies 
• Prints 80 columns wide 
• Print Cylinder· not a matrix 
• Uses 8';''' paper , pressure or pin feed 
• Easy to maintain yourself . or return to us 
• Regular Paper - Coated paper not required 
• Ligh tweighl , 11 V, Ibs. with cover 
• Prints t o characters per second 
• 64 Character ASCII Character Set 
• Full Documenlation Included 

This is the ideal, low cost, reliable, self maintained 
printer with which to complete your PEr~ystem. 

P.S. SOFTWARE HOUSE 
P.O. Box 966 Mishawaka, IN 46544 

[II Tel: (219) 255-3408 
PEl" .~""_oI~.o.......$'''' '''''''''" ", •• , ••••••• " •••••• " •• , .... ".", •• ", ............. "" •••• " •• , ••• , ••• , •• , •••••• , ••••• , •••• "".,11 •• 
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Theworla's only 
single .. chip LSI Universal 
Printer eontroller is here! ; . . 

The very low-cost 40-plri CY-480 controls ANY standard 5 x 7 dot matrix 
printer with pHnt spGeda up to 200 cps! The CY-480 Universal Pripler 
Controller lrom Cybernetic Micro Systems is the first-and only-40'pin LSI 
device which will control and interface any standard 5" x 7" dot matnx printer 
(Including ttJose from Victor, LRC, Practical Automation and Amperex) having a 
print speed up to 200 cps_,It operates Irom a single + 5V power supply and will 
Interface a printer with any microcomputer or minicomputer system through 
standard 8·bit ports. The CY· 480 accepts either serial (RS232C) or parallel ASCII 
input from the host, system's data channel. 

The CY·480 replaces bulky, expensive dedicated controllers. The small. single 
LSI package otters a 5 x 7 dot matrix character generator, full upper and lower 
case ASCII 96-ch~racter font, and a 48·character (expandable by dalsy·chaining) 
internal line buff!)r storage; Standard are a 10, 12 or 16 characterslinch variable 
character density command, 2·color selectable print command, forward/backward 
printing command. and horizontal and vertical independently expanded print 
command. The CY·480 p'rilvides graphics capability and includes a "fIIp·print" 
operatinQ ",ode for 180' vi . Ready lines provide lull asynchronous 
commUnications with han g. . 

Low ~!~el $35 a single lInitl I 
2378-BC~:I~:'~~!~~ :~~t:~I~~:'~a~~ 95050 II 

' . "Phone (408) 249-9255 L ____ ~ ________________ ~ 

CP/MTM 
LOW-COST 
MICROCOMPUTER 
SOFTWARE 

CP/MTM OPERATING SYSTEM: 
• Includes Editor, Assembler, Debugger and Utilities. 
• For 8080, Z80, or Intel MOS. 
• For IBM-compatible floppy discs. 
• $1 DO-Diskette and Documentation. 
• $25-Documentation (Set of 6 manuals) only. 
MACTM MACRO ASSEMBLER: 
• Compatible with new Intel macro standard. 
• Complete guide to macro applications. 
• $90-Diskette and Manual. 
SIDTM SYMBOLIC DEBUGGER: 
• Symbolic memory reference. 
• Built-in assembler/disassembler. 
• $75-Diskette and Manual. 
TEXTM TEXT FORMATTER: 
• Powerful text formatting capabilities. 
• Text prepared using CP/M Editor. 
• $75 Diskette and Manual. 

([(J []~[]~TRL REEERRCH 
P.O. Box 579. Pacific Grove, California 93950 

(408) 649-3896 
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Periodic Answers 

Mark Zimmermann 
Caltech 130·33 
Pasadena CA 91125 

I would like to comment on the question 
BYTE posed in r~ference to J ef Raskin 's 
article "Unlimited Precis ion Division" (Feb­
ruary 1979 BYTE, page 156). The question 
concerned decimal expansion of 99991/ 
99989. 

By using several tricks from An Intro­
duction to Number Theory by Harol d 
Stark, in conjunction with an HP·25 calcu· 
lation to do 10 digit arithmetic, I found 
that the period of the decimal expansion of 
99991/99989 is 99988. 

The theorem states that for any pair of 
numbers m and n which have no factors in 
common except 1, and which have no com· 
mon factors with 10, the rational number 
min has a purely periodic decimal expansion 
and the length of the period is ord n (10). 
The function ord n (10) is defined as follows 
(paraphrasing Stark): 

if lOb leaves a remainder of 1 when 
divided by n, and b is the smallest 
positive integer for which this occurs, 
then ord n (10) =b. For example, 
ord 99 (10) =2 since 102 leaves are· 
mainder of 1 when divided by 99. 
Therefore, by Stark's theorem, 1/99 
has period 2 in its decimal expansion. 

Stark also gives some hints which reduce 
the amount of work in finding the smallest 
working value of b. For the case n=99989, 
there are 11 candidates for b, of which only 
b=99988 works. 

During all stages of the calculation, one 
cares only about the remainders after div­
ision by 99989, so a calculator that can 
handle 10 decimal digits is adequate. 

Than ks for suggesting an interesting 
puzzle! • 



A Y Le Maout 
48 rue P J Pr'oudhon 

78370 Plaisir 

A Hard Way FRANCE 

to Hard Copy 

Suppose you have glued a light emitting 
diode (LED) on each key of your type­
writer, then connected those LE Os to the 
outputs of a decoder, then connected the 
decoder to the output ports of your favorite 
microcomputer. Each time a character is 
displayed on the output LED light, you push 
the key and the character is printed. You 
must not forget some auxiliary function 
indicators for things like space, new line, 
etc. I think it is the most economical way to 
obtain a good printout from a microcom­
puter or a personal computer. In my opinion 
the achievable speed is nearly two characters 
per second. 

The cost of such an adaptation should be 
less than $25, assuming bargain basement 
LEOs and a typewriter you already own. It 
could be possible to extend the function 
by adding a touch contact on each key. 

I have only one reservation: in a few 
years it might be more common to own a 
microcomputer than a typewriter.-

Other Early Computers 

G BLane 
Computer Science Dept 

Manchester University 
Oxford Road 

Manchester ENGLAND 

Keith Reid-Green's article "A Short 
History of Computing" (July 1978 BYTE, 
page 84) neglected to mention anum ber of 
very significant machines. On reading the 
article one gets the impression that prior 
to this decade no computers were built 
outside the USA, and that any machine 
within the USA was in all probability built 
by IBM. Of course in a short article one 
cannot hope that a complete history will 
be presented, but I do not feel that the 
author presented a correct view of the 
development of computers. 

Since my own knowledge of the history 
of computing is limited to mainly British 
machines, I too will no doubt leave out 
many machines that others would include. 
The following are some of the machines 
that I feel should have been mentioned : 

• Konrad Zuse's electromagnetic com­
puters built in Germany before and 
during World War II. 
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the ULTIMATE in 

CHEAP VIDEO 
BOOK & KIT 

ONLY $42.95 

Don Lancaster s "Cheap 
unlimited options, including: 

* Scrolling · Full performance cursor. 
* Line/ Character formats of 16/ 32, 24/80, 32/ 64 .... 

or almost anything. 
* Graphics - up to 256 X 256 B &W; 96 X 128 COLOR 

(requires lOW' cost option modules) 

* Works with 6502, 6800 and other micros. 

SPECIAL OFFER: Buy the Kit (uppercase alpha· 
numeric option included) & get the Book at 112 price. 

IDiA ELECTRONICS. OEPT.5·B, I020W. WILSHIRE BLVO .. OKLAHOMA CITY. OK 73116 ------------------------------------------------------
I'm Sold. PLEASE RUSH . . ... ( ) SEND FREE CATALOG 

( ) TVT·6 Ws Kit & Cheap Video Cookbook - $42.95 (enclosed) 
( ) TVT '6 5/8 Kit only (book required for assemblyl-$39.95 

name:: ______________________________________ _ 

address: ____________________________________ _ 

city: state: zip: ______ _ 

_ ~_!l!~T.!l~~~S __ O!~T:.~~:.._!~2~!:.~~~~R!_B~~.::_O!~~~~~~~y.:.2~!~!.6 ____ _ 

16K STATIC RAM 

Kit price 
$285450 nsec 
$320 250 nsec 
Mem ory Chips 

Add $25 for assembled. tested. Guaranteed. 

Static TMS 4044- Fully Static 4Kx1 Memory chips for better da ta 
integrity and DMA compat ibility. 

Fully 5-100 Bus Compatible-All lin es fully buffered. Dip Switch 
Addressab le in two 8K blocks . 4K incre ments. Write Protect­
ab le in 2 b locks. Memory Disable using Phantom (pin 67) or 
strappaiJ le to any ot her pin . 

Bank Select-Using Output port 40 H (Cromemco software compati­
ble) -add ressab le to 512KB of RAM or for time share. A lso has 
alternate port BOH-making over 1 million byte of RAM ava il able. 

Quality Components-First quality pa rts. fully socketed. Glass 
epoxy board w ith si lk screened legends. so lder masks. Gold 
Contac ts. 

Guaranteed-part s and labor for 1 year. You may return the 
undamaged board w ithin 10 days for a full refund. Foreign and 
kit purchasers-parts only guaranteed; no return privilege . 

Orders- You may phone for Visa. MC. CO D orders . ($4 handling 
charge for COD o rders only) Persona l checks must clear priorto 
shipping. Shipping-Stock to 72 hours normally. Will notify 
expected shipping date for de lays beyond th is. Illin ois resi­
dents add 5% tax . Pl ease inc lude phone number with order. 

S. C. GDigital P.O. Box 906 Phone : 

Aurora, I L 60507 312-897-7749 

Circle 331 on inquiry card . May 1979 © BYTE Publications tnc 211 



Circle 205 on inquiry card. 

its 
ytes 
Oaks. 
argalos 

IMSAI • Cromemco • SWTPC • 
Lear·Siegler • Problem Solvers • 

RCA. North Star • Verbatim • 
ALPHA Micro Systems and others 

Fast, off the shelf delivery. 
Give us a call TOLL FREE 

800/523-5355 

MARKETLINE SYSTEMS, Inc. 
2337 Philmont Ave., Huntingdon Valley, Pa. 19006 

215/947-6670 .800/523-5355 
Dealer Inquiries Invited 

FULL OWNERSHIP AND LEASE PLANS 
PURCHASE PER MONTH 

DESCRIPTION PRICE 12 MOS. 24 MOS. 36 MOS . 

LA36 DECwriter II ...... .. ... $1,595 $ 152 $ 83 $ 56 
LA34 DECwriter IV .. .... .. . . 1,295 124 67 45 
LA120 DECwriter III, KSR .... 2,295 219 120 80 
LS120 DECwriter III, RO ... .. 1,995 190 104 70 
LA180 DECprinter I, RO .. .. .. 1,995 190 104 70 
VT100 CRT DECscope .. . .... 1,695 162 88 59 
VT132 CRT DECscope ....... 1,895 181 97 66 
Tl745 Portable Terminal ..... 1,875 179 98 66 
Tl765 Bubble Memory Term .. 2,795 267 145 98 
TI810 RO Printer . . . ..... . . . 1,895 181 99 66 
Tl820 KSR Printer ... . . . .. .. 2,395 229 125 84 
ADM3A CRT Terminal ....... 875 84 46 31 
QUME Letter Quality KSR. ... . 3,195 306 166 112 
QUME Letter Quality RO .... . . 2,795 268 145 98 
HAZELTINE 1410 CRT . .... .. 895 86 47 32 
HAZELTINE 1500 CRT ....... 1,195 115 62 42 
HAZELTINE 1520 CRT ..... . . 1,595 152 83 56 
DataProducts 2230 .. ....... . 7,900 755 410 277 
DATA MATE Mini Floppy .... .. 1,750 167 91 61 

FULL OWNERSHIP AFTER 12 OR 24 MONTHS 
10% PURCHASE OPTION AFTER 36 MONTHS 

ACCESSORIES AND PERIPHERAL EQUIPM 
ACOUSTIC COUPLERS. MODEMS. THERMAL PAPER 

RIBBONS. INTERFACE MODULES. FLOPPY DISK UNITS 

PROMPT DELIVERY. EFFICIENT SERVICE 

TiiiNSNET CORPORATION 
2005 ROUTE 22, UNION, N.J. 07083 

201-688-7800 
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• The code breaking computers 
(COLOSSI) built in Bletchley Park 
England, during World War II. 

• The Manchester University Mark 1 
(1948) and the Cambridge EDSAC 
(1949). The Mark 1 was the first 
stored program computer. The first 
program written for it was to deter­
mine the highest proper factor of 218. 
It succeeded in solving this problem 
in a 52 minute run on June 21 1948. 
It used as memory the electrostatic 
Williams Tube which was later used 
under license by IBM for the 701 and 
702 computers. The EDSAC machine 
introduced the concept of subroutines. 

• Two transistorized computers were 
built at Manchester in 1953 and 1955. 
These machines led to the MV950 
computer which was used commer­
cially, six being built and used for a 
period of five years. 

• The Atlas computer (1962). This was 
designed at Manchester by a team led 
by Prof Kilburn who was part of the 
team that built the Mark 1 and also 
wrote the program mentioned above. 
When Atlas was finished it was said to 
be the most powerful computer in the 
world and it introduced concepts such 
as paging and virtual storage. This 
machine was also sold to a number of 
users and one was still in full time use 
up to a couple of years ago. The 
machine made such an impression that 
even today the power of a computer is 
often quoted as so many Atlases. 

• No mention was made of the Bur­
roughs machines with their unique 
architecture. 

• What ever became of DEC? 

If anyone is interested in a fuller account 
of the development of computing machines, 
there are several books that should be read. 
They are: 

• History of Manchester Computers by S 
Lavington, pu bl ished by the National 
Computing Center, Manchester Eng­
land and distributed in the USA by 
The Hayden Book Company Inc, 50 
Essex St, Rochelle Park NJ. This book 
describes the development and con­
struction of all the computers built at 
Manchester University. 

• The Origins of Digital Computers: 
Selected Papers, second edition B 
Randell (ed), published by Springer­
Verlag, New York, 1975. This book 
contains many reprinted and some un­
published papers on the development 
of early digital computers .• 



Compare 

New Processors 

David P Kemp 
1307 Beltram Ct 
Odenton MD 21113 

Carefully 

I would like to compliment you on the 
article " A Microprocessor for the 
Revolution: The 6809, Part 1: Design 
Philosophy" by Terry Ritter and Joel 
Boney (J anuary 1979 BYTE, page 14). 
Although most of us will never be in a 
position to design an LSI micro­
processor, an article on design 
philosophy is quite appropriate. The 
same consid erations faced by the 
microprocessor designer are faced by 
the system designer trying to choose the 
best microprocessor for his system, and 
the user (including the hobbyist) trying 
to choose the best system for his ap­
plication . 

Ritter and Boney do an excellent job 
of presenting the criteria to be used in 
judging a microprocessor, but their con­
clusions - that the 6809 is "the best 8 
bit machine so far made by humans" 
and "definitely superior to the 8 bit com­
petition" - are by no means beyond 
question. Their attitude can perhaps be 
excused by the fact that they are the 
proud fathers of a new "baby" , but it has 
been said with considerable justification 
that there is no "best" microprocessor 
for all applications. It is unlikely that 
when the 6809 becomes available the 
situation will be any different. For exam ­
ple, Synertek 's upgrade of the 6502, the 
6516, could prove superior to the 6809 in 
many applications. 

It is true, but perhaps not immediately 
obvious, that increasing the number of 
address modes available on a micro­
processor does not necessarily make it 
more useful. The autoincrement and 
autodecrement modes, in particular, are 
powerfu I and appropriate on a 16 bit 
machine like the PDP-11, but they can 
actually decrease the power of an 8 bit 
machine by introducing two types of in­
efficiencies . 

First, because an exotic instruction set 
requires a complex architecture, it in-

Circle 304 on inquiry card . 

Need Intelligence in your 
488 I nstru mentation System ??? 

I <:--100 IEEE-4SS~ 

Get it with your favorite 5-100 computer 
and the P&T-488 Interface Board. 

The P&T-488 Interface Board gives your S-100 computer the 
ability to be a talker, listener, or controller on the IEEE-488 
instrumentation bus. Three software packages are available: 1) 
Driver for North Star DOS/BASIC 2) Driver for CP/M which can 
be used by MBASIC or CBASIC 3) Driver for direct assembly 
level programming (for generating customized systems.) Price of 

the P&T-488, assembled and tested with any 
one of the software packages, is $400. 

PICKLES & TROUT 
P.o . BOX 1206, GOLETA, CA 93017, (805) 967·9563 

Algol 60 
for Z80 based computers under CP 1M tm 

The Algol 60 compiler from Research Machines 
provides a breakthrough in size/performance for users 
of microcomputers: 

• Structured high level language comparable with 
Pascal 

• Combines fast execution with efficient use of 
memory 

• Fully operational in 21K CP/M system with one 
disk drive 

• Very easy to use with powerful 110 routines and 
extremely fast floating point software 

• Burned in compiler - also available in PDP8 and 
PDPII versions 

• Available now on CP/M 8" diskette for $299 

• Users manual separately, $20 refundable with 
order 

CP/ M is a trademark of Digital Research 

Orders and information: 

RESEARCH MACHINES 
P.o. BOX 75, OXFORD, ENGLAND 

(865)-49792 
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VAK-4 16K STATIC RAM BOARD 
• Designed specifically for use with the AIM·55, SYM·1, and KIM·1 microcomputers 
• Two separately addressable 8K·blocks with write protect. 
• Designed for use with the VAK·1 or KIM·4* motherboards 
• Has provisions for mounting regulators for use with an unregulated power supply 
• Made with 1st quality 2114 static ram chips 
• All IC's are socketed 
• Completely assembled, burned·in, and tested 

We manufacture a complete line of high quality expansion boards. Use reader service 
card to be added to our mailing list, or U.S. residents send $1.00 (International send $3.00 
U.S.) for airmail delivery of our complete catalog . 

'Product of MOS Technology 

VAK·4 DUAL 8K·RAM $379.00 
VAK·2 8K·RAM ('12 populated) $239.00 

PET 

2967 W. Fairmount Avenue· Phoenix, AZ 85017· (602) 265·7564 

creases both the die size (and cost) of 
the device and the overhead (instruction 
decode, internal transfers, and thus ex­
ecution time) required to perform a 
given operation . Second, it necessitates 
the use of page prefixes or 2 byte op 
codes, because a single byte instruction 
does not have enough bits to describe 
all combinations of operations that can 
be performed . Thus, many 6809 instruc­
tions require four bytes to specify. 

By contrast, the 6516's instruction set 
is more compact and includes only 8 bit 
op codes . Does this mean that it is less 
powerful than the 6809? Not necessarily . 
Ritter and Boney indicated that loads 
and stores were by far the most pre­
valent operations encountered in their 
static analysis of 6800 source code. The 
following example illustrates how the 
6516 would handle a load auto­
increment instruction for which it does 
not have a specific address mode. 
Similar sequences would be used for ac­
cumulator offset and PC (program 
counter) relative modes, and of course 
both the 6502 and 6516 have true index­
ed modes which operate much faster 
than the 6809's constant offset modes: 

6809: LDAA ,Y + ;Ioad accumulator with con· 
;tents of location add ressed 
;by Y. then autoincrement Y. 
;requ ires two bytes and six 
;cycles. 

6516: LAY ;Ioad accumulator with con· 
;tents of location addressed 
;by Y. 

INY ; increment Y. 
;requires two bytes and four 
;cycles tota I. 

In addition to requiring the same 
amount of memory and executing 50 
percent faster, the unbundled 6516 ap­
proach is more flexible. Suppose the 
programmer wishes to use the same in­
struction but the index register is 
decremented after use. The 6516 code 
would be LAY, DEY but since the 6809 
does not support postdecrement mode, 
a longer and slower sequence of instruc­
tions (four bytes and nine cycles) must 
be used. 

For the most complex address modes 
(eg: LDAA [,-X]) the 6809 does have an 
advantage in memory and speed. There­
fore, the user must determine if his ap­
plication requires a large enough pro­
portion of such operations to make the 

PRINTER ADAPTER 
GET HARD COpy FROM YOUR 
COMMODORE PET USING A 
STANDARD RS·232 PRINTER 

The CmC ADA 1200 drives an 
RS-232 printer from the PET 
IEEE-488 bus. Now, the PET 
owner can obtain hard copy 
listings and can type letters, 
manuscripts, mailing labels, 
tables of data, pictures, in­
voices, graphs, checks, need Ie· 
point patterns, etc., using 'a 
standa rd RS·232 printer or 
terminal. 

$98.5,0 ADA 1200B 
Assembled and tested 
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$169.00 ADA 1200e • 
With case, power supply . " . ' [ VIS4' [ 
and RS·232 connector 

Order direct or contact your local computer store . 
Add $3.00 for postage and handling per order. 

CONNECTICUT microCOMPUTER 
150 POCONO RD. BROOKFIELD. CT 06B04 
(2031 775·9659 TLX: 7104560052 
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CONVERT ANY TV 
TO A HIGH QUALITY MONITOR 

• Hot Chassis or Transformer sets 
• 64-80 characters per line 
• By-passes tuner & I.F. 
• Normal viewing unaffected 
• Safe-Easy installation 
ACVM Hi-Resolution $24.95 ppd 

6809 the most effective choice, 
remembering that all operations using 
the common address modes (direct and 
extended) requ ire the same or fewer 
bytes of code and at least one less cycle 
of execution time on the 6516. 

The next most frequent operations in 
Ritter and Boney's static analysis, after 
loads and stores, were subroutine calls 
and returns . A comparison of the two 
processors ' capabilities in that area 
follows: 

Type of 6809 6516 
Addressing Byte Cycles Byte Cycles 

extended 3 8 3 5 
rei, 8 bit 2 7 2 4 
rel,16 bit 3 9 3 6 
indirec t 3 14 3 7 
system 1/2 19/20 6/7 
RTS 1 5 4 
RT I 1 6/15 5 
Other all indexed address must 

modes ava il abl e be ca lculated 

As mentioned in the article, the use of 
software interrupts for breakpoints and 
operating system calls is a good pro­
gramming practice. The 6809 provides 
three software interrupt instructions; 
two require two bytes and al l save all 

Circle 379 on inquiry card. 

The "EXTERMINATOR" 

"POL YGRA FIX " 
A completely self-contained, high 
density graphics system for 5-100 
buss users of Polymorphic VTI-64 
video board. -512H by 128V 
resolution. Total software control. 

All New Dual Function Boar,d: 

Assembled & tested .••. $245.00 
Write for details and avail. options . 

VAMP Inc. Box 29315 
Los Angeles, Calif. 90029 

Serves as a n extender card & also 
terminates 5-100 buss. Eliminates 
crosstalk, overshoots & noise 
which ca n scramble data. Occupies 
only a single slot •. Fully fused. 
VTE-l OO-K (Kit) •..•• $49.95 
VTE-l OO-A (Asmb.) ..•. 74.95 
Extender Card (w/conn.) • . 24.95 

Add $2 shipping & handling 
Calif. Residents add 6% Sales Tax 

registers on the stack. The 6516 has six 
BRK instructions; al11 byte instructions. 
They save no registers for flexibility and 
speed, but only one byte and ten addi­
tional cycles are required, if necessary, 
to save all registers . 

Authors Ritter and Boney indicated 
that a major effort was made to "clean 
up the 6800 instruction set and make it 
more consistent," and cite the instruc­
tion TFR R1 , R2 as an examp le. It is not 
clear to me that remembering 42 com­
binations like TFR A,B, TFR X,Y is any 
easier than remembering 42 mnemonics 
of the form TAB, TBA, and TXY, and the 
6809 user will pay a heavy price for such 
consistency. The TFR instruction re­
quires two bytes and seven cycles for 
each register transferred, as opposed to 
one byte and one cycle on the 6516. 
Moreover, if the programmer insists on 
using a TFR type format, a 6516 
assembler could certainly be written to 
accept it. 

Another advantage of the 6516 is the 
16 bit data handling capability . Aside 
from the ADDD, SUBD, and CMPD in­
structions, the 6809 has no facilities for 
computing with 16 bit data. All 6516 

VAK·1 MOTHERBOARD 

Technical Forum is a fea­
ture intended as on interactive 
dialog on the technology of 
personal compu ting. The sub-

. ject matter is open-ended, and 
the intent is to foster dis­
cussion and communication 
among readers of 8 YTE. We 
ask that all correspondents 
supply their full names and 
addresses to be printed with 
their commentaries. 

• Designed specifically for use with the AIM·65, SYM·1, and KIM·1 microcomputers 

PRICE: $129.00 
We also ca rry the SYM·1 

Microcomputer with manuals $269.00 

Ci rcle 325 on inquiry card. 

• Standard KIM·4* Bus 
• Fully buffered Address and Data Bus 
• Provides 8 expansion board slots 
• Complete with rigid card-cage 
• All IC's are socketed 
• Provides separate jacks for one audio-cassette, TTY, and Power 
• Comp letely assembled (except for card-cage) 

We manufacture a com plete line of high quality expansion boards. Use reader service 
card to be added to our mailing list , or U.S. residents send $1 .00 (International send $3 .00 
U.S.) for airmail delivery of our comp lete catalog . 

' Product of MOS Technology 

j~ IN C OR P O RATED 

ENTERPRISES 
2967 W. Fairmount Avenue. Phoeni x, AZ 85017· (602) 265·7564 
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WE SHIP FROM STOCK-EVERYTHING FACTORY FRESH, FULLY WARRANTEED 

TELETYPE MODEL 43 TTL . . . . .. . ..... . ............. $985 
R5232 .. .. . ............... . .......... .. ... . ......... . $1,045 

(We stock Teletype Paper and Ribbons) 

HAZELTINE 1500 assembled .. . .... . . ..... . . ....... ... $945 
1510 . . .... ......... ....... .. . . .. ..... . .. ........ . ... $1,085 

Also available with French, German or Danish character sets. 

PER SCI 
Model 277 Dual Disk Drive, single density . ......... . . .. . .. $1,210 
51imline cabinet wi power supply .... ......... . .......... .. $299 

MARINCHIP SYSTEMS M9900 CPU 
The Complete, Compatible 16 bit CPU for the 5-100 Bus 

Kit Assembled 
M9900 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $550 $700 

We configure systems to suit your individual requirements. 
IMS MEMORY 
High speed, fully static, 8K ........ . .. . .. . ........... .. ... $180 

MODEM 
Originatel Answer. The "CAT" from Novation ......... . .. . . . $190 

INTERTUBE 
rl'eCrt(Am:ti1 for intelligent users ........ ........ ......... $800 

High quality 1/0 Printer ........ . . . .. ..... .. ....... . .... $1,159 
9900 S-200 INTERFACE BOARD 
Provides interface from Technico to 5-100 components ... ..... $59 

64K MEASUREMENT SYSTEMS & CONTROLS MEMORY 
High speed, fully static, on ONE board ...... ....... . . . .. ... $695 

S-100 MAINFRAME 12slotTEI M()del MC5-112 .... . ... $433 
To Order: $10 shipping for Terminals, Per Sci and Mainframe. $3 shipping for other items. 24 
hr. shipping upon receipt of certified check or money order. Personal checks: allow 10 days. 
Credit cards: 4% charge. NY residents add tax. 

WE EXPORT 
We have no reader inquiry number . Please call or write. 

JOHN D. OWENS ASSOCIATES, INC. 
147 NORWOOD AVENUE 

STATEN ISLAND, NEW YORK 10304 
DAY, EVENING, WEEKEND. HOLIDAY CALLS WELCOMEI 

(212) 448-6283 (212) 448-6298 
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arithmetic and logical instructions 
(ADD, ADC, SUB, SBC, CMP, ORA, AND, 
EaR) operate on both 8 and 16 bit data. 
The 6516 can operate on two bytes in 
memory as a 16 bit quantity, using a 
single rotate, shift, increment, or decre­
ment instruction. Equally important, the 
6516's index registers can be used as 8 
bit quantities for true indexing and 
counting applications, and data from 
memory can be added directly to the 
index registers for fast address calcula­
tions. Finally, the 6516 has a direct-page­
indirect address mode which allows 
many pointers to be maintained entirely 
in memory without involving the index 
registers at all . 

I n short, I am not convinced that the 
6809 is " definitely superior" and would 
suggest that careful consideration be 
given to the merits of all processors 
before such claims are made for anyone 
of them. _ 

Puzzling Rotation 

List ing 1. 

Ken Barbier 
Borrego Engineering 
POB 1253 
Borrego Spgs CA 92004 

10 PRINT 
20 Y=O : X=INT((1171*1E+05) 
30 FOR K = 1 TO 7 
40 Y = Y +X 
50 PRINT Y 
50 PRINT 
70 NEXT K 
80 END 

The program in listing 1 is more a puz­
zle than a useful routine. The only prac­
tical application I can foresee would be 
to enti ce some computer hobbyist with 
more mathematical ability than I, to ex­
plain why the resulting numbers have 
the same digits in the same order. Does 
the same digit rotation occur for similar 
operations in other number bases? 

Lin e 20 sta rts with a 6 digit integer 
formed from the first six digits of the 
reciprocal of that magic number, seven . 
This number is repeated ly added to 
itself to form a column of 6 digit 
numbers with curious properties. 

I won ' t show these results here . You 
will have to try it on your computer. If 
your version of BASIC insists, you might 
have to enter 1 E +06 in line 20 as 
1000000. _ 



Solution to Machine Language Puzzler (See page 209) 

Addition can be performed without an 
ADD instruction by subtracting the two s 
complement of the addend from the augend. 
Specifically : 

X +y= x - (-y) = X- y * 

where y * is the two's complement of Y. 
A simple approach is as follows (assume 
that X is in register C, and that Y is in 
register B) : 

MOV A , B 
CMA 
INR A 
MOV B, A 
MOV A , C 
SUB B 
CMC 
HLT 

A shorter solution is not quite as obvious : 

MOV A , B 
CMA 
SUB C 
CMA 
HLT • 

NO FRILLS! NO GIMMICKS! JUST GREAT 

DISCOUNTS 
MAIL ORDER ONLY 

HAZELTINE DIGITAL SYSTEMS 
1400 . ... $ 650 .00 Computer . . $4345.00 
1500 . 995 .00 Double Density 
Mod 1 1495.00 Dual Drive . 2433.00 

CENTRONICS IMSAI 
779-1 954 .00 VDP 80/1000 . . $5895.00 
779-2 1051 .00 VDP40 .. 3795.00 
700-2 1350.00 VDP 42 .. 3895.00 . . 
761 KSR tractor . 1595.00 VDP 44 . 4195.00 
703 tractor . 2195.00 16K Memory assem .. 399.00 

NORTHSTAR PCS 80/15 . 679.00 
Horizon I assembled. 1629.00 

15% off on all olher Im,ai products 
kit 1339.00 

Horizon II assembled. 1999.00 CROMEMCO 
kit 1599.00 Systemlll~ . 4990.00 

Disk System ...... 589.00 10% off on all other Cromemco products 

TELETYPE TEXAS INSTRUMENTS 
Mod 43 ..... . . . . . 995 .00 810 Printer . .1595.00 

IMS CENTRONICS 
16K Static Memory . 459 .95 Micro Printer 495.00 

Most items in stock for immediate delivery. Factory·lnesh, sealed cartons. 

DATA DISCOUNT CENTER P.O. Box 100 
135-53 Northem Blvd., Flushing, New Yorl< 11354, 2121465-6609 

N.Y.S. residents add appropriate Sales Tax. Shipping FOB N.Y. 
BankAmeri card, Master Charge add 3%. COD orders require 25% deposit. 
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C/PM R SOFTWARE TOOLS 
• 

ED-80 TEXT EDITOR . 
THE PROGRAMMER'S MOST IMPORTANT SOFTWARE TOOL 

- WHY NOT MAKE IT YOUR BEST? 
ED·SO enc~",p.sses lI1e features found on large mainframe and minicomputer editors, 
such as lI1e IBM 370, CDC 170, UNIVAC 1100, and 111. DEC PDP·l1 series computers, 
plus additional features designed for floppy disk based operating systems. It is a 
context editor which is compatible will1 C/ PM and its derivatives, including IMDOS, 
DOS·A, COOS, elc. 
Over 50 commands are provided, including forward or backward LOCATE, CHANGE, 
and FIND commands; INSERT, DELETE, REPLACE, APPEND, PRINT, LIST, MACRO, 
upper and lower CASE . SCALE, TABSET, and WINDOW commands; and GET and PUT 
commands for repositioning, duplicating, concatenating, and managing text files and 
libraries. Sophisticated search and change techniques are provided for managing 
BASIC, FORTRAN , COBOL, PL/ I, ALGOL, APL , PASCAL, ASSEMBLER. TEXT 
FORMATIED, and oll1er file types. 

The WINDOW command allows instantaneous full screen displays of boll1 lI1e current 
and surrounding lines for further editing, and provides for forward and backward 
scrolling in lI1e full screen mode. Designed for today's high speed CRT's and video 
monitors, the WINDOW command separates ED-SO from all oll1er ava ilable editors, 
and is not hardware dependent. 

Up to II1ree MACRO commands may be defined for iterative execution of concatenated 
editor commands. Once defined, lI1ey may be subsequently executed , or recalled for 
observation . A MACRO may also be defined and executed in a single operation . 

Configurable parameters for tailoring lI1e editor to lI1e user's keyboard and environment 
are provided through lI1e use of lI1e C/ PM Dynamic Debus Tool (DDT). The WINDOW, 
WINDOW NEXT, WINDOW PREVIOUS, NEXT LINE , and PREVIOUS LINE commands 
fall in lI1is category. These commands are considered so important to text editing that 
only one key has to be depressed to cause anyone of them to execute . 
A CURRENT LINE NUMBER is internally maintained by lI1e editor for displaying when 
prompting for input and with certain other commands. Line numbers are dynamically 
adiusted as the result 01 line inserts and deletes, and may be used lor positioning within 
lI1e lile . They are not stored or associated with lI1e text in any manner . 
ED·SO is thoroughly documented with a User's Manual 01 over 35 pages describing each 
command and feature, and includes numerous examples . It is 9.5K bytes in size, and a 
minimum C/PM operating system of 201< is recommended. A User's Manual and standard 
size single density diskette are $69.00. A User's Manual is $7 .50, relundable with 
purchase. COD and money orders shipped next day. COD orders require 10% deposit. 
Personal checks must clear before shipment. Include $2.00 shipping/ handling per order. 

SOFTWARE DEVELOPMENT AND TRAINrNG, INC, 
P. O. Box 4511 Huntsville, Alabama 35802 

C/PM'" is a trademark of Digital Research 

pplC! computczr* 
SOFTWARE 

FOR BUSINESS 
includes: 

* Mail ing List 
* General Ledger 
* Payroll 
* Phone Directory 
* Customer Information 
* Invoice Writer 
* Inventory 
* Check Writer 
* Complete Business System 
* Master Business System 

A vailable Soon Word Processor 

vidEOgi5~wORLd 
' .. 

2224 N. UniverSity, Peoria, II. 61604 
Phone 309/686·9352 

'Trademark of Apple Computer Co. In c. 
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Guess who builds 
this great $19.9 
Logic Probe. 
You. With this easy-to-bUild Logic 

Probe Kit from ese and just a 
few hours of easy assembly­

thanks to our very descriptive step-by-step 
manual- you have a full performance log ic 
probe, With it. the logic level in a digital circuit 
translates into I ight from the Hi or Lo LED ; 
pulses as narrow as 300 nanoseconds are 
stretched into blinks of the Pulse LED, triggered 
from either leading edge, You'll be able to probe 
deeper into log ic with the LPK -1, one of the 
smarter tools from eSc. 

Complete, 
easy- to- follow 
instructions 
help make this a 
one- night project. 

70 Fullon Terr. , New Haven, CT 06509 (203) 624-3103, TWX 710-465-1227 
OTHER OFFICES : San Franc.sco: (415) 421,8872. TWX 910-372-7992 
Europe: CSC UK LTD, Phone Saffron-Walden 0799-21682, TLX 817477 
Canada: Len Finkler Ltd .. Onlario 

Call toll-free for details 
1-800-243-6077 
· Suggested U S resale Ava i lable al se lected local distributors 
Pflces. specIficat ions subject to change without notice 
©Copyrlghl1979 Cont inental SpeCialties Corporation 

* 
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The 

Hobby 
Unwrap 

Ralph Stirling 
7401 Garland Av 

Takoma Park MD 20012 

The Hobby Wrap Model BW-630 wire 
wrap gun, manufactured by the OK Tool 
Company, 3455 Conner St, Brohx NY 
10475, is a useful tool for ex perim enters. 
One feature I missed, though, is the ability 
to unwrap wrong connections. Th e Hobby 
Wrap is powered by a DC motor run on 
two C cells. If the batteries are installed 
backwards, the motor runs in the reverse 
direction . It can then unwrap wire wrap 
connections. But removing the batteries 
and replacing them backwards is a very 
inefficient way to do unwrapping. Some 
better method of reversing battery polarity 
is required. 

A double pole double throw (DPDT) 
switch can be used to change the polarity 
of the motor connections. The Hobby 
Wrap is dismantled by removing the two 
bolts and the metal ring around the battery 
compartment. I have found that a Radio 
Shack 275-407 (or equivalent) DPDT sub­
miniature slide switch can be mounted in a 
cutout made in the thin plastic square at the 

'--#---- NOTE .. 
GLUE TABS ON 
SWITCH TO 
PLASTIC SHELL 
WITH EPOXY 

Figure 2: Instal/ation of 
double pole double throw 
switch in the Hobby Wrap 
gun. 



Figure 7: A modification to the Hobby Wrap Model B W-
630 wire wrap gun manufactured by the OK Tool Com­
pany. A double pole double throw switch is used to 
reverse the direction of motor rotation, enabling the user 
to unwrap wire wrap connections. 

BATTERY MOTOR 
+ 

OPOT SWITCH 

rear of the top side of the tool. The switch 
should be mounted in the left half of the 
case (when viewed from the rear of the gun). 
This allows the right half to be removed 
completely without upsetting the battery 
connections. The slide switch is glued in 
position with epoxy, because mounting 
holes would be difficult to drill. The whole 
modification takes less than two hours. 

Step by Step Instructions 

1. Remove right half of case (two bolts 
and ring). 

2. Remove motor (pop off rubber belt 
and gently remove motor from drive 
shaft). 

3. Unsolder wires connecting the motor 
with the battery connectors. 

4. Solder wires (30 gauge wire wrap) 
diagonally across the switch as shown 
in figure 1. 

5. Solder two wires from the motor to 
the middle two contacts on the switch , 
and two wires from the battery con­
nectors to one of the outer pairs of 
contacts on the switch. 

6. Trim out the' thin section of plastic on 
the left half of the case (figure 2) and 
glue the switch into this slot with 
epoxy. 

7. Remount the motor, route the wires 
past the bolt hole, replace the right 
half of the case in its original position, 
and label the switch positions. 

You now have an unwrapping tool when­
ever you need it. To unwrap, slide the switch 
to the unwrap position, place the tool over 
the wire wrap post as in wrapping, and press 
more firmly than usual while giving the 
motor a brief burst. The wrap should come 
right off.-

Circle 86 on inquiry card . 

L81-11 TIME 

It's TIME you brought your LSI-ll up to DATE. TIME and 
DATE. two important parameters in the computer world, are 
available to your LSI-ll on one DUAL SIZE BOARD. When 
requested , the TCU-50D will present you with the date (month 
and day), time (hour and minutes), and seconds . Turn your 
computer off and forget about the time - your battery sup­
ported TCU-50D won't , not for 3 months anyway . The correct 
date and time will be there when you power up. 

The TCU-50D is shipped preset to your local time , but can be set 
to any time you want by a simple software routine . 

AT $295 
YOU CAN'T AFFORD TO IGNORE TIME 

Time is only one way we can help you upgrade your LSI-ll or 
PDP-ll system . We'd also like to tell you about the others. So 
contact Digital Pathways if you're into -11's. We are too. 

~mScDt~fl 
~ CDmpANY Diskettes At 

SUPER Low Prices! 

10-40 quantity 
$4.25 each 

in boxes of 10 

1 0-40 qu antity 
$4.20 each 

in boxes of 1 0 

3M-740-0-H 
8" IBM 3740-Type 

Soft-sectored 
in Hard box 

(reg $6.50 each) 

3M-744-0-H 
3M-744-10-H 
3M-744-16-H 

5" in Hard box 
(reg $6.50 each) 

50-190 quantity 
$3.50 each 

in boxes of 10 

50-190 qu a ntity 
$3 .50 each 

in boxes of 10 

Write or call for quantities price schedule. 
Terms: 

• On orders under $50 , add $2 handling charge. 
• We pay UPS shipping w ithin conti nenl a l U.S. on prepaid orders. 
• On C.O.D .. $1 plus shipping charges will be added . 
• Foreign customers please ask about addili ona l s hi pping charges . 
• N.Y. State residents add appropri a le sa les ta x. 
• Pri ces subj ect 10 cha nge without nolice. 
• All ow 3 weeks for personal checks to clear. 
• Send check or money order to CSD. 

3470 Erie Blvd. East 
Syracuse, N.Y. 13214 

Circle 70 on inqu iry card . 

• Floppy Diskettes 
• For your Microcom puter a nd 

Minicomputer needs 
• Fas t delivery - we ship fr om stock 
• Save by buying in volum e 
• Authorized fac tory distribut or 
• To pl ace ord ers 

call 24 hrs'!7 days 
TOLL FREE: 
800-448-5523 - All s lales excel' I 

N.V .. A laskil. 
Hawaii 

800-962-5887 - N.Y. s la te only 
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The ~henberg 

INTEGRATED 
FINANCIAL 

SYSTEM 
under 

CP/M* 

• GENERAL LEDGER 
• ACCOUNTS RECEIVABLE 

• ACCOUNTS PAYABLE 
• PAYROLL 
• INVENTORY CONTROL 

Easy to use, self-guided. 
You don 't have to b"e a CPA! 

Price: $500 each 

Complete manuals: $8 each 
Immediate Del ivery 
Requires only32K system 

Requires CBASIC*f 

Prepaid or COD qnly " 

Also available: 
Complete Legal Billing System 

Only$1995. Manual $12. 

260 Sheridan Avenue 
Palo Alt o, CA 94306 

(415) 324-8850 

' CP/M is a trademark of Digital Research 
'*Add $1 00 if CBASIC is also needed 
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SwTPC 6800 Display Routine 

Mike Hayes 
Tekt roni x 

3311 Roselawn 
San Antonio TX 78226 

Listing 7: 6800 program 
for displaying and reading 
X number of bytes. 

The SwTPC 6800 computer requires the 
use of th e MIKBUG M function to load and 
display the contents of memory . Th e pro­
gram in listing 1 all ows immediate display 
or load ing of X number of bytes, and is 
much eas ier on the programmer than the 
MI KBUG subrout ines. I hope this program 
will be of some service to readers.-

00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
000 10 
000 11 
000 12 
00013 
00014 
000 15 
000 16 
000 17 
00018 
00019 
00020 

0002 1 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
0003 1 
00032 AOOC 
00033 AOOC 
00034 AOOD 
00035 
00036 1000 
00037 
00038 1000 
00039 1003 
00040 1006 
00041 1009 
00042 100B 
00043 100E 
00044 10 11 
00045 1014 
00046 10 16 

00047 1018 
00048 l OlA 

00049 101C 
00050 10 1E 

0005 1 1020 

00052 
00053 1021 

00054 1024 
00055 1025 

E047 
E055 
E1AC 
EOCC 
E1Dl 
EOBF 
EOCA 
EOC8 
E07E 

00 
00 

1000 
CE 106 1 
BD E07E 
BD E047 
80 46 
BD EOBF 
FF AOOC 
BD E1AC 
8 1 20 
27 F3 

8 1 00 
27 ED 

8 1 3B 
27 01 

3F 

BADDR 
BYTE 
I NC H 
OUTS 
OUTCH 
OUT2 H 
OUT2HS 
OUT4 HS 
PDATA l 

CHANG E A LLOWS USE R Try INPUT OF MANY BYTE S 
A T ONC E. US E M IKBUG "G" FUNCTI ON TO JUMP TO 
SO l DO, T HEN T YPE IN T HE F IRST ADDRESS. CHANG E 
WILL D ISPLAY TH A T ADDRESS AND ITS DAT A 

D ISP LAY MODE· ••• 
ENTER A SPACE TO SHOW NEXT BYT E IF IN D ISP LAY 
MODE, OR TO ENT ER NEXT BYTE IF IN LOAD MOD E. 

ENTER ";" INST EAD OF SPACE TO SW ITCH FROM 
D ISP LAY TO LOAD MODE OR V ICE VERSA. IN EI THER 
MODE, EN TE R ING A CARR IAGE RE T URN ST AR TS A 
NEW LI NE. 
EX IT FROM T HE PROGRAM · ••• 
T HE USER MAY EX IT A T ANY TI ME FROM D ISPLAY 
MOD E BY INPUTTI NG ANY CHARACTER EXCEPT " ;" , 
SPACE, OR T H E CARR IAGE RETURN . 
EX IT FROM TH E LOAD MODE BY T YP ING I N AN ILLEGA L 
BYTE . A LSO CAN GO BACK TO CHANG E EN TRY PO INT, 
FROM LOAD MODE, BY T YP ING IN AN ILLEGAL USER 
RESPONSE AFTER BYT E ENTRY . 
EQU $E047 
EQU SE055 
EQU $E 1AC 
EQU SEOCC 
EQU $E1D l 
EQU $EOBF 
EQU $EOCA 
EQU SEOC8 
EQU SE07E 

ORG SAOOC 
XH I FCB 00 
X LOW FCB 00 

ORG S1000 
CHANGE EQU BEG IN WIT H USER INPUT ADDRESS 

L OX "ST R ING 
JSR PDATA l 
JSR 8ADDR 

CHA5 1 BSR ADOO PR INT CURREN T ADDRESS 
CHA31 JSR OUT2H PR INT CURREN T DAT A 

ST X X HI 
JSR INC H GET USER RESPONSE 
CMPA 420 
BEQ CHA3 1 IF RESPONSE ="" TH EN PRIN T NEXT 

DATA BYTE 
CMPA 400 
BEQ CHA5 1 I F RESPONSE ~ CR T HEN STAR T NEW 

LI NE 
CMPA "'; 
BEQ CHA7 1 IF RESPONSE ~ "; " T H EN EN T ER LOAD 

MODE 
SW I IF RESPONSE WAS NONE OF ABOVE, 

RE T URN 

BD E055 CHA71 JSR B YTE WA IT FOR USER INPUT OF TWO H EX 
CHAR 

09 
A7 00 

DEX 
STAA X STORE IN L OCAT ION PO INT ED TO B Y 

X - l 



Listing 7, continued: 

00056 1027 00 E1AC CHA75 JSR INCH WAIT FOR USER DIRECTIVE 
00057 102A 81 20 CMPA 420 
00058 102C 27 OA BEQ CHA81 ON SPACE INPUT PREP FOR LOAD 

ANOTHER BYTE 
00059 102E 8 1 3B CMPA ='; 
00060 1030 27 00 BEQ CHA91 TRANSFER BACK INTO DISPLAY MODE 
00061 1032 81 00 CMPA =$00 
00062 1034 27 OF BEQ CHA95 ON CARRIAGE RETURN PRINT NEW 

ADDRESS 
60063 1036 20 C8 BRA CHANGE IF NONE OF ABOVE, GET NEW 

ADDRESS TO START 
00064 
00065 1038 08 CHA81 INX 
00066 1039 08 INX 
00067 103A FF AOOC STX XHI 
00068 1030 20 E2 BRA CHA71 
00069 103F 08 CHA91 INX 
00070 1040 FF AOOC STX XHI 
00071 1043 20 C4 BRA CHA51 
00072 1045 80 OA CHA95 BSR ADDO 
00073 1047 BD EOBF JSR OUT2H 
00074 104A 09 DEX 
00075 l04B 09 DEX 
00076 l04C FF AOOC STX XHI 
00077 104F 20 06 BRA CHA75 
00078 
00079 1051 ADDO EQU 
00080 1051 CE 1061 LOX "STRING PRINT "@",CR AND LF 
00081 1054 BD E07E JSR PDATAl 
00082 1057 CE AOOC LO X =X HI 
00083 105A BD EOC8 JSR OUT4HS 
00084 1050 FE AOOC LO X XHI 
000B5 1060 39 RTS 
00086 
00087 1061 00 STRING FCB $D,$A ,O,O,'@,4 

1062 OA 
1063 00 
1064 00 
1065 40 
1066 04 

00088 END 

TOTAL ERRORS 0 

6800 Register Display 

The program in listing 1 solves a major 
point of frustration for users of the 6800 
processor with the MIKBUG operating sys­
tem, With such systems, the user must in­
sert the software interrupt (SWI, #$3F) 
instruction into the code and stop the 
program execution at that point every time 
a register display is desired, A software 
interrupt causes M I KBUG to gain control 
after outputting the contents of the regis­
ters. Note that after using the software 
interrupt, the user must reset the program 
counter and other registers and run the 
program again, There is no practical way to 
single step through a program or to have 
lights which allow one to view registers 
during execution of a program. 

DISPL solves this problem when called 
as a subroutine, It prints all register contents 
at t he point of call and then returns control 
to the calling program with all registers 
restored . 

Slight modifications will allow DISPL 
to do elaborate and useful functions. In ­
cluding a small supervisor routine in the 
DISPL routine will allow conditional regis­
ter printing, or conditional software inter­
rupt. Conditional printing is useful when 

Mike Hayes 
Tektronix 
3311 Roselawn 
San Antonio TX 78226 

Circle 90 on inquiry card , 

TAPE· SAFE 
METAL CASSETIE SHIELDS 

Don't risk the erasure of valuable cassette-stored 
data through accidental magnetic-field exposure. 
Such irretrievable loss can occur during storage or 
transit if unprotected tapes are exposed to the mag­
netic fields produced by motors, transformers, gen­
erators, electronic equipment-even the intense 
transient fields induced by electrical storms. TAPE­
SAFE Cassette Shields are constructed of the same 
special magnetic alloy used to shie ld cathode ray 
tubes and other magnetic-sensitive components. 
Heliarc-welded seams and hydrogen annealing as­
sure optimum shielding properties. Each attractively­
finished TAPE-SAFE Shield accommodates one cas­
sette in its original plastic box. The handsom~ FILE 
DECK, in contrasting co lor, stores six TAPE -SAFE 
Shields (One FILE DECK sent FREE with each six Cas­
sette Shields) Order direct from this ad. 

TAPE-SAFE Cassette Shields-$14.95 ea., postpd. 
Six or more at one time-$12.95 ea., postpd. 

Inquire about quantity discounts 

Data-Safe Products, Inc. 
4737 Darrah St, Phila ., PA 19124.215/535-3004 

Dealer Inquiries Invited 

I SPECIAL INTRODUCTORY OFFER I Ship--TAPE-SAFE Shields at $---...eea. 

I Ship ----fILE DECK Racks at $ ea . 

I Total EnClOsed $----.(check or money order) 
I Pa . Residents add 6% Sales Tax . 

I Name-------______ _ 

I Address I 
l ~Y ______ S~e-==-....:i~ ____ J 
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Listing 7: 6800 register 
display program. Use of 
references to MIKBUG 
makes this program fully 
position independent. 

the user desires to display the registers just 
the first ten ti mes through a loop, or perhaps 
just after the 100th tim e through a loop. 
This is implemented with just a simple 
counter and branch if greater than. Condi­
tional software interrupt is extremely useful 
when the user knows that at a certain place 
in a program, a particular register should 
not exceed a given value. 

Obviously there are many variations on 
the sorts of small supervisor routines which 
can be added on to th is basic program. Most 
ar.e easy to implement. The idea for DISPL 
was derived from certain functions available 
with the Motorola Exorcisor system. U n­
fortunately, no listings of those system 
programs were available to me, so I wrote 
the basic idea.-

00001 
00002A 0200 
00003 
00004 
00005 
00006A 0200 
00007A 0201 
00008A 0202 
00009A 0203 
00010A 0205 
00011A 0207 
00012A 0208 
00013A 0209 
00014A 020C 
00015A 0200 
00016A 0210 
00017A 0213 
00018A 0216 
00019A 0217 
00020A 0219 
00021A 021C 
00022A 021 E 
00023A 0221 
00024A 0224 
00025A 0227 
00026A 022A 
00027A 0220 
00028A 0230 
00029A 0233 
00030A 0235 
00031A 0238 
00032A 023A 
00033A 0230 
00034A 0240 
00035A 0243 
00036A 0246 
00037A 0247 
00038A 024A 
00039A 024B 
00040A 024C 
00041 

07 
07 
B7 
32 
B7 
F7 
FF 
30 
A6 
B7 
A6 
B7 
CE 
BD 
BD 
BD 
BD 
BD 
86 
BD 
86 
BD 
B6 
F6 
FE 
36 
B6 
06 
32 
39 

TOTAL ERRORS 00000 

EOCA A 
EOC8 A 
E1D1 A 
00 A 
00 A 
00 A 
0000 A 
0000 A 

0200 

0202 
0201 
0203 

A 

A 
A 
A 

00 A 
0205 A 
01 A 

OUT2HS 
OUT4HS 
PRINT 
SAVCC 
SAVBR 
SAVAR 
SAVX 
SAVPC 
DISPL Y 

DISPL 
$200 
$EOCA 
$EOC8 
$E1D1 
o 
o 
o 
o 
o 

SAVCC 

SAVAR 
SAVBR 
SAVX 

O,X 
SAVPC 
1,X 

PRINT 2 CHAR FROM X 
PRINT 4 CHAR FROM X 
PRINT A CHAR FROM A 
SAVE CONDITION CODES 
SAVE B REGISTER 
SAVE A REGISTER 
SAVE X REGISTER 
SAVE PROGRAM COUNTER 
TRANSFER CC TO A REGISTER 

STORE IN . .. 
SAVCCSAVARSAVBRSAVX 
CC A B X 

STACK HOLDS PC ON ENTRY 

0206 A 
0200 A 

NAM 
ORG 
EOU 
EOU 
EOU 
FCB 
FCB 
FCB 
FOB 
FOB 
TPA 
TPA 
STAA 
PULA 
STAA 
STAB 
STX 
TSX 
LDAA 
STAA 
LDAA 
STAA 
LOX 
JSR 
JSR 
JSR 
JSR 
JSR 
LDAA 
JSR 
LDAA 
JSR 
LDAA 
LDAB 
LOX 
PSHA 
LDAA 
TAP 
PULA 
RTS 
END 

SAVPC+1 STORE PREVIOUS PC IN SAVPC 
# SAVCC 

EOCA A 
EOCA A 
EOCA A 
EOC8 A 

OUT2HS 
OUT2HS 
OUT2HS 
OUT4HS 

EOC8 A 
00 A 

OUT4HS OUTPUT CC,B.A,X,P 
#$ 0 

E1D1 A PRINT 
OA A #$A CR,LF OUT 
E1D1 A PRINT 
0202 A SAVAR 
0201 A SAVBR 
0203 A SAVX 

RESTORE ALL REGISTERS 
0200 A SAVCC 

Introducing-New, Low-cost, Fixed Vocabulary 

Speech Synthesizers t 
for Computer Hobbyists or OEM use 
FEATURES 

• Two 54·word vocabularies available: 
-Fu ll spoken numerics plus a va ri ety of measurement words 
- ASC II characters: numerics, a lphabet, punctuation 

• Clear, highly in te lligible male voice 
• All MOS·LSI circu itry 
• 5·bit para ll el strobed in put 
• No externa l clocks required 
• In puts are TTL compat ible 
• Ana log Speech output signal 
• Custom vocabularies can be produced 

Boards with numbers & 
calculator functions . .. 
only ...... $95.00 * 

t Invented bv For rest Mozer ~ 
*Plus state sales taxes where applicable 

TELESENSORV SYSTEMS. INC. 
3408 Hillview Ave., P.O. Box 10099, Palo Alto, CA 94304 
Telephone (415) 493-2626 
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Text continued from page 8: 
siderations al ready discussed in the forum 
published with your comment. Remem­
ber, all programming languages are 
eq uivalent (eg: to a Turing machine), 
so there are no programs that' will run in 
Pascal that won't run in BASIC. 

I don't mean to defend BASIC. It's 
slow and archaic. But it (and FORTRAN) 
have lasted much longer than any of the 
block structured languages: ALGOL, 
PL/l, SIMULA, etc. (By "last," I mean 
that it is still in popular use.) How 
long will Pascal last? The ideas behind 
block structured languages are great, but 
they have yet to be implemented in an 
optimal form. 

John Beetem 
Quillen 4-1 

Escondido Village 
Stanford CA 94305 

Several comments. You are consider­
ing the cost of a system from the ground 
up. Many people already have systems 
with large amounts of memory, and 
therefore the Pascal system addition is 
only $200. If you own a small business, 
the cost of buying a complete Pascal 
system versus a smaller system using 
BASIC is probably less once program­
ming time is considered. Also, Pascal is 
now running on the Apple 1/ computer. 
The Apple cuts off the cost of a terminal 
and brings you down to an 1800 dollar 
computer . .. RGAC 

PASCAL COMMUNICATION 
REQUESTED 

We are busy with the implementation 
of a high level language compiler and 
would like to get in touch with other 
groups who pursue similar goals. Here is a 
short summary of our project. 

The language at which we are aiming 
has the full expressional power of Pascal 
and will run on a p-code interpreter for a 
v irtLial machine. As our language will 
have special features to support the com­
piler writer's task , we have chosen the 
name COSY-Pascal to distinguish our 
Pascal from the strictly defined language. 
We have planned additional features for 
the following compiler subtasks: syntax 
definition, attribute propagation, and 
definition table options. Design criterions 
for the extensions were economy of 
memory usage, user convenience and 
simpli c ity of implementation. 

Based on recursive descent LL(l) 
techniques, syntactic rules may be for­
mulated in Backnus-Naur Form. The 
grammar is compiled almost as is, and 
will be interpreted at runtime. 

As with attributed grammars, variables 
may be associated with every nonterminal 
of the grammar, such that the variables of 
the dynamically last nonterminals are ac­
cessible to the programmer. Error 
messages produced by other errors will be 
suppressed by the system. 

Presently we want to implement a 
strongly simplified version of Pascal. 
Most of the interpreter (6502 processo r) 
and some support routines are imple­
mented, but they are not yet intensively 

tested . A detailed specification of most of 
Pascal has been worked out and will be 
discussed. 

We hope to have some simple programs 
compiled and running soon. 

Bernhard Miller 
Mozartstr 1 

1744 Kandel 
Norbert Gireitzke 

lenzstr 
75 Karlsruhe 

WEST GERMANY 

IMPROVING STATISTIC ACCURACY 

Alan B Forsyth 's articl e " Elements of 
Statistical Computation" (J anuary 1979 
BYTE, page 182) pointed out how 
numerical errors ca n accumulate when 
computing means and standard devia­
tions. Readers interested in more infor­
mation about thi s topic should consult the 
December 1978 issue of PPC Journal, the 
monthly publication of the Personal Pro­
grammers Club for Hew let t-Packard pro­
grammable calculator users. 

The article, " More Accurate Statis­
tics," discusses in detail a method for ac­
cumulating sums of data to compute 
means and standard deviations. The 
recurrence formula s, which can be used to 
store or delete data using the new method, 
are given, as well as the formulas which 
show how to compute other statistical 

parameters associated with the I ine of best 
fit for a group of data and the correlation 
coefficient. An H P-67/97 program is 
given which shows how to implement the 
new technique, and numerical examples 
are discussed. The method given can be 
programmed on any calculator or com­
puter. 

John Robert Kennedy 
11692 Chenault St #310 

los Angeles CA 90049 

SOME INSIGHTS ON INFORMATION 

Thank you for publishing the fine arti­
cle by Andrew Filo, on the biology of 
robots "Designing a Robot from 
Nature," (February and March 1979 
BYTE). His article " turned on a little 
light." One light turned on in my head per 
day, or eve n per week, makes it all worth 
while. 

He reports that frog skin was moved 
from back to stomach, and from stomach 
to back. Irritating the stomach then caus­
ed the frog to scratch his back, and ir­
ritating his back caused the frog to scratch 
hi s stomach. 

I say: Aha. Packet-switching. Headers, 
with sou rce add ress. 

The telegram, the telephone call, or the 
computer packet all come with a source 
address; a necessity if the information 
comes in on a port that has multiple users. 

READ THE MAGAZINE 
THE PROS READ. 

For over 20 years DATAMATION has 
been the magazine for the data processing 
professional. Now DATAMATION 
magazine is available to hobbiests, busi­
ness men, accountants, engineers, pro­
grammers .. . anyone with a deep curiosi­
ty about the real world of data process­
ing. 

Written by the data processing pro­
fessional for the data processing profes­
sional, DATAMATION magazine's arti­
cles cover a wide range of subjects ... 
industry trends, "how to do it better" 
articles, budget and salary surveys, new 
computer applications, advanced tech­
nology, new products and services as 
well as a monthly department on person­
al computing. 

Whether your interest in computers is 
for fun or profit, DATAMATION maga­
zine has a world of information for you 
every month ... plus an annual Special 

Edition, the Industry Profile featuring 
the "DATAMATION 50" - the top 
U.S. DP companies. 

I ~ I "CHN'CAe ,""'''",NG COMeAN' 
A Dun & Bradstreet Company 
35 Mason St., Greenwich, CT 06830 

e (203) 661-5400 

,---------------) 
FOR A ONE YEAR SUBSCRIPTION 
(13 ISSUES) SEND $32. 

TO: SUZANNEA. RYAN 
DATAMATION magazine 
666 FIFTH A VENUE 
NEW YORK, NY 10019 

Name ___________ _ 

Address __________ _ 

City ___________ _ 

State / Zip ________ _ L _______________ _ 

DRTRMRTICN® 
magazine 
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Aha #2) I have always wondered how 
there could be as many nerves in my spine 
as there are sensors below. If things are 
party-lined, there don't have to be as 
many w ires. 

Aha #3) Our sensors, fo r the most 
part, have very low data rates. Norm all y 
we are not irritated on m any parts of our 
sk in at once. Thre is pl enty of tim e for 
many sensors to share a trunk in a party­
line architecture. W e are, I think , con­
fu sed by an over-abunda nce of signals at 
once. By stimul at ing large areas of skin at 
one t im e, you know that something is 
happening, bu t you may no t be ab le to 
separate the po in ts. 

Aha #4) Think acupuncture. I have a 
doctor who, though edu cated on the US 
mainl and, is Chinese. Dr Lam has stu d ied 
acupuncture, and prac ti ces it , in conjun c­
tion with norm al medi c ine. M y wife had 
cramps in her stomac h area. They per­
sisted. Dr Lam couldn' t loca li ze the trou­
ble beca use a large area of mu sc les w ere 
f ight ing. He got out hi s needl e and spun it 
in to her foo t, in a spo t w hi ch he says is 
related to the stomach area. Wi t hin fi ve 
minutes the musc les had relaxed. The re­
maining pain was iso lated in a small area. 
He could fee l thi s area, and he di agnosed 
the pa in as ga ll -b ladder. A subsequ ent 
operation proved him ri ght: many large 
ga ll-stones, one o f w hi ch had plugged up 
t he duc t. Wh at had the doctor done? He 
had biased (pushed the brea k button) the 

Put your S-100 Computer 
on the clock. 
A real time clock could double the 
utility of your computer, Time events 
in 100fLS increments for up to 100,000 
days (over 273 years) . Program events 
for the same period with real time 
interrupts that permit pre­
programmed activities to take 
place ... without derailing on-going 
programs. Maintain a log of computer 
usage. Call up lists or appointments. 

nerve f rom the stomac h area to the brain, 
by getti ng at the nerve f rom anoth er port. 
The brain didn' t k now the foot-s ignal 
f rom any other signal on the sa me t runk. 
The brain dec ided that there was no 
longer any pain in the stomach. 

Aha #5) This suggests that there are 
many pa rty -lines in higher animals (and I 
am a computer man: I have no idea how 
hi gh) and eac h of th ese goes to may 
diverse sensors. 

Aha #6) Today airp lanes are using 
high-bandw idth coax from a st ring of sen ­
sors to the contro ls. They ' re on the ri ght 
t rack. 

G ive us enough time, and mix together 
enough sc ientists and engineers, give us 
the help of magaz ines like BYTE, and we 
may f igure ourse lves out yet. 

N J Thompson 
1615 Wilder #401 

Honolulu HI 96822 

PASCAL UNEXPANDABLE 

Your pos iti on in f avor of UCSD Pasca l 
is va lid onl y from the perspect ive o f the 
buyer of a complete compute r system who 
wa nts the manufacturer to suppl y a ll of 
the operating system sof twa re. This bu ye r 
is w illing to accept the limitat ions of the 
softwa re in order that he may take advan­
tage of i ts be ing o ff the· shel f . The t rend 
towa rds bundled pac kag in g cif Pasca l, as 

Time and date printouts. Time events. An 
on-board battery keeps the clock running in 
the event of power outage. 

Mountain Hardware also offers a complete line 
of peripheral products for many fine computers. 

I 
Available at your dealer's. Now. 

Mountain Hardware, Inc. 
300 Harvey West Blvd. 

Santa Cruz, CA 95060 (408) 429-8600 
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well as other major operat ing sys tems and 
languages, pl aces the buyer of such a pro­
duct in the pos it ion w here he o r she in­
it ia IIy gets a very good dea I on a powerf u I 
system, but is then unabl e to expand that 
initial hard wa re and software w ithout 
buying a w hole new system. Of course, no 
such expansion need be contemplated by 
the majori ty o f customers. But some peo­
ple may prefer that their ini t ial investment 
in a system be of cont inuing va lue as 
future additions are made. A ltho ugh less 
elegant than UCS D Pasca l, there are 
other so ftwa re packages one ca n sta rt 
w ith which allow users to imp lement their 
own expansions, suc h as the I PS sys tem 
desc ribed in your Janu ary issue. Thus, 
while va lid from the perspec ti ve o f certa in 
users, your pos it ion should be qua lifi ed to 
ref lect the limitat ions of that perspecti ve. 

George Lyons 
280 Henderson ' SI 

Jersey Cily NJ 07302 

As a user of UCSD Pasca l fo r several 
months now, I have ye t to fi nd an im­
penetrable wa ll - a fundamental function 
that was no t in the sys tem. To be sure, 
there are implementat ion dependent 
aspects which I find less than perfect. A n 
implicit file name sea rch over all volumes 
mounted in the sys tem would be a conve­
nience and a slight l y larger maximu m size 
for procedure b locks would be mos t 
use ful. But the system is fu ndamen tall y 
well thought out, and complete as a basis 
for much product ive programming .... CH 

APL NOT DESIRED 

Periodi ca lly I see APL programs in 
BYTE . I would like to d iscourage as much 
as possibl e all usage o f APL. 

When I was an undergradu ate at Ri ce 
Unive rsity, I had occas ion to use A PL 
quite a bit- f irst as the language I cut my 
programming teeth on, then as a grap hi cs 
language, and finally, tu toring other 
students who were cutt ing their program­
ming teeth. I saw these stu dents acquire 
the sa me bad hab its w hi ch I had lea rned 
from the language, and have just as hard 
a tim e breakin g these habi ts as I d id . 

A PL can be wonderful fun w hen you 
first use it, and it has some marve lously 
powerful constru ctions w hi ch a II ow you 
to do many things very conc ise ly. 
Graphics is a good exa mpl e. But t his same 
conciseness and the lack of cont ro l stru c­
tures encourage students to have competi­
t ions fo r one-liners. Everyday some poor 
soul would be elated about a new, com­
p lete ly obtuse lin e of A PL w hi ch would 
generate the f irst n prim e numbers, or 
some such foo lishness. This was fine, as 
long as these one-liners remained the pro­
perty of the prog ramm er. But have you 
ever tried to dec ipher another person's 
APL programs ? It is li te rall y eas ier to 
read an assemb ler program than a fo reign 
AP L program. Even commerc ial A PL 
software is wri tte n obtuse ly. 

I spent a good port ion of a week t ry ing 
to dec ipher a workspace of graphi cs 
rou t ines written by a well -known and 
we ll-respected manufacturer, and fina ll y 
gave up. I've also fou nd that I have a hard 



time understanding programs that I 
myself have written more than a month 
ago in APL. I've found that I no longer 
need APL, because I have a program­
mable calc ulator, and it is my belief that 
APL would never have existed had 
Hewlett-Packard come out with the 
H P-65 before I BM decided that FOR­
TRAN was not all that the engineer 
needed. 

Please let me encourage you not to spoil 
any of your good articles with an obtuse, 
unreada bl e, inefficient one-liner in APL. 
If APL persists, and our civilization 
perishes, APL will one day be dug up by a 
future archaeologist, who will try to 
decipher it, and find it more unreadable 
than Linea r B. 

David A Stephens 
POB 877 

Pecos TX 79772 

GENEALOGICAL INFORMATION 

Help! I am a genealogist with a 
PDP-1 0, ex panded memory and disk and 
paper tape storage. Where can I find pro­
grams for the genealogist to use? 

Mrs G Creaser 
4 Sunny Hill Rd 

Northboro MA 01532 

Could any readers help trace some pro­
mising programs? .. RGAC 

FAST FOURIER TRANSFORMS ON 
YOUR HOME COMPUTER 

was pleased to see the article by 
Stanley and Peterson on the fast Fourier 
transform, " Fast Fourier Transforms on 
Your Home Computer" (BYTE Decem­
ber 1978, page 14). Aside from having 
many useful applications, this technique 
is complex enough to provide some fun 
and surprises when just playing with it. I 
would like to share some observations 
and prejudices which have arisen out of 
my personal experience with the FFT 
(fast Fourier transform). 

Although the Fourier transform 
sometimes gives unexpected results and 
may be used to couch propositions in a 
very elegant fashion, it may not always 
be the best approach to use. Every 
operation in frequency space has an 
equivalent operation ' in real space; 
therefore any procedure utilizing the 
Fourier transform may, in fact, be per­
formed without it. Sometimes results 
which appear to be profound become 
just common sense when approached in 
this way. 

I think that authors should emphasize 
strongly (as did Stanley and Peterson) 
that the FFT is not an approximation, but 
just a faster way to compute the OFT 
(discrete Fourier transform). Approxima­
tions occur only in the sense that the 
OFT is used to approximate the con­
tinuous transform of a continuous (or 
analytic) function. These approximations 
arise from two sources, a finite sampling 
interval and a finite total sampling time. 
By their very nature, computers cannot 
calculate a continuous Fourier 

transform, and we are a lways forced to 
use the OFT. 

I personally would like to see the 
"sampling theorem " banned . At best its 
invoca tion obscures a perfectly clear 
concept, and at worst it is a tautology. 
The useful content of the theorem is con­
tained in the observation that two points 
are needed to specify a sine wave of a 
given frequency. Used in this way, the 
theorem is misleading when it impli es 
that we can safely discard parts of a 
signal (above a given frequency) because 
they "contain no information." I think it 
is more correct to say that the lost parts 
of the signal contain information that we 
do not want, cannot get, or do not need. 
In one sense " information" is a concept 
that we bring to a signal, not a property 
of the signal itself. In another sense, all 
frequenci es contain some information, 
and a portion of that information is 
always lost during the sampling process. 

The sampling theorem is meaningless 
if, in the literal sense, a signal really con­
tains no information above a given fre­
quency (ie: all Fourier amplitudes are 0). 
It is then obvious that a knowledge of all 
amplitudes below this frequency is 
equivalent to knowing the signal. 

For a number of reasons the high fre­
quency part of the OFT differs from the 
continuous transform we would like it to 
approximate. It turns oqt that the OFT is 
equivalent to sampling a segmental 

linea r function, that is, to a linear inter­
polation between data points. High fre­
quency components (ie: near the limit 
decreed by the sampling rate) may be 
better approximated by multiplying the 
transform by a low pass filter function . 
The shape of a given filter corresponds 
to a particular method of interpolating 
between data points, and conversely any 
interpolation scheme yields its own filter 
function. 

Some other references which I have 
found very useful are: 

• Cooley, J W, P Lewis, and P 0 
Welsh, " The Fast Fourier Trans­
form and its Applications, " IEEE 
Transactions on Education 12, 
1969, page 27. 

• Higgins, R L " Fast Fourier Trans­
form: An Introduction with some 
Minicomputer Experiments, " 
American Journal of Physics 44, 
1976, page 766. 

• Bice, P K, " Speed Up the Fast 
Fourier Transform, " Electronic 
Design 9, 1970, page 66. 

I would be interested in any response 
to these comments . 

Kenneth H Douglass Phd 
Division of Nuclear Medicine 

Johns Hopkins Hospital 
Baltimore MD 21205 • 

10q~?W, Cermak.':ryYestohester, 'Ir" 60153 3125.~2-5210 
"Manufacturers a/Information Processing Supplies" 
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Dan Wingren 
2714% Greenville Av 

Dallas TX 75206 

Practical Microcomputer Programming: 
The INTEL 8080 
by W j Weller, A V Shatzel, and H Y Nice 
Northern Technology Books 
Evanston IL 7976 
306 pages hardcover, 6~ by 9~ inches 
$27.95 

There was my new computer running 
correctly, lights twinkling al lu ringly, and 
there was my first serious problem : how 
was I to introduce keyboard written code 
into the th ing? I was (that was three years 
ago) a green novice suddenly required to 
create a program in machine language, 
and the available literature helped not at 
all. The assembly manuals were written in 
language that a child cou ld fol low, but the 
applications manuals were written in the 
runes of the software priesthood, all abbre­
viation and ellipsis. How I wished for a book 
to bridge the gap! 

Well , here it is. In fact it has existed 
since the end of 1976, but without the fan­
fare it deserves. It introduces 8080 machine 
language and assembly language program­
ming to the novice. The authors know that 
there is a difference between novice and 
ninny . They never talk down. They merely 
talk in clear English, in sentences with rec-

CATCH THE 
S-1 00 INC. 
BUS! OUR 
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ognizable nouns and verbs, and they spell 
out words fully . They move fast, but they 
have time for colorful illustrations and allu­
sions. They introduce binary operations with 
a passing reference t.o Paul Revere's lantern 
("One if by land ... . " ) and with the case of 
" If the shade is up don't come in. My hus­
band is home ." Examples abound in the 
form of short assembly language programs. 
These are always cogent and often related 
to actual problems that confront the typical 
home computer owner, such as how to read 
a keyboard . What's more, the book is a 
pleasure to handl e: hardcover, sewn in sig­
natures (so that it can lie on the desk open 
at any page), printed in clear book type on 
creamy matte paper. 

The first chapters focus on binary oper­
ations, the Intel mnemonics, the elem ental 
operations that they instigate, and the con­
ventions of assembly language programming. 
On every page the authors spot and clear 
up the small ambiguities of technical jargon 
that can block understanding. For example, 
the In tel instruction MOY A,B only copies 
the contents of B register into A register 
and nothing gets transported bodily. 
Throughout, they use the woro copy in pref­
erence to move . They point out the fact 
that the zero flag in the status register reads 
zero when the result of an operation is 
nonzero and is one when the result is zero. 
And they explain that there is a difference 
between carry and overflow in the status 
register even though, as they point out, 
"the In tel literature has used them inter­
changeably and in some places errone­
ously." 

They go on, chapter by chapter, to shed 
light on binary arithmetic; multiplication 
and division in binary ; the use of the stack 
pointer ; the use of subroutines, arrays, and 
tab les; how to convert between binary and 
decimal (and why the instruction DAA is 
not often used); a detailed explanation of 
input/output (I/O) and communication with 
a terminal; analog I/O; interrupt driven 
processes; and the debugging of programs. 
With this kind of introduction , the reader 
is then quite able to benefit from the many 
books and manuals that are directed toward 
the professional. 

The reader wi ll learn best by actual ly 
trying the little programs that accompany 
the text, but in doing so should be pre­
pared for some snags. The source listings 
frequently contain pseudoinstructions that 
are peculiar to the cross assembler used by 
the authors : ZAR, LLA, JEQ, and about a 
dozen others. These can be translated even 
by a beginner (with the help of the index) 
into conventional Intel instructions, but 
one wishes it were not necessary. The cross 



assembler was written by the authors for a 
Computer Automation LSI-2 machine. The 
home computerist might wish they had used 
one of the resident assemblers commonly 
available to home users, but evidently the 
book is aimed not only at the hobbyist but 
also at the college classroom, where the big 
equipment is more likely to be available. 
Almost a third of the book is devoted to a 
complete source listing of the cross as­
sembler. 

Another substantial source listing, found 
in Appendix A, is the authors' "Hexadecimal 
Debug" program, and you may well want 
to put it into operation in your own system. 
I t's nifty. Debug is an 880 byte program 
that enables the user to inspect and alter 
the contents of memory, to inspect and alter 
the registers, and to set breakpoints, all in 
unusually convenient ways. Remember, 
however, to mark all the odd pseudo­
operation codes and replace them. You may 
also have to replace subroutine labels that 
duplicate the designations of registers A, B, 
D and H, if your assembler gets confused by 
such duplication, as mine does. Line 254 
contains a misprint : the printed instruction 
is CPI ' ', whereas it should read CPI '.'; 
perhaps the period got lost when the dot 
matrix printout was reproduced.-

Structured Programming in APL 
by Dennis P Geller and Daniel P Freedman 
Winthrop Publishers Inc, 7976 
Englewood Cliffs Nj $9.95 

Structured programming began with two 
insights : one embodied in a formal proof 
that any possible program logic could be ex­
pressed in terms of a conditional branch and 
a conditional loop, and the other, Dijkstra's 
observation that the quality of programmers' 
work is a decreasing function of the number 
of GOTOs in their code. From these two in­
sights has sprung a revolution in program­
ming style among those who have accepted 
them, and angry arguments from those who 
haven't, and who feel put upon by those 
who insist on eliminating GOTOs altogether. 

This book simply shows how to use APL 
in such a way that only structured programs 
result, and makes virtually no mention of 
the term structured programming outside its 
title. It is written as an introductory text­
book, interweaving lessons on APL functions 
and operators among chapters on I F state­
ments and DO loops, other features of APL 
such as terminal use, workspace management 
and debugging aids, and apt quotations from 
Lewis Carroll's The Hunting of the Snark. 

Coverage is thorough, and the level is ele-
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computers. No wait states even with 
Z80 at 4Mhz. Addressable in 4K in­
crements. Power requirement 6 watts . 
Price $695.00. 

CI-1103 - 8K words to 32K words in a 
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LSI 11, LSI 11/2, H11 & PDP 1103. 
Addressable in 2K increments up to 
128K. 8K x 16 $390.00. 32K x 16 $750.00 
qty. one. 

CI-6800 - 16KB to 64KB on a single 
board. Plugs directly into Motorola's 
EXORcisor and compatible with the 
evaluation modules. Addressable in 
4K increments up to 64K. 16KB $390.00. 
64KB $750.00. 

CI-8080 - 16KB to 64KB on single 
board. Plugs directly into Intel's MDS 
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mentary. Anyone who absorbs all the mate­
rial of this book will need only study and 
practice on a variety of appl ications in order 
to be a competent programmer, someth ing 
that cannot be said of most language man­
uals which define the language but do not 
show the right manner of using it. The chap­
ter on documentation is especially valuable, 
and would make an excell ent addition to 
every APL public library system. 

Another useful feature of the book is the 
careful demonstration of the program devel­
opment process, especially after the program 
is working and various features are being 
incorporated into the design, many in exer­
cises for the student. Included in program 
development is provision for error checking 
of input, with various indicators of error or 
prompts to try again . This is an area in 
which APL excels if the programmer knows 
how to do it and takes the trouble. 

Functions can check their arguments and 
user inputs for type, size, range and other 
errors before performing any operations that 
could adversely affect data or otherwise 
cause trouble, and a general utility fUnction 
to do this is provided that accepts as its 
arguments a condition to be checked and a 
message to print when the condition holds. 

The method used to diagram program 
structure is one that enforces the discipline 

of structured programming. It permits the 
nesting of loops and decisions, but does not 
have provision for going from one point in 
the program to any other. Once a program 
has been laid out in this manner, it is a trivial 
task to code the branch statements; and thus 
correct structure, though not efficiency, is 
assured. This is one of the sore points among 
nonstructured programmers. It is, of course, 
not mentioned in the text, except for a note 
in the preface expressing the hope that stu­
dents will learn from the text to write work­
ing (ie: correct) programs here, whether or 
not they may learn to write more compact, 
faster or more aesthetic programs later. 

The foreword claims that students using 
the material of this book learn more, faster, 
at lower cost in human and machine time 
than those using other approaches. I have no 
way of directly testing this myself, but I can 
say that it would not surprise me if it were 
true. This is the on ly APL textbook that is a 
programming textbook first and a language 
manual second; this is rare in any program­
ming language. The only book I can compare 
it with is APL: An Interactive Approach, by 
Gilman and Rose, on the basis that both 
teach the language to the user, on line, giving 
examples and experiments to try. Gilman 
and Rose go more deeply into the language, 
but neglect programming style and tech-
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A FEW OF THE BEST 

1977 

Making Hash with Tables T Do11hofr 
An Inexpensive Joystick Interface T Buschbach 
Newt: A Mobile Cognitive Robot R Hollis 
How to Pick Up a Dropped Bit D Maurer 
An APL Interpreter for Microcomputers M Wimble 
Control the World S Ciarcia 
How to Implement Space War 0 Kruglinski 
Kompuutar D Brader 
Building a Computer from Scratch H Jones 
The Computers of Star Trek K Schmuck er 
The Digital Cassette Subsystem ~ampil & Breimicr 
Give Your Micro a Megabyte R Grappcl 
Structured Program Design 0 Higgins 
Floating Point Arithmetic B Hashizume 

1978 

Brains of Men and Machines E Kent 
Program Your Next EROM in BASIC SCiarcia 
A Programmable Character Generator L Weinstein 
Give an Ear to Your Computer B Georgiou 
How to Choose a Microprocessor L Frenzel 
Who' s Afraid of Dynamic Memories L Hauck 
Let Your Fingers do the Talking . S Ciarcia 
A Tiny Pascal Compiler Chung & Vuen 
WADUZITDO L KhcrialY 
Computer Chess Programming the Sprack lens 
Tunc in & Turn On S Ciarcia 
Three Dimensional Plotting M Gott lieb 
Add a Voice to Your Computer SCiarcia 
Designing Structured Programs CWeems 
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nique; they are not writing for novice pro­
grammers as Geller and Freedman are. If you 
are confident of your style, read Gilman and 
Rose. If you are just starting, or don't know 
much about structure, design and documen­
tation, Structured Programming in APL is 
the one for you. Better yet, read both . 

Mokurai Cherlin 
APL Business Consultants 

POB 478 
Mt Shasta CA 96067-

The Cheap Video Cookbook 
by Don Lancaster 
Howard W Sams and Co 
Indianapolis IN, 7978 
$5.95 

Don Lancaster stays on the sequel band­
wagon with his new "cookbook." This time, 
the recipe is for a 7 integrated circuit design 
called TVT 6 5/8. This $20 circuit, along 
with software and module customizing, 
allows a wide variety of alphanumeric (such 
as 24 lines by 80 characters) or graphic 

SPECIALIZING IN 

(256 by 256) displays on standard television 
sets. A little extra software gives you 
mUltiple cursors, scrolling, and full editing 
features. 

The book's first chapter introduces the 
concept of "cheap video," and has a brief 
explanation of its two novel tricks : SCAN 
and upstream tap. Chapter 2 covers various 
software routines needed for a good display, 
each routine building on the last. The reader 
is encouraged to write improved versions. 
Routines covered include cursors, scrolling, 
grapliics loaders, memory repacking (for 40 
or 80 character lines), and the all-important 
(to "cheap video") SCAN "microinstruc­
tion." Upstream taps, data-to-video con­
version, bandwidth reduction, sync circuitry, 
and other hardware, as well as television 
modifications, are in ch apter 3. Construction 
details in chapter four describe the main 
circuit and several "personality" modules. 
The fifth chapter addresses transparency, 
or how to do other things such as run 
BASIC, when the computer is not working 
with the display. 

The TVT 6 5/8 is designed around a 
6502 microcomputer (KIM) , but with 
mainly software changes a 6800 system 
shoul d work just fine. Other processors, 
such as th e Z-80, 8080, 1802, and 2650 
should be usable, but would require more 
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2K RAM 

3 Serial Ports 
1 Parallel Port 

ECT-100-F 
RACKMOUNT 

CARD CAGES 

16 K RAM 
FULLY STATIC 
MEMORY 

TT-10 
TABLE TOP 
MAINFRAMES 
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work. Although the TVT 6 5/8 is built from 
only seven integrated circuits, and the circuit 
itself only costs approximately $20, there is 
more to it than first meets the eye. 

The au thor makes a few importan t 
assumptions. It is assumed that you already 
own a microcomputer (KIM in this case) 
that has sufficient programmable memory 
(up to 8 K bytes for 256 by 256 black and 
white graphics) to store the display. There 
must also be enough memory left over to 
run any cursor, loader, or other applications 
software. You must be willing and able to 
modify your microcomputer's memory to 
add a clever trick called an "upstream tap." 
Finally, you mustn't mind giving up 5 per­
cent (for a single 32 or 40 character line 
display) to 50 percent (for 16 by 80 alpha­
numeric displays) to 50 to 95 percent 
(256 by 256 graphics) of the processor's 
time so that it can control the display. As 
far as the television is concerned, you may 
have to adjust the horizontal hold and/or 
defeat the sound trap for a really good 24 by 
80 display. Still, you get only a 5 by 7 dot 
matrix (it uses less bandwidth than a 7 by 9 
matrix) and, if you aren't careful, the dis­
play may still flicker. Cheap video is cheap 
because the memory (the single largest 
expense for a video display) is assumed to be 

available at no cost, and the processor is 
assumed to be available between 5 and 95 
percent of the time to provide display 
timing. 

Whether you stick with the older all­
hardware interface using counters and gates 
and registers, or try your hand at this 
approach of letting the processor do most 
of the dirty work, or even if you just are 
curious about how video displays work, this 
is a good reference book. It has several hints 
and tricks for reducing bandwidth require­
ments, for generating suitable video and sync 
signals, and for making more general 
(module programmed) circuits which easily 
can be changed to provide different display 
formats. It even has complete schematics, 
printed circuit board patterns, and "nuts 
and bolts" instructions on how to build 
your own TVT 6 5/8. Proofreading was lax 
in the schematics section, though, so you 
have to be on your toes and understand 
basic electronics to catch and correct the 
many discrepancies in component types 
and values, as well as to follow the few 
unexplained circuit changes made from 
schematic to schematic. 

Glen E Monaghan 
1405 C Paegelow 

Scott AFB IL 62225-

~:~e~~~~! DOCU~~:t~~~~¥~ 
BITS INC. PROUDLY PRESENTS THE BITS PROGRAM MER PADe ~ ~.-.. ::-~ 1 .. ,...,=.1 '\ 
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assigning memory addresses. To relocate or revise 23 0 '" 8080A ~:--j r---,- ~ , 
your p~ogram, just renew the address column with ~ • ~ i - :_ ~ h - i _ 
typewriter correction tape and renumber. ~I 1- :1 T -i 

Each 50 page pad is printed on a durable stock paper that can stand up to • r' i-· ~: : 
""'''' aod they·,e ,"".'hed 10' a 3 "oged ootebook . too. Pcoteot yo", ,cogcam,. Ii -~ ~l -
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Microcomputer-Based Design 
by john B Peatman 
McGraw-Hili, New York 
540 pages, 60 by 90 inches 
$24.50 

Microcomputer-Based Design by J oh n B 
Peatman is a combination text and reference 
book aimed at engineers who wish to learn 
how to design systems using microprocessor. 
It is written not in a dull , dry tone, but 
rather in a light style. The minimum re­
quired background for this text is a rudi­
mentary knowledge of logic (ie : transistor­
transistor logic gates and flip flops) and the 
basic concepts of computer programming. 
The book develops hardware and software 
design skills upward from that point to a 
practical and useful level. A key feature of 
this book is the logical, lucid presentation 
of arguments present in the many illustrated 
design decisions. 

Microcomputer-Based Design is divided 
into seven chapters and six appendices. Th e 
chapters are fairly complete, in-depth 
entities and each contains a set of practical 
design problems and additional references. 
The references may be difficult to find for 
readers without access to an engineering 

video 
100 
12" BLACK & WHITE 
LOW COST VIDEO 
MONITOR 
$149_00 LIST 

library since many of the references are 
articles in engineering journals or manu­
facturers' application notes . 

Chapter one is an overview of micro­
computer applications focusing primarily 
on the distribution of "intelligence" to 
instruments and tools. 

Chapter two, "Microcomputer Registers 
and Data Manipul ation", includes a brief 
discussion of numbering systems and the 
various, commonly encountered modes of 
addressing. This is followed by a good 
presentation of machine language instruc­
tions, assembly language, and assembly 
language programming techniques. 

Chapter three considers computer hard­
ware organization. Several different philo­
sophies of commercially available micro­
processor families are described. The char­
acteristics of various logic families are con­
sidered with an eye towards interconnection 
compatibility. Bus structures and their 
electronic implementation are described 
in some detail. Flags, interrupts, direct 
memory access control and programmable 
timers are also described with examples. 

Chapter four reviews the various char­
acteristics of memory components and sys­
tems. Included are sections on the imple­
mentation of main power failure battery 

.'dea' for home, personal and business com-
puter systems 

.12" diagonal video monitor 
• Composite video input 
• Compatible with many computer systems 
• Solid-state circuitry for a stable & sharp picture 
• Video bandwidth-12 MHz ± 3 DB 
• Input impedance-75 Ohms 
• Resolutio,,-650 lines Minimum IN CentralBO% 

of CRT; 550 Lines Minimum beyond centralBO% 

of CRT ref EtA RS-375 
• Dimensions-11.375" high; 16.250" wide; 

11.250" deep (exclude video input connector) 
• Weight-6.5 KG (14.3 Ibs) net 
AVAILABLE FOR IMMEDIATE DELIVERY! 

LEEDEX Corporation vL20 

2300 East Higgins Road. Elk Grove Village, Illinois 60007 • (312) 364-1180 • TLX: 25-4786 

Generous dealer discount available 
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backup systems and floppy disks. 
Chapter five examines peripherals. There 

are sections on 10 control and handshaking, 
timing and buffering. There are also dis­
cussions of specific common microcomputer 
peripherals : keyboards, phototransducers, 
circuit testers, analog to digital and digital 
to analog converters, pressu re transducers, 
optical ' displays, relay drivers, synchro­
motors and printers. Finally, there are 
sections on universal asynchronous receiver­
transmitters (UARTs), line drivers, the 
HPIB-IEEE 488 bus and self-test hardware. 

Chapter six describes the various options 
that exist in hardware and software develop­
ment packages from prototyping boards 
to disk based operating systems. There is 
also a brief discussion of high level languages 
for microcomputers. 

Chapter seven describes in detail the 
algorithms for solutions to several common 
microcomputer software problems. Algo­
rithms are descri bed to read and to parse a 
functional keyboard input, self-test routines 
and number system conversion and mani­
pulations. Real time programming con­
straints are also considered. 

The set of appendices descri bes the char­
acteristics of specific microcomputers. Each 
appendix covers the architecture and organi­
zation of a particular processor integrated 

PERSONAL INFORMATION 
MANAGEMENT SYSTEM 

Personal Informa­
tion Management 
System is indeed a 
data base manage­
ment program. It's 
carefully customized 
for the small system 
owner. You can de­
fine and construct 
your own data bas­
es. Each record can 
contain up to ten 
fields. You define 
what goes in each. 
Then modify it 
whenever you want 

through use of just three commands. You 
can search, list, sort and also sum col­
umns of numbers. Complete source list­
ing is included. Check No. 10 on the 
coupon. ONLY $9.95* 

Z80 INSTRUCTION 
HANDBOOK 

Your comple te guide 
to the powerful Z80 
instruction se t. Ma­
chine codes are pre­
sented in both octal 
and he xadecimal 
format. A conveni­
ent index lists all 
instructions alpha­
betically along with 
machine codes and 
timing information. 
Ind ustry standard 
mnemonics are used 
throughout. A prac­

tical guide for the novice , intermediate 
or advanced programmer. Pocket size . 
Check No . 20 on coupon. JUST $4.95* 

circuit. The rest of the integrated circuit set 
(memory, 10, etc) is also briefly covered. 
Appendices are included on the 4004, F8, 
8080, 6800, COS MAC, and PPS-8 pro­
cessors. It is refreshing to see that these 
appendices are more than just a reprinting 
of the manufacturers' specification sheets. 

On the negative side, there is a disturbing 
absence of discussion of any of the higher 
performance integrated circuits that were 
certainly available when this book was 
written. There is also inadequate treatment 
given to bit slice and microprogramming 
techniques. Software development by emu­
lation is also omitted. The balance is, how­
ever, overwhelmingly positive. This is 
a text which starts off quietly, never grows 
dull, and yet contains a great deal of sub­
stance. There are sections on using esoteric 
devices like first in first out stacks (FIFOs) 
that I have previously never seen in a design 
text. 

Microcomputer-Based Design is a wel­
come development. I recommend this book 
to advanced experimenters, undergraduate 
engineering students and practicing engi­
neers. 

Ira Rampil 
2412 Independance La 

Apt # 103 
Madison WI 53704-

CALCULATING 
WITH BASIC 

Here's a variety of 
programs in BASIC 
language to help the 
student, scientist, 
engineer, technician 
or hobbyist apply 
the language to 
practical problems. 
Covers mathematics, 
finance and statis­
tics, mechanical en­
gineering and elec­
tronics. For fun be­
tween such serious 
applications, Hang-
man and Space Ca p­

ture game s are also provided. A real steal 
at such a low price. Order now. Available 
for shipment in March. Check No . 30 on 
coupon. ONLY $7 .95 * 

LEARN MICROCOMPUTERS ft SCELBI Publications 
~ P. o. Box 133 PP STN, Milford, CT 06460 A new multimedia information package. Includes 

text (Understanding Microcomputers) plus high­
quality cassette. For the beginner. Covers all the 
basics quickly, easily and enjoyably. All the funda­
mentals behind the operation of virtually every 
microcomputer. Clear. Concise. Tells what to look 
for in buying a microcomputer. Companion tape 
includes chapter-by-chapter synopsis of the book. 
Check No. 40 on coupon. JUST $14.95* 

6800 & 8080 SOFTWARE 
COOKBOOKS 
Now you can cook up mouth watering programs. 
Delectable "how to" facts include 8080 or 6800 
instruction sets. How to manipulate stacks. Flow 
charts. Source listings. General purpose routines 
for multiple precision operation. Programming 
time delays for real time. And much more . In­
cludes floating point arithmetic routines. Check 
No. 50 (6800) and No. 60 (8080) on coupon. 

ONLY $10.95* EACH 
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A Mini-Disassembler for the 2650 

Software development in machine lan­
guage is a difficult task. A substantial part 
of the frustration can be traced to the 
difficulties of debugging a program when 
one must work from a printout that has 
no flow, no mnemonics, and bears little 
resemblance to any real world logic system. 
A di sassembler can save the programmer 
countless headaches by correcting these 
deficiencies. This particular disassembler 
was constructed to aid in the development 
of software for a dedicated controller for 
an amateur radio repeater. 

The basic requirements for our disassem­
bler are that it use a small amount of memory 
(this version uses less than 750 bytes of mem­
ory, satisfying our defi nition of small), and 
that it provide a readable listing that includes 
mnemonics. The only restriction of this ver­
sion is that it will print a maximum of only 

Edward R Teja 
Gary Gonnella 

2140 Lullaby La 

Anaheim CA 92804 

hexadecimal F F addresses (eg: hexadecimal 
0400 to 04FF) without being restarted. 

Using the Disassembler 

The disassembler is employed in a straight­
forward manner: 

1. Load the program from the listing. 
2. Using the Signetics PIPBUG monitor, 

GOTO the initial address of the dis­
assembler. 

3. Input a 4 digit address for the program 
to be listed (include leading zeroes). 

4. Input a 2 digit stop address. 
Text continued on page 236 

New North Star Software 

Circle 175 on inquiry card. 

-DOS+ $35 
Enables any program to execute all North Star 
Disk and/or Meca Tape commands. Allows 
batch command list and more. 
- PRO-TYPE WORD PROCESSOR $75 
Easy to learn. Combines text input, editing and 
printing in one program. Features right margin 
justification, tabs, paging, underlining, 
relocation of text blocks, etc. Requires only 8K 
of memory. Manual alone, $25. 
- GUIDE TO BASEX $33 
A new interactive compiler similar to BASIC 
for 8080-type microcomputers (Z-80, 8085). 
Executes programs up to 10 times faster than 
equivalent programs while requiring about half 
the memory space. Features include: array 
variables; string manipulation; arithmetic 
operations on signed 16 bit intergers; and 
versatile VO communication functions. 
Manual alone $8. 
-BASEXTAPEandDISKGUIDE $35 
Allows your BAS EX programs to access up to 
four North Star Disk and/or Meca Tape drives. 
All operations can be executed from the 
keyboard. Manual alone $20.00. 
Specify: 
North Star DiskiMeca Tape/Other 
Send for Free Literature 
INTERACTIVE MICROWARE INC. 
P.O. Box 771 - m-
State College, PA 16801 I I 
(814) 238-8294 W 
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Listing 7: A 2650 disassembler. Technically, this listing is a disassembled assembly listing of a disassembler. The program is 
designed to take Signetics 2650 machine language code and transform it into an assembler-like listing. 

Hexadecimal Hexadecimal 
Address Code Operator Operand Address Code Operator Operand 

0440 76 40 PPU 0490 
0442 77 02 PPL 0492 
0444 06 FO LOOI 2 0495 
0446 3F 02 24 BSTA 3 0496 
0449 01 LOOZ 1 0498 
044A CE 64 00 STRA 2 049B 
0440 OA 77 BIRR 2 049E 
044F 06 FE LOOI 2 04A1 
0451 OE 63 FF LOOA 2 04A3 
0454 C1 STRZ 1 04A5 
0455 3F 02 69 BSTA 3 04A7 
0458 OA 77 BIRR 2 04A9 
045A 3F 03 5B BSTA 3 04AC 
0450 04 02 LOOI 0 04AE 
045F CC 04 FC STRA 0 04B1 
0462 00 84 FO LOOA 1 04B3 
0465 06 F8 LOOI 2 04B5 
0467 04 03 LOOI 0 04B7 
0469 07 DB LOOI 3 04B8 
046B CC 04 FB STRA 0 04BA 
046E OE 63 F3 LOOA 2 04BO 
0471 E1 COMZ 1 04CO 
0472 98 OE BCFR 0 04C3 
0474 CF 04 F9 STRA 3 04C5 
0477 04 09 LOOI 0 04C7 
0479 CC 04 FA STRA 0 04C9 
047C 3F 05 E4 BSTA 3 04CB 
047F 1F 04 DO BCTA 3 04CO 
0482 87 03 ADD I 3 0400 
0484 OA 68 BIRR 2 0403 
0486 04 01 LOOI 0 0406 
0488 CC 04 FC STRA 0 0408 
048B 04 OC LOOI 0 040B 
0480 CC 04 FA STRA 0 040E 

RADIO SHACK COMPUTER OWNERS 

TRS·80~ MONTHLY 
NEWSLETTER 

06 
OE 
E1 
98 
CF 
3F 
1 F 
87 
OA 
F5 
18 
1 F 
F5 
1C 
07 
04 
06 
E1 
99 
CF 
3F 
1 F 
84 
87 
FA 
84 
08 
1F 
3F 
OC 
E4 
1 E 
00 
E1 

FC 
63 

09 
04 
05 
04 
03 
60 
10 
03 
05 
08 
05 
AB 
14 
02 

09 
04 
05 
05 
04 
OC 
6E 
17 
68 
00 
00 
04 
01 
00 
04 

LOOI 
F7 LOOA 

COMZ 
BCFR 

F9 STRA 
E4 BSTA 
DO BCTA 

AOOI 
BIRR 
TMII 
BCTR 

15 BCTA 
TMII 

00 BCTA 
LOOI 
LOOI 
LOOI 
COMZ 
BCFR 

F9 STRA 
28 BSTA 
02 BCTA 

AOOI 
AOOI 
BORR 
AOOI 
BIRR 

00 BCTA 
8A BSTA 
FE LOOA 

COMI 
00 BCTA 
FF LOOA 

COMZ 

24 
HOUR ORDER LINE 

(914) 425-1535 

~ ~ 

2 
2 
1 
0 
3 
3 
3 
3 
2 
1 
0 
3 
1 
0 
3 
0 
2 
1 
1 
3 
3 
3 
0 
3 
2 
0 
0 
3 
3 
0 
0 
2 
1 
1 

•••••••••••••••••••••••••••••••••••••••••••••••• 

• PRACTICAL APPLICATIONS 
• BUSINESS 
• GAMBLING. GAMES 
• EDUCATION 
• PERSONAL FINANCE 
• BEGINNER'S CORNER 
• NEW PRODUCTS 
• SOFTWARE EXCHANGE 
• MARKET PLACE 
• QUESTIONS AND ANSWERS 
• PROGRAM PRINTOUTS 
.... AND MORE 

: :L[lr:1PU I R[l~%LS~ 
PIAA~~SE~-

Box 149 New City. New York 10956 

ONE YEAR SUBSCRIPTION $24 
TWO YEAR SUBSCRIPTION $48 ____ _ 
SAMPLE OF LATEST ISSUE $4 
START MY SUBSCRIPTION WITH ISSUE __ 

(# 1 - July 1978. #7 - January 1979) 
NEW SUBSCRIPTION __ RENEWAL __ _ 
CREDIT CARD 
NUMBER __________ EXP. DATE __ _ 

SIGNATURE ___ _ __________ _ EA 
RE WORD PROCESSING PROGRAM : 

(Cassette or Disk) • 

E For Writing Leiters, Text, Mailing Lists, Files, Etc. 
With Each New Subscriptions or Renewal 

NAME ________________ _ 

ADDRESS _~ _______________________ _ 

· : Send for FREE Software Catalogue (Including listings of hundreds 
• o f lAS-aD programs available on cassette and diskette). · 
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Listing 7 continued: 

04DF 9E 00 00 BCFA 2 
04E2 1 F 04 4F BCTA 3 
04E5 00 LODZ 0 
04E6 00 LODZ 0 
04E7 00 LODZ 0 
04E8 00 LODZ 0 
04E9 00 LODZ 0 
04EA 00 LODZ 0 
04EB 12 13 SPU 
04ED 74 75 CPU 
04EF 76 77 PPU 
04F1 B4 B5 TPU 
04F3 40 HLT 
04F4 92 LPU 
04F5 93 LPL 
04F6 CO NOP 
04F7 00 LODZ 0 
04F8 30 RDCZ 0 
04F9 EA 09 PPL 
04FB 03 LODZ 3 
04FC 01 LODZ 2 
04FD 04 FE LODI 0 
04FF 12 

0500 04 20 LODI 0 
0502 07 93 LODI 3 
0504 E1 COMZ 1 
0505 99 06 BCFR 1 
0507 CF 04 F9 STRA 3 
050A 1 F 05 28 BCTA 3 
0500 87 03 ADDI 3 
050F 84 1F ADD I 0 
0511 08 71 BIRR 0 
0513 1B 72 BCTR 3 
0515 04 10 LODI 0 
0517 07 7B LODI 3 
0519 E1 COMZ 1 
051A 99 06 BCFR 1 
051C CF 04 F9 STRA 3 
051F 1 F 05 28 BCTA 3 
0522 87 03 ADDI 3 
0524 84 1 F ADDI 0 
0526 08 71 BIRR 0 
0528 F5 OC TMII 1 The8100 052A CO NOP bYHUHI 052B 98 OF BCFR 0 
0520 04 03 LODI 0 
052F CC 04 FC STRA 0 • ELECTRONICS 
0532 CC 04 F7 STRA 0 
0535 04 06 LODI 0 
0537 CC 04 FA STRA 0 
053A 1B 37 BCTR 3 
053C F5 08 TMII 1 
053E 98 OF BCFR 0 
0540 04 02 LODI 0 
0542 CC 04 FC STRA 0 
0545 CC 04 F7 STRA 0 
0548 04 09 LODI 0 
054A CC 04 FA STRA 0 
0540 1B 24 BCTR 3 
054F F5 04 TMII 1 
0551 98 11 BCFR 0 
0553 04 02 LODI 0 
0555 CC 04 FC STRA 0 ,..- • PARALLEL INPUT AND OUTPUT 
0558 04 01 LODI 0 

~ 
• SPACE FOR 16K DYNAMIC RAM 

055A CC 04 F7 STRA 0 • CAN USE LEFT OVER 4K CHIPS 
0550 04 09 LODI 0 • 5-100 BUS INTERFACE • LOW COST - PRICES START AT 5185' 

055F CC 04 FA STRA 0 • 6 SLOT MOTHERBOARD • AVAILABLE IMMEDIATELY 
0562 1 B OF BCTR 3 
0564 04 01 LODI 0 The IllOO ullo ... ·~ H Radio Shuck TBS·80 computer to IX! If you pun;hilHIIt\ un ellpansiun rnel1lory kit forTRS·8(j 

intcrflloc'lilolhepopulorS-1OOlJuli for rnernory exp:m~inn ,YOU could beJefLwithllillnt4K RAM chi llK nnd no,,'hcn:\o 

0566 CC 04 FC STRA 0 and cxlendl,.od 110 capnbilitil'!!. For cxnmp]e, you C(ln now Ilut them! \\<'11. they (,(UI go in the R,\M IIOCkeL~ instead! 
ea~ i ly ndd more memory, floppy dille systems. PI(OM Thuts righi , ~'OU clln OM ei ther 4K or lIiK chip;; and lid· 

0569 04 00 LODI 0 boards, printer interfaces, mu1t i, pu'llO.<;e 110 boards, ,\C dretil! lhemanY',·h .. rc you like. 
devicecontrot!CrlI, un<lllwhole hc»ltofother varil'dpcriph. The BIOO hils :. fullltS2:l 2i20 rna !!Crt ll l interface wh~', 

056B CC 04 F7 STRA 0 erll lM. (Cil\urt-s in;:lud,,; II.S:!3:!and20mn t urr.:nt loopinterfn(c. 

056E 04 OC LODI 0 
Thl! 8100 hu~ h >i own buill -in Ii Him mothcrbourd .... ·hieh >IOrtwarl: proJ:rllnll"uble tl1lud rtlte (r!llll DC 10 56K Imud. 

includes !lU I" unique curd guide lIyllh ! nI ..... hich keeps the IIOn"'art: pTUgmmllHlhl" modem control lill l!!! . on board 

0570 CC 04 FA STRA 0 
bourdH in thcirpluCt.'lI. DH-l!5 ronncct(lruud mut hmore. 

The 8100 hUll support cil"1:uit ry nnd $O(keUi (or eight Th" 8iOO a lso hmo an 8 bit parulld input port and 

0573 3F 05 8A BSTA 3 
16K dynumic !tAM chips ollowin!: you to upand the memo <1118 bit parallel output port . Both IIrtl IH t~h,-od. ha" c both 
ory of your T H8-80 by 16K withuut hnving lo buy lilly S· IOO po~itive and neg"liv!! ~lmhl' input!! nnd outputs and huv!! 

0576 04 01 LODI 0 HAM board • . plenty ofdrivecullnbilit}: 

0578 CC 04 FB STRA 0 PRICES START AS LOW AS $185* (5-100 BUS INTERFACE ONLYI 
057B 07 77 LODI 3 

t~~!N~! 
0570 OC 04 F7 LODA 0 1429 Maple st. CALL OR W RITE FOR COMPLETE PRICING 

INFORMATIO N AND MORE DETAILS 

0580 83 ADDZ 3 San Mateo, CA THE 6100 IS AVAILABLE FROM LEADING 

0581 CC 04 F9 STRA 0 94402 COMP UTE R DEALERS O R FACTORY DIRECT 

0584 3F 06 02 BSTA 3 (415) 573-7359 
DEALER INQUIRIES INVITED 

0587 1 F 05 02 BCTA 3 "ExIra S- IOOconrl9CtOfS, RAM support , 
110 clrcuitry oplional. 
USA DOMESTIC PRICE ONLY. 

Listing 7 continued on page 236 
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With our new IEEE-488 Interface 
Our popular series 40 printers are now available with an 
IEEE-488 compatible interface or an industry standard Buffered 
Parallel interface. Both interfaces include a line buffer and 
software addressability. Featuring our famous commercial 
quality constructio n, the new models start at $585 in singles . 
Other models available are the low cost Parallel ASCII 
starting at $425 and an RS2321Current Loop interface begin­
ning at $575. Generous OEM discounts are available. All 
models are complete stand-alone units with a 40 column 
impact dot matrix printer and a 64 character ASCII set. 
Includes power supply. casework and interface electronics. 

That's right. The famous Computalker 
CT-1 Speech Synthesizer that produces 
highly-intelligible natural sounding 
speech can now be installed on your 
TRS-80. 

Completely self-contained, the Model 
CT-1T comes with its own chassis and 
power supply, on-board audio amplifier 
(2 Watts), CSR1 software, and inter­
connect cable. The CT-1 T comes with 
comp lete documentation and is avail-

For more Information write to: 
MPI 2099 West 2200 South. 
Salt Lake City. Utah 84119 
or call (801) 973-6053 

able on either 5% inch diskette or 
cassette. TRS-80 Levell! and 16K words 
memory required, 32K words recom­
mended. 

SAVE $100 
SPECIAL INTRODUCTORY PRICE 

$495 
Suggested retail price is $595 
Calif. residents add 6% sales tax. 

COMPUTALKER 
CONSULTANTS 
1730 21st St .. Suite A 
Santa Monica, CA 90404 
(213) 392·5230 
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Text continued from page 233: 

The Listing Format 

;~:~~tt' (:!::j r j 
Second Byte (if used) 
Third Byte (if used) 

LODI 0 

Mnemonics __________ ----l 

R/V 

Listing 7 con tinued: 

Address 

058A 
058C 
058F 
0590 
0592 
0594 
0597 
0599 
059C 
0590 
059E 
059F 
05AO 
05A1 
05A2 
05A3 
05A4 
05A5 
05A6 
05A7 
05A8 
05A9 
05AB 
05AD 
05AF 
05B2 
05B4 
05B6 
05B8 
05BA 
05BD 
05BF 
05C1 
05C3 
05C5 
05C8 
05CA 
05CC 
05CF 
0502 
05D3 
05D5 
05D8 
05DB 
05DE 
05El 
05E4 
05E7 
05EA 
05ED 
05EF 
05F2 
05F5 
05F7 
05FA 
05FC 
05FF, 
* 
0602 
0605 
0608 
060B 
060E 
0610 
0612 
* 

Hexadecimal 
Code 

06 OC 
OE 65 9B 
El 
98 05 
04 01 
CC 04 FC 
FA 73 
1 F 05 A9 
14 
15 
16 
17 
34 
35 
36 
37 
94 
95 
96 
97 
00 
F5 03 
98 07 
04 33 
CC 04 F8 
lB lB 
F5 02 
98 07 
04 32 
CC 04 F8 
lB 10 
F5 01 
98 07 
04 31 
CC 04 F8 
lB 05 
04 30 
CC 04 F8 
1 F 05 E4 
CO 
07 01 
3F 03 5D 
OC 04 F8 
3F 02 B4 
3F 00 8A 
1 F 04 03 
OE 04 FC 
00 84 FD 
3F 02 69 
07 01 
3F 03 5D 
00 04 FE 
85 01 
CD 04 FE 
FA 6B 
OF 04 FA 
3F 03 50 

OE 04 FB 
OD 04 F9 
00 25 9B 
3F 02 B4 
FA 78 
07 01 
17 

Operator 

LODI 
LODA 
COMZ 
BCFR 
LODI 
STRA 
BDRR 
BCTA 
RTCI 
RTCI 
RTCI 
RTCI 
RTEI 
RTEI 
RTEI 
RTEI 
DARI 
DARI 
DARI 
DARI 
LODZ 
TMII 
BCFR 
LODI 
STRA 
BCTR 
TMII 
BCFR 
LODI 
STRA 
BCTR 
TMII 
BCFR 
LODI 
STRA 
BCTR 
LODI 
STRA · 
BCTA 
NOP 
LODI 
BSTA 
LODA 
BSTA 
BSTA 
BCTA 
LODA 
LODA 
BSTA 
LODI 
BSTA 
LODA 
ADDI 
STRA 
BDRR 
LODA 
BSTA 

LODA 
LODA 
LODA 
BSTA 
BDRR 
LODI 
RTCI 

Operand 

2 
2 
1 
o 
o 
o 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
2 
3 
o 
1 
o 
o 
o 
3 
1 
o 
o 
o 
3 
1 
o 
o 
o 
3 
o 
o 
3 

3 
3 
o 
3 
3 
3 
2 
1 
3 
3 
3 
1 
1 
1 
2 
3 
3 

2 
1 
1 
3 
2 
3 
3 



Listing 7 continued: 
0613 -5A -49 -52 -41 -4C - 4F -44 

0623 -41 -44 -44 -53 -55 -42 -53 

0633 - 53 -54 -42 -52 -4E - 42 -53 

0643 - 52 -42 -44 - 52 -00 -00 -00 

0653 -52 -52 - 52 -52 -44 -45 -52 

0663 -41 -52 -57 -52 -43 -00 -00 

0673 -44 -54 -4D - 49 -00 -00 -55 

0683 -50 -50 - 55 -50 -50 -4C -54 

0693 -50 -55 -4C -50 -4C - 4E -4F 

In any command dealing with registers, 
the R/V column represents the register 
number. In all other cases the R/ V co lumn 
represents the V (value or condition) field. 

Th e total memory used in this listing is 
from hexadecimal 0440 to 069A. Areas 
04EB to 04F2 and 04F3 to 04F6 are used as 
tables of unique codes. 04F7 to 04FF is a 
scratch pad storage area (eg: STOP, START 
addresses). Th e area from hexadecimal 059C 
to 05A7 contains a table of op codes that 
are one byte long but which have a format 
of two bytes. Hexadecimal 0613 to 069A is 
used for storage of ASCII characters which 
are used for mnemonics. 

Storage Area Definitions 

04F7 = Address mode OO=Z, 01 =1, 02=R, 
03=A 

-45 -4F -52 -41 -4E -44 - 49 -4F 

-54 -52 -43 -4 F -4D -42 - 43 -54 

-4E - 42 - 43 -46 - 42 -53 -46 -42 

-52 - 54 - 43 -52 -44 -43 -52 -54 

-44 -44 -00 - 00 -00 -00 - 00 -00 

-00 -52 -52 - 4C -57 -52 -45 -57 

-53 -50 -4C -43 -50 -55 -43 -50 

-50 -55 - 54 - 50 -4C -48 -4C -54 

-50 -OE -OE - OC -8E -OC -88 - 48 

04F8 = R/V of op code 
04F9 = Indexing for mnemonics print 
04FA= Number of spaces between data and 

mnemonic 
04FB = Number of letters in mnemonic 
04FC = Number of bytes in command 
04FD= High order start address 
04FE = Low order start address 
04FF = Stop address 

This is not a refined program by any 
means : with some work it could reside in 
less memory and perhaps be more efficient. 
Its only intent is to be a development tool, 
and it does this well. It has helped make 
software development for our controller 
more like higher level language 
programming .• 

- 52 

-42 

-49 

-45 

-44 

-52 

- 4C 

-4C 

-2D 

RAM CHIPS Computer Lab of New Jersey 

4044 TYPE 

4K by 1-18-pin - 5V, 5% supply 

These are the same factory prime chips used in our 
premium quality RAM boards. May be 4044, 4041 , 
5257, 6641 , or 9044, depending on manufacturer. All 
have 4044 pinout and timing specs. All guaranteed 30 
days. 

1-31 chips 
32-63 
64-99 
100-499 

250 nsec. 

$7.50 
6.50 
5.75 
5.50 

450 nsec, 

$6.50 
5.50 
4.75 
4.50 

Circle Inquiry number for free news/eNer. 

~Ssottls Computsr Products, Inc. 
~ 1114 Industry Drive, Seattle, WA. 98188 

(206) 575-1830 

Circle 330 on inquiry card. 

Computer Lab sells the best 8-100 Bus products at the best 
possible prices. Not only are our prices great, so is our deliv­
ery. We offer a 10% discount on most major lines, plus a 5% 
additional discount for a cash purchase. 

OUR 
LIST CASH 

PRICE PRICE 

SSM 1/0-4 Kit $149.95 $128.20 

Integral Data Systems IP-22S Printer $949.00 $811 .39 
P1210 Option - add $ 33.34 
Graphic Option - add $127.39 

Vector Graphic 8K Ram $245.00 $209.47 

Thinker Toys Speakeasy I/O Kit $130.00 $111 .15 

Subject to available quantities. Prices quoted include cash discount. 
Shipping and Insurance extra 

Call for our prices on: 
Cromemco, Godbout, IMSAI , IMC, Meca, Micropolis, Problem 

Solver, SSM, Sorcerer, Vector Graphic 

Computer Lab of New Jersey 
141 Route 46 • Budd Lake, N.J. 07828 

Phone: (201) 691-1984 

HOURS: Monday & Friday: 12 to 6, Tuesday-Thursday: 12 to 9 
Saturday: 10 to 5 

Call or write for our free catalog & price list 
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Aids for Hand Assembling Programs 

BRAVEC 

The program takes a 16 bit number ORigin and adds two to it. The new number 
then is subtracted from another 16 bit number, DEstination . The difference, which 
may be positive or negative, in two's complement, is stored in POINTL. The difference 
is also examined to determine if it is larger than +127 (if positive) or smaller than -127 
(if negative). If this is the case, FF is loaded into POINTH; otherwise 00 is loaded. 
POINTH and POINTL are then displayed by transferring control to the (KIM) opera­
ting system. 

Listing 7,' Program descrip­
tion for BRA VEC, This 
description should be the 
first step taken when writ­
ing a program. 
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Erich A Pfeiffer PhD 
Wells Fargo Alarm Services 
Engineering Center 
1533 26th St 
Santa Monica CA 90404 

Resident assembler programs and inter­
preters for high leyel languages are ayail­
able increas ingly for microcomputer 
systems based on the more popul ar micro­
processors. Nevertheless, many operators 
of small microcomputer systems are unable 
to use such programs because their systems 
are not large enough to support them. 
Unless they are lucky enough to have 
access to a timesharing service or to some 
larger computer which supports a cross 
assembler, their only way of developing 
a usable object program is to assemble it 
by hand. 

While the mere idea of such an endeavor 
might horrify any programmer who is 
used to working with large machines, the 
hand assembly of shorter programs for 
8 bit microprocessors actually is not very 
difficult. It has been my experience th at 
the assembly of programs can be greatly 
simplified and the likelihood of errors can 
be reduced by using some simp le aids in 
the assembly process. 

One of these aids is in the form of hard­
ware and consists of a special program 
assemb ly form. The software aids are several 
short utility routines which run even on the 
smallest microcomputer systems. Develop-

ment of the assemb ly method described in 
this article is based on experience gained 
from working with programmable calcu­
lators of the keyboard language type. 
Matt Biever of the Pro-Log Corporation 
has long been advocating some of the tech­
niques that I am using. The article's as­
sembly method is used for program develop­
ment for a KIM-1 microcomputer. It can be 
adapted easily for other microcomputer 
systems as long as they use an 8 bit pro­
cessor. The assembly method will be demon­
strated with a sample program . 

Before writing a program, it is a good 
idea to put down in writing what the pro­
gram is supposed to do . Such a program 
description, as shown in listing 1, might 
state any limitations on the magnitude of 
variab les used or might indicate what 
happens if these limitations are exceeded. 

The next step is to develop a concept of 
the program in the form of a flowchart 
as in figure 1. While the symbol s used in 
such charts are standardized, the chart's 
degree of detail is a matter of personal 
preference. From program descriptions and 
flowch arts, one can determine how many 
memory locations or registers will be nec­
essary to store data and temporary results. 
These locations should be written in the 
program register table as shown in tab le 1. 
This tab le also contains the addresses of sub­
routines or registers of the monitoring 
system that are called by the program, or 
of PIA registers that will be addressed . 
The tab le is similar to the symbol table 
printed by the computer during the machine 
assembly of a program. 



After a program description is developed 
the actual writing of the program can begin. 
The programmer, who writes a symbolic 
listing for machine assembly, arranges a 
program in the form of lines. Each line is 
successively numbered, contains one 
mnemonic for an operation (unless it is an 
"all comment" line) and later will be punched 
into one punch card for computer entry. 
Because the operation described by the 
mnemonic can have a length of one, two or 
three bytes, each line eventually results in 

Figure 1,' Flowchart of the program de" 
scribed in listing 1. The circled numbers 
refer to the comment numbers in listing 2. 

YES 

YES 

one, two or three machine instructions. 
Therefore, there exists no simple relation 
between the line number and the address 
at which the machine code is stored in the 
computer memory. For the hand assembly 
of programs, it is advantageous to use a 
different format for the program listing in 
which there is a one to one relationship 
between program line and memory location. 
The writing of the symbolic program and the 
assembly into machine code is greatly simpli­
fied by the use of a special program assembly 

Use label location 

ORigin ORlO 0000 
ORHI 01 

DEstination DElO 
DE HI 

"open cell" POINTl 
POINTH 

Transfer to START 
KIM monitor 

02 
03 

FA 
FB 

1C4F 

from listing of 
KIM monitor 

from listing of 
KIM monitor 

Table 1,' Program re­
gister table for program 
BRA VEC, This table con­
tains all descriptions of 
all memory locations used 
by the program. 

Build The Worlds Most 
Powerful 8-Bit Computer 
Featuring The Famous /nte/BOBS! 

Explorer/85™ 
Starting for just $129.95 you can now build 
yourself a sophisticated, state·of-the·art 
computer that can be expanded to a level 
suitable for industrial, business and 
commercial use. You learn as you go .. . in 
small , easy·to·understand, inexpensive levels! 

• Fealures InlelBOB5 cpul100% compalib/e wllh 
BOBOA soflware! 

• Onboard 5·100 bus (up 106 s/OIS)! 
• Onboard RAM and ROM expansion! 
• Buill· in deluxe 2K MonllorlOperallng ROM I 
• CassellelR5 232 Dr 20 maJ4·1I2 B·bll parallel 

I/O and limer all on beginner's Level "A" syslem! 

As leatu red in 
POPULAR ELECTRONICS 
EXPLO RE R/85 shown With Video Monitor aM Ke\'OOJT(l I'JICleo 1 er r.llnal 

CHOICE OF HEX KEYPAD OR TERMINAL INPUT 
II you plan 10 customize EXPLORER lor del1icareo use. we recommend [hat you oroer 
hex keypaa mpu l. But . It you are plannmg 10 go whole hog and blOW EXPLORER up 
into a lull SIZe . slate·ol-the'an system With 8K or extended baSIC (coming soon ). up 
to 64K 01 memory. floppy disks. telephOne mlerface . pnmers . aM all sons 01 S' IOO 
plug·ms-you·lIbe beller all WI th Ihe Keyboard/ Video termInal mput Ihe SI~9 . 9~ 
EXPLORER Keyboard/Video Terminal mcludes lull ASCII derodlng .~ l l h 128 ASCII 
upper/lower case set. 96 prlnlable Characters . onboard regulators anc! selfc table 
display lormals-32xl6 lor Iv set or 64:.:\6 lor Video monlior (not InctudeO) 

EXPAND EXPLORER, LEVEL·BY·LEVEL 
level " 8". al $49.95. adds 5,100 signals plus anboald RIIM / ROM aecodlng 
Includes all parts necessary 10 generale the signa ls 101 S- IOU fJu 'i accesso'les Just 
add two 5-100 bus connec tors and you have a complete 5-100 cornpatltlle computer 
with a world 01 add-ons al your ling2rtlPS Choose lrom hundredS ot Plod uCI S 10 

EXPLORER /85 gives you " I:Hg compule( ' fealures Immediately, wllhout turning you satiSfy your IndIVidual needs Level " B- kll also mcludes Ihe address decoders lor 
mlo an appliance operator . doomed to run pre-developed soltware lor hfe . Simply onboard RAM and ROM expansion _ whiCh are aadressable anywhere In the 65K fIeld 
COnnect EXPLORER 10 a lermmal . VIdeo monitor or Iv sel and 8 volt power supply and level " C" eJlplnsion , al S39.95 expaMs the 5 -100 bus [0 allow a [o[al 01 ~IX 
slart runmng programs. Ihe very hrst nlghl l Level " A" teaches you machme 5-100 cards 10 be plugged 1010 EXPLORER 's motnerboard ana coniamed In 
language and computer lundamentals It leIS you fIIn exerCise programs mcluding EXPLORER 's sleel cabmel Includes all hardware. mounlmg blackelS. board gUIdes . 
programs to examme Ihe cpu reglslers _ examme memory. lin memory. move memory elc Jusl add Ihe number 01 5-100 busconneclOIS you need 
and make UP games You can load and play back lhese programs on an ordlOary lape level " 0 " expansion . al 569 95. gIves you 4K 01 onboard slallc RAM UllllllOg 
casselle-and dISPlay your eltons on any 1'1 stleen Video monitor or prmter (S89) 21141C ' s Your board WIlt also accepl lour 2716 EPROM S. which can be purcnased 
Rf modulalor reqUIred lor Iv use, The Slmplilled archlteclure 01 the Inlel 808) separalely YOu now have an advanced malnlrame that can be cuslornl/eo Wllh Ihe 
makes EXPLORER lar eaSier 10 undersland [han com pulers uSlOg the older more pellpherals 01 your chOice to III any (or all ) specll lC reqUlremell!S Each level 01 
comple)( nu! less powerlul 8080A Then when you re ready EXPLORER can be EXPLORE R IS sepa ra tely regulated tor the uil ima te m stability Fa ctOfY setv ce IS 
expanded - by YOU-I a IIval Ihe power 01 any 8 bll computer on earth Or you ca n ava ilab le l rom Nel ronlcs Order your EXPLORER today! 
CUSlomllelltoperlormadedlctl ledtask . lhanksloonboard r - - - - - ORDERFROMTHISCOUPONTOOAY!- - - - --, 

~~~~t'~~'~~~~~~;I~MA~~~~';n capab,'"",, I Netronics R&D Ltd .. Dept BY· 5, 333 Litchlield Road , New Milford , CT 06676 t 

~~;~OcRpEuR ' ~~~~~1 ;~\~~s\~~~~a:~~~s J~~ ~~V:on~e~r~~I:~ I 0 ~~~~: ~rA~ E:L~~:::d8~n~~\:.s~~~~.9~ ~~~~ 0 ~5~u;~ P~t:~3 p~hblOel 1m EXPLORE H/85 . I 

~e:I~~r" Y~~"1I tg.~~ve~~~~~;~I~y 7~~ht08n08'~~lgS~~;~~er' - I 0 :~!!\uPp!y kil. 5 amp. :!: 8 volt. 534 9~ 0 ~~~~~ $~~e~5c~I~I~~t2 1~~ ~~Yh~oard / vldeo Ter- I 

~~~;I~~9In~~uS~:,:n w8h1;~ ~~~ l":vl~h gr~g~:~~~b~eon~~~~ I 0 i~~~ ~;::~~er ' s Manual . S7 .50 ppd ~ ~~I~~l~II~I:~dk;~o~~n 9;e~P~drt lax) $ I 
~;I~"~C~~O~~lnfr~~a~II~~~~t~yPt~~lio~UIII!~~h~~s~~~~elt~!e ;II~~~ I 0 ASCI~3KeXboardlV ldeo iermlnal kit 5149.9S 0 VISA 0 Master Charge Exp. Date 
and commands whIch Include . 'dlsplay conlenlS 01 plus p h_ . Accounl ' _ _ __ __ . 
memory." " run al user local Ion (go 10)." " insert data:' I 0 Hex Keypad kit lor hex Ver Sh}n. S69 95 plus PHONE ORDERS CALL (203) 354 . 9375 
" move cOnlents 01 memory .. " examine registers Indlvld- 52 p&h . 

~~:~ a~/~~;I'a~III~)~oa~~:;~I~lga~l~ ~~~eC~e~~~~I~n~lp~~~a%~ I 0 ~~v~:~~~ · ~~lcigO{~n~~~~?s~~\~::.~~ ~~~sOd:; ~~~e _____ _ 
mabie characters per hne display oU lput !olmal. and more! I p&h 
An 8155 RAM-I / O chip conlalnS 256 byles 01 RAM . two 0 Level "CO' 5-100 S-Card Expander kll Iless Aadress _____ _ _ 
programmable 8·M bl-dllecllonal and one programmable I conneCIOrS) . S39 95 plus $2 p&h. Ctly _ 

~;~~lryb~~~r~I~I:~~~e:~ouS~~r~~I~lrUuspIP~~~rar~~~b~!1 1~~-eb~~ I g ~~:~IO .~~~. c40;no~~~~~g~~~ ~~1 .8il;c9~ plus 
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Circle 381 on inquiry card. 

$799.00 
All the Features of the 

Hazeltine 1400 & LSI ADM-3A 
Plus 

Upper/ Lower Case 
7 x 10 Char. Matrix 
White or Black Char. 
Transparent Mode 

$1095. 
TELETYPE 
MODEL 43 

Tab Function 
Backspace Key 
Shiftlock Key 
Print Key 
Integrated Numeric 

Pad 

with RS232 KSR . 
10 or 30 CHAR/SEC 

132 COLUMNS 
UPPER/LOWER CASE 

U R-310 
Originate 
Acoustic 

$149.00 Coupler 
Stand Alone 

RS232 
USR-330 
Originate 
Auto-Answer 

324.00 Modem 
FCC Certified for Direct Connection 

to Phone Lines 
USR-320 Auto-Answer 
Only Modem $299.00 

All Units include a 120 day wa rranty. 
Optiona l Maintenance package available. 

Any Product may be returned 
within 10 days for a full refund. 

U.S. ~Ut:SU I I Lio. INC. 
1035 W. LAKE ST. 

CHICAGO, ILL. 60607 

Sales 
General Offices 
Service 

(312) 733-0497 
(312) 733-0498 
(312) 733-0499 
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form. The form I developed for our KI M-l 
system is shown in listing 2. (Similar forms 
are available from the Pro-Log Corporation; 
order Nr CF-l .) Each line of the coding form 
corresponds to one memory location with 
the least significant hexadecimal digit of 
the address preprinted in the ADD column. 
The form can be used with any computer 
system that uses a hexadecimal machine 
code. For octal notation, a different layout 
is advantageous. 

The programmer starts writing a program 
by adding the other digits of the program 
starting address in the ADD and Page 

Listing 2: Program listing of BRA VEe using the author's hand assembly form 
for the KIM-I. This form can be used with any hexadecimal based micro­
processor. 

Program: 13f(IW£c 

Page 10f 2 Date: Programmer: 

Page ADD OPC Lobel M NE Mode Operand N Comment 

00 0 ~ 
I 
2 
3 

4 IB 
5 -4 q 
6 02 
76S 
8 00 
9 qO 
A 02 

COl 

Oll/...O 

01(.11/ 

tJ~LO 
DEIf/ 

o is AJ6LO 
E 00 

A-"C z.. OIGU) 

300 / 

9 0/ ./ 
A 11-5 J,.I>A:z... PlJlNrl 

8 PA 1/ 

o 0'/ 1/ 

VA-BECC PrOQromAssembly Form 

b,4TA 

J 



columns. It should be noted that the Page 
column refers to memory pages while the 
Page-of heading indicates pages of coding 
forms. The program is written by entering 
the mnemon ic of the first instruction into 
the MNE column of line O. Many of the 
instructions of a microprocessor can occur 
in more than one addressing mode. During 
machine assembly, the assembler program 
deducts the addressing mode from the for­
mat of the operand or the definition of a 
sym bol. When hand assembling a program 
it is advantageous to specify the addressing 
mode in the Mode column. Immediate 

Listing 2 continued: 

Program: I5R-AlleC-

Page 2 of 2- Date : Progromm er : 

Page ADD OPC Lobel MNE Mode Operand N 

.2.(} ,It? FLAG- L-IJI! :#= liF? 
IFF ~ 
2 as srA Z Pawnl 
3 F8 

,./ 

~ 

4 qC :5MP Al35 STAN 
5 4F ~ 

-
6 Ie ~ 
7 10 NEIT 13PL- I=tA (J-

8 F7 ~ 
9 Aq our t-DA -:IF 00 
A 00 ~ 
B YS 5TA ~ Po/Mil 
C F8 ~ 
o 4-C ~t41P A85 STAler 

E 1F ~ 
F Ie r----.... 
tJ 
I 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 

VA-BECC ProgromAssembly Form 

Comment 

fJ 

(5) 

@ 

0 

+ 

Circle 366 on inquiry card . 

~ ortunities in 
caree! Opp d computer 
. RobotiCS an 
Vision SystemS 

Immediate Dallas Openings 
Texas Instruments has immediate 
openings for highly motivated, 
talented individuals with interest in 
the areas of robotics and pattern 
recognition. You will be a member of a 
team whose function is to develop 
and apply advanced technologies, 
design and implement working sys­
tems, and develop state-of-the-art 
tools and procedures for a broad range 
of industrial automation applications. 

We have positions for innovative 
individuals with background in: 
Hardware/Software 

Computer Architecture 
Operating Systems 
Systems Programming 
Mini/Micro Assembly Lang~age 

Programming 
Electro Optics/Video Display 

Systems 
Applications 

Robotics 
Computer Vision System 
Computer Speech I/O 
Intelligent Machines 
Servo Systems 

If you have an Associate or higher 
degree, or equivalent experience, and 
are looking for a challenging op­
portunity in any of the above areas, 
send your resume in complete con­
fidence to: Staffing Manager/P. O. Box 
225474, M.S. 217/Dallas, TX 75265. 

TEXAS INSTRUMENTS 
INCORPORATED 

An equal opportunity employer M/F 
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mode addressing is commonly indicated by 
the symbol #. For other addressing modes, 
suitable abbreviations of the column head­
ings in the programmer's reference card 
should be used. For operations which have 
only one addressing mode, the Mode column 
is left empty . The addressing mode deter­
mines how many address bytes will have to 
follow the op code byte. After filling in the 
Mode column, the programmer should cross 
out the appropriate number of lines in the 
MNE column. This reserves the correspond­
ing memory locations for the address or 
operand part of the instruction. 

The Label column will carry an entry for 
two conditions only: 

• If the line contains the start of a 
subroutine. 

• If the line is the destination of a 
conditional or unconditional jump or 
branch instruction . 

While assembly programs sometimes put 
certain limitations on the choice of labels, 
any suitable word or letter and number 
combination can be used as a label for hand 
assembly . However, it makes sense to pick 
a word or abbreviation that indicates what 

Get your PC masters 
in as little as 2 weeks 

At Echo Design your circuit drawings can be con­
verted into finished artwork masters in only 2 to 6 
weeks, depending on complexity. 

We do board layouts for many of the biggest names 
in the business. 

And we have broad capability. Such as computer 
boards having 450 ICs. 

Choose any or all these services: 

• Layout (to digitizing • 
standards if desired) • 

• Tape-up (artwork) • 
• Fab drawing • 

Assembly drawing 
Schematic drawing 
Bill of material 
Printed board 

Place a call now to John Offenbacker or Al Chew 
and get your new board moving at competitive prices. 

FREE 
Ask for 
a copy 

Basic 
Guidelines 

for 
Printed 
Circuit 

Partitioning 

Q>2 echo 
DESIGN AND 
DEVELOPMENT 
CORPORATION 

195 EAST GISH ROAD. SAN JOSE, CA 95112 

408-292-0918 

We also provide contract technical personnel world wide 
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the subroutine or branch destination is 
doing in the program, (ie: "WAITLOOP," 
"COUNT," or simply "LOOP 7") . 

The next column to fill in is the one with 
the heading Operand. When writing pro­
grams for machine assembly, the program­
mer enters a symbolic label in this field and 
leaves it up to the assembly program to 
figure out what to do with it. When writing 
for hand assembly, the programmer can 
make the task easier by being a bit more 
specific. The operand can be one of the 
following things: 

1. I n the immediate addressing mode, it 
is simply the number that is to be entered 
by the operation. Rather than give this 
number a symbolic name which is defined 
somewhere in a symbol table, it is much 
easier to enter it directly in the Operand 
column. One has to be careful to remember 
which number system is being used. A num­
ber without a prefix indicates decimal 
notation. The prefix % indicates binary 
notation. A bit mask for bit 2 and 0, for 
example, would have the operand % 0000 
0101 . If the number is in hexadecimal 
form, the prefix $ would norm ally be 
used, but in this case it is much simpler to 

enter the hexadecimal number directly 
in the OPC column of the following 
line. 

2. With a jump or branch instruc­
tion, the operand. sym bol indicates the 
destination of the operation. The oper­
and of such an operation must have a 
counterpart in the label column some­
where in the program. The only ex­
ception is when the program calls sub­
routines that are stored in read only 
memory (as I do frequently with sub­
routines of the KIM monitoring sys­
tem). In this case, the operand symbol 
has to have a counterpart in the stored 
program. 

3. With any other memory refer­
enced instruction, the operand must 
symbolize a memory location. I have 
found it useful to think of these loca­
tions as registers even though, unli ke 
the registers of the processor, they are 
physically located somewhere in mem­
ory. As a matter of fact, their loca­
tion, if possible, is in page zero of the 
memory to take advantage of the 
shorter addressing mode. For reg­
isters used in stock subroutines, I 
have assigned locations which begin 
at the upper end of page zero and 
work their way downward. They are 
listed in a master register I ist and 
care has been taken that su broutines 
that are likely to be used in the 



same program do not occupy the same 
register addresses. The symbolic names for 
registers that will be used in the main pro­
gram are noted in a program register table 
(table 1) with the addresses to be assigned 
later. The symbols again should be words or 
abbreviations which indicate the meaning 
of the data contained in the register, such as 
ST ARLO to mean starting address, low 
order byte. 

The column N of the program assembly 
form can be used to indicate the number of 
cycles it takes to execute the instruction. 
This is necessary, for example, to determine 
the time of timing loops. In most cases, 
however, this column will be left empty. 

Finally, the Comment column shQuld 
be used to explain the function of the opera­
tion listed in the current line and sometimes 
some following lines. While this information 
may not be needed by the programmer, it 
is tremendous help for any other person 
trying to understand what the program is 
doing. If the program has been flowcharted 
first, which is highly recommended for all 
but the shortest programs, the comment 
can simply be a number wh ich refers to an 
equally numbered symbol on the flowchart. 

In this way the programmer works 
down the lines of the program assem­
bly form. Every time a 0 is encount­
ered in the ADD column, (s) he adds 
the most significant bit. If that addi­
tion makes the ADD column is also 
advanced. Eventually the program will 
be completed and the hand assembly 
can begin. Like the computer, I do 
this in a number of passes. 

The first pass is the easiest one. 
Using a listing of the instruction set, or 
the programmer reference chart, the 
mnemonic and the entry in the Mode 
column is used to look up the op code 
of the instruction, which is entered in­
to the OPC column of the line. A fre­
quent error during this operation is to 
mistake an 8 for a B or vice versa, and 
I double check op codes with these 
sumbols. The programmer's reference 
cards supplied by the manufacturers, 
although they fit nicely into a shirt 
pocket, were apparently not intended 
fo r use by programmers over 40 years 
of age. The listing of the instruction 
set in the data sheets or system man­
uals is usually printed in a more reason­
able letter size. 

The second step is to assign absolute 
addresses to the symbols ofthe program 
register I ist. First, all registers and their 
addresses used in stock subroutines to 
be called by the program are transferred 

from the master register list to the program 
register list. Then absolute addresses are 
assigned to all other registers listed, making 
sure that no duplication occurs. Registers 
wh ich contain the low and high order bytes 
of numbers, or registers which contain 
successive bytes if mUltiple precision opera­
tions are used, have to be arranged in such a 
way that their absolute addresses are ad­
jacent in increasing order (ST ARLO = B3, 
STARHI = B4). 

With the completed program register 
list one can go over the program again. 
F or each memory referenced instruction 
other than branch and jump instructions, the 
program register list will contain an absolute 
address tor the symbol in the operand 
column. This hexadecimal number is now 
entered into the OPC column of the follow­
ing line. For registers located outside of page 
zero (such as the registers in PI As) the 
address will be entered in two lines and care 
has to be taken to enter the low order byte 
first, followed by the high order byte. 
During this pass I also check all lines with a 
# in the Mode column and, if necessary, 
convert the binary or decimal operand into 
hexadecimal notation which is entered in 
the OPC column of the following line. 
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With this step completed, the ope column 
should show a hexadecimal number in most 
lines. The next step is to pass over the 
program listing another time. 

Any line with an open ope column 
where the mnemonic indicates a branch 
instruction will require that the branch 
vector for the relative addressing mode be 
calculated. For short forward branches 
th is poses no problem because the offset 
can easily be counted off (beginning at the 
second line following the one which contains 
the branch instruction, and continuing to 
the line which has the corresponding sympol 
in the label column). For longer branches and 
especially backwards branches, if memory 
pages are crossed it is very easy to make a 
mistake and miss by one count in either 
direction. I have found it advantageous to let 
the microcomputer perform this operation 
because, after all, it is much better in hexa­
decimal calculations than any programmer. 

The example program BRA VEe receives 
the origin and destination of a branch and 
calculates the branch vector in two's comple­
ment notation. A flag is set if the relative 
addressing range is exceeded. The program 
is loaded from cassette tape beginning at 
memory location 0000. Loading begins 
here because this locat ion in the KIM-1 
system can be addressed easily by pressing 
the space bar of the connected term inal. 
The first four locations are actually data 
registers into which the low and high order 
bytes of origin and destination of the branch 
are entered. 

When the program is executed beginning 
at location 0004, it displays or prints the 
branch vector in two's complement as the 
low order byte of the address field. The 
high order byte of this field normally 
shows 00, while FF indicates that the reach 
of the relative addressing mode has been 
exceeded. 

While the program, as listed, is written 
for the 6502 microprocessor, only instruc­
tions that have an equivalent in the instruc­
tion set for the 6800 were used. The pro­
gram, therefore, can be converted easily. 
However, the registers POINTHI and 
POI NTLO, wh ich are displayed as an address 
in the LED display of the KIM-1 micro­
computer, are specific for this system. 
For other computers the user will have to 
find another way of displaying the result of 
the calculation. 

After all branch vectors have been calcu­
lated in this fashion ;tnd entered in the 
appropriate lines, the only open spaces in 
the ope column should be the address parts 

of jump instructions. For jumps within the 
main program, it is easy to find the line 
with a matching entry in the label column 
and to enter the address of this line into the 
ope columns of the lines following the one 
containing the jump instruction. For sub­
routines called from read only memory, 
the address has to be looked up in the 
subroutine listing. 

Stock subroutines which have been 
written on some other occasion and which 
can be loaded from magnetic or paper tape 
frequently can be used. Normally such sub­
routines will be tacked on after the last 
memory location occupied by the main 
program. The KIM-1 system has a relocating 
loading routine for loading from magnetic 
tape. If this feature is not available, some 
area in the memory should be set aside into 
which the subroutines are loaded. A move 
program then can be executed to pull up 
the subroutine. For the 6502 processor I 
use a program called MOVBLO which re­
quires only 14 program steps due to one 
very convenient addressing mode of this 
processor. 

Unless one is very pressed for memory 
space, it is a good idea to have all subrou­
tines start in lines with a 0 as the least signi­
ficant digit because it is easier to keep track 
of the starting address after relocation. In 
order to be relocatable, a subroutine may 
not contain any absolute jump instructions 
and only relative addressing within the sub­
routine is permitted . 

After the last addresses for the stock 
subroutines have been entered in the pro­
gram assembly form, the hand assembly is 
completed. I have never clocked the opera­
tion, but by following the methods de­
scribed, it goes much faster than one would 
expect. With all op codes being listed in a 
single column it is much easier to enter them 
into the machine, either from a hexadeci mal 
keyboard or from the keyboard of a ter­
minal. This is another occasion in which 
operator errors can easily occur and I 
proofread all programs after entry. This 
operation is again greatly simpl ified by the 
use of the assembly form wh ich shows 
address and op code in adjacent columns. 

The assembly method and the assembly 
aids described have been in use for several 
months and have been found to greatly 
reduce the likelihood of assembly errors. 
Unfortunately, this method does not protect 
from programming errors and the debugging 
of the program still is a time consuming 
but necessary step to follow the assembly of 
a program.-
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AT LAST! 
The High Density Color Graphics 

You've Been Waiting For! 

• Plugs directly into your S-1 00 bus 

• Eight different colors 

• Eleven software selectable modes 

• Display densities ranging from 64X32 to 256X192 Blocks 

• 6K bytes of on board screen refresh memory 

• Bank select 

• Board protect 

• Composite video 

• Software graphics driver routines for the 8080/ Z80 

Introductory Offer: 

BCG-800K (Kit) $285. 00 

BCG-800A (Assembled) . . ...... .... ... ....... $385.00 

BCG-800B (Bare board w / S68047) ..... . . . . . . $ 45.00 

VISA & MASTER CHARGE. Calif. Res. Add 6% Sales Tax 

Call or Write for Details: 

Biotech Electron ics 
P.O. Box 485 
Ben Lomond, CA 95005 
(408) 338-2686 
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PI _™ NEW! for the _ 
HIGH RESOLUTION GRAPHICS! 

Now there is a complete Software Package and a simple, low cost Logic Circuit that 
gives the PET 2001 HIGH RESOLUTION GRAPHICS. It can plot 3-D images, pict­
ures, fancy graphs, maps-almost anything! Paints are plotted on a high resolution 
matrix of 23Sh.x 191v. Graphic displays can be stored on tape cassettes. 

Do it yourself with the Graphics Hardware Manual from Conley Graphics. Complete 
hardware information , diagrams, and easy to understand explanations allow you to 
build your own Logic Circuit for the affordable price of ONLY $15. Parts are readily 
available from popular electronics stores. Now, high resolution graphics opens up 
a world of new uses for the PET! 

Complete Software Package and Graphics Hardware Manual ..... ... ....... $19.95 

MailOrderTo: CONLEY GRAPHICS 
211 Purdue Avenue, Kensington, CA. 94708 

Calif. residents add 6% Sales Tax PET is a trademark of Commodore Business Mach. 
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• ~" Spring into Bits' 
.. :~.:~~rdenof New Delights! 
~~~ . .f11 

THE ART OF PROBLEM SOLVING, ACKOFF'S FABLES 
by Russell L. Ackoff 

o Most of us, in our rush to apply the computer In trying to solve our real world pro­
blems, jump to find the right language or the proper algorithm . Perhaps a prepara­
tory step could help us toward realizing the most direct, creative, and efficient solu­
tion . Ackoff's book is a lesson in creative problem solving (Part One) with examples 
in the application of this art (Part Two). It is an enlightening book. 214 pp . $13.95 
Hardcover. 

Z-80 INSTRUCTION HANDBOOK 
by Nat Wadsworth 

o Moving over to a more powerful pro­
cessor? Learn the full capabilities of the 
Z-80 instruction set quickly with this 
new Scelbi publication. It is a practical 
reference, using the original Zilog 
mnemonics, and is meant to serve as a 
guide for the novice, intermediate, or 
experienced programmer. 117 pp. $4.95 

THE ANATOMY OF A COMPILER 
(Second Edition) 

by John A . N. Lee 
o This new edition reviews all areas of 
computer language translation and goes 
on to cover the syntex of complex lan­
guages and their compilation . The text 
is designed to educate the users of high 
level languages to a position where they 
can understand, diagnose or implement 
a compiler . Lee accomplishes this end 
with a lively and graphic style. 470 pp. 
$19.95. 

BASIC WITH STYLE: 
PROGRAMMING PROVERBS 

by Henry Ledgard 

BASIC MICROPROCESSORS AND THE 6800 
by Ron Bishop 

o This book is for people who would like to know 
more about microcomputers, and who do not have 
a technical background . Building on a foundation 
of basics, Ron Bishop explains the essential micro­
computer parts and programming concepts . The 
text centers around the Motorola M6800 processor 
and explores in detail its instruction set , address­
ing modes and use. A very comprehensive intro­
duction. 262pp. $11.95. 

t·~ II ·1 ~mmable 
~ calcul~". __ 

,~~ 

9900 FAMILY SYSTEMS DESIGN AND DATA BOOK 
by Texas Instruments 

o This is a comprehensive design manual/data book for Texas In­
struments' family of 16-bit microprocessor products. Nine chapters 
cover basic decisions in system design , hardware design , software 
design , the 9900 instruction set, program development , and appli­
cation examples. Here is a complete information package (1000 + 
pages) on TI 's powerful new processor. $9 .95. 

SOURCE BOOK FOR PROGRAMMABLE CALCULATORS 
by Texas Instruments 

o Programmers can and should write 
programs that work the first time. Th is 
statement may sound Idealistic to those 
accustomed to long hours of debugging. 
Yet it is the theme of this book. It con­
tains a unique collection of "proverbs" 
or rules and guidelines for writing more 
accurate error-free programs. Newly re­
written , the book now emphasizes 
structural programming and all ex­

--~IIW------.J..--.... amples are in BASIC. 134 pp. $5.95. 

o TI has put together over 60 example problems for solution on 
their TI58 an9 TI59 programmable calculators . Each example con­
tains a description of the problem , the calculator program, guides 
for using the program, example solutions and references for further 
investigation . The problems cover topics in: number theory , algebra 
and trig, calculus, statistics, business ,economics. biology , engine­
ering, and phys ics. 416 pp . $16.50. 
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CONTENT ADDRESSABLE PARALLEL PROCESSORS 
by Caxton C. Foster 

o Content addressable memory arrays and parallel processing of all memory ele­
ments simultaneously are techniques which offer the advantages of speed and ease 
of programming as the cost of logic and memory elements continues to decrease . 
This book by Caxton C. Foster covers the theory, structure , and capabil ities of 
CAPP machines ; the known algorithms for parallel processing ; applications of 
CAPP's; a survey of papers on distributed parallel processing ; and descriptions of 
real CAPP machines. It is a comprehensive text, and a good introduction to the sub-

-__ """"'_~- ject. 233 pp . $13.95. 

, 



~------------------------------------------------------------

THE INCREDIBLE SECRET MONEY MACHINE 
by Don Lancaster 

o This book tells you how to set up your own Incredible Money Ma­
chine - computer , technical , craft or other small-scale business 
and keep it going strong . The author explodes a lot of myths and 
packs a goldmine of irreverent information into 160 lighthearted 
pages . He shows you how to reduce your taxes as much as you want , 
how to get free insurance and vacations , and the~ltimate solution to 
financing . Lancaster has been successfully running his own money 
machine for years , and now he 's sharing what he knows . 159 pp . 
$5 .95 . 

CONSUMER 'S GUIDE TO PERSONAL COMPUTING 
AND MICROCOMPUTING 

by Stephen Freiberger and Paul Chew 
o Getting into personal computing can be confusing when one is 
confronted with the multitude of microcomputers , languages and 
peripherals available today . This current guide l ives up to its name 
and provides an introduction to microcomputers, reviewing over 60 
microcomputer prod ucts. Let Consumer's Guide to Personal Com­
puting and Microcomputing aid you in selecting your computer. 164 
pp . $7 .95 . 

THE LITTLE BOOK OF BASIC STYLE 
by John Nevison 

o Structure , style, correctness , maintainability . Attributes of gooo 
programming are getting much attention, and well they should . 
Here these concepts are explained, along with 19 rules and many 
examples in BASIC to help improve your programming style. 151 
pp . $9.95 . 

COMPUTER CRIME 
by August Bequai 

D in 1976100,000 cases of computer crimes were filed in our federal 
courts , and it is estimated the computer felon steals more than $100 
million annually from our citizenry . In this highly readable and fully 
referenced work Professor Bequai , a practicing attorney specializ­
ing in legal aspects of technology , addresses the history and present 
dilemma posed by this new breed of criminal. 210 pp. $15 .00. 
Hardcover . 

PROGRAMMING THE 6502 
by Rodnay Zaks 

o Here is the 6502 microprocessor from top to bottom . This book is 
a systematic course in 6502 assembly language programming , in­
cluding exerc ises and application examples . Solid for you Kim and 
Apple users! 304 pp . $10.95 

A FORTRAN COLORING BOOK 
by Dr. Roger E. Kaufman 

o Who says learning Fortran can 't be fun? Here you ' ll find every­
thing you need to know about programming in Fortran , in a very 
clever instructional style. Learn Fortran programming painlessly . 
285 pp . $6.95 

THE PSYCHOLOGY OF COMPUTER VISION 
by Patrick Henry Winston, Editor 

THE BASIC WORKBOOK - CREATIVE 
TECHNIQUES FOR BEGINNERS 

by Kenneth Schoman, Jr. 
o This book contains lecture notes, exercises and problems for 
people learning BASIC. In a hands-on workbook style, Kenneth 
Schoman covers statements , loops , functions , variables, input/out­
put and strings, simulation and plotting . Runnable in virtually any 
version of BASIC. 117 pp . $5.50. 

STAR SHIP SIMULATION 
by Roger Garrett 

o Star Ship Simulation is a design for a program to simulate the op­
erations of the starship Enterprise, as defined on the original TV 
program, on a computer . The program is presented in a general 
structured form with information to aid the user in implementing it 
for a particular hardware/software set-up . 122 pp . $6 .95 

LEARN MICROCOMPUTERS 
by Scelbi Computer Consulting Inc. 

o This two-part information packet contains Understanding Micro­
computers and Small Computer Systems by Nat Wadsworth. It ex­
plains the basic operation of a microcomputer; instructions , input 
and output devices, and system considerations. Also included is an 
audio cassette tape which contains a chapter-by-chapter talking syn­
ops is referenced to the book. 300 pp. (plus audio cassette) $14.95. 

BITS inc 
Books to erose the impossible 
POB 428, 25 Aoute 101, Peterborough, NH 03458 

NAME 

ADDRESS 

CITY STATE ZIP 

Number of Books $ 

$.75 per item USA 
Postage & Handling $1 .00 per item Foreign $ 

(to a maximum of $3 .00) Grand Total $ 

o Credit Card # 

Expires o Check enclosed 

SIGNATURE 

V/S4' I. DIAL YOUR BANK CARD ORDERS . ' 
_~, I I ON OUR TOLL-FREE HOT LINE: 1-800-258-5477 , 

(In New Hampshire call 924-3355) 

Prices subject to change without notice 

o This book is a collection of major works in computer vision re­
search : image conversion , noise reduction , deter mination of curved 
surfaces , scene analysis, and visual analysis. Here under one cover 

I( is today 's scientific basis for tomorrow 's seeing robots . 282 pp . $22. ( 
Ha~oov~. ( 

I ( 
~------------------------------------------------------------
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Sophisticated 
Personal 
Software $5 
TEN PROGRAMS 

• Finance Manager 

• Checkbook Balancer 

• Personal Budget 

• SENET Game 

• Blackjack Game 

• TIC-TAC-TOE 

• Destroyer 

• X-V Plot 
• Fourier Analysis 
• Multi-math Drill 

Order your copy - Send $5.00 to 

COMPUTALL CORPORATIONS 
P.O. Box 536 

Atlantic, Iowa. 50022 

Circle 49 on inquiry card. 

6800/6801 
MICRO SOFTWARE 

••• CROSS SOFTWARE 

6800/ 6801 assembler .. . . $ 800 
PLlWcompiler . ..... . . . . $1400 
cross linker .. ...... .. ... $ 400 
math/ science . .......... $ 500 
simulator . . . .. .. : ... . . . .. $ ' 800 

••• RESIDENT SOFTWARE · •• 

editor/ assembler . . ...... . $ 95 
industrial4K BASIC ....... $ 95 

in ROM ........ $299 

'i' WINT~I( I Corp. 

317-742-6802 
902 N. 9th St. , Lafayette , IN 47904 

Circle 389 on inquiry card . 

SPACEWAR 
FOR THE 
TRS-80 

Dynamic real-t ime action game in­
cludes two spaceships (with forward 
and side thrusters) p lus torpedoes, all 
moving in the strong gravitational 
field of the sun . User-adjustable 
game speed, thruster power, torpedo 
speed, and initial orbital radius and 
eccentricity. Excellent for teaching 
Newton's Laws - all motion is cor­
rectly simulated. 2-80 mach ine­
language program for Level II. Re­
quires only 4K memory. 

For Level II cassette tape send $15.00 
to: 

PODOSOFT 
9 Smith Street 

Wellesley, MA 02181 
3D-day moneyback guarantee. Massachuse tts 
residents add $0.75 sales tax. 

Circle 305 on inquiry card . 

apple tv & computing 
GRAND OPENING 

SALEI 
An introductory salel Every PET 
ordered this month wil! come w ith 
Ful! size. 
BIG KEYBOARD 16K .... ONLY $895 
or. the standard Bk PET ...... $775 
NEW!! ... PET MiniFloppy ... $595 
PET 2021 Printer BO co lumn . 
electrostatic w /graphics, ..... $549 
PET 20 22 Printer form s, .. 
tractor, & ful! graphics , , . , $995 
Dual drive PET MiniFloppy, , , , $1295 
TRS-BO to S-1 00 . 
inte rface Ikit) ......... . ... $190 

We Have The 
BALLY Computer System. 

And SOFTWARE for BALL Y BASIC on 
audio cassettes. Write for list of ti t les. 

apple tv & computing 
(2131 559·4268 

2606 S. Robertson Blvd. 
Los Angeles, California 90034 

Circle 10 on inqu iry card. 

RS 232C Compu.er Compatible 
Paper Tape Transmitter/ Model 612 

Stops & starts on character at all speeds. uses 
manual conlrol or X'on, X·olI 90-260 V; 50·60 Hz 
power. 50-9600 baud, up 10 150 charlsec syn­
chronous or asynchronous; gated internal or ex­
ternal clock; RS 232C, current loop or parallel 
output. reads 5-8 leve l tape, 7-1 1 frames/char, 
even or odd parity. Desktop or rack mount. 

ADDMASTER CORPORATION 
416 Junipero Serra Drive 
San Gabriel. CA 91776 

(213) 285-1121 
Telex 674770 Addmaster SGAB 

Circle 4 on inquiry card. 

Don't Forget! 
Our New 4K Byte Non-Volatile 
Memory Boards Won't Let You! 

• 30 days minimum guaranteed 
data retention 

• Ultra low power 450 NSEC 
static CMOS RAM IC's 

• On-board regulator, power 
monitor and battery 

• S-100 bus compatible 

Assembled and Tested 
$395.00 

Remember 
to send for details! 

C:!:::IGaL 
1395 Golf Street 

Dayton, Ohio 45432 

• • • 
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FRUGAL FRONT PANEL SERIES 

S - 100 DISPLAY-SENSE BOARD KIT 
Board and Manu a l 529.95 Kit $89.95 

REMOTE HEX PANEL 
Board and Manual 522.95 Kit $69.95 

REMOTE BINARY PANEL 
Board and Manual 522.95 Ki t $64.95 

"Assembled Versions Avai lable 

COMPUTER CANOPY DUSTCOVERS 

APPLE II 

H-8, H-11 , HORIZON, 
INTEGRAND 8000 

$12.95 

$ 1 4.95 

SWTPC CT-82, ADM-3, H-9, ACT IVb, 
PET, HAZELTINE 1500/1510/1520 $ 18.95 

TRS-80 -
Keyboard-Monitor-Cassette 3 pc. 525.95 

Add $2 per Item lor shipping and handling, S I eXira lor COD 
TX res add 5% tax M/C & VISA accepted 

DJgllal Oyn. mlcl, Inc . 
Oeper1ment 8 
310C Brenpor1 
Sen Antonio, TX 7821 8 
(51 2) 341-8782 
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APPLE OWNERS! 
the ARESCO 

ASSEMBLER/TEXT EDITOR 
is now available 

* Line-numbered t ext editor 

* One-Pass Assembly with 

optional second pass 

* Compatible with Disk o r 

Cassette 

* Si xty pages of Documentat ion 

* Only $29 .95 

Check , MC, VISA o r UPS 

collect all OK 

SASE fo r more information 

Dealer inquiries are invited 

Also available (or KIM & TIM 
Write for details 

ARESCO 
BOX 1142 

COLUMBIA. MD 21044 
(2151 631-9052 

Circle 12 on inquiry card. 

T -BUG™ accessories 
Machine language programs linking with your 
copy of Ihe Aadio Shack TAS·80Im moni tor 

Super TLEGS: Onboard relocater moves T·BUG to 
your choice of RAM. Now you can examine, 
modily any formerly coincident material. 
LL·O 16K Levell! . 9.95 
TSTEP: Single steps lor T·BUG. enables an implici t 
keypad includ ing backspace. A clearable 
beforela lter display shows all instruc tion·set 
aspects 01 machine status; CPU registers, Ilags , 
stack elements. as you SPACE through memory in 
program /low sequence. TLEGS relocates. 
LL·1 16K Levell! , . 11.95 
Pee Wee Backspace: Very tiny, very handy, 
T·BUG internal, turns on t key under # M com· 
mand. Stroke shows previous memory location. 
like inverse ENTER. TLEGS relocates . 
PW·l 4K Levell! . 4.95 

Includes cassette, instructions. examples. 
Add .75 each shipping. CA include 6%, 

~ 
Allen Gelder 
59 14 Calilornia Street 
San Francisco. CA 94121 

T·BUG, TRs·eo 1m Rad io Shack/Tandy Corp. 

Circle 140 on inqui ry card . 



Minidisk Library Case 

New Electric Wire Wrapping Tool 

Printer Controller Supports Centronics 
and Dataproducts Printers 

The DEC PDP-l1 Line Printer 
Controller (D LP 11), designed to sup­
port either Centronics or Dataproducts 
t ype printers, operates on any Digital 
Equipment Corporation PDP-ll com­
puter without software or hardware 
modification . 

The D LP 11 comes complete with all 
necessary cab ling and connectors to 
interface directly to the printer used. In 
order to simplify installation and testing, 
a self-test mode is provided. Low power 
requirement is another feature of the 
controller, which ' incorporates low 
power Schottky trans istor-transistor 
logic. 

Priced at $750 in single quantities, 
the DLP 11 is available from DataSystems 
Corp, 8716 Production Av, San D'iego 
CA92121 .• 

Circle 646 on inquiry card. 

The Minikas-ette/10 ' is a minidisk 
sized version of the Kas-ette/10 Diskette 
Library Case. The cases safeguard 
recorded data by protecting against 
contaminants such as dust and debris, 
and offer temperature and humidity 
control for storage or shipping. Durably 
constructed of extra strong polyprolene, 
the library cases are finished in a beige 
leather type texture . Additional features 
include: flexible fan tabs which provide 
a firm vertical hold while allowing for 
easy media access and replacement, and 
the pop-up easel design places media 

This new EW-8 electric wire wrapping 
tool from OK Machine and Tool Corp is 
interchangeable with its previous model 
EW-7D and incorporates a number of 
improvements at no increase in ~rice . 
Rated to accept bits for wire sizes 22-30 
AWG, the Model EW-8 featur~s a re­
inforced Lexan housing, radio frequency 
(RF) interference reducing circuitry, and 
a high reliability motor and indexing 
mech.anism _ The tool is double insulated 
and weighs 14 ounces. It is available with 
accessory tool VIT-1 which permits easy 
resetting of indexing position in 45 
degree increments. 

The EW-8 is priced at $85 .11 and 
the VIT-l costs $15. Contact OK Ma­
chine and Tool Corp, 3455 Conner St, 
Bronx NY 10475 .• 

Circle 645 on inquiry card. 

An 5-100 Compatible 6802/09 

Micro Data Systems has announced the 
MD-690A, a new processor board which 
adds three features to those found on 
their MD-690. These features are: 6809 
compatibility, 10K bytes programmable 
read only memory, RS-232 interface 
provision and S-100 bus compatibility _ 

The MD-690A gives the user more 
monitor flexibility and the option of up­
grading the board to accommodate the 
6809 processor by Motorola. It comes 
complete with MON BUG, a 1 K byte pro­
grammable read only memory monitor 
program which is software compatible 
with the standard Motorola MIKBUG 
monitor and designed to interface with 
most memory mapped video and graph­
ics cards for fast input and output (10)_ 
The board can accommodate up to 10K 
bytes of 2716 erasable read only mem­
ory which may be used for 8 K· byte 
BASIC or other firmware. 

within convenient view and reach of 
user. Both library cases are available 
from The Minicomputer Supplies Com­
pany, 963 Holmdel Keyport Rd, Holmdel 
NJ 07733 .• 

Circle 644 on inquiry·card. 

Where Do New Products Items 
C'ome From? 

The Information printed In the 
new products pages of BYTE Is 
obtained from "new prodl/ct" or 
"press release" copy se,n( by pro­

',;i moters of new products. If In opr 
.' Judgmeflt the InformatIon might 

be .. of interest to the personal 
computing . experImenters . and 

~ . flomebrewers who read BYTE; we 
prInt It In some form. We openly 
solicit releases and photos ·from 
manufacturers and suppliers to 
thIs ma;ketplace. While. we would 
not knowlf/gly ptlnt untrue or In~ 
accurate data, or data from unre­
liable companies, our capacity to 
evaluate . the products and com­
panies , appearing In the "What's 
New?" feature Is necessarily lim­
Ited_ We therefore cannot be 
responsible for product quality or 
company performance. ,,' 

The price for the board with the 
2400 bps cassette interface, 1 K byte 
monitor and 1 K bytes of programmable 
memory is $198 in kit form and $258 
assembled and tested. Complete doc­
umentation including assembly and 
troubleshooting instructions and a com­
prehensive user's guide are provided. For 
further information write to Micro Data 
Systems, POB 36051, Los Angeles 
CA 90036 .• 

Circle 64 7 on inquiry card . 
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Multikeyed Indexed Sequential File 
Control 

The keyed indexed sequential search 
(KISS) system enables mUltikey access 
to a user's disk files. KISS provides user 
selected variability of key and data 
lengths. The KISS system includes an 
indexed sequential file manager (lSFM) 
and a direct access file manager (DAFM). 
The absolute maximum number of disk 
accesses to retrieve any record under 
con trol of K ISS is th ree. Th e system is 
implemented in assembler language and 
is designed to operate on the 8080/8085 
and l-80 based systems. 

KISS is distributed as a relocatable 
object module on user spec.ifjed format­
ted floppy disk. Configurations are 
available for IMSAI (DOS-A) and ISIS-II 
using PL/M, FORTRAN, assembler, and 
Ex tended BASIC. The 3 section illus­
trated user guide, which includes tech­
nical concept, user interface control, and 
file control code ex amples for various 
languages, is included in the price of 
$485. The user guide can be purchased 
separately for $22.50 plus $2 .50 for ' 
postage and handling. Contact Morrow 
Computer and Electronic Design Inc, 
315 Wilhagan Rd, Nashville TN 37217.-

Circle 544 on inquiry' card, ' 

~\,TE's ~iis 

About the March 1979 Cover 

In the flurry of January's snow­
storms, we neglected to put in an "About 
The Cover" text elaborating more than 
the title of Robert Tinney's March cover 
painting Through The Trapdoor. One or 
two readers took us to task for this 
omission, perhaps because it was not as 
obvious to them as to us. The lettering 
on the wooden block puzzle as assem bled 
(if you could do so) spells out the word 
plaintext, in two lines. As the plaintex t 
is cranked through the black box of a 
trapdoor algorithm, it becomes a jumbled 
form known as ciphertext. Here we sym -

, bolize the trapdoor by a hole in a sheet 
of translucent material, and the trapdoor 
jum bles the puzzle parts as they fall 
through the hole. 

This of course brings up a challenge. 
Who will be the first reader with skills at 
woodcrafts to rationalize the design of 
such a woodblock in order to create a 
real puzzle? The actual pieces should be 
close to those imagined in this picture, 
but certainly 'not identical since there 
is no way to assemble the pieces shown 
into a cube which spells "plain" and 
"text" along two rows.-
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MASS STORAGE CALCULATORS 

Specialized Programming Aids for 
TI-59 Handheld Calculator 

Specialized computer programming 
aids are now available from Texas 
Instruments for use with the TI pro­
grammable 59 handheld calculator. 
These aids offer easier conversion of 
ASCII and EBCDIC codes, routines for 

debugging and analyzing TMS 9900 and 
Intel 8080 processor programs, and a 
number of general programmer aids 
covering base conversions and logical 
and arithmetic operations. 

The Programmer's Aid Pakette is a 
64 page booklet providing detailed 
documentation for six full length pro­
grams: EBCDIC code converter, ASCII 
code converter, ASCII and EBCDIC 
encoder, TMS 9900 disassembler, Intel 
8080 disassembler and TI programmer 
simulator. All require a TI-59 with 
attached PC-100A thermal printer, plus 
blank TI-59 magnetic program cards, 
into which the user keys the code lists 
for automatic entry into the calculator. 
The booklet format includes program 
listings which are keyed into the user's 
own magnetic cards; no additional 
programming is required. 

Pakettes are also available on securi­
ties, statistical testing, civil engineering, 
electronic engineering, blackbody 
radiation, oil/gas/energy, astrology and 
TI-59/PC-100A printer utilities. 

All pakettes are priced at $10 with a 
$1.50 handling charge plus state and 
local taxes. For further information 
write to Texas Instruments Inc, Service 
Facility , POB 53 , Lubbock TX 79408.-

Circle 545 on inquiry card. 



ITHACA AUDIO 
THE OEM MARKETPLACE 

Assembled 
Added at 

and 
Ithaca 

Tested 
Audio 

Field-proven 
reliable engineering 
Over 15,000 boards worldwide prove Ithaca 
Audio provides the quality and reliabilitY you 
demand. 
Ithaca Audio Boards are fully S-100 com­
patible, featuring gold edge connectors and 
plated-through holes. All boards (except the 
Protoboard) have fully buffered data and 
address lines, DIP switch addressing, solder 
mask and parts legend. 

• Z-SO CPU Board still the most power­
ful 8 bit central processor available. Featuring 
power-on-jump, provision for on-board 2708. 
Accepts most 8080 software. 

A&T 4 mHz $205.00 
A& T 2mHz $175.00 

Blank PC $ 35.00 
• Disk Controller Board controls up 

to 4 single or double sided drives. Supported 
by a host of reliable software packages: 
K2 FDOS, Pascal , Basic and complete diag­
nostics. 

A&T 
Blank PC 

$175.00 
$ 35.00 

• K2 FDOS Disk software in the DEC 
tradition. Includes character oriented text 
editor (TED), File Package (PIP), Debugger 
(HDT), Assembler (ASMBLE), HEXBIN, 1 
COPY, System Generator (SYSGEN) and 
more. Command syntax follows Digital 's 
OS-8/RT-11 format. First in a family of high 
level software. Basic and Pascal available 
now. Soon-to-be-released Fortran. 

K2 Disk $ 75.00 
• Video Display Board features the 

full 128 upper/lower case ASCII character 
set. Easy-to-read 16 line x 64 character 
format can be displayed on an inexpensive 
video monitor or modified TV set. Includes 
TTY software. Add our powerful K2 FDOS to 
create a versatile operator's console. 

A&T $145.00 
Blank PC $ 25.00 

• SK Static RAM Board High speed 
static memory at a reasonable cost per bit. 
Includes memory protecVunprotect and 
selectable wait states. 

A&T 250 ns $195.00 
A&T 450 ns $165.00 

Blank PC $ 25.00 

The leading manufacturer of blank 8-100 
boards is adding a new wrinkle-now all their 
boards are available assembled and tested. 
"This is a natural progression for the com­
pany" according to Mr. James Watson , 
President. "Actually we've been supplying 
assembled and tested for some time to our 
volume customers ' and OEM's, particularly 
those overseas. Our production staff is now 
fully up to speed, so just about everything is 
available from stock." The company sched­
uled 6 months to phase in assembled and 
tested to allow time to build base inventories, 
before offering the boards to the public. "We 
feel this is quite important. A lot of companies 
have earned themselves a bad name in this 
business by announcing products they can't 
really deliver. We simply won't do that. " Mr. 
Watson further explained that Ithaca Audio 
intends to remain leader in blank boards and 
expects to release a minimum of 6 new 
deSigns by August, which will be offered both 
blank and assembled and tested . 

Memory Prices 
Tumble 
Ithaca Audio first to break 
1 ¢/Byte Barrier 
By cutting prices for 32K of RAM to $319 
Ithaca Audio becomes the first computer 
vendor ever to offer high speed memory for 
less than a penny a byte. Commenting on the 
announcement, Steve Edelman, Director of 
Engineering said "Just a few years ago 
people were wishing for a penny a bit, and 
even now memory for most large computers 
costs about 2¢/byte and that's only in 1 
Megabyte chunks." In fact it's the relative 
modest capacity of the 32K board that makes 
it so interesting. Users need not buy the full 
64K to take advantage of the low price per bit. 
Furthermore, the board is available both as a 
kit and assembled and tested. 
Delivery is stock to two weeks. Pri9ing is: 

• 32K kit $319 
• 32K A& T $359 
• 64K kit $645 
• 64K A& T $695 

8" Disk Drives 
Shugart compatible Memorex 550's are in 
stock. 
Single and double density compatible, 330K 
by1es capacity with our controller or use your 
own. 
Either way $456 • 270S/2716 EPROM Board Indis­

pensable for storing dedicated programs and 
often used software. Accept up to 16K of • Protoboard Universal wire-wrap board 
2708's or 32K of 2716's. for developing custom Circuitry. Room for 

A& T (less EPROMs) $$ 95.00 three regulators. Accepts any size DIP 
Blank PC $ 25.00 socket. 

2708 EPROMs 11.00 Blank PC $ 25.00 

Circle 190 on inquiry card . 

.PascallZ Ready 
The first Pascal Compiler for the Z80, and the 
fastest Z80 Pascal .ever is now ready. Over 
one year in development, Ithaca Audio was 
obviously pleased with the results. "We really 
have outperformed them" states Jeff 
Moskow, Director of Software Engineering, 
beaming over the recently released bench­
marks, in which Pascal/Z averaged better 
than five times the speed of a recent P-code 
implementation. 

"Pseudo-code means a vendor only has to 
supply one .compiler to lots of people using 
lots of different machines, and that makes his 
life very easy, but it also means users' pro­
grams execute significantly slower. There­
fore, we chose to write a native compiler that 
delivers fast re-entrant ROMabie code, with 
no need for an intermediate language and 
interpreter. That's where our speed comes 
from." As a matter of fact, PascallZ is often 
twenty times as fast as UCSD's implementa­
tion and may well be faster than dedicated 
Pascal machines such as the recently 
announced Western Digital Pascal Micro­
engine.'" Unlike the Microengine, Pascal/Z 
does not require any new special CPU 
hardware and has the added benefit of com­
patibility with existing Z80 software. 

Operational requirements of Pascal/Z are 
the Ithaca Audio K2 Operating system and 
48K of memory during compiles. The output 
is standard Z80 Macrocode which is linked 
and run through the Ithaca Audio Macro­
assembler. Binary files may be as small as 
2.SK, or even less if the full library is not used. 
The compiler, including the Macro.assembler, 
is available on an 8" K2 floppy disk. Price 
including full documentation is $175.00. The 
Macroassembler is available separately for 
$50.00. Delivery is from stock. 

More Software: 
For those that don't require the speed of a 

compiler like Pascal/Z, Ithaca Audio also 
offers the convenience of BASIC. BASIC/Z, 
an extended version of TDL's Super Basic, 
runs in slightly over 12K and is supplied on an 
8" K2 disk for $75.00. 

SAVE Even More -
When you buy your software as a package 

K2 and Pascal/Z $225 
SAVE $25 

K2, Pascal/Z and Basic/Z $275 
SAVE $50 

For technical assistance call or write to : 

ITHACA 
AUDIO 
P.o . Box 91 . 
Ithaca, New York 14850 
Phone: 607/257-0190 
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Double Density Floppy Disk Storage 
System 

MASS STORAGE 

This new double density floppy disk 
storage system , the Delta-1, has been 

Dual and Single Drive Expandable' Floppy Disk Systems 
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Floppy Disk System from Charles River 
Data Systems 

Charles River Data is offering its 
MF-11 LSI-ll floppy disk system 
with the DEC LS I-11/2 and associated 
Digital Equipment Corp (DEC) plug­
in memory. The MF 11/2 is functionally 
identical in performance characteristics 
to the PDP 11VOS but uses only lOY, 
inches of panel height and is available at 
a lower price. The lOY, inch enclosure 
holds the DEC processor, two Shugart 
floppy disk drives with controller, 

introduced by Meca, POB 696, 7026 Old 
Woman's Spring Rd, Yucca Valley CA 
92284. The Del ta-1 provides up to 200 
K bytes of storage on a single 5Y. inch 
drive. Included with the Delta-1 disk 
system is the MFM 5-100 disk controller 
which supports up to three SA:400 disk 
drives. Individuals who now own a Meca 
Alpha-1 tape system can use the MFM 
disk controller to combine the Alpha-1 
and Delta-1 into a fully integrated tape 
and disk storage system. North Star 
owners may take advantage of the 
availability of the MFM disk controller 
card to double disk storage space from 
90 K to 180 K bytes. The price for the 
controller card alone is $199. 

Available software includes a CP/M 
disk operating system with editor, 
assembler, debugger and BASIC-E for 
$98. Microsoft Extended Disk BASIC is 
offered for $195. Several applications 
programs are available which operate 
with both the Delta-1 and Alpha-1. An 
introductory price of $699 includes the 
minifloppy single-sided disk drive, MFM 
disk controller, power supply, connec­
tors and cable, complete documentation, 
and Meca disk operating system.-

Circle 603 on inquiry card. 

A new family of expandable floppy 
disk systems, called EXP, is available from 
Micromation Inc, 524 Union St, San 
Francisco CA 94133. EXP is a complete 
floppy system using stand-ard 8 inch disks 
and a write protect and front panel activ­
ity light as standard. The system uses 
drives supplied by Memorex. Each drive 
offers a full 265 K bytes of storage in 
IBM 3740 soft sectored format. 

EXP is fully supported by software. 
Users are offered CP/M as one option. 
BASIC, FORTRAN, or complete busi­
ness application and word processing 
packages are also offered. 

EXP is a complete, fully assembled 
and tested floppy disk storage system. 
The total system includes drives, 5-100 
controller, power supply, and wood and 
metal enclosure. The EXP-1 single drive 
system is priced at $1195 and the EXP-2 
dual drive system is $1895, and an op­
tional double density controller (for 
$300) permits doubling the actual den­
sity of da(a on each disk._ 

Circle 604 on inquiry card. 

power supply, slides for rack mounting, 
and the DEC H9270 back panel. An 8 
quad slot backplane is also available. 

The controller and interface card 
provides total software and media 
compatibility between the DEC proces­
sor and the floppy disk system, which 
allows use with any of the PDP llV03 
software packages. I t also provides 
bootstrap loader, self-test and IBM 3740 
formatter. Contact charles River Data 
Systems Inc , 4 Tech Cir, Natick MA 
01760.-

Circle 605 on inquiry card. 
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SPECIFICATIONS: 
DC VOLTS (5 RANGES): 0.1 mV to 1000V; Accuracy 
±0.5% rdg ±0.5% f.s.; Input imped: 10M n; Max. 
input 1 kV except 500V on 200mV range. 
AC VOLTS (40Hz to 5kHz): 0.1 V to 600V; Accuracy: 
±1.0% rdg ±0.5% f.s. (-2dB max. at 5kHz); Max. 
input: 600V. 
RESISTANCE (6 LOW POWER RANGES): 0.1 n to 
20Mn; Accuracy: ±0.5% rdg ±0.5% f.s. (±1.5% rdg 
on 20Mn range); input protected to 120VAC all 
ranges. 
DC CURRENT (6 RANGES):.01 nA to 100mA; 
Accuracy: ± 1.0% rdg ±O.5% f.5. 
DIMENSIONS AND WEIGHT: 5-7/8/1 x 3-3/8/1 X 

1-3/4/1,12 OZ.; POWER: 9V batt. (not incl.) or Hickok 
AC adapter; READ RATE: 3/sec. OPERATING 
TEMPERATURE: 0°-50°C. 

PLEASE SEND ME 

IS848 SBPULVEDA DOULBYARD, VAN NUY8. CAL. 01.11 

TELEPHONE (218) 786. 7411 

___ Hickok LX303 Digital Multlmeters .... ................ ............•......... @ 74.95 ea. 
___ RC·3 AC Adapter. 115VAC (220VAC avail.) .............•........ ...• @ 7.50 ea. 
___ CC·3 Deluxe Carrying Case .................................................... @ 7.50 ea. 
___ VP·10 Y.1 0 DCV Probe Adapter .. ........................................ ...... @ 14.95 ea. 
___ CS·1 10A DC Current Shunt ................. ....... .......... ............ ...... @ 14.95 ea. 
___ VP·40 40 KV DC Probe .............. ...... ......................•..............•.... @35.00 ea. 

o Bili my company. P. O. attached (D & B rated firms only) net 30 days 
o Payment enclosed Bill my: 0 Master Charge 0 VISA 

Account No. ___ , ______ Exp. Date _____ _ 

Name __________ Slgnature ________ _ 

Address ____________________ _ 

City' ___________ State ___ _ 

Add $3.00 Postage and Handling. 



S-100 Card Holds and Programs 2716, 
2708 Programmable Read Only Memories 

A maximum of eight TM5 2716 or 
2708 16 K or 8 K bytes programmable 
read only memories are held on this new 
programming and storage board called 
the Databank. The board will also pro­
gram memories by means of two special 
sockets. One of these sockets provides a 
connection to an external programming 
station while the other socket allows the 
programming of memories on the Data­
bank. Each of the eight memories may 
be individually switched into or out of 
the system address space. The eptire 
board can be disabled and enabled by 
I/O (input/output) commands. 

In addition to the programmable read 
only memories, the Databank will hold 

Associative Computer Memory Available 
from Semionics Associates 

Content addressable or associative 
computer memory is available from 
5emionics Associates, 4'1 Tunnel Rd, 
Berkeley CA 94705. Called REM (recog­
nition memory), it differs from con­
ventional memory by eliminating serial 
searching. An item may be accessed 
simply by being named. REM can be 
written into and read from like ordi­
nary memory, but has parallel processing 
functions, including six types of recog­
nize and multi write . The recognition 
operations replace serial searching, while 
multiwrite allows the processor to write 
into multiple locations with a single 
instruction. Individual bit masking may 
be applied to all of the operations, in­
cluding ordinary (Iocatipn accessed) read 
and write. A data processing system with 
these functions is known as a CAPP 
(content addressable parallel processor). 
Ideal for pattern recognition and in­
formatioh. retrieval applications, it is 
also capable of perform ing parallel 
arithmetic operations. 

5emionics' first product is an add-in 
recognition memory for microcomputers 
having the 5-100 bus. Called REM 5-100, 
the board converts the microcomputer 
to a CAPP by adding new instructions 
to the instruction set of the processor. 
The board is organized to make these 
additional instructions possible without 
any alteration to the processor. 

Recognition memory is organized in 
8 bit words and 256 word REM records. 
It is a static memory with al] access time 
of 200 ns for a single memory location, 
and recognize or multiwrite time, for all 
REM records of 4 IJ.s. This time does not 
increase with size of memory. In a sys­
tem with multiple REM boards, all of 
these are accessed in parallel during a 
recognize or multi write operation. 

The REM 5-100 add-in recognition 
memory board has a capacity of 8 K 
bytes and is priced at $525 ._ 

Circle 533 on inquiry card. 
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MEMORY 

1 K or 2 K bytes of 2114 programmable 
memory. The memory will operate as 
bus memory or can be substituted by 
software command for any of the pro­
grammable read only memories. A mem­
ory in the programming socket also has 
this substitution ability. All program­
ming voltages are provided by the Data­
bank board circuitry. 

The board is available in kit form 

Two New Boards for S-l 00 Systems 

This 8 K byte read only me'mory and 
programmable memory board is ideal for 
5-100 systems which require both types 
of memory . It will replace two boards in 
most systems, reducing cost, inventory, 
and motherboard slots. The independent 
addressing and wait state control make 
the board as flexible as two separate 
boards. The control and I/O board has 
12 inputs and four high current outputs. 

Low Price 16 K Byte 
Static Memory Board 

This 16 K byte static memory board, 
designated SupeRam 16, has been de­
signed for 5-100 microcomputer systems. 
5upeRam is a complete kit featuring 
four independently addressable and 

at the following prices : DBOO (with­
out programmable memory) $199.95; 
DB08 (1 K byte programmable memory) 
$219.95; DB16 (2 K byte programmable­
memory) $239.95 with shipping charges 
of $5 in the US and Canada and $25 
overseas. For further information, con­
tact Objective Design Inc, POB 20325, 
Tallahassee F L 32304.-

Circle 531 on inquiry card. 

The Triac control allows direct computer 
control of AC equipment. Counters are 
valuable for process control or counting 
instruments and the built-in timer gives 
the computer a dual count per minute 
(or second) capability. 

Assembled and tested, the boards sell 
for $195 each . OEM quantity discounts 
are available. For more information, con­
tact Tri Mark Engineering, 12402 W 
Kingsgate, Knoxville TN 37922.-

Circle 532 on inquiry card. 

write -protectable 4 K byte blocks. The 
compact control design uses only 11 
integrated circuits. All signals are fully 
buffered, including address and data 
lines. SupeRam 16 K byte is priced at 
$299 and available from Thinker Toys, 
1201 10th 5t, Berkeley CA 94710.-

Circle 534 on inquiry card. 



SOLID STATE SALES ... ~a P/J~in rg~ f7~ 

THIS REMARKABLE VP·1 COMPUTER/ 
INTERFACE KIT HAS THE FOLLOWING: 

FEATURES 
• IT PRODUCES COMPOSITE VIDEO 

OUTPUT IN A 128 x 128 MATRIX 
FROM A DIRECT MONITOR CONNEC· 
TION USING 8K OF MEMORY 

• THE SYSTEM USES A STANDARD 
S 100 BUSS 

• WILL NOT TIE UP COMPUTER 
SOFTWARE WHEN NOT ADDRESSED 

• IT DISPLAYS CONTINUOUSLY I 
WHEN NOT ADDRESSED 

• IT MAY PRODUCE PSEUDO COLOR 
AND/OR GRAPHICS (UP TO 16 GREY 
LEVELS. 4 BIT BINARY) 

REGULATED 

A PICTURE MAY BE TAKEN BY OUR CAMERA, 
STORED IN A COMPUTER IN REAL TIME AND THEN 
DISPLA YEO ON A CRT A T AN AFFORDABLE PRICE 

VIDEO COMPUTER 

GRAY LEVELS 

THE CAMERA WILL TAKE BETWEEN 
15 AND 100 FRAMES/SECOND. 
THE CAMERA CONNECTS TO THE 

. PROCESSOR WITH SEVEN LINES. THIS 
INCLUDES VIDEO AND TIMING SIGNALS 

APPLICATIONS 
• CONTINUOUS SURVEILLANCE 
• INSPECTION OF MOVING PARTS 

WITH PROPER STROBING 
• VISUAL GRAPHIC INPUT TO A 

COMPUTER 
• CHARACTER OR PATIERN 

RECOGNITION 
• PICTURES MAY BE TAKEN DIRECTLY 

FROM A TV WITHOUT ELECTRICAL 
CONNECTIONS 

• THE INTERFACE KIT MAY BE USED 
SEPARATELY AS A 128x 128 
16 LEVEL GRAPHIC DISPLAY 

PROCESSING 
SYSTEM 

OUR VP1 VIDEO SYSTEM CONSISTS 
OF THE FOLLOWING KITS: 

• CCD 202C SOLID STATE VIDEO CAMERA 
KIT ASSEMBLED & TESTED . .. . $499·· 

VP·1 COMPUTERIVIDEO INTERFACE 
SYSTEM (3 BOARDS) ASSEMBLED & 
TESTED ...... .. .... . : .... . .. $99900 

• ASSEMBLED 8K MEMORY BOARD 
(OPTIONAL) .................. $235 •• 

THIS VIDEO COMPUTER KIT 

CAN WORK WITH THE GE, 

REDICON, OR ANY OTHER 

128 X 128 SENSOR CAMERA 

TRANSISTOR SPECIALS IP SOCKETS 
2N623J·NPN SWITCH ING POWER S ' ,95 
MRF·8004aC8RF Transiltor NPN $ .75 

8 PIN .17 24 PIN .35 

.20 28 PIN 
2N3 772 NPN 51 TO·3 ..... $ 1.00 

POWER SUPPLIES 
POW ER SYSTE MS 'If PS,111 

11 5·230\1, 50/60 cy . in 5 .... DC at 35A out. 1IEIIDElmiDliDIDitlif!!.1 6"x 16:y."x l S%" 26 Ibs. shipping weight $55.00 

2N ' 546 PNr GE TO·3 . . . . $ .75 
2N4908 PNP S, TO· ] S 1.00 
2NS086 PNP 51 TO ·92 ... 4 ·S 1.00 

POWER SYSTEMS II PS1106 
11S·230V 50/60cV . in 12 .... oC a t 15A out. 
5"x 16:y."x S" 19 Ibs. shipping weight. $49.00 

_ .35 74C74 - .45 
- 1.10 74C83 - 1.15 
_ 1.25 74C86 _ .40 .. _~~.:.::;:~~~~~~::;~:.... __ .. 

2N3 137 NPN Si RF 

2N3919 NPN 51 TO·3 R F 
2N1420 NPN Si TO 5 
2N3 76 7 NPN 5. TO·66 
2N2222 NPN 5. TO·18 . 
2N3055 NPN 5. TO·3 
2N3904 NP N 5. TO·92 . 
2N3906 PNP 5. TO·92 . 
2N5296 NPN S. To ·nO . 
2N6109 PNP 5. TO·nO . 
2N3638 PNP 51 TO·5 
MPSA 13 NPN Si. .... 

. $ .55 

.. .. 5 1.50 
... 3/$ 1.00 

. 5 .70 
5 1S 1.00 

. . S .50 
6/S 1.00 
6 /$ 1.00 

. . S .50 ' 
S .55 

... . 5 /S 1.00 
.... 4/$ ' .00 

. 70 7IIC93 - .75 
. 4S 74C151 1.40 
18 74C160 1.05 

. 21 NCI61 1.05 
:~~ 74C 174 1.05 
. 10 74C175 1.05 
.22 74C192 1.20 
.22 14CI93 1.20 
.22 74C901 .48 
.27 74C902 48 
.65 1.70 

.68 , 74111 1 _ ." ." 14,5.3 • . " 

$95.00 
ceo 202C 100lC 100 Imane Son sor . .... $145.00 

VERIPAX PC BOARD ...... ... ••.. $4.00 

Thi s boa rd Is a l ! l G"s l
n

llle 51dod pepor OPOltV IrrniCSiffii~~~~~;:;~::-1~~;;'~:;~:J~~~~t.;~~~ 
~~I~r~~I: ~'~It ~:; , ~i~~~eL,E4Dprnn~c~To~~.~~ ~h~~ TTL Ie SERIES ;: :~ = 

15U.c ...... ,. ... C. G[ ~. U, ~ 1I. 1~ 

151 .... ()Cl2'ITSf\ . 710 5'l'OC .. ;PRO ... • 
7lI""'"",CSH'flRtG . 1.1\ 8n7.l -
770UII(VROI.4"'~ .... ' ~ 17.if> 82SI7'9 · l .n 
''''S~NC80I11S0VN. S.R. I.] ' ",V510l1VAR1 - 5.15 

l 5.11~ 
." 1100CTEUOVNEI" ' '''O 

"lOl.' ... SO ",' _ CcmVERT · 
loI"'nro41(. ' O'l'N.- nl4.' ·8PS ... r -
"'';400U' _ 9080'" _ 1 ,~ 

710"'~ " ST ... nc - 8111 - 215 
711J.11!e.4sr ... ,·C _ 
lIUI1!iI.4n","C -
" ""1( ST "" 01 ...... 14SO ",' - • • SO 12~I . "SO 

JJI'!o ~5' - ~so 

FCS 802 4 4 d ig" DL· 7Q4 C.A .. 3" 
C.C. 8" disp lay $ 5.95 OL 7 47 C.A .. 6" 
FNO 503 C.C:.S" $ .85 HP3400 .S"CC 
FND S 10CA 5"$ 85 

DIP IC's w ith busses for power supp lv con nector. .15 lU8 -

FP 100 PHOTO TRANS ......... $ .50 1"01 _ : : : '''!IO -
RED, Y ELLOW, GR EEN, or AMBER 1'0) _ .15 

LARGE LEo·s. 2" . . . . 6/S1.00 .18 

TI L· 118 OPTO·ISO LATQR . . .$ .75 . 18 

MCT-6 OPTO ISOL ATOR ........ $ .SO :!! 
1 WATT ZENERS; 3 .3 ,4.7 .5.1,5.6,9.1. . 18 7"83-

or 22V ..... . 6IS1 .00 . 18 7"85 -

." ." 

. " ." . ., 

. " ." ." 
'''15 _ .30 
742"8 - .n 

. n 

. " ." ." ." ." ... 

." ." 

MTA 106 $PDT 
MTA 206 DPDT 

'.89 . 
"" 
'492 . 
"" -
"" -'495 -",. -

." 
".' ." 
.28 ' 

~ I ." ." 
,l ' . 
.6 5 ! 

:~ \ 
1417J _ 

0." ... , . 
.56 7·U 11 _ 

." '4 1S0 -

." 7. '8, -
.n 74 190 -
.05 

." ." ." ." • ... 0 ... 

." 
" '4168 -

1'393 _ 

MTA 206 p · OPOT CENTER OFF 

MSD 206 P DPDT CENTER OFF 

." 

. 56 

." ." 

.S> 

.M> 

.S> 

." 
0.,. 

." 

." ." 0. .. 

'.00 
." ." ." ... .. 
. '" . .. 
." 
.00 

." .. n 

.9' 
1.'10 
1,85 

~, . 
~, LMJOl 1148 
~. J_U ' " - ... LMJ07 - .J. 

"""' . ~ HUIn - .. LM lOB " " ..... ~ LMJI! - .7S 
.~ 

7<lI,Sl51 _ .n LMJI8 - 1.20 
.~ 

LMJ24 - .7. 
14LSIO ~ . 141.$110 _ ." 
7(L$II ~. 14L$Ia i _ .,. lMJJ9 - 1. 10 .. 14UII] _ .,. LMJ58 - .7. 

LMJ70 - us 
1;ILSI& ~, 14\..SI64 _ u . LMJ17 - 1.60 
1'LS1O ,. 141.11" _ 1.'2 LMJ80 ." " 14UIH _ 1._2 LMJ82 -1 .2S ." 74LSIl'O- ... LM386 - .SO 
I'LI:NI ." ,.unl _ 1.6] 

LM 387 - 1.25 
" ... 517 . " 

1' U I1 _ _ 
U • ,. 14 \..S I11 _ I.35 LMSJ1 - 2 .50 

." HWllli _ 2.9J LM553 - 2 .50 

" H\..SIIO _I,..a LM55S - . 49 
141,.$11 ." LM 5S6 . .85 
JRSJI ,. 14L5"'- 1.1'" NES40 L - 2 .15 
70LSotO ~, 141.$1.1 - "'" S60 _ 2 .00 
1"Ls-.2 u 
IO U&I -" 50. - ... 
14L$"" . ~ ... - 1,10 

14UlJ ." 50' _110. 
14LI 1& .. 101.5251 - 1.19 ,.J - .90 
14L$16 ." 14L.S2~ - 1.111 73J I~ .7S 
"LSM ." HLsm .. , , .. - ." 101.$90 ... IOLS'lfi1 .~ 7>. - JS .. 74L5201 " 711 CH - . .. ... 7_ ... S,7a ... ,.,Co< .... - " 14LS2'!)O .. ,., .5. 1oU19l - .n 
J4UIIl - .. 14U:M!~ _ .11 LM IJ IO - 2.50 

1" \"sI,. - ." 7' UJ6I _'" .... - .os 
7'LS:J$8 _ .II I lm - .so 
1O\..Sn 6 _ .&0 - .'. 

"LSnG . .. I O\..Slfll _ .47 SOJ8CC - J .90 
14Uln - ... 7"LSlIO _ 1M n, - 1.95 

IOL.U1'O - 2.1O LF356H - 1.20 

TRIACS SCR'S 
PAV l A ·I OA 25A ,,5A 6A 3SA 

100 .40 .70· 1.30 .40 .50 1.10 
200 .70 1 .10 1.75 .60 .70 1. 
400 1 10 1 60 260 1 00 1 20 220 
..... • .• • I.' 

T.nn •. FOBC.mb~dg.,M •• S S.nd'" 'mnu''''.''.,''',""n, 6$' SOLID STATE SALES WE SHIP OVER 95% 
SendCheckorMone~Order T,,,nSIsfors itnd Rect.fmrs POBOX 74 B OF OUR ORDERS THE 
~~~~:::.t~.~~::~m 145 HampshIre 51 C.,mbrld~e Mass S~~ERV ILLE , MASS 02143 TE L (61715477053 DAY WE RECEIVE THEM 
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Graphic drivers for Dazzler, 
Matrox ALT-256 and 512, and 
Vector Graphics. 

Plus'3D Graphics for Apple II. 
TR5-80, 8080 and Z80, M6800, 
and BASIC. 

HARDWARE ••• 

DATA PROCESSING 
SUPPLIES 

Std. or Mini Floppy .. 2.98 ea. 
TRS-80 Cassette. . 1.49 ea. 
ANSI (notch) 

Cassette. . . . . .. 4.90 ea. 
Qume or IBM 6240 

Ribbon ....... 29.95 dz. 
OTHER SUPPLIES 

AT SIMILAR BARGAINS 

Order Now from 
John Richards 

KEY SUPPLY CO. 
2101 S. IH 35 Suite 300 . 

Austin, Texas 78741 
(512) 443-1347 

All products from major manufac­
turers, fully guaranteed. No limit 
while quantities last! 

SEE US NOWl 
INDUSTRY-WIDE 

OPENINGS 
• Field Service Englneers-Local/Nallonal * Software Englnee .. * System. Engineer. * Mechanic_I Engineer. 
• R&D EE Project Englnears * Systeml Analyst. * Project Leede .. 
• Programme .. (All Levell) 

Please contact us for further infor' 
matlon on over 1200 industry-wide 
positions. All fees client paid. 

CORICO CORPORATION 
Technical Recruiters 

MIT Offers Video Tape Course in 
Semiconductor Devices 

A course in semiconductor devices 
by Professor Clifton F onstad is being 

. offered ' by Massachusetts Institute of 
Technology in the form of tutored video 
instruction. The course consists of 38 
1 hour MIT classes plus problem sets, 
quizzes and solutions. 

Starting with a basic presentation of 
the energy band viewpoint, this course 
deals with the physics, modeling, fabri­
cation and application of semiconductor 
devices. Silicon devices are emphasized 
in the context of integrated circuits. 
Physical models for devices are devel­
oped to a point sufficient for viewers 
to understand the design and use of 
semiconductor devices. The course be-

Logic Probe for TTL and CMOS 
Testing from Heath 

Heath Company has released the 
IT-7410/ST-7410 Logic Probes which 
are designed for in circuit testing of Tf L 
(transistor-transistor logic) and CMOS 
integrated circuits. Features include 
switch selection of threshold levels for 

Speak to Me in MICR 

This kit of magnetic ink character 
recognition letters makes it possible to 
personalize your own shirts, tote bags, 
jeans, director's chair covers, and other 
canvas or cotton items with a household 
iron . 'The software applications kit is 
designed to help the authors of such 
phrases as APL polisher, computer 
simulation, loose cirCUits, terminal case , 
and bubble logic, communicate creatively 
even when away from the computer. 
Each kit contains 118 letters, 40 num­
bers and 44 computer widgets with 
complete instructions for application. 
The kit is $3.95 or $7 for two (add 10% 
for postage). Contact Ma:rtha Herman , 

. 114 W 17th St, New York NY 10011. 
Specify blue or white type w'hen \ 
ordering .• 

Circle 658 on inquiry card. 

gins with a presentation of much of the 
required physics, so that students with 
a wide diversity of backgrounds should 
be able to use the course effectively. 

The video tapes are delivered in four 
shipments of nine to ten tapes each. 
They may be kept up to six weeks, or 
the course may be accelerated by re­
questing earlier shipment of the next 
course and returning tapes of the 
completed section. 

The fee · for participating in TV I is 
$900 plus $150 per noncredit student. 
There is no additional charge if the 
number of students exceeds 25. Contact 
Dr John T. Lynch, director, Tutored 
Video Instruction, Room 9-267, Massa­
chusetts Institute of Technology, 
Cambridge MA 02139 .e 

Circle 608 on inquiry card. 

either TTL or CMOS circuitry and lamps 
that turn on when the input voltage 
crosses the appropriate level. A memory 
circuit is incorporated in the design of 
the unit to turn on a light emitting diode 
when either threshold level is crossed . 

The new probes provide true logic 
level detection at high frequencies (no 
AC coupled) and detection of pulses as 
short as 10 ns. Upper frequency limits 
are 100 M Hz (TTL or CMOS at 5 VDC 
squarewave) and 80 MHz (CMOS at 
15 VDC squarewave). Power for the 
Logic Probe is drawn from the circuit 
under test via two spring loaded, insu­
lated clips. A ground lead is provided for 
high frequency operation. Probe over­
load protection is 50 VDC continuous 
and 175 VDC for 5 seconds. 

The IT-7410 is the kit version and is 
priced at $39.95 and the ST-7410 is the 
assembled version and sells for $64.95. 
For more information about the Logic 
Probes, write to the Heath Company, 
Dept. 350-690, Benton Harbor MI 
49022 :-

Circle 609 on inquiry card. 



.......................................................................................... • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • •• ~~~::::::::::::::::::::::::::::::::::::::::::::::l:::::::::::::::::::::::::::::::::::::::::~ •• 
••• :.:~:. ~ : : ! : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :! .~ .... ~ ••••• •... :: .. : ...... 
••••.. 16K EPROM CARD-S 100 BUSS 8K LOW POWER RAM KIT-S 100 BUSS ..•••• •••••• • ••••• ...... 250 NS SALE'. . .•••• ••.... .. ...• ...... $59.95 ....•• •••••• • ••••• •••••• • ••••• •••••. KIT ..•••• 
•••••• • ••••• •••••• • ••••• •••••. OUR ..... . 
...... BEST ..... . •••... I I '-...•• I::::: SELLING $129 KIT :::::1 
...... KIT! .. ...... I···.. . ..••• 
• ::::: USES 2708's! (450 NS RAMS!) :::::: 
•••••• • ••••• ...... Thousands of personal and business systems around Thousands of computer systems rely on this rugged, work .••••• 
I::::: the world use this board with complete satisfaction. horse, RAM board. Designed for error-free, NO HASSLE, :::::: 
I::::: Puts 16K of software on line at ALL TIMES! Kit features systems use. :::::: 
I::::: a top quality soldermasked and silk-screened PC board KIT FEATURES: :::::: 

I::::: and first run parts and sockets. All parts (except 2708's) 1. Doubied sided PC Board with solder Blank PC Boa$rd
29

w.
9
/
5
Documentation :::: •••• 

mask and silk screen layout. Gold 
.::::: are included . Any number of EPROM locations may be plated contact fingers. Low Profile Socket Set ... 13.50 :::::: 
•••••. disabled to avoid any memory ' conflicts. Fully buffered 2. All sockets included. Support IC's (TTL & Regulators) ..... . 
...... d h WAIT STATE b 'I't ' 3. Fully bufleredon all address and data $9.75 ..... . 

I..... an as capa I lies. Bypass CAP's (Disc & Tantalums) •••••• 
•••• .' lines. .. •••• 

•••••• OUR 450NS 2708'S . ASSEMBLED 4. Phantom is jumper selectable to pin $4.50 ...... 

I.:.:.:.: •. : ARE $8.95 EA. WITH AND FULLY TESTED 6F70·UR 7fl05 ASSEMBLED AND FULLY :.:.:.:.:.1 5. regulators are provided . 
•••••• PURCHASE OF KIT ADD $25 on card . BURNED IN ADD $30 ..... ••.... .. ...• ...... ..···1 •••••• • •••• •••••. COMPLEMENTARY POWER TRANSISTORS ..... •••••• • •••• •••••• • •••• ...... ' 1$295 1 SILICON NPN AND PNP TO-220 CASE

ffJ 
..... I::::: KIT :::::1 ....... ., VCEO - 40V PO - 30 WATTS ~ .... . 

...... FOR AUDIO POWER AMPS, ETC .... . 
•••••• • •••• ••.... ' ~;~ ....• 
...... YOUR CHOICE ..... . 
...... FULLY TIP29 - NPN ..... . 
...... STATIC, AT ..... . 
I::::: DYNAMIC PRICES TIP30 - PNP 3 FOR $1 :::::: 
•••••• • ••••• 
•••••• WHY THE 2114 RAM CHIP? .. ···1 
...... KIT FEATURES: 16K DYNAMIC RAM CHIP NOT ASSOCIATED ..... I::::: ~:~e~~\~e(~i~~41~~ 12~~~h:~:~ .. ~~~~~~a~t:~~i~:. ~ : A~d~es~a~~Ra~ fo~~~e~ar~~L~~~IO~~r~Uilry . 16K X 1 BUs. 16 Pin Package. Same as Mostek 4116·4. 250 NS access. 410 WITH :::::1 
•••••• availability. and quality wi ll all be good! Next. the (Cromemco Standard!) . Allows up to 512K on NS cyc le time. Our best price yet fo r thi s state 01 the art RAM. 32K and 64K DIGITAL RESEARCH ••••• 
•••••• 2114 is FULLY STAT IC! We feel th is is the ONLY line! RAM boards using this chip are read ily available. These are new. fuUy OF CALIFORNIA, ••••• 

•
••••• way 10 go on the S-1OO Buss! We've all heard the 3. Uses 2114 (450NS) 4K Static Rams. guaranteed devices by a major mfg . VERY LIMITED STOCK! •••••• 

• HORROR stories about some Dynamic Ram 4. ON BOARD SELECTABLE WAIT STATES. THE SUPPLIERS OF ...... 
• : •••• Boards having Irou ble with DMA and FLOPPY 5. Double sided PC Board. wi th so lder mask and 8 FOR 89.95 CPM SOFTWARE. .. •••• 

••• • DI SC DR IVES. Who needs these kinds of si l kscr~enedlayout.Gold platedcontactfingers. 2708 EPROMS ...••• 
•••••• problems? And fina lly, even among other 4K 6. All address and data lines fully buffered. 450 NSf •••••• 
::.::: Static RAM's the 2114 stands OUI! Not all4K stati c 7. K it includes ALL part s and sockets. • ••••• 

• Rams a'e created equal! Some of the olher 4K's 8. PHANTOM is jumpered to PI N 67 . Now full speed! Prime new units from a major U.S. .. •••• 
•••••••• have clocked chip enable l ines and various timing 9. LOW POWER: under 2 amps TYPICAL from the •••••• 

.... windows lusta.crltlcal as Dynamic RAM·s,Some ..a Volt Buss. Mfg. 450 N.S. Access time. 1 K x 8. Equiv. to 4-1702 ...... I::··' of ou r competitor 's 16K boards use these "tricky" 10. Blank PC Board can be populated as any •••••• 
... devices . But not usi The2 11 4 isthe ONLY logical mulliple of 4K, A's in one package. . ..... I::::: choice lor a trouble-free. strai ghtfo rward design. • ••••• 

...... BLANK PC BOARD W/ DATA- $33 $995 :::: •••• I::::: LOW PROFILE SOCKET SET -$12 ASSEMBLED & TESTED-ADD $30 $16.76 ea. 4 FOR $6QOO ..... : 

...... SUPPORT IC'S & CAPS-$19.95 2114 RAM'S-8 FOR $69.95 PRICE CUT ':::::. 
•••••• • ••••• I::::: ...••• 
I 

...... :.... .. ...• 
~: .. ~ 

•••••• • ••••• ...... .. .... 
•••••• • ••••• •••••• • ••••• ...... .. ...• 
I •···· ....•• ••••• • ••••• •••••• • ••••• •••••• • ••••• ...... .. ...• ...... .. ...• 
•••••• • ••••• •••••• • ••••• •••••• • ••••• •••••• • ••••• •••••• • ••••• ...... . ...•• 
•••••• • ••••• •••••• • ••••• ••.... .. ...• 
•••••• • ••••• •••••• • ••••• •••••• • ••••• •••••• • ••••• ::::::r 0 igital Research Corporation TERMS: Add 30¢ pos tage. we pay balance. Orders under SIS add 750 handlong No :::::: 
•••••• (OF TEXAS) C.O.D. We accept Visa. MasterCharge. and American Express cards Tel( Res add •••••• 

I •.... 5% Tax. Foreign orders (except Canada add 20% P & H. 90 Day Money Back •••••• 
..... POBOX 401247Y GARLAND TEXAS 75040 • (214) 271-2461 Guarantee on all items. : ••••• •... ;:.~. . , .. :::: .. •.. .. ~ .... : ; : ; : : ; . ; ; : : ; ; ; : : ; .. : : : : : : : : : . ; : ; ; : : : : : : : : : : : : : : : : : : : : : : : : : : : : : . : : : : : : : : : : : : : : : : : : : : : : : :; .•.....• .••.......... ... ....................... .......................... , ............•.............. :::::::: ....• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •••••••••••• • • • .............................................................. ............................................. . ...................................................................... . 
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Switching Power Supplies With Power 
Fail Signal 

Circle 559 on inquiry card. 

High Speed Monolithic 8 ·Bit 
Digital to Analog Converter 

A 10 ns settling time enables 
Motorola's new state of the art MC-
10318 to convert digital information 
into analog signals in high speed instru­
mentation, digital displays, storage oscil­
loscopes, radar processing and television 
broadcast applications. 

Accurate to 8 bits (±]I, least significant 
bit), 'and monotonic over a 0 to 70

0 
C 

(32 0 to 1580 F) temperature range, 
the new digital to analog converter can 
operate in systems with data rates above 
25 MHz. Inputs are compatible with 
M EC L 10,000 logic, for direct in ter­
facing with high speed processing sys­
tems. Operating from a standard -5 .2 V 
power supply, the integrated circuits 
complementary outputs can produce 
51 mA full scale over a com pliance 
range from -1.3 V to +2.5 V, while dis­
sipation is typically less than 500 mW. 
Max imum nonlinearity is ±0.19 percent 
of full scale. 

The 16 pin Ceramic dual-in-line pack­
age device is priced at $26 in quantities 
of 1 00 thru 999. For further inform a­
tion, contact Motorola Semiconductor 
Products Inc, POB 20912, Phoenix, AZ 
85036 . • 

Circle 561 on inquiry card, 
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of INTEREST to DESIGNERS 

This new series of switching power 
supplies has been designed for small 
computers utili z ing nonvolatile mem­
ories. The DS 151 series features a power 
fail signal as standard feature. Should a 
power failure of one half cycle occur, 
the TTL compatible power fail signal 
warns the computer (for example with 
an interrupt) that primary AC power has 
been lost allowing the program in the 
system to store the state of the machine 
in nonvolatile memory before DC power 
fails several milliseconds later . This power 
failure warning feature thus allows for 
"fail safe " operation when power is 
interrupted. Three models are presently 
available: 5 V at 30 A, 12 V at 12 A, 
or 15 V at lOA. All are regulated to 
within plus or minus 0.1 %. The power 
supplies will operate within a wide input 
voltage range from 100 to 130 VAC. The 
power fail series is priced at $194 in 
production quantities (1000) and $289 
for prototype quantities . Contact Digitay 
Power Corp, 2060 The Alameda, San 
Jose CA 95126 .• 

Guide to Texas Instruments Line of 
Optoeleciron ic Devices 

A publication entitled Optoelec­
tronics Master Selection Guide is avail­
able free from Texas Instruments Inc, 
POB 5012, M/S 308, Dallas TX 75222. 
CL-346 is a 56 page product selection 
guide and catalog designed to provide 
designers with a reference to Tl's line 
of optoelectronic devices. 

This publication covers infrared 
emitters and detectors, light emitting 
diodes, optocouplers, arrays and as­
semblies, single digit displays, multidigit 
displays, hermetic displays, and electro­
optical com ponents. Packaging infor­
mation and ke'y features of all Tf opto­
products are included. Basic features 
and descriptions are presented in short 
form to hel p in the selection of the 
proper devices. A complete cross­
reference guide and an alphanumeric 
index of all devices in the guide are 
included . • 

Circle 562 on inquiry card. 

Floppy Disk React Amplifier 
From Motorola 

Motorola's new MC3470 floppy disk 
read amplifier combines linear and digi­
tal functions ordinarily requiring several 
integrated circuits to accurately ·extract 
digital information from magnetic floppy 
disk read heads. The disk signal, wh ich 
may be noisy and exhibit a number of 
waveform variations, is processed by the 
integrated circuit to produce a standard ­
ized logic output. 

Accepting a differential input from 
the magnetic head, in the presence of 
common-mode noise, the signal is ampli­
fied, routed through an external RC (re­
sistor capacitor) filter networ·k, and then 
sharpened by an active differentiator. 
Peaks are . detected by a comparator, 
which drives a digital time domain filter 
consisting of pulse generators, a oneshot 
multivibrator and a D type flip flop. The 
resulting digital output exhibits none of 
the amplitude variations and jitter pre­
sent in the input, and can drive standard 
logic forms with a guaranteed maximum 
peak shift of 3.5 percen.t. 

The MC3470 floppy disk read am­
plifier is available in an 18 pin plastic 
dual-in-line package at the 100 ·piece 
price of $5.95. For more information, 
contact Motorol a Sem iconductor Prod­
ucts Inc, POB 20912, Phoenix AZ 
85036 . • 

Circle 560 on inquiry card. 

Video Speed Analog to Digital Converter 

This new analog to digital converter 
integrated circuit, the TDC 1014), fea­
tures 6 bit resolution and a 30 MHz 
sample rate . Packaged in a 24 pin 
dual-in-line package, the device provides 
video speed data conversion with out the 
need for an external sample and hold 
circuit. 

The TDC 1014 J requires only a single 
convert command to digitize an analog 
waveform between 0 and -1 V. Included 
in the circuit are 63 strobed com­
parators, encoding logic, and a 6 bit 
data latch with TTL outputs. Output 
mode controls provide either straight 
binary or two's complement data. 

The TDC 10.]4J is priced at $186 
in quantities of 100. Contact TRW 
LS I Products, POB 1125, Redondo 
Beach CA 90278 .• 

Circle 563 on inquiry card. 



CAliFoRNiA DiGiTAL 
Post Office Box 3097 B • Torrance, California 90503 

Hazeltine 1400 
cost effective 

CRT TERMINAL 

11JS'h~~~i.' 
The Hazeltine 1400 Vidio Displ ay Terminal is designed to 
optimize interactive r eal- time operations. The lnterCace is 
capabl e of either l ocal or r emote connection t hrough an E IA 
RS232-C interface at baud rales that ar e swit ch sel ectable 
up to 9600 baud. 

• • • I ... . . , , 
, 1 , , ~ • t • • • 

• All 128 ASCII Codes uc 0 WI" T l' U • 0- ~ :;'. .. _ 
• 64 Displayable Char acte r s ~I" ~ , D , (I ~ J ~ ~ ~ .... ' 

. 24 Lines; 1 2 inch Sc r een 

. 80 Character s pe r Line 
• Sel( Diagnostic Test 

N~ <~ / -'-

~ Shugart Associates 

SASOO-R Floppy Disk Drive 
fh e most cost effective way to store dala proc­
essing information, when random recall is a 
prime factor. fhe SASDO is fully compatlble 
with the IBM 3740 format. Write protect cir ­
cuitry , l ow maintenance & Shugart qual ity . 

~9.~p 
SKETTES 

Immediate Delivery 

your choice 

bd DB25P 
, mal. plug&hood 

or 
DB25S '.mal. 

5449.50 

'24.88 

) l , UNIVAC 
" 

World Power 
TRS-80 Interface 

APPLE/ TRS·80 
Mini· Soft sector 

K MEMOR $3~5 
, • .,1 .ol'lr .1251..250 
' M.,I wI • • 125ctnt.n 
.,blr .. ".rtall .140,... 

$4,1S 3/110,00 
14.15 3/113,00 
15.15 3/ 115,00 

KEYBOARD 
Tn. ,,_ s.p.rry Un'WK 1710HOlltl',.n _ey~,o ."embly 
•• now,. .... D .. homC.hloff"'lnOIl.III.lloronlyS24.1M 
Tn. '0111 complll" ,nplil O~v,u '01 .ccountlnis .nO 
mlltlf"tn,'ic'"11 Tile nu .... ,1cuyt ••• " .. c.oontn. lo_r tn," rOWI 10 ... ""bI •• Ifn .,y .dd,nll macn'.... Th" 
lorm.' , llows one nanoeo """neric d.,. """y 

MSIOa I/O Modual, , , " , $129,95 
MCCa master control. . . $149.95 
RSBa S-1 00 interface .... $289.95 COLOR. GRAPHICS. SOUND 

SPECIALS 
22 /44 Kill .,.,.t.156" 

n~~J ~'l~·:.*:t" .~~~~S6 
11.15 3/ 1S ,00 
11.01 3/ 12,00 
$1.15 3/ n .OO 

O''9,n" COII .... II SlIS. V.IKI !luI IIUII,n,NO 'n lI>clllent 
tond,:k>n Comple" w,ln doeu_n,., ion 

EPR80a Eprom prog .... $159 , 95 
EPRI00a Eprom prog, , , $159.95 
Data sheet available upon request 51024 

TEN $41 
lor cc:~~e~;¥tEls er~I~~~c~~S~~~ Digl ST 

Won·tdropaBITI Inte rfaces .• - A/V-100 
ISKETTES . CALIFORNIA reletype or R.F. MODULA 

8inchSoftUBM\ . " S2995 Bro,adcast b,o,th crosystems Includes logic 
8inch32sector Aat~'o:~ed al printer. • audiO and vldLO probe along wi.th high -low 
Mini Soft sec. Dul.r 01 ELECTRONIC on you r existing color and pulse LED display. 

50+13/15 

Extender Board 

mullen $34.95 

• 

D '550 Appl e II to · • Facilitates design and trou-

III'NDUSTR'
.L other seri - . • bleshooting of al l S- 100 mi -

Mini 10 sector Sutch Brand SYSTEMS te levision. Also available. the Mullin 

Mini 16 lector DIll , ~tt;==========~~e~d~f§o~r~t§h~e~§~§:==!:C§B~-~I~c~o~n~trrO~llfeir~b~0~a;r~d~$;8;8~. :;;',:~ ____ ..;;~~~ 

MEMORY 

TRS-SOSB5· 1 
APPLE II i 

16k memory(8)4116'sj 
• As you may be aware . pubhshe r s 

r equire advertisers to submit t heir 
ad copy 60 to 90 days prior to "press" 
date . That much l ead ti.me in a vo la t ile 
such as memory circuits . makes it extremely 
to project future cost and availability. 
To obtain the best pricing on memory we have made 
volume commitment s to our suppliers . which in turn 
affords us the opportuni.ty to sell these circui.ts at the 
most competi.tive prices. Please contact us if you 
ir you have a demand for volume s t ate of the art mem­
ory products. 

STATIC 

21L02450nS. 
21 L02 250nS, 
2114 lKx4 450 
2114 lKx4 300 
4044 4Kxl 450 
4044 4Kx l 250 
4045 lKx4 450 
4045 lKx4 250 
5257 l ow pow. 

1·31 
I. 49 
I. 69 
6 . 95 
8,95 
5,95 
9 , 95 
8.95 
9 , 95 
7,95 

32 - 99 100·5C ·999 IK+ 
,89 

• 
I. 19 
I. 49 
6.5 0 
8.50 
5,50 
9. 50 
8. 50 
9. 50 
7 , 50 

I. 05 
1. 45 
6. 25 
8.00 
5,00 
9.00 
8.00 
9. 00 
7.05 

,95 

6.00 5.75 
• 

• 
6 , 756,45 

SPECIAL CIRCUITS 

24,95 
9.95 

22.50 
• 

49,95 

AY5- 1013A UART 4,95 
Floppy Disc Controllers 

WD 1771 single D. 39,95 
WD 1781 Double D 65. 00 
WD I 79 1 r¥D3740 • 

E PRO'MS I -IS 16·63 64+ 

1702A 2K 4.95 4,50 4,00 
2708 8K 9 . 95 9.50 9 , 00 
2716 16K 19.95 
2532 32K 

Attention TRS-80 Owners 

WORD 
PROCESSING 

TERMINAL 
LAWYERS. BUSINESSMEN . ... . This terminal. when property 
in te r faced to your computer . allows you the flexibil ity of gener ­
ating computerized e r ror free correspondence. Gives your clients 
and business associates the impression t hat each letter was per ­
sonally typed for the recipient. Compose your correspondence 
and "Fill- in" forms on your computer. edit on your screen and 
when your text is letter perfect instruct you r computer to print 
an e r ror f r ee copy on your terminal. 
T he heart of th is terminal is the durable IBM Selectric Type ­
writer. If maint enance is ever r equired. the World Wide network 
of IBM service cente r s is at your d isposal. The terminal is func­
tional as a regu l ar office typewriter when not performing com­
puter work . 
Over the next several months 150 o f these terminals will be r e ­
moved from service. returned to the manufacturer. inspected 
and brought into perfect condition. Last Spring we offered for 
sale two- hundred Diabl o printe rs. Within th r ee weeks every unit 
was sol d. Don't pass this opportunity to pu rchase a . word pro­
cessing te r minal at an excellent price . 
Selectric Te rminal $650 (FOB Los Angeles ). Shipping to the East 
coast aprox . $35 . Combi.ned TRS-80 interface and power supply 
available. Documentation wi ll b e s upplied to those individuals who 
want to do their OMl custom inte rfacing. 
Sorry. but credit cards will not be accepted on this purchase. 

win wrap 
pi II. 25 50 
8 

14 37< 36 35 
IS 38 37 36 

24 99 93 85 
40 169 155 131 

7101 C&K ON · NONE· ON 
7107 jbt ON · OFF(mnt.ON) 
7108 CK ON· (moment. ON) 
Rocker J8T __ DPDY 
Rot.l ry 3P-4 , P0 5. 
Rotary 3p· 6, Po l. 
Push 8 (N.a') S.3gea. 4/ 51 

low profile 
. ... 25 50 

17< 16 IS 
18 17 16 
19 18 17 

36 35 34 
6360 58 

SOli, KYNAR=m 
'.98 



New Video Product Line from 
Environmental Interfaces 

Environmental Interfaces' new video 
product line digitizes video data from 
standard EIA or NTSC TV cameras, 

Call Me Tuesday at Four! 

A com bination of crystal derived 
real time clock, hardware interrupts, 
and programmable read only memory 
software come together in the Time­
minder, an S-100 compatible board 
by Objective Design Inc, POB 20325, 
Tallah assee FL 32304 . Timeminder soft­
ware will maintain a list of user requested 
wake up calls and alert the indicated 
routines at appointed times. Intervals 
range from ms to days. User calls can 
also be based on the Timeminder time 
of year calendar. Wake up requests are 
then given as time and date . Because 
this is an interrupt driven device, the 
computer is always available for non­
timed activities while waiting for the 
nex t alarm. Timed interrupts may also 
be applied to control of time critical 
hardware and software. -

Timeminder software is held in on 
board programmable read only memory, 
with scratchpad programmable memory 
also available on the card. The inter­
rupts and the required CALL instruc­
tion vectors are all generated on board. 
Additional interrupts are free for general 
system use. 

The Timeminder in kit form, which 
includes one programm able read only 
memory, is $224.95 with 'shipping 
charges of $5 to Canada and $20 for 
other foreign countries.-

Circle 536 on inquiry card. 
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PERIPHERALS 

deposits the data in the computer 
memory via the S-l 00 bus, and uses the 
digital data to reconstruct a picture on 
a monitor. The data is digitized into 16 

- gray levels with a maximum resolution 
of 512 pixels per line by 256 lines. 

The Real Time Video Digitizer (.RT) 
digitizes the picture in 1/60 second and 
deposits it in the main memory as a 
single operation using direct memory 
access. The Gray Level/Graphics Monitor 
Interface (M I) displays pictures in 16 
gray levels or displays graphics in black 
and white. The MI uses block direct 
memory aCCeSS control betwee n com­
puter main memory (requiring an addi­
tional interface) to develop the video 
signals for the monitor. In combination, 
the RT and MI can simultaneously 
deposit a picture in computer memory 
and display it, providing flicker-free 
digitized motion pictures or a frozen 

PerCom Manufactures Add-On Disk 
Drive for Radio Shack TRS-80 

PerCom has recently announced an 
add-on 5 inch floppy disk drive for the 
Radio Shack TRS-80 computer. The Per­
Com unit, which includes the drive, drive 
power supply, and enclosure, is identical 
in all im portan t respects to the TRS-80 
Mini Disk System. The drive itself is the 
Shugart SA-400. The data transfer rate is 
125 thousand bits per second, and access 
time is a fraction of a second. The drive 
power supply features overload current 
limiting and thermal protection. 

Interfacing of disk drives to the TRS-
80 computer is accomplished with the 
Radio Shack TRS-80 Expansion Inter­
face, . which accommodates up to four 
drives (and other peripherals), and in­
cludes controller electronics and a four 
drive cable. Operating software for all 
drives is obtained by the user with the 

Buffered APL/ASCII Video Terminal 

Offering protected formats, video 
enhancements and APL overstrike and 
ASCII underscore, the Datamedia Elite 
3045A is a microprocessor based, fully 
buffered, APL/ASCII video terminal. .It 
-features: character interactive, line or 
page mode communications; 103 and 
202 modem compatibility and switch 
selectable EIA and optional 20 mA 
current loop interfaces; underscore in 
APL or ASCII mode; formatted data 
entry with protect capability; direct 
connect through RS-232C or 20 mA 
current loop or remote connection 
compatible with Bell 103 or 202 
modems; cursor addressability and re­
mote position sensing; ten user function 
keys; multiple level video displ ay capa­
bility; no memory address space required 
to support screen enhancements; de­
tached keyboard to provide expanded 
applications flex ibility; an'd 15 data 

image. The Programmable Video Digitizer 
(PVD) digitizes the image in a - line 
bypass fashion under software control. 
Resolution of the PVD is completely 
variable up to 512 pixels per line by 256 
lines. If the RT or MI is used, horizontal 
resolution must be 64, 128, 256, or 512 

. pixels per line, and vertical resolution 
must be 64, 128, or 256 lines. Resolu­
tion is varied by DIP switches. 

The RT, PVD and MI each consist of 
two printed circuit boards which plug 
into the S-100 bus, utilizing one slot 
for each board. A combined RT and M I 
is available which consists of three 
boards. The prices -are as follows: PVD , 
$495; RT, $595; MI, $595; and the RT 
and MI, $850. For further information 
write to Environmental Interfaces, 
23414 Greenlawn Av, Cleveland OH 
44122_-

Circle 535 on inquiry card . 

purchase of the first drive from Radio 
Shack. 

The PerCom unit sells for $399. For 
further information , contact PerCom 
Data Company Inc, 4021 Windsor, 
Garland TX 75042.-

Circle 537 on inquiry card. 

transmission rates, up to 9600 bps, 
selectable from keYboard. 

The Elite 3045A is priced at $1995. 
Contact Datamedia Corp, 7300 N 
Crescent Blvd, Pennsauken NJ 08110.­

Circle 538 on inquiry card. 



-80 
Read this 
and 
save 
over 

$10000 

In~rodllCing the 
Vista vaG Mini Disk System 
C 23% MORE STORAGE CAPACITY - Increases your usable 

storage capacity 23% from 55,000 to 67,800 bytes on drive one. 

[j FASTER DRIVE - Electronically equal to the TRS-80 Mini·Disk System, but 
up to 8 times faster (Track· to· track access in 5ms for the V80 versus 40ms 
for TRS·80) 

C DOES NOT VOID TRS·aO WARRANTY - V80 also has gO-day warranty. 

C HERE'S WHAT YOU GET: 
Minifloppy disk drive/Power Supply/Regulator board/Compact case 

o DOUBLE DENSITY FOR DOUBLE STORAGE - The V80 will 
work with the Vista double-density expansion unit when available . 

C SHIPPED TO .YOU READY TO RUN - Simply take it out of 
the box, plug It in and you're ready to run . . 

PtUS MORE GOOD NEWS - Vista has a new support team, new address, new 
telephone, and a new owner. Vista is now part of Advanced Computer Products. 

ALSO AVAILABLE FROM THE "NEW VISTA. 
Vista V-200 Double Density Mini Floppy System with S-1 00 Controller,CPM on 5%", 
power supply & case ... , ....................... .. ...................... $699.00 
Vista V-250 Dual Shugart 8" Floppy System with S-1 00 Controller, CPM, BASIC "E", 
power supply & slimline case .......... .. . , .................. .. ..... ... $2199.00 

Vilta-----
Vista Computer Company 
1320 E. St. Andrews Place, Unit I 
Santa Ana, CA 92705 
(714) 751-9201 
TWX 910-595·1565 

Circle 9 on inquiry card. 

Special 
Introductory 
Price: 
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Turnkey Video Interface Board 

The CRT-lOOO is a complete 16 line 
by 64 character viqeo interface. It in­
cludes a 1 K by 6 bit programmable 
memory, a 64 by 7 by 5 row scan 
character generator, and a video pro­
cessor, in addition to the supplemen­
tary logic. It accepts TTL data levels 
in ANSI standard ASCII and provides 
a composite video output which can 
be directly connected to any standard 
video monitor. 

Power required by the CRT -1000 is 
5 V at approximately 350 mAo Video 
and synchronous levels (positive or 
negative) are switch selectable. Syn­
chronous timing is crystal controlled; 
however, the dot frequency (character 
width) may be adjusted to accommodate 
different video screen widths and scan 
rates. 

Acoustic Coupler for Personal Computer 
Use 

This acoustically coupled modem as­
sembly set has been developed specific­
ally for the personal computer market. 
According to the manufacturer, the 
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DEC LA 36 Compatible Acoustic 
Coupler I 

Designated A242Aj36, this new 
acoustic coupler designed with TTL 
is made specifically for Digital Equip­
ment Corporation's LA 36 teleprinter 
terminal. The A242Aj36 offers full 
duplex 103/113 operation at up to 
450 bps. The A242Aj36 features posi­
tive handset lock, direct microphone 
handset coupling and direct connection 
to terminal via permanently attached 
J4 cable. 

To increase accuracy of transmitted 
and received data , the unit features built­
in quartz crystal controlled circuitry, 
double flange seals, special circuitry for 
reduction of sidetone effects, and special 
rubber feet for extra vibration isolation. 

The A242A/36 is housed in a com­
pact, lightweight case and is priced at 
$265. -For' furTher information contact 
Anderson Jacobson Inc ,521 Charcot Av, 
San. Jose CA 95131.-

Circle 539 on inquiry card. 

The CRT-l000 responds to a large 
group of cursor control commands, 
including: erase page and home cursor, 
home cursor, erase to end of line and 
return cursor, return cursor, cursor left, 
cursor right, cursor up and cursor down. 
An erase line function which does not 
affect the cursor position is provided. 
When the cursor reaches the bottom line 
of the display and a line feed code is 
activated, the entire display is shifted 
up one line. Additionally , a roll screen 
command is available which causes the 
bottom line to be replaced by what was 
previously at the top of the screen instead 
of a blank line as in line feed. 

The CRT-lOOO measures 3.5 by 5 
inches (8.89 by 12.7 cm). The price is 
$119.95. For further information contact 
Nucleonic Products Company, POB 
1454, Canoga Park CA 91304.-

Circle 540 on inquiry card. 

moqem can be assembled in less than 15 
minutes with a screwdriver and a pair of 
pliers. No soldering is required. Since all 
components are tested, calibrated and 
burnt in, test equipment is unnecessary. 

The coupler will operate in both orig­
inate and answer modes, with full and 
half duplex capabilrty. An RS232C/20 
mA interface is standard. No special tele­
phone. lines are required, and the device ' 
is fully compatible with telephone com­
pany 300BPS equipment (103/113 
series). 

The price is $169.95 and the company 
offers a 20 day , money back guaran tee. 
An additional "120 day warranty on parts 
and labor is also provided. For further 
information , contact Dynamic Devices, 
1087 Mississippi St, San Francisco CA 
94107.-

Circle 541 on inquiry card. 
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dalldalf bOM. 404 

LDM 404B Synchronous Limited 
Distance Modem 

The Model LDM 404B limited dis" 
tance modem is designed for full duplex 
synchronous communication at 4800 
bps out to 50 miles. LDM 404B oper" 
ates over 4 wire voice grade 3002 lines 
(conditioned or unconditioned), T Car­
rier and most other carrier systems. The 
transmitter uses quaternary amplitude 
modulation followed by frequency trans­
lation to a narrow band centered in the 
voice channel. The receiver uses delay 
equalization with digital filtering tech­
niques. The alignment is performed with 
a built-in tuning meter and it has a self­
checking capability. Installation requires 
no special tools or test equipment. The 
LDM 404B is available as a stand-alone 
unit or in a rack mounted version. For 
more information, contact Gandalf 
Data Inc, 1019 S Noel , Wheeling I L 
60090.-

Circle 542 on inquiry card. 

Ught Pen for Commodore PET 2001 

A self-contained light pen which 
plugs directly into the Commodore PET 
2001 user port has been announced by 
the 3G Company Inc, 37a Willi ams 

. Canyon Rd, Gaston OR 97119. This light 
pen makes it possible to bypass the 
PET's keyboard and interact directly 
with the information displayed on the 
video ' screen. The light pen adds versa­
tility to most graphics programs. I t also 
adds unique capabilities for application 
programs aimed at the noncomputer 
oriented person . 

The light pen is complete and ready 
to plug into the PET. A sample program 
and programm ing instructions come wi th 
the pen_ The entire package sells for 
$24.95.-

Circle 543 on inquiry card. 



RCA Cos mac Super Elf Computer $106.95 
Compare features before you decide to buy an y tect, monitor select and singfe step . Large. on 
other computer. Th ere is no other computer on board disp tays provide output an d optional high 
th e market today th at has all the desirable bene- and tow address . There is a 44 pin standard 
fits of the Super Elf for so little money. The Super connector for PC cards and a 50 pin connector fo r 
Ell is a small single board computer that does the Quest Super Expansion Board . Power supply 
many big th ings. It is an exce llent computer for and sockets for alll C's are included in the pri ce 
tra" ing and for learn ing programming wi th its plus a detai led 127 pg. instruction manual which 
machine language and yet it is eas ily expanded now in cludes over 40 pgs. of soHware info. in-
with additi onal memory, Tiny Basic , ASCII cluding a series of lessons to help get you started 
Keyboards, video character generation, etc . and a mu sic program and graphics target gam e. 
The Super Elf includes a ROM monnor for pro- Many schools and universities are us ing the 
gram loading . editing and execu tion with SINGLE Super Elf as a course of study. OE M's use it fo r 
STEP for program debugging which is not in- training and research and development. 
cluded in others at the same price . With SINGLE Remember. other computers only ofier Super Ell 
STEP yo u can see the microprocessor chip opera- features at addit ional cost or not at all. Compare 
ti ng with th e unique Quesf address and data bu s before you buy. Super Elf Kit $1 06.95, High 
displays before , during and afte r exec uting in- address option 58 .95 , Low address option 
structions. Also . CPU mode and in st ruction cycle $9.95 . Custom Cabinet with drill ed and labelled 
are decoded and displayed on eight LEO indicator plexiglass front panel $24.95 . NiCad Battery 
lamps. Memory Saver Kit $6.95 . All kits and options 
An RCA 1861 video graphics chip allows you to al so come co mplelely asse mbled and tested. 
connect to your own TVwith an inexpensive video Questdata, a 12 page monthly so ftware publica-
modulator to do graphics and games. There is a tion for 1802 computer users is available by sub-
speaker system included for wrning your own scription for $12.00 per year. 
music or using many mu sic programs already T'ny Basl'c for ANY 1802 System 
wrinen. The speaker amplifier may also be used I 
to drive relays for control purposes. Cassette $1 0.00 . On ROM $38 .00. Super Elf 

ow ners. 30% off . Object code listing with man-
A 24 key HEX keyboard in clud es 16 HEX keys ual $5.00. Object list, manual and paper tape 
plus load, rese t, run, wait, input, memory pro· 510.00 . Original ELF Kit Board 514.95 . 

Super Expansion Board with Cassette Interface $89.95 
This is truly an astounding value! This board has Improvements and revisions are eas ily done with 
been designed to allow you to decide how you the monitor. If you have the Super Expansion 
want rt optioned. The Super Expansion Board Board and Super Monitor th e monitor is up and 
comes with 4K 01 low power RAM fully address- running at the push of a button. 

P.O. Box 4430X Santa Clara, CA 95054 
Same day shipment. First lin e parts only. 
Factory tes ted. Guaranteed money back. 
Quality IC's and other co mponents at fa c­
tory prices. 
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.00 

.90 

'" 97 
85 

'" 1.65 
66 

.66 
66 

.25 
25 

.25 
25 
25 
25 
40 
90 . 
25 
15 

.41 

.25 
39 
30 
70 

.47 ." " '" 35 
35 

.35 
72 

.35 

.67 
67 
67 

" .91 
95 

1.06 
1.95 

67 
1.35 

.90 
67 

'80 
1.90 
2.95 
.35 
87 
35 

" ,,, 
'50 

90 
2.92 
'35 
12' 695 

LMJ79 5.00 
lM3BON 1.00 
lM381 1.60 
t MJ82 1.60 
LM70JH 40 
lM709H 28 
LM723HJN 50 
lM733N 67 
LM741CH 35 
lM741t1 25 
lM747HIN .62 
lM748N .35 
lMI 303N .82 
lMI304 1.10 
lMIJ(J5 127 
lM I307 2.00 
LM1310 2.75 
lM1458 .47 
lM1 800 1.15 
LMI812 7.50 
lM1889 3.00 
LM 2111 175 
lM2902 150 
lM3900N .60 
lM3905 1.75 
LMJ909N -- .51 
MCI458V .50 
NE540l 2.89 
NES50N .65 

C04585 1.10 
C040192 300 ,.coo 28 
74C04 .33 
HCID .28 
'4CU 210 
14C20 . 28 
HC30 .28 
74C48 1.95 
74C74 .75 
74C75 04' 74C90 1. 15 
74C93 1.40 

. 74C 154 300 
HC1GO '" 74C175 1.35 
74CI92 1.65 
74C221 2.00 
74C905 3.00 
74C906 .75 
74C914 1.95 
74C922 ' .5<> 
74C923 5.50 
74C925 6.95 
74C926 5.95 , 
74C927 6.95 

NES55V A3 INTERFACE 
NE556A ' 79 
NE565A 1.00 
NE566V 1.50 
NE567V 1.20 
NE5708 5.00 
NE57 1R 5.00 
m05 .50 
78L08 .60 
79L05 .70 
78MOS 85 
75108 1.75 
75 ~91CN 50 
75492CN .55 
75494CN .89 

.." .65 
8",. .65 
8091 .65 
""8 .65 
8T09 1.25 
8110 4.50 
8T13 3.00 
8120 550 
8T23 300 
8T24 3.50 
BT2S 3.20 
8T26 1.69 
8T28 2.75 
8T97 1.69 

Alo D CO Nl/f RYER 
6T98 1.69 

80388 UO MOSfMEMOR'f RAM 
2\01·1 3.95 
2102· 1 ' 95 
2102AH 160 
21l02-1 1.18 

8700C.! 1).95 
870lCN 22.00 
87S0CJ 13.95 
lOI30 9.95 
9400C.!V/f 1.40 21F02 125 
tCt710J 9.50 2104A-4 4.95 
ICl 71 07 14 .25 21078 4.95 

2111· 1 375 
2112-2 3.95 

.SO 2114l-3 7.90 

.15 4116 1095 

.21 25138 6.30 

.21 MMS262 .40 
1. 10 MM5280 3.00 

21 MM 5320 995 
.21 MM5330 5.94 
.39 P04110'3 4.00 
.39 P04110·~ 500 
.21 P5 101 l 13.95 
21 ~200A 9.95 

.36 82S25 2.90 

.86 91L02A 1.50 

.86 H00165·5 6.95 

.36 MM57100 4.50 

.94 GIA'f3B500· 1 9.95 
94 MCM6571 A 9.95 

.21 9368 350 
1.02 4100 10.00 
102 416 16.00 
.86 

" 75 

" '" 36 
79 

1.02 

" '" 1.02 ." .63 
.63 

1.67 
.36 
.36 

1.13 
1.42 ." .40 
.40 
.40 
.ll 
.1' 
." .21 

CL OCKS 
MM53Q9 
MM5311 
MM53 12 
MM5313 
MM5314 
MM5315 
MM5J15 
MM5318 
MMS369 

7 
7208 
720' 
DSOO26CN 
DS0056Ctl 
1.11>153104 

3.00 
3.60 
4.80 
3.60 
3.90 
4.00 
5.00 
3.60 
2.10 

14.45 
7.95 
5.80 
B.9S 
8.95 
7.25 
3.90 
4.90 

16 .50 
7.50 

15.95 
4.95 
3.75 
37> 
2.50 

MICROPROCESSO R 
(,800 17.50 
6802 24.95 

will call only: (408) 988-1640 

COPI6020 
COPI861 
6820 
68" 
6502 

25.00 
1295 
9.95 

12.95 
1250 

ICSO CKETS 
Soldel TIn Low Prolile 
PIN I UP PtN lUP 

8 .15 22 30 
14 . 18 24 .35 
16 .20 28 .42 
18 .27 36 .58 
20 .29 ~ .57 
3IeY!I"';le"" ~lIOld 
UlKn _25 -
2 !el·t! I~ 1)0" .... " 20 

WIRE WR~ P LE\l El 3 
PIN PIN 
14 .25 24 .86 
16 .33 i81.00 
18 .57 .w 1.23 

UARTIFtFO 
AV5-101J 
AV,s,lOI4 
3341 

PROM 
1702A 
N82S23 
N82S123 
N82S126 
N82S12!1 
N82S131 
N82S136 
Ne2S!37 
2706 
OM8577 
8223 
2716T1 
2116 Intel 

CRYST.\lS 
1 MHz 
2 MHz 
4 MHz 
5 MHz 

10 MHz 
IBMHz 
20 MHz 

5.50 
7.50 
695 

3.95 
2.95 
3.50 
3.75 
3.75 
3.75 
8.75 
8.75 

10.50 
2.90 
1." 

29 .50 
4S.00 

4.50 
4.50 
4.25 
4.25 
4.25 
3.90 
3.90 
3.90 
4.00 
4.50 
1.20 
1.95 
4.50 
4.50 
4.50 

Ave . 

CL OCK MODULES Complelealarm ctocks 
l e~dy 10 nook up WI!I! translormer and 
SYillctles Vtf'j campael .... ,tn 50- and 
84- r:11~ils 

MAI OD2A, C Dr f .SO· 
I02PJ Trlnclormer 
MAI010A , CorE .84-
102P2 Tranclormer 
Specll tl ll nclormerand III 

lwllchu when purch.ud 
. ,module 

MA1DII3 CI' mDdQle .3-
greanlluor. displ.y 

RESISTORS \, wan 5 ~. 

&.95 
2.25 

11.95 
2.25 

2.95 

tU5 

10perlype .03 1000per1Yllc .0I2 
25pertype .025350pletepack 

100per ty pe .015 5 per type 6.75 

KE'fBOAROS 
56 kty ASCII ktybNrr:1 kll $67.50 
Fullyusembled 77 .~ 
53 keyASCIt keyfloa rd kit 60.00 
fuDyassembtcd 7000EllClos(JIe I4.95 

LEOS 
Red T0 18 .15 
Green. YeltowTOl8 .20 
Jumbo Red .CJ 
Green. Oling!. YellawJumbo 25 
ClipUls LEO Mounting Ctlps 8/$1 .25 
(specity red,imbe/.oreen, ytllow.cieal) 

CO NTINENTAL SPECIAlTIES tn . 10Cl 
Compiel etlntol breadb03r!llesl equip. 
MAX- IOD 8 dtgtlFreq. Clr. $128.95 
OK WIRE WRAP TODts In IIDck 
Port.bte Muttl mel!1 $18.00 
DIG ITAL THE RMOMETER 54B.5' 
8all . oper. Generatpurposeol medicoll 
32 -230 F. Disposable prObe to~e' 

~~lla t~ ~~~~~CS~~;h~~ rromA~Sro Cin 
COMPUTER BOARD KtTS 
8K RAM 80ard K~ SI35.00 
4K EPROM K~ 114 .95 
liD 80ar~ K~ ~~ 50 
Extender Boa rdw/conneclor 12.50 
16K EPROM board k11 wiD PROMS 74.50 

:~o~~r Jr\~:P:~ Di,k Kit $m:~ 
SPECt,t,t PROOUCTS 
MM5865SIopwalcn Timel 9.00 
PC board 150 
S\II ltclluMom. Pushbullon 27 

3 OOS. S~de 25 
Encoder H00165·5 6.95 
3 0lgitUniverill 
Counle/ So.rd lCtt 
OperalllS 5-18 Votl DC 10 5 Mlt l 
IYp . . 125" lEDr:1ls0Iay 10.50 
I/olce .,tua led swlt t ll .50 

32 MHz 
32768MHI 
1.8432 MHz 
3.5795 MHl 
2.0100MHl 
2.097152 MHl 
2.4576 MHl 
3.2768 MHl 
5.06SBMHl 
5. IB5 MHz 
5.7143MHI 
6.5536 MHz 
14.31818MHl 
18.432MHl 
22 .1184MHI 

4.50 P,ralronln lOO~ Log tt 

CONNECTORS 

4.50 ArtI1YlerKil $224.00 
450 Model 10 Triooer 
4.50 Expan~er Krt 
4.25 Mod el 150 BlI~ 
4.50 GrabberKrl 
4.50 Sln ti . lr 3V. Dtgtt 

Mu Ulmeler 

S.229.oo 

S369.oo 

559.95 
523.95 

44 pin edge 2.75 
Chu:k C. tend. r ICII 
TRANSFOR ME RS 

100 pin e~~e 4.50 
100 pin edge WW 5.2S 

6V300m~ 3 . ~ 
12 Vo" 300 malrll1slormer 1 25 
12.6VCT600 ma 3.75 

KfYBOARD ENCDOfRS 12V 250 ma wall plug 2.95 
AV5.2376 $1250 12\1 CT 250 ma wall plug ' 3.50 
A'f5·3600 13'50 24VCT400ma 3.95 
74C922 5'50 10'11 1.2 amp wall plug 4.B5 
74C923 5:50 12V6amp 12 .95 
HD\l165·5 6.95 DtSPlAYLEOS 

MAl'l l CA .2702.90 
tCTu I Ctips MAN3 CC 125 .39 

1 10 MAN7 2174 CA/CA .300 1.00 
Red .55 41 OL704 CC .3001.25 
8iacic .55 .47 Dl707lDl707R CA .300 1.00 

OL727n28 CAlCC.500 1.90 
• • ye r 8043 1450 OL747175O CAJCC .600I.95 

compo w/Sj)et.lscu:k. DL7;,o CC .600 1.95 
fN0359 CC .357 .70 
FND5001507 CClCA .SO01.35 

AD FN050JIS1O CCICA .500 .90 
.18 FN08001807 CCICA .8002 .2Q 
.30 3digit8ubbla 60 
.20 4diOIl bubbte BO 
25 OG8 FluareSCt nl 175 

.40 OG10 Fluorescent 175 

.25 5dlo'tl4 plndlsplay 1.00 
25 NStl699digildis piay 60 
18 7520 Ctalrex p~olocells .39 

. 18 Ttl311Hcx 9.50 

able anywhere in 64K with bu ilt-in memory pro- Other on board optio ns include Parallet fnput 
teet and a cassette Interface . Provisions have and Output Ports with full handshake. They 
been made for all other options on the same allow easy co nnection of an ASCII keyboard to the 
board and it fi ts neatly into the hardwood cabinet input port . RS 232 and 20 rna Curren t Loop for 
alongside the Super Elf. The board in Cl udes slots teletype or other device are on board and if you 
for up to 6K of EPROM (2708. 2758. 271 6 or TI need more memory there are two S-1 00 slots for 
2716) and islulfy socketed. EPROM can be used stati c RAM or video boards. A Godbout 8K RAM 
fortbe monitor and Tiny Basicor otherpurposes. board is available for $135.00. Also a lK Super 
A tK Super ROM Monitor $19 .95 is available as Monitor version 2 wilh video driver for full capa­
an on board option in 2708 EPROM which has bilny display with Tiny Basic and a video intertace 
been preprogramm ed with a program loaderl board . Paraifell / O Ports $9 .85, RS 232 $4.50 , 
editor and error checking multi file cassett e m 20 rna f/F $1.95 , S-100 $4 .50 . A 50 pfn 
read /write software . (relocatible cassette fil e) connector set with ribbon cable is avai lable at l 

'35 
135 
160 
1.60 
' 50 
1.60 
11 5 
"5 1.35 

CMOS 
CD3400IFiII. 
C04000 
C04001 
CO·lOO2 
C04006 
C04007 
C04008 
C04009 
C04010 
C04(l11 
C04012 
C04013 
C04014 
C0401 5 
C040 15 
C04017 
COJOl8 
C04019 
C0402Q 
C0402 1 
C04022 
C04023 
C04024 
C04025 
C04()26 
C04027 
C04028 
C04029 
C04030 
C04035 
C04040 
C040;12 
C04043 
C0404~ 
C04046 
C04049 
C040~ 
C04051 
C04060 
C04066 
C04068 
C04069 
C04010 
CD4071 
C040n 
C04073 
C0407, 
C04076 
C04078 
CD4081 
C04082 
COJ116 
C04490 
C04S07 
C04S08 
C0451[J 
C04511 
C04515 
C04516 
C04518 
C04S20 
C04527 
C04528 
C04553 
C04566 
C04583 

US 
.40 
.11 ." .n 

soaOAwitll dala 8.95 
8085 27.00 

TRA NSISTORS 
2Nla93 
2N2222A 
2N2369 
2N2904A 
2N2907A 
2N3053 
2N363B 
2N3643 
2N3904 
2N3906 
2N3055 
21014400 
2N440 1 
2N4~02 

.69 COMPUTER GR~OE C~PS 

.25 1500 mId 200'11 4.50 
another exc lusive fro m Quest. It includes register $12.50 for easy connection between the Super ~ 8 

save and read out . block move capability and Elf and the Super Expansion Board . ~i::l~~~::~ 
video graphics driver with blinking cursor. Break The Power Supply Kit for the Super Expansion l " 34OK·14 

pOints can be used with th e register save featu re Board is a 5 amp supply wnh multiple positive ~m:~::i 
to isolate program bugs qui ckly. then follow with and negati ve vo ltages 529.95. Add $4 .00 fo r tm::il:: ~ 
single step. The Super Monitor is written with ship ping . Prep unched fral1e $5 .00 . Case l""OT·" 

subroutines all owing users to take advantag e of $1 0.00 . Add 51.50 for shipping . t~l:~:'2' 

I~m_on.il.o.r .fu.:;n.c.tio.n.s. s.im .. pl.Y.b.y. c. a.lI.iniig.t.he.m.u.p •................... tm~~ 
LM377 

'" 135 
1.35 
135 
1.25 
1.25 
1.25 ,,, 
12' 125 
45<> 
75<> 
1. \5 
3.00 

5 . ~0 
1.00 
4.25 
1.02 
.94 

2.52 
l. iO 
1.(12 
1.(12 
1.51 
.i 9 

3." 
2.25 
4.50 

Z80A 19.75 
8212 2.90 
8214 800 
8216 290 

.75 21100 mId 45'11 2.50 

.20 3200 SO'll 2.50 

.60 5500 25'11 250 
1.00 saoo 40'11 3.00 

TIP31 
TtP33A 

8224 2.90 
8228 5.35 
8251 8.50 
8253 10.00 
8255 9,25 
8257 19.50 
8259 1950 
1802CPp!as. 13.li5 
18020Pplas. 1795 
1861P 11 .• 5"0 
COP I802CO 19 .95 

6100 40'11 3.00 
6100 SO'll 3.00 
7700 SO'll 2.50 
8000 55V 2.50 

3.95 9-1{)O 65'11 300 
vtr 1.5010000 20'11 2.50 

RS232Comple!eSe16.50 12000 JOV 3.50 
OE9P 1.50 3500{) 25'11 5.00 
OE9S 1.9555000 25'11 ' 5.00 
DA15P 2. 1082{)OO IS'll 6.00 
OAI5S 3.10 60000 10V 6.00 

Auto Clock Kit $15.95 
DC clock wnh 4- .50" displays. Uses National 
MA-1 0t 2 module wnh alarm option. Includes 
light dimmer, crystal timebase PC boards. Fully 
regulated, camp. instructs. Add $3.95 for beau­
tiful dark gray case. Best value anywhere. 

Digital Temperature Meter Kit 
Indoor and outdoor. Switches back and fo rth. 
Beautiful. 50" LEO reado uts. Nothin g like it 
available. Needs no additi onal parts for co m­
plete. full operation. Will measure - 100' to 
+ 200' F. tenth s of a degree, air or liqu id. 

~----------~------------~ Multi-volt Computer Power Supply Stopwatch Kit $26.95 

RCA Cosmac VIP Kit $229.00 
Video computer with games and graphics . 
Fully assem. and tes t. $249.00 

Not a Cheap Clock Kit $14.95 
I ncludes everything except case. 2- PC boards. 
6-.50" LED Displays. 531 4 clock chip . trans­
former . all components and full instructions. 
Orange dis plays also avail. Same kit w/.80" 
dlspfays. Red only. $21.95 Case $11 :75 

60 Hz Crystal Time Base Kit $4 .40 
Converts digital clocks from AC line frequ ency 
to crystallime base. Outstanding acr.uracy. Kit 
includes: PC board . IC. crystal. resistors, ca­
pacnors and trimmer. 

Very acc urate . $39 .95 
Beautiful woodgrain case w/beze ~ $11.75 

NiCad Battery Fixer/Charger Kit 
Opens shorted ce lls that wo n't hold a cha rge 
and then charg es them uP. all in one kit wnull 
parts and inst ructions. $7 .25 

M Eraser Will erase 25 PROMs in 
Ultraviolet. assembled 534.50 

Rockwell AIM 65 Computer 
6502 based Single board with full ASCII keyboard 
and 20 co lumn therma l printer. 20 char. al­
phanumeric display . ROM monito r, fully expand­
able. 5375.00 . 4K version 5450 .00. 4K Assem­
bler 585.00. 8K Basic Interpreter $100.00. 
Power supply assembled in case $60.00 . 

8v 5 amp. = 18v .5 amp. 5v 1.5 amp. - 5v Full six digit battery operated. 2-5 volts. 
.5 amp , 12v .5 amp. - 12 option . = 5v. = 12v 3. 2768 MHz crystal accuracy. Tim es to 59 
are regulated. Kit $29.95. Kit with punched frame min .. 59 sec .. 99 1/100 sec. Times std ., split 
534.95. Woodgrain case $10.00. and Taylor. 7205 chi p, all components minus 

Video Modulator Kit $8.95 case . Full instructions. 

Co nvert your TV set into a high quality monitor Hickok 3112 Digit LCD Multimeter 
without aff ect ing normal usage. Complete kit Batt/AC oper. 0.1 mv-l000v. 5 rang es . 0.5% 
with full in structions. accur. ResiStance 6 low power ran ges 0.1 

2.5 MHz Frequency Counter Kit 
Co mplete kit less case $37.50 
3D MHz Frequency Counter Kit 
Complete kit less case $47 .75 
Prescaler kit to 350 MHz $19.95 

79 IC Update Master Manual $35 00 
Complete IC data selector, 2500 pg . master ref­
erence gu ide. Over 50 .000 cross references. Free 
update service through 1979 . Domestic postage 
53.50. Foreign $5. 00 . 1978 IC Master closeout 
S19.50. 

ohm-20M ohm. OC curro .01 to 100ma. Hand 
held , W' LCD displays, auto zero, polarity , over-

95: 

S-1 DO Computer Boards 
8K Static RAM Kit Godbout 

16K Static RAM Kit 
24K Static RAM Kit 
32K Dynamic RAM Kit 
64 K Oyn am ic RAM Kit 
8K/16K Eprom Kn (less PROMS) 

$135.00 
26~ . 00 
423. 00 
310. 00 
470.00 
$89 .00 

$139 .00 Video Interface KR 
Motherboard 539. Ex tender Board $8.99 

TERMS: S5.00 min . order U.S. Funds. Calil residents add 6%lax. FREE S d f f NEW 1979 
BankAmericard and Master Charge accepted. : en or your copy 0 our 
Shipptng charges will be added on charge cards. QUEST CATALOG. Include 28c stamp. 
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TI Publishes Third Edition of Under­
standing Solid-State Electronics 

A new and up'dated edition of Under­
standing Solid-State Electronics, 270 
pages, is available from the Texas Instru ­
ments Learning Center Library, 
POB 3640, MS 84, Dallas TX 75285. 
The softback is priced at $3.95 . 

This third edition covers today 's 
semiconductor technologies and prod­
ucts and reviews earlier electronic de­
vices and integrated circuits to provide 
the reader with a basic understanding of 
solid-state electronics. Written in non­
technical language, Understanding Solid­
State Electronics is a self-teaching text­
book complete with quizzes and glossa­
ries. 

New additions include comprehensive 
discussions on MOS (metallic oxide semi­
conductors) and LSI (large scale inte­
grated circuits); how an MOS transistor 
works, how it com pares to a bipolar 
transistor and how MOS transistors have 
made microprocessors and microcomput­
ers possible. New details are also pro­
vided on linear integrated circuits; the 

1978/1979 Catalog from 
Cramer Electronics 

This comprehensive catalog from 
Cramer Electronics lists the components, 
systems, peripherals, in struments and 
tools that are available at local Cramer 
stocking centers. Listed in the 1978-79 
Cramer Buyer's Guide are products made 
by such companies as Allen-Bradley, 
Amphenol, Bournes, Erie, Fairchild, 
General Electric, ITT Cannon, Mostek, 
Motorola, RCA, Sprague, Texas I nstru­
ments and about 80 more manufacturers. 
Cramer offers components in over 50 
product categories covering all active and 
passive areas plus a wide range of acces­
sories. For a copy of th is catalog, write 
to Cramer Electronics, 85 Wells Av, 
Newton MA 02159.-

Circle 527 on inquiry card . 
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PUBLicATIONS 

techniques used to fabricate them and 
how they are used. 

The book explains how diodes, tran­
sistors, thyristors and integrated circuits 
are made; how they work; and how they 
are used in systems. Other topics covered 
are : what electricity does in systems ; 
how circuits make decisions; and how 
semiconductors rel a te to systems.-

Circle 526 on inquiry card. 

How to Find the Persona l Computer 
You Want 

A 24 page public ation e~tj tled 

Personal Computers for the Business­
man ex pl ains what a personal compu­
ter is and how it differs from a mini­
computer. It also describes a shopping 
strategy to follow wh en the decision 
is made to pu rchase a sys tem . A major 
part of the report is an overview of the 
best known manu factu rers cu rrently 
in the personal computer m arket. The 
configu ration of each system is given as 
well as the price range. Th e re is also a 
list of manufacturers and suppliers in 
the back of the publication . The pur­
chase price of the report is $ 7 .50. 
For further inform ation contact Manage­
ment Information Corp, 140 Barcl ay Ctr, 
Cherry Hill N J 08034 .-

PERSONAL COMPU 'E. R~ f OR THE BU~INE: ""SMAN 

PERSONAL COMPu TERS r OR I Hf Ht ' 'l INE .... ~MAN 
PERSONAL COMPu TERS FOR THE BUSINE SSM AN 
PERSONAL COMPUTER S FOR THE BUSINESSMAN 
PERSONAL COMPU TER S FOR THE BUSINESSMAN 
PERSONAL COMPU TERS FOR THE BU SINESSMAN 
PERSONAL COMPUTER S FOR THE BUSINESSMAN 
PERSONAL COMPUTERS FOR THE BUSINE SSMAN 
PERSONAL COMPUTER S FOR THE BUSINE SSMAN 
PERSONAL COMPUTEAS FOR THE BUSINESSMAN 
PERSONAL COMPUTERS FOR THE BuS'NE SSMAN 
PERSONAL COMPUTERS FOR THE BU SINE SSMAN 
PER SONAL COMPUTER S FOR THE BUSINE SSMAN 
PER SONAL COMPuTERS FOR THE BUSINE SSMAN 
PER SONAL COMPuTE RS FOR THE BUSINESSMAN 
PERSONAL COMPUTERS FOR THE BUSINE SSMAN 
PERSONAL COMPuTERS FOR THE BUSINESSMAN 
PER SON"'l COMPUTERS FOR THE BU SINESSMAN 
PERSONAL COMPUTERS FOR THE BUS,NESSM .... N 
PERSON"'l COMPuTERS FOR THE BUS,NESSM .... N 
PERSONAL COMPUTERS FOR THE BuS,NESSM .... N 
PER SON"'l COMPuTERS FOR THE BUSINESSMAN 
PERSON"'l COMPUTERS FOR THE BuSINESSMAN 
PERSONAL COMPUTERS FOR THE BuSINESSMAN 
PERSON"'l COMPUTERS FOR THE BUSINESSM .... N 
PERSON"'l COMPUTERS FOR THE SUSINESSMAN 
PERSONAL COMPUTERS FOR THE BUSINESSMAN 
PERSON ... l COMPUTERS FOR THE BUSINESSMAN 
PERSON"'l COMPUTERS FOR THE BU SINESSM .... N 
PERSONAL COMPUTER S FOR THE BUSINESSMAN 

Circle 528 on inquiry card . 

Directory of PET Related Products 

A comprehensive hardware and soft­
ware reference service for users of the 
Commodore PET computer has been 
announced by Channel Data Systems, 
5960 Mandarin Av, Goleta CA 93017 . 
The Channel Data Book is a user oriented 
directory of PET related products in­
cluding: software, hardware and periph­
erals, literature and periodicals of special 
interest to PET users, listings of user 
groups and distributors, and cross 
references by product type and supplier. 
The Channel Data Book provides di­
viders and color coding to organize 
programs, articles, and newsletters of 
specific Interest to each user. 

The book includes a 3 ring binder 
and updated supplements with instruc­
tions for filing new and revised material. 
The Channel Data Book is priced at 
$19 .95 , which 'includes an update 
service through calendar year 1979.-

Circle 529 on inquiry card. 

New Microcomputer Magazine 
from Germany 

Chip is a new German language maga­
zine for microcomputer ·users interested 
in computer construction, programming 
and application . Published every other 
month, this appealing publication has at 
least 65 pages of editorial material deal­
ing with software a nd hardware, ready­
for-use devices, instructions for circuit 
construction, programming, and stories 
in words and pictures. Every issue is 
complete with book reviews, training 
methods and instructions, and a forum 
for ex changing experiences and opinions. 
The cost for six issues of Chip is 
DM 24.00. For more information, write 
to Vogel-Verlag, Max-Planck-Str, 7/9 , 
Postfach 6740, 0-8700 Wurzburg ,1, 
GERMANY.-

Circle 530 on inquiry card . 



10.DAY FREE TRIAL F~::~:;:'~ 
PET $79!1" $750 j . .... 

• 14K ROM . 8K RAM 
• Fast Microsoft BASIC 
• Integral Tape & CRT 
• Graphics & Lower case 

IN STOCK NOW! 

32K PET - $675.00 
with the trade·in of your 
working PET 

I 

/ ---
• Real-time clock 
• IEEE and Parallel I/O Normally $1 .195.00 

The most computer value you can buy in a single box . 
the PET is a complete system . It 's our most popular 
computer. 

! 
; ji ;~j I 
L ... 

PET---------------------------------
CONNECTION 
SECOND CASSE TTE FOR PET$95 
ThIs oe"phe'al r1 om CommOdore 9 '01'5 
you me 01 0,101,(10 use one III De Ol' C ~ 10' 
,r.pul and onl! lor ourpu l 10 copy I ,l l'S 
!JDOale 'ccoras etc 

apple 
II 

aeea .. ' - PET COOl/nilI'd 
Deep 52495 

PetunIa - P lay mus,c h om 
you, PET $2995 

'/10('0 Bulte. - OuTPut t OI 

51'(0"0 mo n,IOI $2995 
Com DO - Peru",! V,oeo 
Buffer combined 

RS·2J2 Modem II'IIel lace5 tOf PEl 

°o'2~n~~:;!Wef03Ck 
Dual POri RS·2J2 

B,O.teCI,onallnle"acc 
Single Pot! RS·232 

Bloll ecl,onallnler lacc 
Cab1t1ct lo, aooye ,nledaces 
Sellal P"r'l le' Interlace w,'h 
case (Ouloul or'llyl .. 

\ 

The mosl powerful compuler you can attach 10 your TV 
NCE(/CompuMart now carries the popu tar Apple 
II mlF rocomputer system. It easily attaches to 
any TV and can be used for either business or 
games. To see why the Apple II continues to be 
the leader in TV·display computers. write for 
more information. 

16K Apple II Computer 
48K Apple II Computer 
Disk Drive & Controller 
Second Disk Drive only 

$1195 
$1795 
S 595 
S 495 

FREE 
9" SANYO 
MONITOR 

FREE MICROVERTER $35 value 
UHF Modulator-works better than VHF (Ch.3) types 

with purchase of an APPLE computer 

Hazeltine 
1400 

with purchase of a 
16K or 32K SORCERER 

Now a 5th Generation ~iiIIII""i4I .. itfI 
in Terminals: elec 
Immediate Delivery Table top ~ 

Hazelt ne 1500 full of features ' $1049 Termi~als ~ . ~':::;:~''' .' ''''' 
Hazelt ne 1510 with buffer logic $1149 -, .. ~. ,-"". .. 
Hazelt ne 1520 with printer interface $1499 ~ $<95 ~$49$ : ~~;;;:~,~::::,: 

call or write for more information 'S IS WORKING • . , ""." '''"e '" 

READER 
PUNCH 

We have interfaced our 
reconditioned reader l 
punch units to give you 
the fastesl and most reli­
able unil at the se low 
prices. Interfaces include 
power supply. cables and 
cabinet. 

TIL PARALLEL $750 
READER/PUNCH 

RS-232 SERIAL $950 
READER/PUNCH 

CENTRONICS 
779 PRINTERS 

Selectable for 10 or 16 .5 
char/in . 80 or 132 char/ 
8 " line. Prinl speeds up 10 
110 cps. Parallel interface 
with handshake . 

CENTRONICS 779-1 
with Irlcllon leed 

$1035 
CENTRONICS 779-2 
with traclor leed 

$1140 

Now you can print on plain paper and make multiple 
copies on a low-cost printer. The friction-feed IP-125 
and the tractor-feed IP-225 80 column, dot-matrix 
printers are perfect for parallel or RS-232 serial ap­
plications at baud rates up to 1200. Graphics. print 
density and buffer options are available to fit every 
system's needs. Write for information on options . 

IP-125 $799 IP-225 $949 

KTM-2 
A new concept 

in terminals 
Only $349.00 

KIM-1 

s~\...E. Assembled 

$169.95 
Wllh 

" .... '.'" $214.95 

EXPAND YOUR KIM 
SYSTEM: 
KIMSI 
KIM to S-100 Board 
Assembled $169 
Connector Set 15 
KIM 4 
Expansion board 89.95 
MIC RO TECH , POWER SUP Pl Y 
ASSf'mo'eCl 134.(15 

KIM ENCLOSURE 
G,ye you. I(IM a DfOIe5~ona t anpea .· 
ance No alte'ahons 'eQUI'ed s tu.OV 
KVde> tOO Black 

$23.50 

CAT COUPLER 
Synetlek S un'Que new lerm,nal lOOkS New 300 baud 
:~k;'ca I~e~~s~~~~ ~~lh~ecSo~:~~5c~~r~c~ Originate/Answerback 
~er::p~,~Pc~~a~~;;:~~~:ya~: ~~~:~Ietc:,a~ Acoustic Coupler. . 
~o°c"~!I ~~,:'~'g J:'a~~t~"'~~r ~c~~~~~t~~. Looks good, works 
dres,ab'le cursor s c,01l'"9 . wrap· great and sale 
around aulo·repeal opl'onal,nlerlace 

-----L--is-t--$-2-7-9--.9-5~1--~~-~-~-1-,~-::-~-~9-;OO-b'-;=~:="~n"_'o_'_. f-p_r_ic_e_d_a_t_$_1_8 __ 9_. ____ 
11 

S~\..E. $189.95 Sp..\..t. n--' 

Circle 283 on inquiry card. 

5·100 MPA ~ .~) 
8-100 MPA gives your PET SANYO 
complete control of the 8-100 MO N ITO R 
bus (even DMA). Get an 
assembled unit at kit price. ' M'209 ' ~,,,. ,,mo",, ,, $169 

5,n9'e 00.1'0 

VIDEO TERMINAL 
by XITEX 

16lnlt64chr O,splay. 128J)fmtatlle 
Characters. sollwate UART ,ASCU 
Of Baudot) J sellal mterlaces '" 
cassette I 0 I,ue composlle Video. 
TIL comJ)al,ble. easy power con· 
necl,on 

AssembteO& tesreo NOW $187 
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SAL-11 Structured Assembly Language 

The SAL-11 Structured Assembly 
Language software is a MACRO-11 pre­
processor which operates on DEC 
LSI-11s and PDP-lls under RT-11. 
SAL-ll is a midlevel language suitable 
for systems and applications program­
ming which requires the advantages of 
assembly language. 

SAL-11 facilitates the use of struc­
tured programming techniques; provides 
a standard interface between FORTRAN 
and MACRO-11 modules; provides string 

Play 4 Person Contract Bridge Against 
the Computer 

,- • C'lf"p,.~f'r --
Bridge Challenger, for 8 K byte PETs, 

16 K byte Level II TRS-80s and 16 K 
byte Apples, lets you and the dummy 
play 4 person contract bridge against the 
computer. The program will deal hands 
at random or according to your criteria 
for high card points, and you can save 
hands on cassette and reload them for 
later play. You can r~view tricks, rotate 
hands east-west, shuffle only the defense 
hands, or replay hands when the cards 
are known. Bridge Challenger is priced 
at $14.95 and is available from Personal 
Software, POB 136, Cam.bridge MA ' 
02138.-

Circle 548 on inquiry card. 

Compiler for 6500 Microcomputer 
Family 

A systems implementation language 
called CSL/65 has been developed by 
Computer Applications Corporation 
(COMPAS) for the 6500 microcomputer 
family offered by Rockwell, Synertek 
and MOS Technology _ The language 
resembles PL/1 and ALGOL in general 
form, but has been specifically designed 
for microcom puter users. Versions are 
currently available for the Rockwell 
System 65 development system and 
any PDP-" using the RT-" operating 
system . 

CSL/65 is a midlevel language de­
signed to combine the power and flex­
ibility of assembler language with the 
structuring potential of a high level 
I angu age. All I angu age featu res are 

266 May 1979 © BYTE Publications Inc 

SOFTWARE 

handling capabilities; handles recursive 
and reentrant modules; and provides 
commands for stack manipulation, regis­
ter saving and restoring, and for passing 
parameters and control between modules. 

The structured programming facilities 
provided by SAL-11 include the classic 
control structures for conditional execu­
tion, iterative execution, case statements., 
program block definition and environ­
ment setup. 

Included in the $515 binary license 
fee is a copy of the user's guide and 1 
year warranty which includes technical 
assistance and maintenance support. For 
more information contact GEJ AC Inc, 
3322 Stanford St, Hyattsville MD 
20783 .• 

Circle 546 on inquiry card . 

Structured Programming for the TRS-80 

SLiC (structured language For inter­
active computation) is a high level 
language interpreter offered by RTG 
Data Systems, 309 Santa Monica Blvd, 
Suite 312, Santa Monica CA 9040l. 
SLiC features a complete set of con­
trol statements for structu red pro­
gramming; modular programming using 
functions with arguments; dynamic 
variable allocation for efficient memory 
usage; de~ce independent input and 
output (IO) using unit numbers (byte, 
record and variable 10 are all pro­
vided); programs that can read and 
write cassette data files; character, 
integer and real variables; one- and 
two-dimensional arrays; keyword com­
pression; 28 built-in functions; cas­
sette motor control and many more 
features. 

Sample SLiC program listings are 
included. SLiC is available on TRS-80 
cassette and requires a 16 K Level I 
machine. The price is $50 and the 
user's manual may be ordered separately 
for $10 .• 

Circle 549 on inquiry card . 

aimed at improving the productivity 
of the systems program mer by sim­
plifying the development of programs 
normally written in assembler. CSL/65 
produces assembler code rather than 
object code. This allows the programmer 
to enhance or optimize at the assembler 
level if necessary as well as enabling the 
programmer to drop into assembler 
whenever necessary. CSL/65 output is 
then passed to the assembler, which is 
part of the System 65 monitor, or to the 
MINmic assembler, which is available 
from COM PAS for the PDP-ll. 

The price for either the System 65 
or PDP-ll versions of CSL/65 is $1000. 
The MINmic 1165 assembler (required 
for PDP-11 users) is $900. For further 
information contact Computer Applica­
tionsCorp,413 Kellog, Ames IA 50010 .• 

Circle 551 on inquiry card. 

Game Series Available for Apple II 

The Intelligent Game Series #1 is 
available for the Apple II computer. The 
three software packages include: Battle­
ship and 3-dimensional Tic Tac Toe; 
Hangman and Concentration; and Casino 
Royale (includes 1 arm bandit, crap 
game, blackjack and roulette). All three 
packages feature Apple II low and high 
resolution graphics with instructions in­
cluded. Each program package costs $12 
and individual program listings can be 
obtained for $3 per program. For more 
information contact Stuart Frager, 
POB 13331, Baltimore MD 21203 .• 

Circle 547 on inquiry card. 

lilog BASIC Interpreter Supports l-80 
Based Microcomputers 

lilog's extended BASIC interpreter 
supports the firm's MCl series of micro­
computers introduced to date (the 
MCl-1!05, MCl-1!60 and MCl-1!90) 
and its new line of development systems 
(the 4 MHz lD~-1/40 and 2_5 MHz 
ZDS-1/25). 

Programs can be interactively 
entered, edited, run and debugged com­
pletely within the BASIC interpreter 
subsystem, lilog's BASIC allows the 
user to manipulate real, integer and 
string data with full file capabilities, 
including both string and record random 
access. BASIC includes two mathematics 
packages: a binary package with seven 
significant digits, and a binary coded 

. decimal data version with 13 significant 
digits. 

The interpreter interfaces with the 
RIO operating system of lilog's micro­
computers, which use the l-80 . pro­
cessor_ Programs can be interfaced with 
PLl or assembly language procedures 
and can be chained to other BASIC 
programs. 

For more information contact lilog, 
10460 Bubb Rd, Cupertino CA 95014 .• 

Circle 550 on inquiry card . 

BASIC for Fairchild F8 Features 
Floating Point 

Micro Business Systems I nc has 
announced a full BASIC interpreter for 
use with Fairchild's F8 processor. Called 
MBS-BASIC, the new product features 
9 digit preCision and floating point 
arithmetic. 

Including all standard .arithmetic 
operations and relations, MBS-BASIC is 
competitive in speed and efficiency with 
the 8080 and l -80 BASIC interpreters. 
MBS-BASIC version 1.0 has a license 
fee of $179.95. The MBS-BASIC inter­
preter is distributed on ASR33 compat­
ible paper tape and is provided with 
documentation. Contact Micro Business 
Systems Inc, POB 8255, JFK Sta, 
Boston MA 02114 .• 

Circle 552 on inquiry card. 
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venus 2001 Video Board 
~ 

Assembled and Tested $259.95 • Camplete Unit with 4K 

,
~ of Memory and Video. Driver on Eprom assembled 
tIr, and tested $339.95 

. kit$19995 
.......... -. -=~- =---

OPTIONAL: • Sockets $10.00 • 2K Memory $30.00. 4K 
M~mory $60.00 • Video Driver Eprom $20.00 • Text 
Editor Epr9m (Includes Video Driver $75.00) 

S-l 00 Plug-In. Parallel Keyboard Port 
On board 4K Screen Memory (Optional). On board 
Eprom (Optional) for Video Driver or Text Editor 
Software. 

Up and Down Scrolling through 
Video Memory . 
Reverse Video, Blinking Characters. 

Display: 128 ASC 11 Characters 64 X 32 or 32 X 
16 Screen format (Jumper ' Selectable). 7 by 11 Dot 
Matrix Characters. 

MODEL MS-215 

• Battery or A.C. Operated • External and Internal Trigger 
• Time Base-.1 m Sec'/Div. Into 21 Calibrated Ranges. 
3% Accuracy. Input Impedence 1 M Ohms. Complete 
with Input Cables, Battery and Charger. 
OPTIONAL:. Leather Case $45 .00· 10:1 Probe $27 .00 
(2 for $49.00) Prices Good through 5/31/79 

MS- 15 Single Trace Scope $299. e 3% DIGIT DMM 
~ ~ LCD Readout 

SIZE: 1.3" H 2.7" w 4.0" D 

• .5% Accuracy • AC-DC 
1-1000V • Ohms 1K-10M 

• Current ImA-1 Amp 
• 100% Overload Protection 
OPTIONAL: • Leather Case $20.00 
• NiCad Battery and Charger $16.00 

• 3.5 LED DIGITS· 

Panel Meter 
• . 5% Accuracy 

• Voltage Range 
0-1000V 

MODEL LM-350 

$ '3995 

• Power: + 5V 200mA MODEL PM-349 

• Auto Zero • Update Rate: 3 Rdg. / Sec. 

American or European TV Compati­
ble (CRT Controls Programable) . 

Dealer Inquires Invited 

ASCII Keyboard Kit $ 77. 

Assembled and Tested $93.00 
• Single +5V Supply • Full ASCII Set (Upper and Lower 
Case) • Parallel Output • Positive and Negetave Strobe • 
2 Key Rollover • 3 User Definable Keys. P.C. Board 
Size: 17-3/16" X 5"· Control Characters Molded on Key 
Caps • Optional Provision For Serial Output 
OPTIONAL: Metal Enclosure $27.50. Edge Con. $2.00. 
Sockets $4.00 • Upper Case Lock Switch $2.50 • Shift 
Register (For Serial Output) $2.00 

Dealer Inquiries Invited 

Apple " I/O Board Kit 
Plugs into Slot of Mother Board 

·1 8 Bit Parallel Output Port (Expands to 3 Ports).1 Input 
Port • 15mA Output Current Sink or Source • Can be 
u~ed for peripheral equipment such as printers , floppy 
diSCS, cassettes, paper tapes, etc. • 1 free software listing 
for SWTP PR40 or IBM selectric . 
PRICE: 1 Input and 1 Output Port $49.00 

1 Input and 3 Output Ports $64.00 
Dealer Inquiries Invited 

SHIPPING $3.50 / California residents add 6% sales tax 

ELECTRONICS WAREHOUSE Inc . 
15820 Hawthorne Boulevard 

Lawndale, CA 90260 
(213) 370-5551 



TRS-SOE.S. 

SERIAL 110 
• Can input into basic 
• Can use LUST and 
LPRINT to output, or 
output continuously. 
RS-232 compatible. 
Can be used with or 
without the expansion 
bus. On board switch 
selectable baud rates 
of 11 0, 1 50, 300, 600, 
1 200, 2400, parity or 
no parity odd or even, 
5 to 8 data bits, and 1 
or 2 stop bits. O.T.R. 
line • Requires +5, 
-12 VOC. 80ard only 
$19.95 Part No. 8010, 
with parts $59.95 Part 
No. 801 OA, assembled 
$79.95 Part No. 8010 
C. No connectors pro­
vided, see below. 

EIA/ AS-23 2 eon· 
ne ctor Par t No. 
OB25P $6.00. with 
9', 8 conductor 
c.bII $10.95 Pitt 
No. OB2~pg. • 3' ribbon cable 

with attached con· 
nectors to fit TRS-
00 ,nd our ,erial 
boIrd S1 9.95 P8I"t 
No. 3CA84D. 

RS-2321 TTL{~ 
INTERFACE 

• Converts TTL to RS-
232, and converts RS-
232 to TTL. Two sep­
arate circuits • Re­
quires -12 and +12 
volts. All connections 
go to a 10 pin gold 
plated edge connector 
• Board only $4.50 
Part No. 232, with 
parts $7.00 Part No. 
232A 10 Pin edge 
connector $3.00 Part 
No. 10P 

MODEM{} 

• Type 103. Full or 
half duplex. Works up 
to 300 baud • Origi­
nate or Answer. No 
coils, only low cost 
components. TTL in­
put and output-serial 
• Connect 8 n speak­
er and crystal mic. 
directly to boerd • 
Uses XR FSK demod­
ulator • Requires +5 
volts • Board only 
$7.60 Part No. 109, 
with parts $27.50 Part 
NO. 109A 

MINIDISK 

Box of 10 

$29.95 

RS-2321 TTY{} 
INTERFACE 

APPLE 11* 
SERIAL 1/0 
INTERFACE 

-, .~ 

:; I ,. ,~ < 

, / 1 ' 

b • -'. ' 
€~ ...... - '-
,. 111111111111111111 

T.V. 
TYPEWRITER 

• Stand alone TVT 
• 32 chari line, 16 
lines, modifications for 
64 char Iline included 

Baud rate is continuously adjustable from 0 • Parallel ASCII ITTU 
to 30,000 • Plugs into any peripharal input. Video output 
connector . Low current drain. RS-232 input • 1 K on board memory 
and output. On board switch selectable 5 to • Output for computer 
8 data bits, 1 01' 2 stop bits, and parity or no controlled curser. 
parity either odd or even. Jumper selectable Auto scroll • Non-
address. SOFTWARE. Input and Output destructive curser. 
routine from monitor or BASIC to teletype or Curser inputs: up, down, 
other serial printer. Program for using an left, right, home, EOL 
Apple II for a video or en intelligent terminel. EOS • Scroll up, down 
Also cen output in correspondence code to • Requires +5 volts 
interface with some selectrics . • Also at 1.5 amps, and -12 
watches OTR • Board only $15.00 Part No. volts at 30 mA • All 
2, with parts $42.00 Part No. 2A,assembled 7400, TTL chips. 
$62.00 Part No. 2C Char. gen. 2513 • 

I
~ ________________ .. Upper case only • 

Boerd only $39.00 
Part No. 106, with SK EPROM PIICEON 

Saves programs on PROM permanently (until 
erased via UV light) up to 8K bytes. Programs 
may be directly run from the program sever 
such as fixed routines or assemblers . • S-
100 bus compatible. Room for 8K bytes of 
EPROM non-volatile memory (2708'sl. .On­
board PROM programming • Address 
relocation of each 4K of memory to any 4K 
boundary within 64K • Power on jump and 
reset jump option for "turnkey" syst ems and 
computers without a front panel. Program 
saver software available. Solder mask both 
sides • Full silkscreen for easy assembly. 
Program saver software in 1 2708 EPROM 
$25. Bare board $35 including custom coil, 
board with parts but no EPROMS $139, with 
4 EPROMS $179, with 8 EPROMS $219. 

parts $145.00 Part 
No. 106A 

UART& 
BAUD RATE 

GENERATOR{} 

• Converts serial to 
parallel and parallel to 
ser ial • Low cost on 
board baud rate gener­
ator • Baud rates : 
110, 1 50, 300, 600, 
1200, and 2400 • 
Low power drain +5 
volts and -12 volts 

., Converts RS-232 to r equired • TIL com-
20mA current loop, patible • All characters 
and 20mA current loop contain a start bit, 5 
to RS-232 • Two sep- to 8 data bits, 1 or 2 
arate circuits • Re- stop bits, and either 
quires +12 and -12 .. -----------------t odd or even parity .• All 
volts • Board only WAMECO INC. ~ connectionsgotoa44 
$4.50 Part No. 600, wmc,'n& pin gold plated edge 
with parts $7.00 Part connector. Board only 
No. 600A FDC-1 FLOPPY CONTROL~ER.BOA.RD will $12.00 Part No.1 01 , 

drive shugart, pertek, remlc 5 & 8 dnves with parts $35.00 Part 
up to B drives, on board PROM with power No. 1 0 1 A, 44 pin edge 
boot Ul! , will operate with CPM (not connector $4.00 Part 
includedl. PCBD ..• , .• ," , . ... . $42.95 No. 44P 

FPB-1 Front Panel. (Finally) AMSAI size hex 
disQl~ys . Byte or instruction single ste~ 
PCBD . . . . ... ... . . . " .. , . .. .• .. $42.95 

MiM-1A 8Kx8 fully buffered, S-100, uses 
2102 type RAMS. 
PC8D ..... .. ........ $24.95, $168 K,t 

QMB-11 MOTHER BOARD, 13 slot termi-
nated, S-100 board only .. . . . .. $34.9!5 

TAPE ::: 
INTERFACE 

• Play and record Kan­
sas City Standard tapes 
• Converts a low cost 
tape recorder to a 
digital recorder • Works 
up to 1200 baud. Dig­
ital in and out are TTL­
serial • Output of 
board connects to mic. 
in of recorder • Ear­
phone of recorder con­
nects to input on board 
• No coils. Requires 
+5 volts, low power 
drain • Board only 
$7.60 Part No. 111 , 
with parts $27.50 Part 
No. 111A 

HEX ENCODED 
KEYBOARD 

E.S. 
This HEX keyboard 
has 19 keys, 16 encod­
ed with 3 user defin­
able. The encoded TIL 
outputs, 8-4-2-1 and 
STROBE are debounced 
and available in true 
and complement form. 
Four onboard LEOs 
indicate the HEX code 
generated for each 
key depression. The 
board requires a single 
+5 volt supply. Board 
only $15.00 Part No. 
HEX-3, with parts 
$49.95 Part No. HEX-
3A. 44 pin edge con­
nector $4.00 Part No. 
44P. 

5-100 BUS {:­
ACTIVE TERMINATOR 

$89.95 Kit 
CPU':1 8080A Processor board S-1 00 with 

8 level vector interrupt PCBD .. $25.95 
$89.95 Kit 

RTC-1 Realtime clock board. Two independ­
ent interrupts. Software prollrammable. 
PCBD . .. .. . .. .. . .. $25.95, $60.95 Kit 

EPM-1 1702A 4K EPROM 
card PCBD . ................... . . $25.95 

$49.95 with l1arts less EPROMS 
EPM-I 2708/2716 16K/32K 

DC POWER SUPPLYi:· 

• Board supplies a regulated +5 
volts at 3 amps., +12, - 12, and -5 
volts at 1 amp . • Power required is 
B volts AC at 3 amps., and 24 volts 
AC C.T. at 1.5 amps . • Board only 
$12.50 Part No. 60B5, with parts 
excluding transformers $42.50 
Part No. 6085A 

Board only $14.95 Part No. 900, with parts 
$24.95 Part No. 900A 
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EPROM card PCBD ..... .. .... $24.95 
$49.95 with l1arts less EPROMS . 

QMB-9 MOTHER BOARD. Short Version of 
QMB-12. 9 Slots PCBD ....... $30.95 

$67.95 Kit 
MEM-I 16Kx8 Fully Buffered 2114 Board 

PCBD .... .. . ..... $25.95, $269.95 Kit 

Circle 125'on inquiry card. 



The I JilI}\'!IRANS 1000 
A completely refurbished 
IBM Selectric Terminal with 
built-in ASCII Interface. 

Features: 

• 300 Baud 
• 14.9 characters per second 

printout 
• Reliable heavy duty Selectric 

mechanism 
• RS-232C Interface 
• Documentation included 
• 60 day warranty -parts and 

labor 
• High quality Selectric printing 

Off-line use as typewriter 
• Optional tractor feed available 
• 15 inch carriage width 

HOW TO ORDER 
DATA·TRANS 1000 
1. We accept Visa, Master 
Charge. Make cashiers checks or 
personal check payable to: 
DATA·TRANS 
2. All orders are shipped 
EO.B. SanJose, CA 
3. Deliveries are immediate 

ASCII 'KEYBOARD •••••••• Mounted to DECWRITER Panel 

By Cherry Products . .. ASSEMBLED 89.95 

ASCII to Correspondence code converter 
This bidirectional board is a direct replacement for the board 
inside the Trendata 1000 terminal. The on board connector 
provides RS·232 serial in and out. Sold only as an assembled and 
tested unit for $330.00. Part No. TA 1000C 

ELECTRONIC SYSTEMS 
Circle 125 on inquiry card. 

For orders and information 

DATA·TRANS 
2154 O'Toole St. 
UnitE 
SanJose, CA 95131 
Phone: (408) 263-9246 

TIDMA{~ 
• Tape Interface Direct 
Memory Access. Re· 
cord and play programs 
without bootstrap load· 
er (no prom) has F5K 
encoder/decoder for 
direct connections to 
low cost recorder at 
1 200 baud rate, and 
direct connections for 
inputs and outputs to 
a digital recorder at 
any baud rate. 5·1 00 
bus compatible. Board 
only $35.00 Part No. 
112, with parts $110 
Part No. 11 2A 

T.V. INTERFACE 
• Converts video to 
AM modulated RF, 
Channels 2 or 3. So 
powerful almost no 
tuning is required. On 
board regulated power 
supply makes this ex· 
tremely stable. Rated 
very highly in Doctor 
Dobbs' Joumal. Recom­
mended by Apple • 
Power required is 12 
volts AC C.T., or +5 
volts DC • Board only 
$7.60 part No. 107, 
with parts $13.50 Part 
No. 107A 
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•• CRT INTERFACES·· 
black. white/colo,. 

Monitors • Combination Rcn Imonltor sets 
• Modulator klti • B-W Cameras • Color 
Cameras • Audio Subcarrler kits • Parts 

WRIn: or PHONE for DETAILS" PRICING. 

Dealers welcomed. Well established program. 

~ 
13-B ATV Research Dakota CIIY, 

Broadway ~ NE. 6813f 

Circle 19 on inquiry card. -I (_APPLE) I 
I SUPER SALE I 
I I 
• 16K Apple II $1039.95 • 

• Integral E>ata I 
• IP225 Printer I I. with graphics $1095.00 I 

Apple Soft Cards $149.95 
Carrying Case $29.95 

• Super Mod $29.95 I 
I UCATAN CORP. ·1 
• P.O. Box 1000 

• 
Oeslln. Fla. 32541 I 

904-837 -2022 • 

! Credit Cards Accepted JI 
~-------.... -

Circle 380 on ·inquiry card. 

FLOPPY DISK 
REPAIR 

• PerSci and Shugart 
• Quick turnaround 
• Factory trained on 

PerSci 

COMPUTER SERVICE CENTER 

7501 Sunset Blvd 
Hollywood CA 90046 . 

213-851-2226 

Circle 77 on inquiry card. 

I 

RECYCLE(D) 
COMPUTERS ............................................... 

BUY -!:r SELL )~ SWAP 

Hardware & Software 
NEW PRODUCT ANNOUNCEM ENTS 

Mailed 1st Class every 3 Weeks 

I yr. (18 issues) 14 $3.75 
1a • •••••• ••• ~ . .......... ........ II ................. 1 

ON LINE .. ~~ .. · 

24695 Santa Cruz Hwy . • Los Gatos. CA 95030 

Circle 288 on inquiry card. _ 

Pascal Micro Engine $2695 .00 

11111111111111111111111111111111111111111111111111111111111111 

Discounts on 

Xitan, Cromemco, SO Systems, 
Vector, TEl, North Star, Apple, 
Hytype II, Qume, Axiom, TI, 
Centronics, I ntegral Data Systems, 
Soroc, Lear Siegler; Intertec, 
Micromation, PerSci, Micropolis, 
SSM, Computal ker, Heuristics, 
Mountain Hardware, ,Summagraphics, 

11111111111111111111111111111111111111111111111111111111111111 

rTIl[J'" (] 
Microcomputers, Peripherals 

and Software 

lOI S NAVARRO SAN ANTONIO . Te XAS 78205 
512 /222·1427 

Circle 221 on inquiry card. . 

TRS-80 16K MEMORY EXPANSION KIT 
INCLUDES 8 TESTED & GUARANTEED M5K 4116 3 16K RAMS. 
PROGRAMMING PLUGS & EASY· TD·FOLLOW INSTRUCTIONS. 

$72 Q!) PER KIT 

6800 64K BYTE RAM SET AND CONTROLLER 

CHIP SET MAKE UK BYTES Of MEMORY fOR YaJR 
680fJ THE CHIP SETS INCIIIOE: 

$295@ 
32 M5K 4116·3 16K RAMS. 
1 MC3480L MEMORY CONTROLLER. 

PER COMPLETE SET. 1 MC3242AP MEMORY ADDRESS 
MULTIPLEXERI COUNTER. 

OATA & APPLI CATION SHEETS. 
PARTS TESTED & GUARANTEED. 

16K DYNAMIC RAMS 4 K STATIC RAMS 
M5K 4116·3 2DDNSEC EQUIV. TO TMS40L44·3D 
ACCESS TlMEl375NSEC 300NSEC ACCESS TIMEI 
CYCLE TlMUESTED & CYCLE TIME FOR 4MHZ 
BURNED· IN. HO OPERATION. 
$859 EACH/MIN.QTY. 8 ~759 EACH/MIN.QTY. 8 

fESTED & GUAAANTEFO 

fJlIANTITY OISCOUNTS AVAilABLE 
ALL ORDERS POSTPAID. U.SJUNDS. CHECK OR MONEY 
ORDER. VISA,BA.MASTERCHARGE - SEND ACCOUNT NO., 
EXPIRATION DATE, INTERBANK NO., & SIGNED ORDER . 
PHONE ORDERS: 714/ 633·4460 

MEASUREMENT SYSTEMS & CONTROLS,INC 
MEMORY DEVICES DIVISION, DEPT B3 

867 NORTH MAIN ST. . ORANGE. CA 92668 

Circle 216 on inquiry card. 

, 

COMPUTER MART · 
of NEW HAMPSHIRE, Inc. 

* SPECIALIZING IN BUSINESS * 
AND PERSONAL COMPUTERS 

DATA GENERAL microNOVA® 

XITAN, NORTH STAR HORIZON, 
MICROMATION, IDS PRINTERS, 
APPLE II 
S·lOO Bus Products 
SOFTWARE currently available: 

AR, Gl, AP, Inv., Payroll, 
Word Processing, and Dental 
Office Manager. 

D 
170 Main Street 
Nashua, NH 03060 
603/883·2386 

m,croNOVAe IS a reg'Ster ed 
tr adem ,u k 0 1 Da la General COlP 

D 

Circle 76 on inquiry card. 

(' SHORT CASSETIES 

! list S1.00 10 for $7.50 50 for $32.50 

MICROSETIE CO. 
777 Palomar Ave . . Sunnyvale. CA 94086 

I . 

Duplication Services 

Microsette also offers professional 
duplication services for Commo­
dore PET and Radio Shack TRS·80 
Level I and Level II cassettes. Our 
service provides mastering. quality 
control, all material including two­
piece box, affixing of your labels or 
supplying our blank labels and ship­
ping. Prices start at $2.00 each in 
100 quantity. 

MICROSETIE CO. 
777 Palomar Ave .. Sunnyvale. CA 94086 

Circle 229 on inquiry card. 

SURPLUS ELECTRONICS 

ASCII ASCII 

IBM SELECTRIC ® 
BASED I/O TERMINAL 

WITH ASCII CONVERSION 
INSTALLED $645.00 

• Tape Drive. • Cable 
• Cassette Drives • Wire 
• Power Supplies 12V15A. 12V25A. 
5V35A Others, • Displays 
• Cabinets • XFMRS • Heat 
Sinks • Printers • Components 
Many other items 
Write for free catalog 
WORLDWIDE ELECT. INC. 
130 NORTHEASTERN BLVD. 
NASHUA. N.H. 03060 
Phone orders accepted using VISA 
or MC. Toll Free 1·800-258·1036 
In N.H. 603-889.7661 

Circle 391 on inquiry card. 



• 5%, 3'12 digit 19 
Range DVM . 'I,' LCD displays 

runs 200 hrs on 1 battery. 10 Meg 
Ohm Input. 1 yr . guarantee, made in 
U.S.A. , test leads included. 

Available Accessories 
Re·3 115V AC Adapter . . . . . ... ... $7.50 
ee·3 Deluxe Padded Vinyl 

Carrying Case . . . . . . . . . . . . $7.50 
Vp·l0 X1D DCV Probe Adapterl 

Proteclor 10Kv ..... $14.95 
VP·40 40Kv DC Probe . . .. .. $35.00 
eS·l 10 Amp Current Shunt ...... $14.95 

*FREE 
Just for Asking. 

FREE BA TTERY with your meter. 

• M lnc:Io,Kln 1~ 
liWJlumUD. :l · 
tOf sI0l ..... . ,2. 
-11bul-nu(J tn~ij' 

Wleol!lOU~~O;SDK eIS 

• W~'"9S>C1e sto--o Com· 
I)OIIttIlultfl,l!efllO'Y 
~\SfI'Ilh .. nlt~rk~slcr 
~0I1IX"1(111$ 

8803 
MOTHER 
BOARD FOR 
SI00 BUS 
MICRO· 
COMPUTERS 

• (jI O fPO.}~nlmr(Jwrtf\20\11K' 
(II(IprI \OIde'~IIId~1ICI 033a"mt· 
1fII>OIeSlOotU(ls 

• Soooerm¥5~ ",,'n ~afl''''' J\dOWlOt1 
"tht(lt"tu,"tO~WMlfttlClfOWShOrt 
( !ftU!!i 

' ''' (I!,In1SI'rl!;fpr~i ... t~'OOColltXti(2 
rOWijClll \2~CtnleliWltfl 2!1O.Uw Slloit'''9 

:~~:"S';'(;:::;;:S I~=:t.I!'::~IC _ l"'<;:::'i..::" c..:..;= l:l.I 
IOf " Plnil(ln 

• 1 0I(I\lGnett.l'ltllorcurll.nClf\lrrl.lCrIOO1~CptlO~O' Pr'lee' 
· ~::;::~uP~~;~1~~7;~~::S! . ! moo '6Vt1 • 

AIoI PSI CUllt:llr~""91.lePtr Mll 'SID 21~ ", '~ l00c 

· ;::"K'.~"_'" $ 2 9 . 5 
• 'ds l/l l "' 5,,'aoaoIl\lCl'OC:OII'Ip~I" ,ist>p.i1lOtf DCoiI'd 

1/16 Ui1m BOARD 
.042 dia holes on 

0.1 spacing for IC's 

SIZE 
4.5x6.5" 
4.5x 17" 

PRICE 
1·9 10·19 

$1 .56 $1.40 
$3.69 $3.32 

• 15 megahertz bandwidth. 
• External and internal tri gger. 
• Time base - .1 mlcrosec. to 0.5 Secfdiv· 21 PROBE 1¢ 
• ~~IIIII;~S~r~I~~~peralion . IS PROBE Ie wi th the 
• Aul omallc & line sync modes . purchase 01 SC OPE 
• Powar consumpl lon < 15w811 S. and .I he M ENTION 
• von leal Qaill - .01 10 5QVICllv . 12 .. IIll1g1 1. 3% Ihl S M AG A Z INE 
• V"",lIgl'" , '"., 35" . 
• Cu. sir. 2.r ·H. 5.4"W. 1.5"0. 3 PQ.mCls. · P." •• LaOO<o-o ..... ,_,,..., 
• IOIOI . 'OIMO~ 
·l,a.II' ....... ry,"I!c ... 

Controlled Soldering SI.tlcn ~ 
THREAD· TOGETHER MODULAR DESIGN FOR , 
QUICK. ON·LlNE HEATER OR TIP CHANGE I 

• Available In 3p.eseltemplltalU.es; 
600"F .. 700"F . or BOO'F . lor Illy applicat ion. 

• Closed toop , non·magnellc conlro!. 
• Low vollaga syslem: 3 wire grounded. 
• Blomechanlcat designed handle wllh cool grip lor operator comlort . 

eord Is super lIellble '3 wlra grounded. heat resistant. 
• Large capacity snapoOn Itay and sponge; removable lot optional place· 

menl . I 

• Long lIIe interchangeable I,PS. iron clad, chrome plaled , pro·llnned. 
• Designed lor use on sensli lve components. 
COMPLETE STATION AND REPLACEABLE HEATER SELECTION OUIDE 

'tmIM lirure Comphl1 51111111 COn1rDlltd Hu lll NI 
600'F. SOT6 176 
700"F. SOH ' 77 
800'F. SOT8 '78 

Each olthe above stallons Include: 170B Power Supply wllh onlo l l s ..... ltch, 
Indicat or IIgh l . and 3 wlrll power cord; 1171 Handle with 3 wire hllalresls llnl 
secondary cord; 1189 Tray and Sponge : In Iron Holder ; Conlroiled Heater 
wil h . 87 SCre ..... drlver lip Il lS". 
"5 TI P ADAPTER Tip Aaapler rf95 lor special micro apptlcallons. This 
Adapter is designed lor Ihe use 0 1 118" Ihread·in Princess Nibs. 

Controllild H •• I.f l : 114.85 Each. Tlpa: 12.25 Each. Adapl.r: 11 .30 Eaeh 

UOIversal Mlcrocompuler I processor 
plugboard . use wllh 5·100 bus Com· 
plele with heal Slllk & hau1ware 5 J " x 
10 .. .. 1/ 16 

1·4 
$19.95 

5·9 
$1 7.95 

8801-1 

10·24 
$1 5.96 

Same as 8800V excep t plarn : les5 power 
bu ses & heat srnk . 

1· 4 5·9 

3682 9.6" x 4.5" 
$10 .97 

3682·2 6.5" x 4.5" 
$9.81 

Hi·Density Dual·ln·Line 
Plugboard lor Wire Wrap 
with Power & Grd . Bus 
Epoxy Glass 1/ 16" 44 
pin con . spaced .156 

.::~& 
~ 

PANAVISE TILTS, TURNS, AND \ 
ROTATES TO "ANY POSITION. ,~ . :;:, ...,="",,';--
IT HOLDS YOUR WORK 
EXACTlY WHERE YOU WANT IT . . 

v~ 'I 
WRAP. POST I 

lor .042 dia. holes \ 
(a ll boards on this page) ~ 
T441C pkg . 100 . S 2.34 
T«IM pkg . I 

1000 . .... S14.35 \ 
A·13 hand Insta ll ing 

1001 . ,,"i'IiI' .. S ....... .. 

PRI CE: $11.95 

PRICE: Sl' .95 
VACUUM BASE 

~ 

The EXPANDORAM is available 
In versions from 16K up to 64K, so 
for a minimum Investment you 
can have a memory system that 
will grow with your needs. This Is 
a dynamic memory with the In· 
vlsable on·board refresh, and IT 
WORKS! 

• Bank Selectable 
• Phantom 
• Power 8VDC, ± 16VDC, 5 Watts 
• Lowest Cost Per Bit 
• Uses Popular 4116 RAMS 
• PC Board is doubled solder 

masked and has silk·screen 
part s layout. 

3677 9.6" x 4.5" 

$10,90 
3677-26.5" x 4.5 " 

$9,74 
Gen . Purpose D.I. P. 
Boards with Bus Pattern 
lor Solder or Wire Wrap. 

Glass 1/ 16" 44 
.156 

• Extensive documentation c lear· 
Iy written 

• Complete Kit includes all 
Sockets for 64K 

• Memory access time: 375ns , 
Cycle time: 500ns. 

• No walt states required. 
• 16K boundries and Protection 

via Dip Switches 
• Des igned to work with Z·80, 

8080, 8085 CPU's . 

EXPANDO 64 KIT (4116) 
16K . . . ... . . . . . . $245.00 
32K ... . .. .. .... $310.00 
48K .... . . . . . . . . $375.00 
64K $440.00 

14 - G3 100 for 
$30.00 

16-G3 100 for 
$30.00 



The EXPANDORAM is available 
in versions from 16K up to 64K, so 
for a minimum investment you 
can have a memory system that 
will grow with your needs_ This is 
a dynamic memory with the in­
visable on-board refresh, and IT 
WORKS! 

• Bank Selectable 
• Phantom 

Power 8vdc, · ± 16VDC, 5 Watts 
• Lowest Cost Per Bit 
• Uses Popular 4116 RAMS 
• PC Board is doubled solder 

masked and has silk-screen 

Sugart SA400 5 % " 

SO EXPANOORAM 
7~~S-loO~ 

• 20 Hz·100 MHz Range 
• .6" LED Display 
• Crystal-controlled limebase 
• Fully Aulomalic $29500 

GSIISiemans 
• FDD100-8 8" 
$.39500 

FEATURES: IBM 3740 Soft Sectored CompatI ­
ble. 5 -100 BUS COmpat ible lor Z·80or 8080. COn­
trols up to .. Orlves (single or double sided). 
Directly cont rol s the following drives : 

• Portable - completely 
self-conlained 

• Size - 1.75" x 7.38" x 5.63" 

~ : ~~~~:~ ~:~~~ ~I~~:~~:~oppy . • Four power sources, Le. batteries, 
110 or 220V with charger 12V wilh 
auto lighter adapter and exl ernal 
7.2-10V power supply . 

' equivalent to Sugart 801 

Siemens FDD200-88" 
double-sided 
double density 

'599.00 

LOGIC PROBES 

3. PERSel 70 and 277. 
4. ",FE 7001750. 
5. CDC 

esc logic probes are the ultimate tool lor breadboard design and l estlng. 
These hand-held units provi de an Instant overview 01 circuli conditions. 
Simple to use: lust clip power leads to circuit'., power supply, sel logic 
f emlly switch to TTUOTl or CMOSlHTL. Touch probe to 1831 node. Trace 
logic levels and pulses through dIgital circuits . Even slretch and lal ch for 
easy pulse detection. InSl ant recognllion of high, low or Invalid levels, open 
c ircuits and nodes. Simple, dual ·level detector LEOs leli ll quickly, correct· 
Iy. HI (Log ic " I " ); LO (l ogic "0"'. Also Incorporates blinkIng pulse detector. 
e.g ., HI and LO LEOs blInk on or off, tracking "1" or "0" sl ates at square 
wave frequencies up to 1.5 MHz. Pulse LED blinks on lor VI second during 
pulse transition. Choice ol th,ee models to meet Ind ividual requirements; 
budget , project and speed of logic circuits. 

MODEL lp·1 
Hand·held logic probe provides Inatant reading of logic levels tor TIL, OTL, 
HTl or CMOS. Input Impedence: l00,OO9ohms. Minimum o.tectabr, Pul.,: 
50 ns. Mnlmum Input Slunel (F,.quency): 10 MHz. PUIH DlI8Clor (LEO): 
High speed train 0' single event. Pula, M,mory: Pul se or level transition 
detected and stored. 

Mod,1 LP·1 Logic Probe-Nel Each . 

MODEllp·2 

~Sale $120.00 
ACCESSORIES FOR MAX 100: 
Mobile Chlrter Ellmlnlter use power Irom 
car battery. Model tOO-CLA S3.95 

Charger/Eliminator use 11 0 VAC 
Modol 100 - CAl $9.95 

Economy version 01 Modal LP· t . Sator Ihan a vollmaler . More accurate than 
a scope. Input Impedanc,: 300,000 ohms. Minimum OeIKI'bl' Pul .. : 300 
ns. Mn lmum Input Slgn,1 (Frequency): 1.5 MHz. Pul.e Det,ctor (LEO): High 

6se;~~::~ ;;.;I~~~C6;~;~~~:1 ~:~O.:: None ... . . ~ $23.70 
MODEllp·3 
High speed logic probe. Capl ures pulses 85 shorl as 10 ns. Input 1m· 
pedance: 500,000 ohms. Minimum Det'ct,bl, pur .. : 10 ns. Ma.lmum Input 
Slgna' (Fr,quency): 50 MHz. Put .. Ottector (LEO): I Iraln or 
single evan\. Pul .. M,mory: Pul se or level transition slored. 
esc Model Probe- Nel Each . 566,45 

• Extensive documentation clear­
ly written 

• Complete Kit includes 
Sockets for 64K 

• Memory access time: 375ns, 
Cycle time: 500ns_ 

• No wait states required _ 
• 16K boundries and Protection 

via Dip Switches 
• Designed to work with Z-80, 

8080, 8085 CPU's_ 

EXPANDO 64 KIT (4116) 
16K $245.00 
32K $310.00 
48K $375.00 
64K 

Trace si gnals through all types of digital circuits . Unit 
clips over any DIP IC up to 16 pins. Each of its 16 contacts 
connects to a single-bit level detector that drives a high­
intensity, numbered LED readout activated when the ap­
pl ied voltage exceeds a fi xed 2 V threshold. Logic "1" 
turns LED on ; logic " 0" keeps LED off. A power-seeking 
gate network automatically locates supply leads and 
feeds them to the LM-1's Internal circuitry . Saves minutes, 
even hours In deSign, troubleshooting , debugging of 
equipment. Voltage Threshold: 2 V • 0.2 V. Input 1m­
pedance:-100,000 ohms. Input Voltage Range: 4-15 V max. 
across any two or more Inputs. Current Drain: 200 mA at 10 
V. Size: 4" I. x 2" w. x 1.75" d. when open. Weight: 3 ozs. 

Model LM·1 LogiC Monitor-Complete. 

The uHlmate In speed and ease of operation. Simply connect cllp leads 10 
positive and negative power, Ihen louch Dp·l 's probe to a circuli node: 
automatic polarity sensor delects circuit's high or low condilion. Depress 
the pushbutton and trigger an opposite polarity pulse into the circuli . Fast 
troubleshooting Includes Injecling signals at key points In TIL, OTL. CMOS 
or olher popular circuits. Test with s;ngle putse or 100 pulses pet second 
via bul ll ·in dual control push·button; button selecl s sing le shot or can· 
tlnuous modes. LEO Ind icator monitors operating modes by ' lashing once 
'or sing le pulse or continuously ' or 8 pulse train. Completely aulomatlc , 
pencll·slze labllloid pulse generat or for any family 0' dig ital circuits. Oul· 
put : Trl ·slale. Polarity: Pulse'sensi r o aulo·polarlty . Sync and Source: 100 
rn A. Pul .. Tr'ln : 100 pps. LED Indic,lor: Flashes lor sing le pulse; stays Iii 
lor pulse Iraln . 
CSC Model DP·' DIgIt,1 Pul .. r- Nel Each . ... .. ..... ~ 571.20 

F.f" ,,\!s::wUlllb" zz:sa .A _. -- . --1::11' •••• : ~~ . -II. 
_7 L. _1!I,h !::I:!,,'J:!I; !i!~l ~ J! .. :::.-- .-

OEC LSI·l1 , POP8, POP11 , 8601.1 "ANY DIP" has fu ll power and ground planes back 

~~~t:, ~I'~~ ':a:'~t~~~~,,~~~t:T " Plain no etched c ircuitry except contacts . Pro· Pad per 2 holes. Two.~:~ads allow tack solder. 10 bac~'.:aard accom~~:al es 3, 4, 6, ~~~~ps, 
Oual 36 pin DEClHEATH duces maximum flexlbllily . Ing 0 ' socket , plus second hole lor component 21.95 19.78 17,56 
Connectors. 1·4 5-9 leads. 

1.4 50g 10.24 14.95 13.46 5·8 
19.76 1(1.95 17.96 15.96 

VECTOR·PAK ASSEMBLED 
MICROCOMPUTER CASES 

Adjus table packaging system for 5·100 bus 
mlcrocompulers, compatible with Alla lr 
8800 and lMSAI 6080 size card s. 
• Smart looking, deluxe c ases unmarred by 
unsightly screws or tasleners. 
• Finished in dark b lue texlured vinyl. 
• Instanlly accessible interiors wi th slip out 
covers . 
• Removable recessed rear and front 
panels . 
• Fu lly adjust able In terior mounting 
systems for any card or card spacing within 
size limllations. No cutting or drilling 
necessary. 
• Per forated bottom cove r for coo ler opera· 
tion. 

DESCRIPTION 
Assembled case w llh perforated bottom 
cover. Install ed mounting slruts for card 
guides and receptacles or mother board . 
Cards lOp loaded , spanning Iront to back. 
Card guide (1 2 pair) and chassis plale sup· 
plied un inslalled. 

VP·2 -, Is form and size compatible with IN· 
TEL SBLBO Series and NATIONAL 
BLe 80 Se r ies m ic rocomputer 
boards. Power and Ground buses on 
both sides. 

1·4 5-9 
45.00 40.50 

Individuallinned square pads surround most hOles. 4808-1 

1().24 
36.00 

Idea l lor mounting components by " tack soldering" Same as 4608. except 
Vp.1 Same as VPl except Top of board pod free for mounting 110 connecl ors . power buses. 

VP-2 
$159.00 

$163.00 cards oriented side 1·4 5-9 10-24 104 ... 
30.60 Shipping Weight 25 Ibs. to side. 19.95 17.95 15.96 34.00 

~ PRIOR"Y ONE ELECT'!'ONICS© -.~~ ~O~ 
("Terms 

1 ~Z.~?~A·c~2c~SS~or~I~~~ . :S~?nd~!~~?~d'en2d~6o:s~e:I~~IOI . ~~~ ~ 
'" mum order $1000 OrdelS less Ihan $75 00 IOclude 10% shipping and handling . excess relunded. JuS! 10 case "!~ 

please IOclude yo ur phone no Good Thru May 1979 u~ 

(213) 894-8171 ~ 



S-100 BUS EDGE CONNECTORS ~bOLOD~~G Tl?L'~~ S~8\;!~~d c:~~s ~~rr' IJ._ .... _ 
llliIlill::::I::::II:::::::Ii:::::;;:;:::::::::1i1 ~,~f:r and MA:~ mOlherb:::S GOLD 

53.50 53.25 53.00 S100·WWG 501100 ConI. .125 elrs . 3 
LEVEL WIRE WRAP .025" sq . posts on 
.250 spaced rows . GOLD PLATED. 

S100SE 501100 ConI. .125 elrs . PIERCED 
SOLDER EYELET tails . GOLD 

,·4 5·9 10·24 '·4 5·9 10·24 
S4.00 S3.75 53.50 55.00 54.50 54.25 

S100AlT 50/100 Coni . ,125 efrs. DIP 
SOLDER TAIL on .140 spaced rows for 
ALTAIR motherboards. GOLD plaled. 

S·10o-CRM 50/100 Con!. .125 clrs .. 250 
spaced rows . SMALL DIP SOLDER TAIL 
PINS for CROMEMCO motherboard. 

'·4 5·9 10·2. '·4 5·9 10·24 
54.00 $3.75 53.50 56.25 56,00 55.75 

OTHER POPULAR EDGE CONNECTORS 
All Edge Card Connectors are GOLD PLATED (nol Gold Flash) Bodies are non brittle. Solvent 
res. , G.e. Valok , Contacts are Bifurcated; PI'los/Bronze: GOLD over Nickel. 

ABBREVIATIONS: SE - Solder Eyele' WW .. 3 La.,11 WIre Wrap ST - Solder Tell 

PART NO. 
D132f.1SE 
D22"' lWW 
D2550-1SE 
D2550-1ST 
D:JOeO.1WW 
D3872-1SE 
D3872-1ST 
D3872·1WW 
D~lSE 
D~lST 
D~lWW 
D43811-15E 
DUM-1ST 
D'388-1WW 
D50U)o.lWW 

PART NO. 
seX·5Se 
D612·5SE 
Dl02().5SE 
Dl224-5SE 
01224-551 
D153O,SSE 
Dl530-SST 
Dlua-SSE 
D22",SSE 
D22"·SST 
D2244·5WIW 
D3872·SSE 
D3872·SST 
D3872·5WW 
Ot38&-5ST 
04388-5WW 
CG·' 

PART NO. 
DE·&P 
DE·IIS 
DE·ie 
DA15P 
DAISS 
DAl5C 
D8·25P 
D8,25S 
0851212·1 
D81228-1A 
08110963·3 
DC37P 
DC37S 
DC37C 
0050P 
DD50S 
DD50C 
020418-5 

_100" Contact Center Connectors 
PRICE 

TYPICAL APPLICATION H "8 
Imsal M10, SIO 2.10 1.85 
Vector Plugboards 4.00 3.80 
Imsal Pl0, Intel Multlbusa 3.00 2.80 
Imsal Pl0, Inlel Munlbuss 3.00 2.80 
Intel Multlbuss '.00 3.80 
Vector Plugboards 5.00 ' .80 
Vector Plugboards '.00 3.15 
Vector Plugboards '.80 ' .60 
PET '.80 '.50 
PET ' .90 ' .80 
PET 5.00 4.85 
Cos. ELF 5.00 ".15 
Cos. ELF 5.10 '.85 
Cos. ELF ' .95 4.10 
Cos. ELF 4.80 '.60 

_125" Contact Center Connectors 
PRICE 

TYPICAL APPLICATION 1-4 "8 
Vector 4350 . 5.20 • 5.00 
5-100. Imlll, Vector Motherboard_ 3.50 3.25 
8-100 Wire Wrap '.00 3.75 
5·100 AltaIr 4.00 3.75 "'00 CROMEMCO 5.25 8,00 

_156 Contact Centers Connectors 
PRICE 

TYPICAL APPLICATION H 5-8 
Pet. NSC CLK Modules 1.30 1.10 
Pet, NSC CLK Modules 1.35 1.15 

2.00 1.80 
Pel 2.15 1.95 
Pel 2.15 1.95 
Vector Plugboards. GRI Keybrds 2.25 2.05 
Vector Plugboards. GRI Keybrds 2.25 2.05 

2.40 2.20 
Vector , Kim. etc. 2.20 2.00 
Vector. Kim. etc . 2.20 2.00 
Vector, Kim, etc. 2.40 2.20 
Vector Plugboards 3.50 3.30 
Vector Plugboards 3.50 3.30 
Vector Plugboards '.00 3.80 
Mot 6800, Inlel Multibuss 5.00 4.75 
Mot 6800, Intel Multlbuss. NSC pacer 5.00 4.75 
Imsai Style Card Guides 511.00 or 100110.00 

RS232 & "0" TYPE CONNECTORS 
P = Plug·Male S = Sockel·Female C = Cover-Hood 

DESCRIPTION H 
9 Pin Male 1.45 
9 Pin Female 2.00 
2 pc . Grey Hood 1.25 
15 Pin Male 2.00 
15 Pin Female 2.80 
15 Pc. Grey Hood 1.50 
25 pin Mal, 2.25 
25 pin Femel, 3.25 
1 pc. OrtJy HOQd 1.30 
2 pc. Black Hood 1.40 

~ninG~:I~ood ;:;g 
37 Pin Female 5.00 
2 pc. Grey Hood 1.95 
50 pin Male • 4.40 
50 pin Female 4.90 
1 pc. Grey Hood 2.30 
Hardware Sel .75 

Connector for CENTRONICS 700 SERIES: 

PRICE 
..& 

1.35 
1.90 
1.15 
1.90 
2.60 
1.",,0 
2.'5 
3.05 
1.20 
1.30 
1.30 
3.50 
4.75 
1.85 
4.30 
4.70 
2.20 

.70 

10.2t 
1.75 
3.60 
2.60 
2.60 
3.60 
4.60 
3.50 
4.30 
'.30 
" .25 
4.35 
' .50 
4.60 
..... 5 
'.30 

10.24 
'.60 
3.00 
3.50 
3.50 
5.75 

10.2' 
1.00 
1.05 
1.60 
1.75 
1.75 
1.85 
1.85 
2.00 
1.80 
1.80 
2.00 
3.10 
3.10 
3.60 
4.50 
'.50 

10-2' 
1.25 
1.80 
1.05 
1.80 
2.40 
1.30 
2.05 
2.75 
1.10 
1.20 
1.20 
3.35 
4.40 
1.75 
4 .10 
'.50 
2.10 

.65 

Amhpenol 57·30360 for back 01 Cenlronics 700 Series printers '·4-$9.00 5-up-$7.5O 

No. of 
Pin, 

8 
14 
16 
18 

1·2' 
.30 
.35 
.38 
.52 
.60 

1·24 
.25 
.25 
.25 
.29 
.34 

DIP PLUGS 
PRICE 

1·24 2"" 100-." Part • No. of 
Pin_ 

.41 .36 .29 P22P02 22 

.46 . 42 .34 P2'P02 2' 

.55 .47 .38 P2ap02 28 

.67 .57 .46 P4OP02 40 

GOLD SOLDERTAIL STANDARD 
25-4. 50-" 

.27 .24 22STG 

.32 .29 24STO 

.35 .32 28STG 

.47 .43 40STG 

.56 .52 

TIN SOLDERTAIL ' LOW PROFILE 
2 .... 5<)." 

.16 .15 

. 18 .16 

.20 .18 

.26 .27 

.32 .30 

22CS2 
2'CS2 
28CS2 
4OCS2 

3 LEVEL GOLD WIRE WRAP SOCKETS 

PRICE 
1·2' ... " 

.75 .67 

.79 .71 
1.10 . 93 
1.25 1.07 

1·24 2 ... & 
.70 .63 
.70 .63 

1.10 1.00 
1.75 1.55 

H. 2 ... 9 
.37 .36 
.38 .37 
."5 .4. 
.63 .62 

Sockets purchased in multiples 01 50 per type may be combined lor best price. 

100-.499 

.63 

.66 

.81 

.94 

50-" 
.57 
.57 
.90 

1.45 

5<)." 
.35 
.36 
.43 
.81 

1·24 25-49 50-" t00-.249 250-", 1K·5K 
8.' ~ ~ • ~ E ~ 

14 pin· .39.38.36 .32 .29 .27 
~.' ~ R ~ • ~ ~ 
~. ~ ~ ~ M ~ ~ 
20. ~ n ~ ~ ~ ~ 

~::~. ::::; :~ , :~ :~ :~ 
28 pin 1.10 1.00 .90 .84 .76 .71 
"'. I. 1~ ,. 1~ 1~ ~ 
All sockets are GOLD 31evel closed entry. "End and side stacable. 2 'evel Tall . Low Profile . Tin 
Sockets and Dip Plugs available. CALL FOR QUOTATION. 

FLAT RIBBON 
CABLE ASSEMBLIES 
AT AFFORDABLE PRICES 

• Choice of 3 types of end connectors molded 
on and factory tested. 

• Daisy chain and single-end also available. 

• 5 popular sizes to choose from: 
20.26.34.40 and 50 contacts. each 
with line-bv-line probe access holes. 

CARD-EDGE .JUMPERS 
DOUBLE END SINGLE END DAISV CHAIN 

• Choice of 2 cable types and 5 lengths. 
FLAT RIBBON CABLE 

Stranded. 28 AWG With laminated PVC insulation. 
"Electric Pink" cable has fed stripe on one edge for ori­

entation. Used only on double·end and daisy chain as· 
sCOIblies . . 

" Rambow" cable IS coded in standard lO·color se · 
quence on fr ont. Serpentine striping on back aids in identi ­
fVlng Wife number and wir e group during lear ·down sepa , 
rillion tor discrete wire telnllnalions . Used only on single · 
cncllumDers. 

PCB .JUMPERS 

No. Electric Pink 

Contac t, ... 
20 

92405206 R 
$5 .69 

26 
914053 06 R 

$646 

34 
924054 06 R 

$796 

'" 
92405506 R 

$929 

50 
924056 06 R 

$1010 

SOCKET .JUMPERS 
DOUBLE END JUMPER ASSEMBLIES 

No 
Contacts 

20 

2' 
34 

40 

50 

Electric Pink Ca.ble ... 18" 

924002·06 ·R 924002 18·R 
$370 $416 

92400306 R 924003·18· R 
$478 $ 538 

924004 06 R 924004 18 R 
5615 $ 705 

924005 06 R 924005 18 R 
5733 $ 827 

914006"'Ci6R' - 924006 18 R 
S9 IS $1031 

36:' 

924002 ·36·R 
$ 4.85 

924003·J6 ·R 
$ 6 .28 

924004 36·R 
$ 825 

924005 36·R 
$ 968 

24006 36 R 
$1205 

Rainbow 13 connector. I 
Electric Pink 

36" ... 
924062·36 ·R 924Cl92-C16· R 

$4.11 $8.42 

924063·36·R 92409J.<16·R 
$4.88 $9.54 

924064 ·36·R 924094·06·f\, 
$6.15 51174 

92406536 R 924095·06 ·R 
$7 .20 $13.70 

924066 36 R 924096·06· R 
S8.21 $14.86 

SINGLE END DAISY CHAIN 
Rainbow 13 connectors' 

Electric Pink ... 36" 

924012·36·R 
53,12 

924013·36·R 
$404 

924014 ,36·R 
55.30 

924015 J6·R 
$.22 

91401636 R 
$773 

9240n06·R 
$ 5.44 

924()73·06·R 
$ 702 

924()74·06 R 
5918 

924075·06 R 
$1076 

924()76 06 R 
$1343 

double-row Ideal mates for 
JUMPER HEADERS "GREAT JUMPERS" 

~ 
• Solder to PC boards 

for instant plug-in 
access via socket-

• .025" square posts are 
molded into plastic 
header strip on a 

• Choice of straight 
or right angle can· 
figurations 

connector jumpers .10" x .10" matrix 
No. 

STRAIGHT Posts 

20 
26 
34 
40 
50 

No. rV;~~ 1 I 
•• .- . .. . .- • .-. " , .. . . .. , '~ I 2)1 RIGHT-ANGLE Posts 

':'":'1':':''1''1':':-:'::':' ,,, ' I =Ill 
1 IlJO _ -

DIP JUMPERS 
FLAT RIBBON CABLE ASSEMBLIES 

WITH DIP CONNECTORS 

• AvailablD with 14. 16. 24 lind 40 contacts . 
• Mate with standard Ie sockets . 
• Fully assembled and tested, 
• Integral molded-on strain relief, 
• Line-by-line probeability_ 

A P DIP Jumpers are the low-cost. high­
quality solution for jumpering within a PC 

20 
26 
34 
40 
50 

board; 
backplanes 

Dim . Dim. 
"A" "8" 

1.0 0.9 
1.3 1.2 

1.7 1.6 
2.0 1.9 
2.5 2.4 

Dim. Dim. 
"A" "8" 

1 0 0.9 
1 3 1.2 
1 7 16 

20 19 

put/Output signals; and more. 

Part Price 
Number 2 sets 

923862 ·R $ .98 
923863 R $ 1.28 
923864 ·R $ 1.64 
923865 ·R $ 1.94 
923866·R $ 2.36 

Part Price 
Number 2 sets 

923872 R $ 1.20 
923873 R $ 1.52 
923874 R 

:, .:/; 
SINGLE-ENOED 
DIP JUMPERS 

All assemblies use rainbow cable. Stan­
dard lengths are 6, 12. lB, 24 and 36 inches, 

No. 
Contacts 

14 

1. 

2' 

40 

length 
36" 

924 10236· R 
$233 

924 11 2·J6 ·R 
5259 

924122 36 ·R 
$4 ,00 

924IJ2 ·36·R 
S671 

No. 
Contacts 

'4 

" 
24 

40 

/ AllOW O,nOIU P,n No I 

DOUBLE-ENDED 
DIP JUMPERS [}££ ===0 

length Length Length Length Length ... 12" 18" 2.' 36" 
924106·6·R 924106·12·R 924106· 18· R 924106·;?4·R 924106·J6·A 

So2.41 $26' $2 .82 $3.02 $3.43 

9241166·R 92411612·R 924116· 18· R 924116·24 ·R 924,,636· R 
$2.65 $2 .88 $3. " $3 .34 $3.80 

924126 ·6 R 924 ' 26·12 ·R 924126· IS·R 924126·24·R 924126·36· R 
$4 .15 54 .50 54 .85 $52J $5.90 

924136·6·R 924,3612·R 924136· '8·R 924136 ·24 ·R 924136·J6·R 
$6.93 $7 .52 $8. 11 Sa.7J $9.88 

I , PRIOlJrry ONE ELECTRONICS © ;o~ /-. O~ , 

~:::~,~~~.~f~:~~~;:,:~~:~:~?~}:~~:~;~~~~;:.~~~:~;·f:~::;: ... ~~ ~ 
please Include your phone no Good Thru May 1979 

phone orders welcome (213) 894·8171 



HAZELTINE 
1400 

only 

$649.95 ! 
• Verbatim Mini Diskettes $3.70 

each (boxes of 10) 
• Two-tier walnut formica enclo­

sure for SA400 Shugart •.. $39.95 
• Typewriter Ribbons (many makes 

such as Diablo, Centronics, DEC 
and print wheels) 

• TRS-80 16K 
Expansion Kit .. . $89.95 

• Centronics 779· tractor - $1150.00 
• Horizon II ass. - $1999.00 

~Mail 
~Order . 
_OnlY. 

TORA SYSTEM INC. 
29-02 23rd Avenue 
Astoria NY 11105 

(212) 932-3533 

Circle 371 on inquiry card . 

TERMINAL 

DATA 

CORPORATION 

MOOEL 1200 RS·232 DATA SPLITTER 
available in kit form 

Model 1200K gives the terminal or micro­
processor user a second interface fo r a printer, 
plotter, cassette or tape drive. It operates at any 
speed & isolates the two output devices from 
each ot her, while providing 2 RS·232 interfaces 
from the termina l or microprocessor. 

The kit consists of 3 RS-232 connec tors. 
printed circui t board, all necessary components, 
enclosure. mounting hardware & assembly in­
structions . $ 59 

write or call 

TERMINAL DATA CORP. 
11878 Coakley Cir. 

Rockville. MD 20852 
(301 881·7655 

Circl e 361 on inquiry card. 

BASIC 
SUBROUTINE 

LIBRARY 
Volume 1 

VM Professional Appli cation 
Softw are, LId. 
2703 Bainbridge Avenue 
BURNABY, B.C. V5R 2S7 

• ARRA YS - minim um. maximum. sums, 
sea n.:h ing, sorting. 

• MATR IX ALGEBRA - addition, sub trac­
tion. multip l ication. t ra ns po s it ion , 
determinant , inversion . 

• SIM U LTANEOUS EQUATIONS - non· 
~Y l1llllc l rit:a l . sy mll1c l rkal, ba nded. 
thrcl' ·di agona l. 
An y routi ne you'll ever Il t.!c:d. invol ving 
arr;JYS . matrix algebra or Sillluil3ncou !'o 
cqualioll'). can bl' fo und in this ~OI11-
rrchc n ~i\(' co llCl:lio ll of s ubrou l!nc:.. 
compaL' tible with any version of BAS IC 
heIVi ng subs..:riplcd variables. 

NUlllerous cxump ic!<I !'o how how to ' ;11l:0f­
rOfate those sllbroutinco;; into your pro­
g.ram ~ or how to u .... c them as ... Iand 
,1 10 11 (, progralll~. ... 

Order now and ... av(." day ... of work. 

SI S.OO U .S. plus S2. 00 rnr h undlill~ 
und pos la ge. 

Circle 385 on inquiry card. 

I 

\-

ENGINEERING 
PROGRAMMERS 

Don't Come To Mass ... 

Unless you enjoy challenging micro 
software development projects with 
some of the fastest growing commer­
cial systems manufacturers In the U.S. 
Our clients offer generous salaries, 

• flexible hours, profit sharing, etc. to 
experienced or degreed allembly 
programmers In area l such al 
communlcallons, dlagnosllcs, text 
edillng, graphics, complier, and O.S, 
design. Starling salaries 18-28K, All 
fees , relocallon and Interviewing· 
expensesal8umed by the companies. 

Please contact Dave Adams 
(617) 246· 2815 (collect calls 
accepted) . N.E. Recruiters, 6 
Lakeside Office Park, Wakefield, 
MA 01880. 

Fee paid consultants 

How did you ever 
do without it? 

-
© 1979 PS Inc. 

Circle 302 on inqu iry card . 

TH. 
RECREATIONAL 
PROGRAMMER a: I­

W a.. f' ~t~:: ~~:;:::;::: 
;AI GAMES·ALGORITHMS·PUZZLES 
.......... STOCK ANALYSIS · AND MOREl 

HI A~~~:L ~~B:~~I~~o:I~~~THILY! ~ ~12 wllhln USA & APO/ FPO 's : 
~24 Foreign by AIRMAIL 

Single Issue tor $3 Incl P&H ': 

O VISA and MASTERCHARGE OKI 
CALL 16161343·3546 NOW I W 

,.,.. Box 2511 Kalamazoo MI 49003 .. ~ . ..J 
en a. 
a: a.. 
I- « 

Circle 323 on inquiry card . 

.~ TRS - SO ] 
SPECIAL PROMOTION SALE 
SAVE 10%, 15% or more on ALL 

Computers, Peripherals, Software. 
and ALL ,other fine Radio Shack® 
products. 

NO TAXES on out-of-state ship­
ments. 

FREE ,Surface delivery in U.S. 
WARRANTIES will be honored 

by your local Radio Shack® store. 
Offered exclusively by 

Radio Shack® 
Authorized Sales Center 

1117 Conway 
Mission, Texas 78572 
(512) 585-2765 

• -r. 

Circle 314 on inquiry card . 

THERMAL 
PRINTER 

$49.95 

HANDLING CHARGE 
INCLUDED 

• 12 characters/ line 
• 5 x 7 dot matrix 
• Alphanumeric capability 
• Weighs 6 ounces 
• Uses 21;4 in'ch thermal paper 

Send check. money order. or Master Charge or 
VISA number and expiration dale 10: 

BOOTSTRAP ENTERPRISES 
P.O. Box 614 

Richardson, Texas 75080 

Circle 34 on inquiry card . 

MUSICAL PET™ 
with Built-in Sound Generator 

$ 775 (8 K Modell 

Sold Separately .'''_.11. for $39 .95 

, . Discounts available 
~ on the new 
~ .. ,.,.,} 16 K/ 32K 
"i """";~~';;.~ Models 

""~ 
,c. 

Meets music standards proposed by "The 
Paper" and "Cursor." Supplied wi th complete 
instruc tions and demo tape. 

Offered ioint ly by: 

AMPTEC INC, 

5 975 N Broadway 
Denver, CO 802 16 

13031 571 -0 8 3 3 

MICRO WORLD 
ELECTRDNIX 

6340 W Mississippi 
Lakewood. CO 80226 

(30 3) 9 36-4407 

Circle 232 on inquiry card. 



# 30 WIRE KITS 
#1 $7.95 #2 $19.95 

250 3" 100 4%" 250 2%,' 250 5" 
250 3%" 100 5" 500 3" · 100 5%" 
100 4" 100 6" 500 3%" 250 6" 

500 4" 100 6%" 
250 4%,' 100 7" 

#3 $24.95 #4 $44.95 

500 2%" 500 4%" 1000 2%" 1000 4%" 
500 3" 500 5" 1000 3" 1000 5" 
500 3%" 500 5%" 1000 3%" 1000 5'/2" 

500 4" 500 6" 1000 4" 1000 6" 

Choose One Color or Random Assortment: 
Red, Blue, Green, Yellow, White, Orange, Black. 

, #26 Prices on Request 

#30 Kynar stripped I " on each end . Lengths are overall. 
Colors: Red, Blue. Green. Yellow. Black. Orange , White. 
Wire packaged in plastic bags. Add 25¢/ lenglh for tubes . 

In . 100 500 1000 5000 
- - -- --
2 1/2 1.04 2.98 5.16/ K 4.67/ K 
3 1.08 3.22 5.65/ K 5.06/ K 
3 Th 1.13 3.46 6.14/ K 5.46/ K 
4 1.18 3.20 6.62/ K 5.87/ K 

4 'h 1.23 3.95 7.12/ K 6.25/ K 
5 1.28 4.20 7.61 / K 6.62/ K 
5'6 1.32 4.48 8.10/ K 7.03/ K 

HOBBY 
WIRE WRAP TOOL 

BW 630 (Back Force) $34.95 
BT 30 Extra Bit 2.95 
BT 2628 #26 Bit 7.95 
Batteries & Charger 11.00 

INDUSTRIAL 
WIRE WRAP TOOL 

BW 928 
BW 928BF (Back Force) 
#30 Bit & Sleeve 
#26 Bit & Sleeve 
Batteries & Charger 

$49.95* 
52.95' 
29,,50 
29.50 
11 .00 

ELECTRICAL INDUSTRIAL 
WIRE WRAP TOOL 

EW 70 
F:.W 7D BF (Back Force) 
#30 Bit & Sleeve 
#26 Bit & Sleeve 

$85.00* 
92.90' 
29,50 
29.50 

' Industrial Tools do not include Bit & Sleeve 
Spring Loaded bit on Back Force models. 

INTERCONNECT CABLES 
6 1.37 4.72 8.59/ K 7.43/ K Ribbon cable connectors for connecting boards to front panels, or board to board . 
6 'h 1.60 5.37 9.84/ K 8.48/ K SINGLE ENDED DOUBLE ENDED 
7 1.66 5.63 10.37/ K 8.91 / K 14 ~in 16 ~in 24 ~in 14 ~in 16 ~in 24 ~in 
7 '6 1.73 5.89 10.91 / K 9.33/ K 6" 1.24 1.34 2.05 2.24 2.45 3.37 
8 1.78 6.15 lIA4/ K 9.79/ K 12" 1.33 1.44 2.24 2.33 2.55 3.92 

24" 1.52 1.65 2.63 2.52 2.76 4.31 
8 'h 1.82 6Al 1' .97/ K 10.19/ K 48" 1.91 2.06 3 .40 2.91 3.17 5.08 
9 1.87 6.76 12.51 / K 10.62/ K 
91h 1.92 6.93 13.04/ K 1'.05/ K 
10 1.99 7.26 13.57/ K l1A8/ K OK PRODUCTS 
Addl. In . .15 .60 1.20/ K 1.00/ K 

wo 30 50 fl. Wire Dispenser Red, White, Blue, or Yeilow $3.75 
WO-30-TRI TRI Color Dispenser 
R-30-TRI Refill for TRI Color 

EDGE CARD CONNECTORS 
44 pin Solder Tail $1 .95 $17.50/ 10 ALL are Gold 

INS 1416 14 & 16 pin Insertion Tool 
MaS 40 40 pin Insertion Tool 

l00pin Solder Tail $3.95 $35.00/ 10 l00pinarelMSAI EX-l IC Extractor Tool 
100 pin Wire Wrap $3.95 $35.00/ 10 H-PCB-l Hobby PC Board 

WSU 30 Hand Wrap/Unwrap/Strip Tool 
WSU 30M Same as WSU30 with Modified Wrap 

SOLDERLESS 
1-9 10-24 25-99 100-249 250-999 

BREADBOARDS 8 pin' AO .36 .34 .31 .27 

SK $16.50 
14 pin' .39 .37 .34 .32 

10 16 pin' A2 AO .36 .34 
18 pin' .70 .60 .55 .50 A5 
20 pin .90 .80 .75 .65 .62 
22 pin' .95 .85 .80 .70 .65 
24 pm .95 .85 .80 .70 .65 
25 pin strip 1.25 1.15 1.00 .95 .90 
28 pin 1.25 1.15 1.00 .95 .90 
40 pin 1.65 1.45 1.35 1.20 1.10 

Gold 3-Level Closed Entry Design • End & Side Stackable 
2-Level ::;ockets Availabl e 

SK10 mounted on board 
W74 Binding Posts & 
Rubber Feet 

Circle 298 on inquiry card, 

135 E. Chestnut SI. #5 Monrovia', CA 91016 (213) 357-5005 

Ordering Inlormatlon: 
• Orders under $25 and COD's add $2 
,. All others, shipped Ppd in U.S. via UPS 
• For Blue Label (Air) or 1st Class, add $1 

Catalog available on request . 

• We accepl Visa & Mastercharge 

Dealer Inquiries Invited 

5.50 
3.75 
3.25 
7.50 
lA9 
4.99 
6.25 
7.50 
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.:.-..A..:::'::»~ Computer Products 
* DISK DRIVES * 

B51 5V .. • $295.00 
by Micro Peripherals, Inc . Operates 
In eithe, single density (125KB, 
unformatted) or double density 
(250KB, unformatted) modes, up 
to 40 tracks, with a track· to·track 
access time of only 5 ms. 

1R $495.00 
ugart Single·slded S" floppy 

drive . 
F08-! 00 $395.00 
GSI / Siemens. Runs cooler and 
Quieter than SOl (S") 
SA400' 
Single density 5'1., 35-Track drive. 
Cabinet and power supply available 

H"",I "" I" I'~I" 1" 1"'- I''' '''''~'' " " ' ."" " .... 1.",' ,,' ... ," 1",,.1. I. .. 
TIl' I'll . "~'I IV ,"MI'S 'np .. , ' MJ,Oood."U 111I.).U0(1 ,,"m, 
M, ...... ,,'"' D.'K,ab~ I'"IM !.o n, M .. " .... ,., Inpu' S ..... , 
IF ' MI" . ncyl HI MI'i , P"IM 0 . 1..,10' Il(OI It ,,)I' ""',-,1 h ." .. 
,,, I ,"~ I ~ ...... ,,' ,"", .. Moo"'Dly 1'", ... . " I.· ... ,·' h""'"'",,, , ~."., " ., \ 
.",,11''''.-'' 
r:SC ""_, LP 1 L otc P. _ . "', ' 1 t .K" 
M DOH LP 1 
"""", .. " ... " "","' """" ' ·.II,,,,,,,,I,,, ,.,· . ... ,h,,,, .,, II \,,, ,,,pul 
Imp<Ode ne , ~.OOO .""n. M""m"m D" ... ,. bl. P"I.. .,1 .. , 
M . .. m"m ' np", Slgn,' 1" . aq". n~.,1 !.O "'I' i P"I .. 0 •• ..,.0' 

~.~!.~'I,.,,:::~'::,,~,:~:~, . ::.;';'.:,::: .';::::~:; "v"" 1 P" I .. Momo'¥ 1',,1,,· ... 
esc "'<>M'lP l l 09' ( P, oIa N,·ll .,, " ' 6995 

5-100 MOTHER BOARDS 
JADE 6·SLOT 
KI I 
AlSembl ed & Tested 
Bare Board 

$41.95 
556.95 
524.95 

9- SLOT "LITTLE MOTHER" 

KI I 
Assembled & Tested 
Bare Boar d 

585.00 
$99.00 
535.00 

13-SLOT "QUIET MOTHER" 
KIt 595.00 
Ass m. & Tes l ed $110.00 

J..A..I»E 
Products 

MAINFRAMES 

Accomodates all S-100 
Mother Boards. Built-In card 
cage with card guides. Lighted 
relet switch. Rotron whisper fan. 

Bare Board 540.00 Includes heavy duty power 

22-SLOT " STREAKER" supply.(+ 8voltsDC@30AMPS. 
Assm. & Tes led 5149.00 + 16voltsDC@4AMPS.-8volts ____________ -+ ____________ -; DC may be added. 

3-LEVEL GOLD J.A.~lD 
1791 BOl 

276 

Dual Density Controller Chip 

$49.95 WIRE WRAP SOCKETS VIDEO INT.ERFACE only 
14 PIN 
16 PIN 

J9t each 
43t each 

100 for $35 
Socke t s a l e 1!l1d an d stde sl ack · 
able , cloo;;ed entr y . 

5-100 EDGE CONNECTORS 

ii1I1II1I1: liII :ii 
SO l del tal' $3.25 each 

10 lor $35.00 
Wor e ~r~~ r $40.00 $4 .00 each 

TRENOC:OM 100 
Intelligent Printer 

~ 
Interface & Cable 

for TRS-80 
$45.00 

• 40 character per second rate 
• Low cost thermal paper 
• 96 character set 
• Microprocessor controlled 

Interface & Cable 
for Apple 

$60.00 
Bidirectional look·ahead printing 

• Quiet operation • No e)(ternal power supplies • Only two 
driven parts • High reliability • Clear 5 )( 7 characters 
• Attractive metal and plastiC case 2 rolls of per for $5.00 

EXPAND OR'S BLACK BOX PRI 
This 64·character ASCII impact printer 
with SO·column capability is portable 
and uses standard SI/, " paper and reg· 
ular typewriter ribbon . Base, cover 
and parallel Interface are included. 
Assembled and complete with manual 

and documentation. only $470.00 
(90 day manufacturer's warranty) 

TRS 80 I nterface Cable for Black Box Frtnter 
wit. 11I.lt'IHI (1lt1lll-'llol'J, $4800 

(O! 11,,1 Df I , '", (1 woll. j'"pJIl>'!)I' 111!ldull' , ·8 .., 1 
.J'''~ !-JOWl'! "upp Y "t.lLJI!t'd , 

Power Supply for TRS-80/Black Bo)( Printer $49 .00 

5· 100 Co mpat ible Serial Inter· 
fa ce with Sockets In cluded . 
Kit $117.95 
Assembl ed & Tested $159 .95 
Bare B oard w/manu al $ 35.00 

Z80A SPECIAL 
4MHz CPU Chip '* $14.95 * 

TlJ-~ 
Co nver t yo ur T. V . se t int o a 
Vi d eo M o n i t o r 
Kit $8.95 

J.A..X»E 
PARALLEUSEAIAL 

INTERFACE 

5 -100 com p atible 2 se ri al I /O 
p orts , 1 p arall e l l I b. 

KltJG · P / S $1 2 4 .95 

Assern tJl ed 8. Tested : 
JG · P/ SA $179.95 

Bare Boar d w/M anua l $ 30 ,00 

$389.00 

.. or TIM 
FLOPPY DISKS 

5% in , Minidiskettes 
So ft sec t or, 10 sec t or, or 16 sec t OI 

$4 .40 e,ch 0 r 
box of 10 for $40 .00 

8 in. Slandard Floppy Disks 
50 ft Secto r 

$4 . 75 •• ch-I 0 for $42 . 50 

FLOPPY DISK INTERFACE 
JADE FLOPPY DISK (Tarbell 
board) 

Kit $195.00 
Assembled & Tested $250.00 

S.D. Computer Products 
VERSA-FLOPPY 

Kit $159.95 
Assembled & Tested $239 .00 

Integral 
Data System!, 

t) 
Check the impressive 
features on Integral's 
IP-125 Impacl Printer 

only $799 
LOADED WITH EXTRAS AT NO EXTRA COST 

- MICFop.oceHor conllo"er - Sell,J' RS2J2C IrllC"dCI! - Pi\r,JIIC' T I L ' level ,nterlace • F\.lll 
\.lpper and low er case ASCII c ha racter set {96 cll",aclersl • F Ull 8 -, " InCIl Wide PdPe. , Llnc 
lenQ III 0 1 80 COlumns at 10 Ch arac ter s per InCII _ Impacl D. or\lHHJ . 7 ... 7 dol m dl',,' . O ldln,). y 
pap e , l oll, 'ant ol a, o r sheet - SC lla ' ba~ld rat e 10 1200 boiS pe l second ' Mult Iple line b lllie l 
o f 256 c hardcters - InS'dll'aneous p l ln' ra te to 100 cha . acters pe, second _ MultIple COPIC\ 
wi lh o u l adJus.menl • Re inkin g "l)l)on meChanism - F.ont Dllnel ope rator co ntl oJs _ AII I.!Ictl\le 
I.!IO le l op consol e 

IP-125 Integral Data System IP·125 Friction Feed Pri nter 
-96 upper & lower case ASCII character set 
- Enhanced character control 
-Serial RS232C Interface (std. factory wiring) 
- Parallel TTL I nterface (factory wired on reQ .) 
-SO column line 
-256 byte multiline buffer 

IP·225 Integral Data System IP·225 Tractor Feed Printer 
-All standard features of IP·125 
- Tractor feed paper drive 
- Fo r ms Cont rol Option (P1250) 

$799 

$949 

_ Plugboards 
8800V 

" 'iI 
, .' ~ , 

j~ 
3690·12 

CARD EXTENDER 
C.rd E ll tender h.s 100 contactl . 50 per l ide 
on .125 centers . AUK hed connector il com · 
p.t ible w ith 5-100 Bus Syueml 125.00 
3180 8 ,5" 22/4 p in . 151 ctu, 
ht.,*" . . ..... 112.00 
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Gen . Purpose O ,I. P. rloa rds 
wi th Bus Pa tl ern fo r Solde r o r 
Wire Wrap . Epo.y Glass 1116" 
44 p in co n. ,pKed .ISS , 

]&771.6".4.5" ' . ' . . S10.90 
lt77-2 6.5" .4.5" . . . . St.74 

Jnlllersal Microcompu ter /p rOCeSSor 
p lugboard . Us.e with 5· 100 bus . Com· 
plete wi th heat lin k 5t ha rdware. 
5.3" ... 10". 1/ 16", 

8801·1 
Same as B800 V (')Icept plain ; teu 
pO'l'\ler bU5eS S. hea t Sink . 

1-4 5-9 10·24 

iiiiOV1I:i5 17.95 15.9& 
1101 ·1 -.!4".9 ~ 1].4& 11.96 

P pa tlern p lu gboa rdl for IC'$ 

Epmo:y Glass 111 6" 44 pi n con . 
spaced . 156 . 

]&62 6.5" .4.5" .. .. S7.&S 
]662·29.6". 4.5". SI t.45 

HI .Densl ty Dual·in·Llne Plug, 
board fo r Wire Wrap with 
Power 5t G rd , Bus Epo.y 

, Glan 111 6" 44 pin con. spaced 

,156 . 

]6129.&".4.5" . . SIO.11 
]612-26.5".4.5" . . St .1I 
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PLACE ORDERS TOLL FREE: 100/421-5IOt Conllnental u.s. 
100/212-1710 In ... C.IHomle 

LEEDEX MONITOR ...... IITE NEW! . Jade Memorv 
ElDanalOn Ina for 
T11-80 and IDDlel 

• 12" Black and White 
. Naked Terminal JADE zao BOARD • 

• 12MHZ Bandwidth 
• Handsome Plastic Case FEATURES & BENEFITS 

Industry standard 80 character 
by 24 line format (Model 57) 

IMPROV.D D •• ION AND 
F.ATUR •• 

$139.00 • ON BOARD 2708 or 2716 EPROM 

• Complete)y self contained termi­
nal electronics, just add CCTV 
monitor and keyboard. 

• VERY RELIABLE AT 4 MHZ OR 

2 MHZ 
1 UW UIILt: IflLl tII1e ', 
I(,IM 1 MUOulf: lTl(JfIIltJI ,. • No support · software required. 

• POWER ON JUMP AND RESET 

Ulf l<Jldm~ 31U.1:111I1 
_

_ I. 1"4H HOM~" " IJ· ,.,' • Switch selectable modes: Half 
• ON BOARD USART 18251) 

MilIlUal....,an', I /{: ~ ' L I'lt! Duplex. Full Duplex. Block 
mal l( Halllwal t: Mal ll :dl mode. 

$179 f' IUl,IldmmU1t.jMdll lJrU • Block mode allows editing be-
l-'u)(Jl(lmmel\He1f!II:IIU' fore transmit. 
Lair! pc;ey!lJ iua UI!>~I"'1 • Keyboard interface provided, 

~~::=!::::..;-::..S::;2~9::.:.::.95~ ______ -f ~n{Juv~I~~. reg u lated +5 volts and 

IfI $245 · Video Is switch selectable as Le "Black-on-Whlte" or "Whlte-on-
~ Black" . 

6502 - based single board 
computer with keyboard/dis­
play, K I M- l hardware compa­
tible, com plete documentation. 

SYM-1 CASE $39.95 

MICROPROCESSORS 
F8 

i~g121~~:.l,) 

• Fully assembled, socketed, te!;­
ted, burned in, and guaranteed 
for a full year from date of 
purchase. 

Kit 
Assembled & Tested 

4 MHz 

CDPI802CD 
6502 
6800 
6802 
8008·1 
8035 

$1 6. 95 
$20.00 
$14 .95 
$1 7.95 
$11.95 
$16 .95 
$25.00 
$12.95 
$20.00 
$21.00 
$10.00 
$23.00 
$49 .95 

Roellwell AlftI-85: The Haad-llart. 
In ~lIeroeompUlars . 

8035·8 
8080A 
808~ 
TM59900TL 

80BOA SUPPORT DEVICES 
8212 
'82 14 
8216 

A KIM-l compatible machine with 
on-board Drinter and a real keyboard! 

$375.00 w/1K RAM 
$450.00 w/4K RAM 

4K assembler / editor in ROM : $ 80.00 
8K BASI C in ROM : $100.00 
Power SUDPly : $ 59.95 

$135.00 
$115.00 

m:.f(~~~z) 
Case for AIM-65: $ 49.95"-.!II ••••••• ~ 

Special Package Price: $599.00 
AIM-65 (4K), Power Supply, Case, and 8K BASIC ROM 

• 4116'. 
Everything a person needs to 
add 16K of memory. Chipi 
come neatly packaged with 
('asy to follow directions. In 

minutes your machine II 
ready for games and more 

advanced software. 

$75.00 

Regular Price JOci each 

SPECIAL: 10 for $1.00! 

DYNAMIC RAM BOARDS 
EXPANDABLE TO 64K 

32K VERSION. KITS 
Uses 4115 (8Kxl, 250ns) Dynamic 
RAM's, can be expanded In 8K 
increments up to 32K : 

BK $159.00 
16K $199.00 

24K $249.00 
32K $299.00 

4115SALE 
B for $39.95 

64K VERSION. KITS 

8226 
8228 
8238 
8243 
825 1 
8253 
82 55 
8257 
8259 
8275 
8279 

$ 2.90 
$ 4.65 
$ 2. 75 
$ 4.30 
$ 9.95 
$ 2.7 5 
$ 6.40 
$ 6.40 
$ 8.00 
$ 7.50 
$20 .00 
$ 6.45 
$20.00 
$20 .00 
$75.00 
$18 .50 

1~~al~.~~~~~~~~~~~~:1!11""~II.:!.UIf..iI~ • .:~uses 4116 '(16Kx I, 200ns) Dynam.ic RAM's, can be expanded in 16K 
~OOL.' increments UD to 64K: 

USRT 
52350 

UARTS 
AY5· 101 3A 
AY 5· 1014A 
TRI602B 
TM56011 
IM6403 

BAUD RATE GENERATORS 
MCI441 1 
144 1 1 Crys tal 

6800 PRODUCT 
68 10P 
6820P 
6821 P 
6828P 
6834P 
6850P 
6852P 
6860 P 
6862P 
687 1P 
6875P 
6880P 

CHARACTER GENERATORS 
25 13 Upper (-12+5) 
25 13 Lower (-12+5) 
2513 Upper (5 >R>II) 
2513 Lower (5 volt) 
MCM657 1 up sea" 
MCM65 7 1 A down sen 

PROMS 
1702 A 
2708 

~m g:)l fM~L 
2758 (5,) 

DYNAMIC RAMS 
4160/4116 (200n,) 
2104 /4096 
21076-4 
TMS4027/4096 (300ns) 

STATIC RAMS 1-15 
21 L02 (450n,) $ 1.50 
2IL02(250n,) $ 1.75 
2101·1 $ 2.95 
2 111 · 1 $3.25 
2 112·1 $2.95 

FLOPPY DISK CONTROLLERS 
1771901 
1791 

KEYBOARD CHIPS 
AY5-2376 
AY5-3600 
MM5740 

Circle 1950n inquiry card. 

$10.95 

$ 5.25 
$ 8.25 
$ 5.25 
$ 5.95 
$ 9.00 

$10.00 
$ 4.95 

$ 4.00 
$ 6.60 
$ 6.60 
$11.25 
$16.95 
$ 8.65 
$11.00 
$ 9.25 
$12 .00 
$28.75 
$ 8.75 
$ 2.50 

$ 6.75 
$ 6.75 
$ 9.75 
$10.95 
$10.95 
$10.95 

$ 8.00 
$ 9.95 
$60.00 
$60.00 
$23.40 

$12 .50 
$ 4.00 
$ 3.95 
$ 4.00 

16- 100 
$ 1.20 
$ 1.50 
$ 2.60 
$ 3.00 
$ 2.65 

$39.95 
$49.95 

$13 .75 
$13 .75 
$18.00 

"" I' 16K $249.00 48K $469.00 ZIP* 32K $369.00 64K $569.00 

* STATIC RAM * 
SPECIALS DIp® II 

Sockets 

E~~ 
·ZERO 

INSERTION FORCE 

Includea dlak drive, power aupply , regullr bolrd 
complct c .. e, and cable. The V-IO 01111'1123% mora 
.Iorage capacity. Simply take II out of Ihe box Ind' 
II'. ready 10 gol Requires 16K, Level II, EX. R. 

J" ~:K:»::E1 
Compu ter Products 

4901 W. ROSE C RANS AVENUE 
Depar1me nl "F" 3 

Telephone : 
1213) 679-3313 

socket. 

$5.50 
$7.50 

$10.25 

HAWTHORNE . CALIFORNIA 90250 
U.S .A. 

1800) 421 -5809 Continenlal U.S . 
(800) 262-1710 Inside California 

Cash, checks, money orders, and cred i t cards accepted. Add 
freight charge of $2 ,50 for orders under 10 Ibs. and S1.00 service 
charge for orders under SI0.00 . Add 6% sales tax on all parts 
delivered in California. Discounts available at OEM Quantities. 

WRITE FOR OUR FREE CATALOG 
All prices subject to change without notice. 

2114's, low power (1024x4) 

450ns 
300ns 

1M 
450ns 
300ns 

bled & Tested: 
250n. $7'5.00 
450n. $7.25.00 
250n. KIt $575.00 
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Circle 384 on inquiry card . 

OTRS-80 Complete System 
Includes: CPU/Keyboard, Power Supply, 
Video Monitor, Cassette Recorder, Manual, 
and Game Cassette. 

~ Line Printer 
@Mini Disk System 
e C-1 0 Cassettes 
@Verbatum Diskettes 

MORE DATA PER DOLLAR ___________ .. 

Description 
TRS-80 Complete System 
Level 11-4K RAM 
TRS-SO Complete System 
Level II-16K RAM 
Expansion Interface 
Pertec FD200 Disk Drive 
BASF 6106 

Each 

$ 628.20 

$ 889 .20 
$ 269.10 
$ 385.00 
$ 495.00 

1 MEG + 
OF DISK MEMORY 
on line for TRS-80 
$2195 

Centronics 779 Printer 
Centronics 101 Printer 
Anadex DP-SOOO Printer 
Centronics P1 Printer 
560 (selectric) Printer 
Memory Unit (installed) 

$1299.00 Includes-Operating System (CP/M) 

(kit) 
Verbatum Diskettes 

Maxell Diskettes 

C-10 Cassettes 

$1400.00 
$ 995.00 
$ 445.00 
$ 975.00 
$ 138.00 
$ 98.00 

ea. $ 4.95 
3 $ 12.00 

10 $ 37.00 
ea. $ 7.50 

3 $ 21 .00 
10 $ 60.00 
5 $ 4.50 

25 $ 18.75 

HUH Electronic S-1 00 Interface 
to TRS-80 
Kit $280.00 Assembled $350.00 

Outlet Hours: Mon.-Fri. ; 9 am.-7 pm. 
Sat. 12-5 pm. 

Write or call for new innovations-­
Printers, Disks, Etc. 

W@a1am~ 
777 Henderson Boulevard N-6 
Folcroft Industrial Park 
Folcroft PA 19032 
(215) 461-5300 

C-30 Cassettes 12 $ 23 95 . In Washington, DC area: 
Paper (9V2" x 11" fanfold, (703) 938-1099 

3500 sheets) $ 29.95 

Classroom Instruction offered in Levell(Basic-$49.95; and DOS/Disk Basic-$69.95 

For 
comDuter 
supplies 

• can't be 
beat 

, CRT Specials 

\ 

1400 - $73500 

Modular I - $155000 

~ 1500 - Call ORA 
~ 1510 - for 

, 1520 - Prices 
Introducing the 1410 
• with up to 2 year 

warranty 

~ 
From MEMOREX" 
CASSETIES - ALL TYPES 
$4.80-$6.00 

* QUALITY name brand products 
* SERVICE 24hr shipping 
* PRICES to fit your budget 

DATA CARTRIDGES -
llliilllW $19.50 

CHARGE IT 
Master Charge 
and Visa accepted ® MEMOREX and MARKETIE are regislered'trademarks of Memorex Corporation 

------------------------Send for FREE Price List 
Data Research Associates, Inc. OR 
River Rise Road New City, New York 10956 
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Circle 115 on in9uiry card. 

8" Siem ens FDDI2(}'8 Drive 
A ll Siemen's options included 
in this drive w hich ca n be c on­
figured hard o r soft an d sing le 
or double density. (Others a,.ive 
only stripped u nit) $425.0U 

Electrolabs 
Low Profile Socket Spectacular!!! 
Featuring a kind of "M exican Hand­
shake" p rin cip le, these sockets wi ll 
NOT let your IC's vibrate out!! In 
8,14,16,18,20,22,24,28 &40 l et/pin 
1000+: .75/pin, 20,000+: .65/pin PO B 672.1, Stanford, CA 94J05 

415·321-5601 800·227-8266 
Visa, American Ex press, Master 

"Power One" Model CP206 
Floppy Power Unit. For two 
drives going full-out, a nd pass ­
ably more on less severe serv ice. 
2.BA@24V, 2.5A@5V , 0.5A@l-5V. 
Beautiful quality. $99.00 

• 

DISKETTES (Standard) 

8" Boxed 10 $39.00 
5V." Boxed 1 0 $34.95 

I 
.1 
i.e 
I 
I 

10 Megabyte 
SUPER DISK!!! NEW 

PRODUCT 
RELEASE !!! 

TaxbeU ("It Works") Interface ---- NEW Breakthrough 
SHRINKS ( I ncludes cable set for 2 drives) , 

$265.00 BUT ONLY $219.00 
w ith purc hase of two drives. 

your media 
RElIABL Y !! 

----22)1;", . ------- In Size, Weight (39Ibs) 
Power (125W) Perform­
ance (3600rpm) and 
cost effectiveness (10 
MBy and controller 

Cable Kits 10' wi th 50 condo 
cable and connectors and a lso 
Molex connectors and power 
cab le: For one d rive: $27.50 
For t wo drives: $33.95, and 
for th ree drives: $38.95 

'CABINETS for FDD1 20 and 
B01 R Drives, or CP 206 power 
supp ly. Matte f i nish in mar 

istant black epex y paint. 
tacking design. $29.99 

Used Sylvania 12" Video 
Monitors. Composite video 
ISmhz, 1l5vac, 50/60hz 
New Tube. As shown $109 
OEM style without case: 
$99, Anti-glare tube option 
add $12. Specify p4 or p39 

ESAT200B (Bi·Lingual) BOX24 
Communicating Terminal 

Scrolling, Full Cursor, Bell, BX8 
matrix, 256 addressab le c h a racters 
110-19,200 baud, etc, etc .•.• .. 
This termina l has been purchased 
by many agenc ies, u n ivers ities & 
compan ies. Full y stand-alone, it is 
the only dua l fon t termina l of any 
kind for less than $25 00. 
Supp li ed complete and fu lly guaran- . 
teed : (many graphics app licatio ns) 

$349.00 

for $6750.00) For 
PDP·11, LSI-11 
AND ----_ 

S-l 00 machines 

COMMERCIAL GRADE PERIPHERALS FOR THE MICROCOMPUTER 

PRINTER 

TERMINALS 

""c .. - , 
~/"". ___ ..... 

ru , .. ... .... . 
•• 

• • • • 1 ~ t. ~ ;. . 
•• , f 

TAPE DRIVES 

MODEMS 
-ASCII SELECTRIC PRINTER/TYPEWRITER : Why sett le for less than 

letter·quality printout from your computer? Refurbi shed IBM Model 725 
can be used as off-line typewrite r or on-line printe r. Complete with so lenoids, 
power supp ly , case and ASCII interface card ITTL to CPU paralh!1 port.) 
Interface includes programmable ASCII translation table on EPROM With up to 
8 tables for use with various type spheres. Feedback signa ls on completion of 
each pri n t cycle insu res fastest printing speed (15 cps.) 
Price : programmed w/3 translation ta~s (one type sphere): . . ....... $695.00 

-SELECTRIC I/O TERMINALS Iby GTE/Information Systems). Both ASC II 
& IB M code versions with microcomputer interface softwa re & hardware (RS· 
232 connector.) Casset te drive m odels permit up to 2400 baud data trans fer 
rate as \/\ell as off-line data storage, use as memory typewriter, & use as data 
entry device for office personnel familiar with Selectric typewriters but not 
computers . Wide-carriage , interchangeable type spheres; optional built-in 
modem. All units cleaned. adjusted & wa rranted. 

Model 5541 ( I BM Correspondence code) .. . $695.00 
Model 5550 Icorres. code, built·in cassette drive) .$1195.00 
Model 5560 IASC II code. built-in cassette drive). . . . .$1295.00 

-IBM SELECTRIC 725 TYPEWRITER I/O w/so leno ids switches & magnet 
driver PCB If ro m GTE/IS terminal) plus instructions for 8080 printer-driver 

-POS 103/202 " M/X or MATCH" MODEM : BELL 103 and/or BELL 202 
FREQUENC IES: Unique POS control design permits use in one housing o f 
bo th Bell-compatible 103 10 - 300 baud) and 202 10 - 1200 baud) modem 
modules orig inall y made by VADIC Corp. for a telephone company subsidiary. 
F EA TUR ES : RS-232 se ri al interface, auto·answer, auto·dial, LE D display, 
te lephone line interface via acoustic coupler, manual DAA, or auto·answer 
DAA Isold separately.! FULLY ADJ USTED; no special too ls required. 
3,000 mile range ove r standard dial·up telephone lines. 

- POS 103 MODEM Iwith Auto Answer, Auto Dial). . . $ 199.95 
':'- POS 202 MODEM (Hal f·Duplex with Reverse Channe l ). $249 .95 
- POS 202 MODEM IHalf·Duplex w/Rev. Ch .• Auto-Answer). $279.95 
- POS 103/202 MODEM (Auto-Answer, Auto-Dial). . . $399.95 

-POS-l00 NRZ1 TAPE DRIVE CONTROLLER/FORMATTER: DeSigned as 
interface between S-100 bus mCPU and g·t rack , 800 BPI, NRZ1 tape drive. 
All ovvs microcomputeris t to read and write I BM-compatible y," mag tapes. 
Software provided for 8080 or Z-80 systems. Requi res m odification for drives 
of various mfrs. 
Pri ce: (Includes S·100 card , contro ller ca rd, 10' cable. so ftware listing) . $750.00 

-NRZ1 TAPE DRIVE by WILLARD LABS. 9-track, 800 BPI. NR Z1 lormat, 
12"/sec .• 1200 ft. reels 110 megabyte capacityl Fu ll y tested and warranted $599.00 

-CONVERT 15" IBM OFFICE SELECTRIC TO I/O TYPEWRITER : Kit 
interface hardware & so ft wa re. incl udes assembled so lenoids, switches, wire harness, magnet driver PCB plus 

al Typewriter mechanism complete, c leaned & ad justed .... $375.00 instruction s for installation and mCPU interface. . . . . . . . . . . . . . .. $200.00 
bl Case from terminal & power supply(+24V, ±12V. +5V @5Al. . $ 75.00 _DIGITAL CASSETTE DRIVE Ifrom GTE/ IS Terminal) : 1800 baud, 6" /sec ; 

_DIABLO HYTYPE I Model 1200 FiRINTER MECHANISM: used, complete AC motor; fwd/rewnd circu itry plus tape head. no read/write electronics $25. 
and tested. Requi res power supply , case & mCPU inte rface. 15 day return -FORMS TRACTORS. Moore Variable width "Form A.Liner" for print terminals : 
privilege - no other w~rranties .. LIMITED QUANT ITY! ..... .. $750.00 a)Model 565P for 15" Carriage IBM Se lectrics (new): . . $50.00 

-6' Ribbon cable & connector for printer Main Log ic PCB . $10.00 b) Model K81 for QUME or DI AB LO HytYpe l or II printers Inew): . $90.00 
- 14-pin Winchester connector & 18" power supply cabl. . . $5 . .00 -POWER SUPPLIES for D isk Dr ive. mCPU, tested under load shown : 
-"As·is" spa re pr inter PCB's for parts ILogic. Heat Sink. Control) : ea . $20.00 - No. 519. (w/fan & AC cord): +5V reg., ± 12V reg., +24 V. @4A 110 Ib.! .. $29.95 
-New Pin·feed Platen (14 " ): $50 if bought w/printer ; separately . .. $ 100:00 - LAMBDA No. LMEE5 w/OV protect: +5V reg. @ 25A 135Ib.). . . $59.95 

NO RISK! 15 DAY APPROVAL ON ALL MAIL-ORDERS--________________ • 

Full documentation inciuded ·PLUS interface instructions j/. PACIFIC OFFICE SYSTEMS, INC. ~ Call or wri te for details, quantity prices, catalog. 15 day 
where indicated. All equipment is shipped insured FOB ~~ll!ll 2600 EI Camino R eal, Suite 502 f. return privil ege PLUS 90 day no charge replacem ent 01 
Palo Alto within 14 days after check clears or COD ~ Palo Alto. Calif. 94306 "defective parts . All orders shipped from Slack. No back 
order is received. Prices may change without notice. .\ (415) 321 -3866 orders, no substitutions. MIC & VISA accepted. 
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.. ~400 TTL '~}tffiy SN7470N .29 
SN1472N .29 

5N1400N .16 5N7473N .35 5N74160N .89 
5N7401N .18 SU1474N .35 5N74161H 89 
5N7402N .18 5N7475N .49 5N74162N 1.95 
5N7403N . IS 5N7416N .35 5N74163N .89 
SN74Q.1N . IS 5N7479N 5.00 5N74164N .89 
5N7405N .20 5N7480N ... 5N74165N .89 
5N7406N .29 $N1482N .99 SN74166N 1.25 
5N7407N .29 SN748JN .59 5N74167N 1.95 
5N7408N .20 5N7465N .79 5N74170N 1.59 
5N7409N .20 5N7486N .35 SN74112r1 6.00 
SN74\(}N .IS SN74B9t~ 1.75 5N74113N 1.25 
5U741 1N .25 SN7490N .45 5N74174N .• 9 
SN7412" .25 5N1491N .59 5N74175N .79 
SN7413N . ., 5N7<192N .43 • SN14176N .79 
5N7414N .10 5N7493N .43 5N74177N .79 
5N7416N .25 5N7494N .65 5N74179N 1.95 
SN7417N .25 5N7495N .65 5N74 180N ' ,79 
5N742ON .20 $N71l96N .65 5N74181 N 1.95 
SNH21N .29 SN7497N 3.00 5N74182N .79 
5N7422N .39 5"174 lOON .89 5N74 184N 1.95 
5N7423N .25 5H74107N .35 5N74165N 1.95 
5N7425N .29 5N74109N .59 5N74186N 9.95 
5N1426N .29 5N74116N 1.95 5N14188N 3.95 
5N7427N .25 SN74121N. .35 5N74190N 1.25 
SN7429N .39 5N74122N .39 SN74191N 1.25 
SN7430N .20 SN74123N . ., SN74192N .79 
SN7432N .25 SH74125N . ., SN74193N .79 
SN7437N 25 SN74126N .49 SN7" ' 94N .89 
SN7438N .25 SN74132N .75 SN74195N .69 
SNH39N .25 SN74 13611 .75 SN74196N .89 
SN7440N .20 SH74141N .79 SN74197N .89 
SH7441N .89 SN74142H 2.95 SN74198N 1.49 
SN7442N .'9 SN14143N 2.95 SN74199N 1.49 
SN7«3N .75 SN74H4N 2.95 SN74S2OO 4.95 
SN7444N 75 SN74145N .79 SH7425IN 1.19 
SN1445N .75 SN74.147N 1.95 SN74279N .79 
SN1446/1 .69 SH7414BN 1.29 SII14283N 2.25 
SN1447N .59 SN741SON .89 SN14284N 3.95 
SN744BN .79 SN74151N .59 SN74285N 3.95 
SN74SON .20 SN74152N .59 SN74365N .69 
SN145IN .20 SN74153N .59 SN74366N .69 
SN145JN .20 SN74154N .99 SN74367N .69 
SN7454N .20 SN74155N .79 SN74368N .69 
sN7459A .25 SN14 156N .79 SN74390N 1.95 
SN7460N .20 5N74157N .65 SN74393N 1.95 

20% Dllcounll00 pes CQmblned order 25% ·1 000 P~I combined onler 

C04000 .23 C/MOS C04070 . 55 
C04001 .23 CD4071 23 
C04002 .23 C04028 .89 C04072 .'9 
CD4006 1.19 C040l9 1.19 C04076 1.39 
C04001 .25 C040JO .49 CD4081 .23 
C04009 .49 C04035 .99 C04082 23 
C04010 " C04040 1.19 C04093 99 
C04011 23 C04041 1.25 C04098 2.49 
C04012 .25 C04042 .99 MC1 4409 14.95 
C[}c4013 .39 C04043 .89 MCI4410 14.95 
C04014 1.39 C04044 .89 MG1441! 14.95 
C040 15 1.19. C04046 1.19 MC144 19 495 
C040! 6 '9 C[}c4047 2." MCI4433 19.95 
C04017 11. C04048 1.35 MCI4506 .75 
C04018 .99 C04"9 ... MCI4S07 .99 
C04019 .'9 C040SO .'9 MCI4562 14.50 
C04020 1.19 C04051 1.19 MCI4583 3 .. 
C04021 1.39 C04053 1.19 C04508 395 
C04022 119 C04056 2.95 C04510 139 
C04023 .23 C04059 9.95 C04511 1.29 
C04024 .79 C04060 1.49 C04515 2.95 
CD4025 .23 CD4066 .79 C04518 1.29 
C04026 2.25 C04068 .39 C04520 1.29 
C04027 .69 C04069 .45 C04566 2.25 

74COO 39 74COO 74CI63 2.49 
"CO2 .39 i4CI64 2.49 
"C04 .39 74CB5 2.49 HC113 2.60 
"COS .'9 74C90 1.95 14CI92 2.49 
74CIO .39 74C93 1.95 74CI93 2.49 
74CI4 1.95 74C95 1.95 14CI95 2.49 
"020 .39 74Cl07 1.25 74C922 5.95 
"eJO .39 74C151 2.90 74C923 625 
74C42 1.95 74t154 3.00 "em ' .95 
7",18 2.49 74Cls7 2.15 74C926 8.95 
74C73 .89 74C160 2.49 8OC95 I. .. 
.74 .89 74C161 2.49 8OC97 I. .. 
78MG 1.15 LINEAR l M710N .79 

lMI06H .99 lM711N .39 
l"_ .80 lM340K·18 1.35 lM123N/H .55 
lM30lCNIH .35 lMJ.40K·24 1.35 lM733N 1.00 
lM302H .75 l M34OT·5 1.25 lM139N 1.19 
lM3{)4H 1.00 lMJ.4OT·6 1.25 lM141CN/H . 35 
lM30SH .60 LM340T·8 1.25 lM741·14N .39 
LM307CH/H .35 lMl40T' 12 1.25 lM7~7NJ1i .79 
lM308CH/H 1.00 lMJ.40T·15 1.25 lM748N/H .39 
lM309tl 1.10 LMl40T·18 1.25 LMI310N 2.95 
l M309K 1.25 lMJ.40T·24 1.25 LMI458CNIH .59 
lM310CN 1.15 l M358N 1.00 MC1488N 1.39 
LM311N/H .90 lM370N 1.95 MC1489N \39 
LM312H 1.95 lM373N 3.25 l MI496N .95 
LM317K 6." LM377N ' .00 lMI556V 1.75 
LM318CN!H I." lM3800 1.25 MCI741SCP 3.00 
lM3t9N 130 lM380CN .99 lM2111N 1.95 
lM320K·5 1.35 lM38IN 1.19 LM2901N 2.95 
lM32Qt(·5.2 1.35 lM382N 1.79 lM3053N I. .. 
LM320K·12 1.35 HE50IN 8.00 lM3065N 1.49 
lM32{)1( ' 15 1.35 NE510A 6.00 lM3900N(3401) .49 
l M32OK·18 1.35 NE52!iA 4.95 lM3905N .89 
lM32{)K·24 1.35 NES3IHN 3.95 lM3909N 1.25 
LMJ20T·5 1.25 NE536T 6.00 MC555BV .59 
lM320T·5.2 1.25 NE5-40l 6.00 80388 4.95 
lM320T·8 1.25 NES44N 4.95 lM754SON .49 
lM320T·12 1.25 NE5s0N 1.30 75451CN .39 
LM320T·15 1.25 NE555V .39 75452CN .39 
lM32{)T'18 1.25 NE356N .99 75453CN .39 
LM320T·24 1.25 NE560B 5.00 75454r.N .39 
lM323K·5 5.95 NE56IB 5.00 75491CN .79 
lM324N 1.80 NE562B 5.00 75492CN .89 
l M3J9N 99 NE565N/H 1.25 75493N .89 
lM~OK·5 135 NE566CN 1.75 75494CN . 89 
lM~OK·6 1.35 NE567V/H .99 RC4 136 1.25 
lMJ40K ,8 1.35 NE570N ' .95 RC4 151 2.85 
lM340K·12 1.35 lM703CNIH .69 RC4194 5.95 
lM340K·15 1.35 lM709NIH .29 AC4 195 4.49 

74LSOO .23 74 LSDDTTL 
74LSI38 .6 

74LSOI .23 74lS139 .69 
74LS02 .23 74LS47 .69 74LS151 .69 
14lS03 .23 J.1LSSI .23 7415155 .69 
74LS04 .29 74lS54 .23 74lS157 .69 
74lS05 .29 74LS55 .23 14LSI60 .89 
74lSOB .23 74lS73 .35 74LS I61 .89 
74LS09 .29 74LS74 .35 74LSI62 .89 
74lSI0 .23 74LS75 ... 74LSI63 .89 
74LS11 .60 74LS76 .35 74LSI64 .99 
74lS13 .'9 74lS78 .39 74LS175 '.79 
74lS14 . 99 74LS83 .75 74lS181 2.49 
7~lS15 .29 741S85 .99 74LSI90 .89 
74LS20 23 741S86 .35 74LSI91 .89 
74LS21 .29 7<1LS90 ... 74lS192 89 
741522 .29 741592 .59 74l S19J .89 
74lS26 .29 14LS93 .59 14LSI94 .89 
74lS27 .29 74LS95 .79 74LS195 .89 
74lS28 .29 74LS96 .89 74LS253 .79 
74LS3O .23 74lS107 .35 74LS257 .69 
7US32 .29 74LS109 .35 74LS258 1.39 
14lS37 .35 74LSI 12 .35 74LS260 .55 
74LS4Q .29 74lS123 .99 74LS279 .59 
74LS42 .69 14LSI25 .69 7415367 .59 

74 LSI32 .79 74LS368 .59 
74LSl 36 .39 74lS670 1.95 
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EXCITING NEW KITS! Digital 
Thermometer Kit 

Regulated Power Supply 

@ 
510 15VDC 

~~~ * Full 1.5 amp at 5·10V 
output - Up to .5 amp 
at 15V output 

*Heavy duty transformer 
*3 term inall ,C. Volt. Reg , 
* Heat si nk provided for 

cooling eff iciency 
*PC Board construction 
*120 VAC input 
*Sizo: 3%"W x 5" L x2" H 

JE210 5 to 15 VOC $19.95 
ALSO AVAILABLE, 
JE900 Digita l Stopwatch Kit . $ 39.95 
JE301 6 d igit Clock Ki t .... $19.95 

DISCRETE LEDS • .2110· dl • . 
XC556R red 5/11 .125- dll , 
XC556G green 4/51 XC209R red 
XC556Y yellow 41$1 XC209G green 
XC556C clear 4/51 XC209Y yellow 

.2110" dlo. .1as- dl •. XC22R red 51$1 XC526R rod XC22G green 41$1 XC526G green XC22Y yellow 4/$1 
XCS26Y yellow 

.170" dlo. XC526C clear 
MV106 red 41$ 1 

.1ill" dl,. .086" dll. XC lll R red MV50 red 6/$1 XCl llG green 
INFRA·REO LED XC111Y yellow 

1/4"1<1/4",1/16· 11.1 XClll C clear 
51$1 

_Duo l ICnlOrs-lwltchlng con tro l fo r in· 
door/outdoor or dual moni to r ing 

- Contlnuoul L ED .8" ht, dllp lav 
- Range : ·40 "F to 199"F / ·40 "C to 100"C 

:~;tC~~lIrC~:a*r1eOnr;,~hig~lce t sloul readin g 

: ~:~': j?~ ?4.t,~O:~:5~8<r,W~'~ ~~}lf.!~r Inc!. 

JE300 ... .. . ........ . . . $39.95 
JE730 4 digit Clock Kit .. . $ 14,95 
JE2206 B Fum; . Ge nerator Kit , $ 19,96 
JE747 Jumb o 6 dgt , clock k it $29.95 

TIMEX T1001 
unulD CRYSTAL DISPLAY 

51$1 
FIELD EFFECT 

41$1 .. . • ZZl 
4/11 SEt+ee 5/$1 - -'+-'-' 41$1 
41$1 4 DIG IT _ .5" CHARACTERS 
41$1 THREE ENUNCIATORS 

2.00" X 1.20" PACKAGE 
51$ 1 INCLUDES CONNECTOR 
41$1 Tl001·Trl nsm iniYB 17.95 
4/11 Tl001A· Retiectiva B.26 
4/$1 

DISPLAY LEDS 
TY PE POLARITY HI PRI CE TYPE POLARITY HI PRICE 
MAN I Common Anode·ret! .270 2.95 MAN 6730 Common Anode·led :::: I .... .99 
MAN 2 517001 Malril'red 300 ' .95 MAN 6140 Commoll Cathode·rell·O O. .... .99 
MAN 3 Common Gathode·rtD .125 .25 MAN675Q Common Cathode"ra:::: I .... .99 
MAN 4 CommOIiGathOde·fet! ,187 1.95 MAN 6760 Common Anode·rra .560 .99 
MAN 7G Common Anolle-green .300 1.25 MAN 6780 CommOIl cathOde·/H .560 .99 
"AN IV GQmmon MOGe ,y!llow 300 .99 Ol701 Common Allode·red :::: I .300 .99 
MAN 12 Common Anode·red .300 .99 OL7D-1 Common GaIllOde'l!d .300 .99 
MAN 74 Common Gathode ·r~ .300 1.25 OL707 Common Anode" ra 300 .99 
MAN e2 Common Anode·yellow .300 .99 Ol728 Common Caltlodl!·Ied .500 1.49 
MAN 84 CommonC8thode·yellow 300 .99 DL741 Common Anode' red .600 1.25 
MAN 3620 Common Anode·orange .300 .99 Ol746 Common AnO<le"ed ~ I .630 1.49 
MAN 3630 Common Anod!,olange :::: I .300 .99 Ol747 Common Anode·red .600 1.49 
MAN 3640 Commoncathode·oraflile .300 .99 Dl749 Common Catnode·re!l :::: I .630 1.49 
MAN 4610 Common Anode-oranoe .300 .99 DL750 Common Calhode·rell .600 1.49 
MAN 4640 Common Calhode·oranoe .'00 .99 O133B Common Cathode ·red .110 .35 
MAN 4710 Common AnOde·red .'00 .99 fN070 Common calhode 2" .69 
MAN 4730 Common Anode'led !. I .400 .99 FN0358 Common ~lhOde !. 1 .357 .99 
MAN 4740 CommOIiCithode·red .'00 .99 FND350 Common Caltlode .357 .75 
MAN 4810 Common Anod,·ye!low .400 .99 FtID503 Common CalhOd'lfNOSOO) .500 .99 
MAN 4840 Com mOil Cathode·yellow .'00 .99 FNOS07 Common Anode IfNOSIO) .500 .99 
MAN 6610 Common Aoode·oranoe·D.D, .560 .99 5082 ·7730 Common Anod"rtiJ .300 1.30 
MAN 6630 Common Anode'ornnge !: I .560 .99 HOSP·3400 CommonAllode'fed .800 2.10 
MAN 6640 Common Cithode·orange·O.O. .560 .99 tlOSP·3403 CommOIiCalhod,reti .800 2.10 
MAN 6650 Common Calhode·orange :::: 1 .560 .99 5082-7300 417 '01. Diglt·RHOP .600 I g .~ 
MAN 6660 Common Anode·orange .560 .99 5082·1302 4 x 7 Sgl. OiOit-lHOP .600 19.95 
MAN 6680 Common Calhode·ornnoe .560 ... 5082·7304 Ovellangll c!\illdel ( :::: 1) .600 15.00 
MAN 6110 Common Anooe·red ·D.O .... .99 5082·7340 4 x 7 SOl OI\lII ·Hmdecimal . 600 22 .. 

RCA LINEAR CALCULATOR CLOCK CHIPS MOTOROLA 
OO013T 2.15 OO082N 2.00 CHIPS/DRIVERS MM5309 $4.95 MC1408l7 54 .95 
OO023T 2.56 CAJ083N 1.60 MM5125 S2.95 MI.t5311 4.95 MC1408l8 5.15 
CA3035T 2.48 CA3086N 85 MMS738 2.95 MM5312 4.95 MC!4391 295 
00039' 1.35 CA3089" 3.75 OM8864 2.00 MM5314 '95 MClO22P 2.95 
CA3046N 1.30 CA3130T 1.39 OM8865 1.00 MM5316 6.95 MC306IP 3." 
CA3059N 3.25 CA3140T 1.25 DM8887 .75 MM5318 9.95 MC4016(744 16) 7." 
CA306O" 3.25 CAJ16nT 1.25 OM8889 .75 MM5369 2.95 MC4024P 3.95 
CAJ080T .85 CA340IN .499374 7 seo. MM5387!1998A ' .95 MC4040P 6.95 
OO081N 2.00 CA3600N 3." C.A lED driver MMS841 9.95 MC4044P .... 

IC SOLOERTAIL - L FILE (TiNI SOCK ETS 
1-24 25-49 50·1(10 1·24 25·49 50·100 

8 pin lP .S17 .\6 .15 • .... 22 pin LP $ .31 .36 .35 
14 pinLP .20 .19 .\8 24 pin lP .38 .37 .3S 
16 pin LP .22 .21 .20 28pinlP .' 5 ... .43 
18 pin LP .29 ." .27 36 pin LP .60 .5' .58 
20 pin l P .34 .32 .30 SOLDERTAIL STANDARD (TINI '0 pi, lP .63 .62 .61 

141llnST S.27 .25 .2' - - 28plnsT $ .99 ... .81 
38 pin ST 1.39 1.26 1.15 16p1nST .30 .27 .25 
40pinST 1.59 1.45 1.30 t8plllST .35 .32 .30 

24 pin ST .• 9 .'5 .42 SOLOERTAIL STANDARD (GOLD ) - - 24 pin SG S -10 .63 .57 
8 pin SG $.30 .27 .24 28pin SG 1.10 1.00 .90 

14 plnSG .35 .32 .29 36 pin SG 1,65 1.40 1.26 
16 pin SG .38 .35 .32 40 pin SG 1.75 1.59 US 
18 pin SG .52 .47 .43 WIRE WRAP SOCKETS 
8p1nWW S.39 .38 3\ (GOLD) LEV EL N 3 22plnWWS .95 .85 .75 

10 pln WW .45 ... .37 24pinWW 1.05 .95 .85 
14pln WW .39 .38 .37 .. - 28pln WW 1.40 1.25 1.10 
16plnWW • 43 .42 ... J6plnWW 1.59 1.45 1.30 
181llnWW .75 .68 .82 40pinWW 1.75 1.55 1.40 

1/4 WATT RESISTOR ASSORTMENTS -5% 
IOOIlM 12 OHM 15 0tlM 18 OHM 1'1 OHM 

$1.75 ASST. 1 5 ea . 17 OHM J3 OHM 390111.1 J7 OHM !J6 OHM SOPCS 
611 OHM 87 OHM tOO OItM 110 OHM I!lOOIlM 

1.75 ASST,2 ,,, 180 OHM nOatH,1 270 OHM J300llM J!IOO HM 50 PCS 
HOOHM ~OW,\ 680 OHM H2O OHM " 1.75 ASST. 3 5" Uk , .~ .. 1.811 1.211 1. ;11 SO PCS 
3,311 3 ,QI( J.711 !i .51{ {i,HII 

1.75 ASST. 4 Sea . S.21t '0' I" '" '" 110 pcs 
22< 27K '3K 19' I jll 

1.75 ASST. 5 ~n . ~6K 68< 8" lOOt: 1201< 60 PeS 
15011 1801< 2201< 1701< 3301( 

1.75 ASST. 6 Sea . 190< 4i'OK 560< 680< 8201< SO PCS 
1M '-1M I SM 1.8M 2, n.~ 

1.75 ASST. 7 Sea. 2.711. J .3M 3.9M 41M 5.6M 50 PeS 

ASST. 8R Inc ludes Res is tor Assortments 1· 7 (350 PCS.) $9.95 ea. 
$10.00 MINIMUM DRDER- U.S. Funds Onlv 
California Residents - Add 6% Sales Tax 

Spec Sheets - 25; 
1979 C818109 AYalioblo-Send 41 ~ stamp 

J ELECTRONICS 

PHONE 
OROERS 

WELCOME 
(415) 592·8097 

MA IL ORDER ELECTRONI CS - II'ORL D II'IJJE 
1021 HOWARD AVENUE . SAN CARLOS. CA 94070 

ADVERTISED PRICES GOOD THRU MAY 

TELEPHONE/KEYBOARD CHIPS 
Push Button Telephone Dlaller $1 4.95 

~rJJg~%2:a~I:~eralor 14.95 
4.95 

Keyboard Encoder 188 keyS! 14.95 
Keyboard Encoder 16 keys 7.95 
Keyboard Encoder 16 keys 5.95 

S 
24 .95 

mer 19.95 
7.50 

19.95 
6.95 

NMOS READ ONLY MEMORIES 
MCM6571 126 X 9 X 7 ASCII Shilled wilh Gr .. k 13.50 
MCM6574 128 X 9 X 7 Math Svmbol & Pictures 13.50 
MCM6575 128 X 9 X 7 Alphanumeric Control 13.50 

Character Gerterator 

Tl074CN 2.49 
TL494 CN 4.49 
TL496CP 1.75 
l lC90 19.95 
95H90 11 .95 
4N33 ~hotgd::~~~Oq~ g~~oe'~t~~or 3.95 
MK50240 17.50 
OS0026CH S~hz 2·phase MOS clock driver 3.75 
TI130B . 27~ red num, display w/inleg . logic chip 10.50 
MM5320 TV Camera Sync, Generalor 14.95 
MM5330 . 4~ Digit DPM l ogic Block (Special) 3.95 
LO ll0/l ll 3~ Dlgil AID Conyerter Set 25 .00/561 

lITRONIX ISO· lIT 1 SN 76477 
PhOIO Transistor Oplo·lsoiator SOUND GENERATOR 

(Same as MCT 2 or 4N25) Generates Complex SOunds 

2/99¢ 
l ow Power · Programmable 

3.95 each 
TV GAME CHIP AND CRYSTAL· 

tn~l~d:;c;o~~ea~l~p~a~~ ~~:m~ia~~ ~~ ~c:~~c. 7 
XR205 $6.40 EXAR XR2242CP 1.50 
XR210 4.40 XR2264 4.25 
XR215 4.40 XR2556 3.20 
XR320 1.55 JE221l6KA 14.95 XR2567 2. 99 
XR·l555 1.50 JE2206KB 19.95 XR3403 1.25 
XR555 .39 XR1BOO 3.20 XR4136 1.25 
XR556 .99 XR2206 4.40 XR4151 2.85 
XR567CP .99 XR2207 3.85 XR4194 4.95 
XR567CT 1.25 XR2206 5.20 XR4202 3.60 
XR1310P 1.30 XR2209 1.75 XR4212 2.05 
XR1 468CN 3.85 XR2211 5.25 XR4556 .75 
XRl 488 1.39 XR2212 4.35 XR4739 1.15 
XR1469 1.39 XR22411 3.45 XR4741 1.47 

DIODES mt YOlTS W ..... 
lN4002 100 PlY I AMP 1211 .00 

TYPE VOLTa w PRltI: 1"003 200 PlY I AMP 12/1.00 
IN746 3.3 '0Qm 411 .00 lH4004 400 PIV I AMP 12/1.00 
lN751 5.1 '00m <4 /1.00 IN4005 600 PIV I AMP 10/1 .00 
IN752 5.6 400m 411.00 1",006 800 PIV I AMP 10/1.00 
IN753 6.2 '00m 4/1.00 lN4007 1000 PIV 1 AMP 1011.00 
lN754 6.8 400m 411 .00 1"3600 .. 200m 6/1.00 
lN757 9.0 'OOm 411 .00 11«148 15 10m 1511.00 
lN759 12.0 'OOm 411 .00 lN4154 35 10m 1211.00 
IN959 " 'OOm 411 .00 lN4305 75 25m 15/1.00 
IN965 15 '00m 4/1 .00 IN4734 5.6 1. 28 
IN5232 5.6 500m 28 lN4735 6.2 I. 28 
IN5234 6.2 500m 28 IN4735 6.8 I. 28 
IN5235 6.8 500m 28 lN4738 ' .2 I. 28 
Hl5236 7.5 500m 28 lN47<12 12 I. 28 
IN5242 12 500m 28 IN4744 15 I. 28 
IN52~5 15 500m 28 INI183 SO PIY35 AMP 1.60 
IN456 25 'Om 611 .00 IN11B4 100 PIV35 AMP 1.70 
lN458 I" 7m 611 .00 INI185 15QP1V35 AMP 1.70 
IN485A ISO 10m 5/1.00 INII86 200 PlV 35 AMP 1.60 
IN4001 50PIV 1 AMP 1211 .00 INI188 400 PIV 35 AMP 3.00 

SCR AND FW BRIOGE RECTIFIERS 
C360 ISA (i. 400v SCA(2H1849) SI .95 
C38" 35A til 600V seA 1.95 
2N2328 I.SA (n 300Y seA ... 
MOA 980·1 . 12A @ SOY fW BRIDGE REC. 1.95 
MDA~ ·3 fW BRIDGE REe, 1.95 

CHI6B! ... TORS 2N39O-1 "" ,00 
MPSA05 .30 2N3055 .89· 2N3905 4/1.00 
"PSA06 511.00 MJE3055 1.00 2N3906 4/1.00 
flS97 6/1.00 2N3J92 5fl .00 2N4013 311 .00 
TlS98 6/1 .00 2N3398 511 .00 2N4123 6/1.00 
' .. 09 1.75 PN3567 3/1.00 PN4249 4/1.00 
40410 1.75 PNJ568 4/1.00 PN42SO 4/1.00 
40673 1.75 PN3569 4/1.00 2N4~OO 411 .00 
2N918 4'1 ,00 MPS3638A 5/' .00 2N4401 4/1 .00 
2N22 1.9A 211 .00 MPS3702 511 .00 2N4402 411 .00 
2N2221l' 4/1 .00 2N3704 5/1 ,00 2N4403 4/1.00 
2N2222A 5/1.00 MPS370-4 511 .00 2N4409 511.00 
P~2222 Plastl, 7/1 .00 2N3705 5/1 .00 '"- 4/1 .00 
2N2369 5/1 .00 MPS3705 5".00 2N5087 411 .00 
2N2369A 4/1 .00 2N3706 5/1.00 2"5088 4/1 .00 
MPS2369 511 .00 MPS3706 5/1 .00 2N5089 4/1 .00 
2N2484 4n .00 2N3707 5/1 .00 2N5129 5/1 ,00 
2N29Il6 411 .00 2N371 I 5/1 .00 PN5134 511.00 
2N2907 511 .00 2N3724A .65 PN5138 5/1.00 
PN2907 Plastic 7/1 .00 2N3725A 1.00 2N5139 5/1 .00 
2N2925 5/1.00 2N3172 2.25 2N5210 511 .00 
MJE?!I55 1.25 2N3823 1.00 2N5449 311 .00 
2N30SJ 2/1.00 2N1903 511.00 2NS 1 I 

APACITOR 50 VOLT CERAMIC CORNER DISC CAPACITORS 
UI lJl:l§ 1m.: J& !Mj 1m.: 

10pl .05 .. .03 .OOI/-If ... .035 
22pl .OS ... .03 . OO-H~f .OS . .. .035 
47pl .05 ... . 03 01/-1f .OS .04 .035 

100 pi 05 ... .03 . 022~F . 06 .05 ... 
220111 .OS .. . 03 .047,..F .06 .05 ... 
47001 .05 ... .035 . I/-1F .12 .09 .075 

100VOlT MYLAR AlM CAPACITORS 
,OQlm! .12 . 10 .01 .022mt . \3 . 11 .06 
.0022 .12 . 10 .01 .047ml .21 . 11 . \3 
.0047ml .12 . 10 .07 . lml .27 .23 .17 
.Olm! .12 .10 .01 .22ml .33 .27 22 

+20% DI PPED TAHTAlUMS !SOllDI CAPACITORS 
.1135V .28 .23 .17 1.5/35V .30 .26 .21 
. 15135V .25 .23 . 17 2.2/25V .31 .27 .22 
.22135Y .28 .23 . 17 3.3125Y .3\ .27 .22 
.3J/35V .28 .23 . 17 4.7125V .32 .28 .23 
.47135V .28 .23 . 17 6.8/25V .36 .3\ .25 
.68f35Y .28 .23 . 17 10125V .40 .35 .29 

1.0135Y .28 .23 . 17 15125V .63 ... .40 
MINIATURE ALUM tH UM ELECTROLYTIC CAPACITORS 

AII" l ud Rldl.tlud 
.41{SOV .15 .13 .10 .47125Y . 15 .13 .10 
I.O/SOV .16 ... . 11 .47150V .16 ... . 11 
3.3/SOV ... .12 .09 1.0/16V . 15 .13 .10 
4.7/25V . 15 .13 .10 1.0125Y . 16 ... . 11 
lO125V . 15 .13 .10 1.0/SOV . 16 ... .11 
IO/SOV . 16 ... . 12 4,7I16V ... . 13 .10 
22125Y 17 15 .12 4.1f25V ... .13 . 10 
22/50V 24 .20 . \8 4.7/5(JV .16 ... .11 
47125V .19 .17 .15 10116Y ... • 12 .09 
471SOV .25 .21 . 19 10125V . 15 .13 . 10 
IOO/25Y .24 .20 \8 10/SOY . 16 ... . 12 
loo/SOV .35 .30 .28 . 47150V .24 .21 .19 
220125V .32 . 28 .25 lO0/16V . \9 .15 ... 
220150V .45 .41 . 38 IOO/25V .24 .20 .\8 
470/25Y .33 .29 .27 lGO/5DV .35 .30 .28 
l000/16V .55 50 .45 220,,6V .23 . 17 .16 
22OO/16V .70 .62 .55 470125V .3\ .28 .2 

Circle 200 on inquiry card. 



Transistor Checker 

Part No. 
DB25P·4·P 
DB25P·4-S 
DB25S·4-S 

DJ14-1 
DJ16-1 
DJ24-1 
DJI4 -1·14 
DJ16-1·16 
DJ24-1-24 

- Completely Assembled -
- Battery Operated -

The AS1 Transisto r Checker Is cap­
able of checking a wide fange of 
trensinor t ypel, elthar "i n c ircu it " 
or OUt of cIrcuIt, To operatB, 
simply p lug th e tronslltor to be 
chockod Into the front panel 
socket , or co nnect It wit h the elll· 
gato r c lip telt lea ds provided. 
The un it safely and automatlcallv 
identifies low , medium and tilgh· 
power PNP and NPN transistors. 
Size: 3 '%" x 6Yo, .. K 2" 

\ "C" cell battery not included. 

DB 25 Series Cables 
Cable Length Connectors Price 

4 FI. 2-DP25P 515.95 ea. 
4 FI. 1-DP25P/1-25S $16.95 ea. 
4 fl . 2-DP25S 517.95 ea. 

Dip Jumpers 
1 fl . 1-;4 Pin 
1 fl . 1-16 Pin 
1 fl . 1-24 Pin 
1 11. 2- 14 Pin 
I fl. 2-1 6 Pin 
1 fl . 2-24 Pin 

$1.59 ea. 
1.79 ea. 
2.79 ea. 
~.79 ea. 
3. 19 ea . 
4.95 ea. 

$2.95 
$3.50 
$1.75 

Can be added in series 
higher voltage or parallel 
higher current. 

#SC 2x2 $1.9500. or 3/$5.00 

the 3 rd Rand 
MAKES CIRCUIT ASSEMBLY A BREEZEI 

work with both hand.. $9 95 ea 
Construction. • • 

JE701 

• Clamp " lTd Hand" on edge 
of bench, table or wOTk­
board. In.ert ciTcuit boaTd, 
position components. 
• Flip circuit board to flat 
position for soldering and 
clipping. 

• Usel clock chip 
• Swltchel for hours, mInutes 

en d hold model 
• Hrs. easllv viewable to 20 ft . 
• Simulated walnut case 
-115 VAC operation 
.12 or 24 hr, operation 
.Incl. all component., cate & 

wall transformer 
-Sl z8: 6%")( 3-1/8" x , ~ .. 

6-Digit Clock Kit $19.95 . 

. U .. II YIIO,",UIIOII CO."O~ IO~IV ,'''',' 'o~uu~o .. ' .... n ooa.O'Ull 
·1~ ..... m""'". 1u ..... a.'."., 

MICROPROCESSOR COMPONENTS 
---IOIQAJItI88A SUPPORT DEVI(;(S--- -MICAOPROC£8SOR MAHUAlS---
aOSOA CPU S9.95 M·Z80 Usel Manual $7.50 
8212 a-Sit Input/Output 3.25 M·COP1802 Usel Manual 7.50 
8214 Priority Int81t'1.1pl Cordlol 5.95 1.4 ·2650 User Manual 5.00 
8216 Bj-Dlredional Bus Driver 3.49 
8224 Clock GeneratorJDrtver 3.95 ROM'S 
8226 Bus Driver 3.49 2513(2 140) Charader Generalor(upper case) $9,95 
a", System Controller/Bus Driver 5.95 2513(3021) Charader Generator(lower case) 9.95 
a". SyslemControlier 5.95 2516 Character Gen8rator 10.95 
8251 Prog. Comm. 1/0 (USARD 1.95 ~M5230N 2048!Bit Read Only Memory 1.95 
8253 Prog. lnlervalnmer 14.95 
8255 Prog , Perfph, I/O (PPI) 9.95 RAM'S 
8257 Prog. OMA Control 19.95 1101 256)(1 Slatic $1.49 
8259 Prog. Interrupt Control 19.95 1103 1024Xl Dynamic .99 
---11100181110 SUPPORT DEYICfS--- 2101 (8101) 256X4 Static 3.95 
MC6800 MPU $14.95 2102 1024Xl Static 1.75 
MC6802CP MPU wlth Clock and Ram 24,95 21102 1024)(1 Staflc 1.95 
MC681QAPI 128xa Static Ram 5,95 21 11(8111) 256X4 Static 3.95 
MC6821 Periph, Inter. Adapt (MC6S20) 7,49 211 2 256X4 Static MaS 4.95 
MC682a PrioritylntelTuplCorrtrotler 12.95 2114 1024)(4 Stitlc 450ns 9,95 
MC6830la 1024)(8 Bit ROM (MC68A30·S) 14,95 211 4l 1024X4 Slatic 4SOns low iKM'8r 10.95 
MC6850 Asynchronous Comm. Adaplor 7.95 2114-3 1024X4 Static 3000s 10.!J5 
MC6852 Synchronous Serial Data Adap!. 9.95 2114l-3 1024)(4 Static 300ns lOW power 11 ,95 
MC6860 0·600 bps OIgiUl MODEM 12.95 5101 256X4 S"" 7,95 
MC6862 2400 bps Modula1or 14 ,95 5280/2101 4096X1 Dynamic 4.95 
MC6880A Ouad3-5tale Bus. Trans. (MCBT26) 2.25 7489 16X4 SIalic 1.75 

--MICROPROCESSlIR CHIPS-MISCElLANEOUS- 745200 256Xl Static Trfslate 4.95 

zaO(78OC1 CPU $19.95 
93421 256X1 Static 2.95 
UPO<I I4 4K Oynamic 16 pln 4.95 

Z8nA(780-1) CPU 24,95 (MK4021) 
CDP1802 CPU 19,95 UP041 6 16K DYnamic 16 pIn 14 ,95 
2650 MPU 19.95 (MK4 11 6) 
a035 8-BiI MPU wfc!odo:. RAM. I/O Dnes 19.95 TMS4044- 4K Slatic 1 •. 95 
Pall85 CPU 19,95 45Nl 
TMS9900Jl 16·BiI MPU wfllardware. multiply rMS4G45 1024X4 Static 14.95 

& divide 49,95 211 7 16,384XI Dynamic 350ns 9,95 
SHIFTREGlSruS (houselNrkell) 

MMSOOH Dull 258it OynImlc '.50 MM52ti2 210(1 Oynimic 4/1.00 
MM50JH Du!! 50 Bit Dynamic .50 
MM504H OUII16 BitSlatic .50 
MM506H Oulll00 Bit Statlc .50 PRDM'S 
MM510H Dull 64 Bil Accumulator .50 1702A ",,, FAMOS $5 ,95 
MM5016H 500f512BilOyNmic .89 TMS2516 16K' EPROM(lnt&! 21 16) 49,95 
2504T 1024 Oynlmic 3.95 (2716) ' Requlres single +5V power supply 
2518 Hu32 6iI Static U5 TMS2532 41O(a EPROM 89.95 
2522 OUJil32 Bil Statlc 2.95 2708 aK EPROM 10,95 
2524 512SIaUc .99 27 161.1 16K" EPROM 29,95 
2525 1024 Dynamic 2.95 "Requires 3 voltages, -5V. +5V, +12V 
2527 Dual 256 BUSlatic 2,95 5203 204a FAMOS 14.95 
252B DUll 250Slatlc ' .00 6301-1(1611 ) 1024 Trislale Bipolar 3.49 
2529 Ou&l 240811 Static 4.00 6330-1(1602) 256 Open C Bipolar 2,95 
2532 QUlll80BJtSIatic 2.95 82S23 32X8 Open CollectOi 3,95 
2533 1024 Static 2.95 82511 5 4096 BIpolar 19.95 
3341 RIo 6.95 82S123 32.<a Tristate 3,95 
14lS610 4X4 ReOiS1!r File (TriState) 1.95 14186 512 TTL Open ColleClor 9.95 

UARrS 74188 ' 256 TTL Open Collector 3.95 
A-Y-5·1013 30)( BAUO 5.95 14S287 1024 Static 2.95 

TIJePinnywtlllffl103 is eapable01 
cfillcal speed requifomelllsforltleracorder 
another modarn a'nd termln" lor telephone "hamming" end 
addition , IIls1reeolcritiealadjustmentsandisbuUIw!tll rIOn-precision, readIly a vaiiable 
parts, 
DII. Tnlltml$llon Mllhod , ..•. FrtQuency-SllitI Keying, luJl-lluplex (half-<luplex 

selectable) , 
M.llmu/n Data RlII _ . .. _ . .. . • 300 BaUd , 
OJta Fonn.1 , . . . ., ..• Asynchronous Serial (f!lurn 10 mal1r. ~l rerjulr!d 

between each character), 
RecllYI Ol,nnel Fr&qIIlflCiH • ,2025 Hz for spaee; 2225 Hz lor mati(, 
TnMm11 Ch,nnll ~lAdll .. Swilch selectable: Low (normal) .. 1070 space, 

1210 mart; High - 025 spaca. 2225 mal1r.. 
RKllvl Slasltlvily _ ..... , .. , .-46 dbm accoustically coupled. 
TralltmllLeVlI. . ... . __ - 15 dbm nominal. Adjustable from -6 dbm 

10 - 20dbm. 
RKllvlFrt"lncyTollnnn ... FleQuency refe rence aulomallcally adjusts 10 

allow 101 operallon between 1800 Hz and 2400 Hz. 
OlaItaIO.tllnterf.CI ........ ,EIA. RS-232C or 20 rnA currenl loop (receiver Is 

optolsolatlldanllnon-polal) . 
Power Rlqulremenl. .120 VfI£, single phase, 10 Watts. 
l'IIyslClI , •. All components mounl on a single 5" by 9'" 

printed c:lrcuilboard, Allcomponentslncluded, 
,AlHllo Oscillator. andlorOscllloscoPfllo 

TRS-SO 
16K Conversion Kit 

Expand your 4K IRS-SO System to 16K. Kit 
comes complete with: 
· 8 each UPD416-1 (16K Dynamic Rams) 250NS 
.. Documentation for conversion 

TRS-16K $99.95 
COMPUTER CASSETTES 

.6 EACH 15 MINUTE HIGH 
QUALITY C-15 CASSETTES 

• PLASTIC CASE INCLUDED 
12 CASSETTE CAPACITY 

• ADDITIONAL CASSmES 
AVAILABLE·#C-15-$2.50 

All '''~ t fl1UI~ at Ihf PB·203 ,lUI I-l....:::.:::.:.:::...-=:::-==~~:-:=-===-.:::::-:-;.;;:;;:;;;;~ 

Ccmr.s Wil li lest 
leads , operaltnl1manuiJ 
andSPile1use 

• Ovt!rloild PrOlecled 
• 3- hll1l'1LED Display 
• aat1~ry or AC opela1l011 
• AUIO Z!fOtng 
• lm~ . IVa. 0, ohm resolullOn 

• Overanoe realling 
• to meg tnputlmlltndence 
• DC Accuracy 1'1;' typical 

Range.: DC Voltage · O-J(XXIVI 
AC Vol1age 0·1000\1 
Fret! Response 50·400 HZ 
DCIAC Current: 0-I00mA 
R!sISlan~' O·lOmegollm 

Sile' 6 ~ - ~ 4 4" ~ 2" 

Acceslories: 
AC Adapler BC-28 $9.00 
Rochargaabla 

Battarta. BP-26 20.00 
eall LC-28 7.50 

Iddi llaOIl po*1< .... pp1v 1l .. 1blli,V, 
pr~yodn 1%·RlOjuLrlfd 5VOC lupplV 
IAmllpKllltl,;anIIlPB·2031, R",· 
ultltd IeCOltlll '1~\I0C IIId - a 
voc O.SA JUPptill. ueh Mlh 
tnl.IIIlI, llId indtll,nd,nUy ,diull' .bl, a~IPul wolllQt. RiIIgl" nd naiR 
01 • IN! _ 15V I~pphn. l DmV " 
0.25 .... 

$124.95 

Price 
iIDf 
14Utl 
$54.95 

100 MHz 
a-Digit 
Counter 

UHF Channel 33 TV Interface Unit Kit 
)'Ilda Band BIW OT Color Systel1) 

»: Converts TV to Video Display. lor 
home computars. CCTV camera, 
Apple 11. works wnh Cromeco Daz­
zler. SOL-20, IRS-80, Challenger. 
etc, 
MOD II is pratunad to Channel 33 
(UHF) . 

»: Includes coaxial cabla and antanna 
transformer. 

REGULATED POWER SUPPLY ~ 
JE200 5V-1 AMP JE205 

POWER SUPPLY 
.Uses LM309K 
- Heat link provided 
.PC Soard construction 

.. .Provides a solid 1 amp 
@5volts 

JE200 $14.95 

.Can supply up to ± 5V. 
±9V and ±12V with 
JE20S Adapter 

*1 n eludes components, 
hardware & instructions 

_Size: 3~")( 5" x2"H 

ADAPTER BOARD 
- Adapts to iE200 -
:tSV, :t9V and :t12V 

:OC/DC converter wI 
+5Vinput ~~~~~~----~~~~~~~--~~~ 

oT o riodal hi-speed 
switchin'b XMFR 

·Short eire. protection 
"PC Btd . con . tructlon 
·Piggy·back to JE200 
board 

-Size: 3~"x2")( 9/16"h 

JE205 $12_95 

""" , 

~ .c:.. ~-

;EEf~:;~:~:y·:::::gl'.OI 
1-==:::::::...------__ -::-::--:--::---1 SI0.DO Minimum Onler - U.S. Funds Only Spec Sheets - 25; 

California ResldenlS _ Add 6% Sales Tax 1979 Cat.log A.allablo-S,nd 41~ Stamp 

This is a 63-key, lanninal keyboard 
large computer manufacturer. It is 
unattached to any kind of PC board. 

$3.49 each 

Circle 200 on inquiry card. 

s~ J ._ .. ___ . __ ELECTRONICS 

PHONE 
ORDERS 

WELCOME 
(415) 592-B097 

MAIL ORDER ELECTRONICS - WORLDWIDE 
1021 HOWARD AVENUE, SAN CARLOS, CA 94070 
ADVERTISED PRICES GOOD THRU MAY 

x 4'" base suits most application. I 

Hexadecimal 
Unencoded 

Keypad 
19-key pad includes 1-'0 keys, 
ABCDEF and 2 oplional keys and a 
shift key. $10,95/each 

BYTE May 197·9 281 



Circle 30 on inquiry card. .. --------- . • BECK/AN ENTERPRISES ... ---------, All Prime Quality - New Parts Only 
Satisfaction Guaranteed • • EDGE CARD CONNECTORS: GOLD PLATED. (Not Gold Flashl 

BODY : Non brittle. Solvent res., G,E. Valox. 

I 

CONTACTS: Bifurcated; Phos/Bronze: Gold over Nickel. 
ABBREVIATIONS: SIT Solder Tail ; S/E Sold. Eyelet: 

W /W Wire Wrap 3; SW/W Short W/Wrap; 

I 

PART # DescriPtion Row Sp. 1·4 5·9 10· 24 
5010 501100 SIT ALTAIR .140 3.75 3.50 3.30 
5020 5011 00 SIT IMSAI .250 3 .95 3.75 3 .50 
5030 501100 W /W IMSAI .250 4 .10 3 .90 3.70 

I 

5040 5011 00 S/E ALT/IMSAI . 140 5.00 4 .50 4 .25 
5050 50/1 00 SIT CROMEMCO .250 6.25 6.00 5.75 
1450 1M SAl CARD GUIDES 0 .16 0 .14 0 . 12 

I 

.100" Contact Center Connectors . 
1020 13/26 S/E Imsai MID : .140 2 .10 1.85 1.75 
1040 25 /50 SIE .140 2 .95 2.75 2.50 
1050 25 /50 SIT .140 3 .06 2 .80 2.60 

I 

1060 36172 W /W Vector. .200 4 .80 4.60 4.30 
1065 36 /72 SIT Vector . .200 4 .00 3.75 3. 50 
1070 40/80 S/E PET . 140 4 .80 4.50 4.30 

I 

1075 40/80 W /W PET .200 5 .00 4 .65 4 .35 
1080 40/80 SIT PET .140 4 .90 4.60 4.25 
1085 43 /85 S/E Cos . ELF .140 5.00 4.75 4 .50 
1090 43 /86 SIT Cos. ELF .140 5.10 4.85 4 .60 

I 

1093 43 /86 SIT Cos. ELF .200 4 .95 4.70 4 .45 
1095 43 /86 W /W Cos. ELF .200 5.50 5.20 4.90 
POLARIZING KEYS : For Above 0.10 0.10 0 .10 

.156" Contact Center Connectors. 

I 1550 6/- SI E PET,Etc .140 1 .30 1.10 0 .90 
1560 6/ 12 SIT PET:NSC. .140 1.35 1.15 0.95 
1575 12/24 SI E PET .140 2 .15 1.95 1.75 

I 
1580 12/24 SIT PET .140 2.10 1.90 1.70 
1590 15/30 SI E GRI Keybd . . 140 2 .2 5 2.05 1.85 
1620 18/ 36 SI E .140 2.40 2.20 2.00 
1650 22 /44 SI E KIM, VECTOR .140 2.20 2 .00 1.80 

I ' 

1660 22 /44 SIT KIM,VECTOR .140 2 .00 1.80 1.70 
1670 22 /44 W /W KIM, VECTOR .200 2.40 2.20 2.00 
1690 36172 W/W .200 3.90 3 .75 3 .50 
1710 36172 SI E .140 3.50 3 .30 3 .10 

I 1720 36172 SIT .200 3.30 3 . 10 2 .90 
1730 43 /86 SIT Mot. 6800 .140 4.40 4 .15 3 .90 
1740 43 /86 SIT Mot. 6800 .200 4.35 4 . 10 3 .85 

I 

1750 43 /86 W /W Mot. 6800 .200 4.45 4. 25 4 . 10 
POLARIZING KEYS : For Above 0 .10 0 .10 0 .10 . 

RS232 & '0 ' TYPE SUBMINIATURE CONNECTORS: • QUANTITY ~ 5·9 10 ·24 I.C. SOCKETS. GOLD ' I 
DE9P Male 1.45 1:35 1.25 WIRE WRAP 3 TURN. 
DE9S Female 1 .93 1.80 1.70 14 pin $0.36 ea. 
DEll0963· 1 2pc. Grey Hood 1.20 1.10 1.00 16 pin 0 .38 ea . I 
DA 15P Male 1.95 1.80 1 .70 
DA 1 5S Female 2.80 2 .60 2.40 
DA51211 · 1 1 pc. Grey Hood 1. 25 1.15 1 .10 
DA110963·2 2pc. Grey Hood 1.2 2 1.10 1.05 I.C. SOCKETS. 

I 

DB25P Male 2.20 2.10 1.90 Di~ Soldor . Tin . 
DB25S Female 3 .20 3 .00 2 .70 14 pin $0.15ea. 
DB51 21 2· 1 1 pc. Grey Hood 1.30 1.20 1.10 16 pin 0 . 17 ea . 
DB51 226· 1 A 2pc . Black Hood 1.40 1.30 1.20 

I 

DBll0963·3 2pc . Grey Hood 1. 35 1.?5 1.15 
DC37P Male 3 . 70 3.50 3 .35 
DC37S Female 4.90 4.70 4.40 8080 PRIME 
DCl 10963-4 2pc. Grey Hood 1.95 1.85 1 .75 $8 .00 ea . 

I 

DD50P Male 4 .40 4 .30 4.10 
DD50S Female 4.90 4.70 4.50 
0051216· 1 1 pc. Grey Hood 2 .30 2 .10 1.90 
00110963· 5 2pc. Grey Hood . 2 .40 2.20 2 .00 270S EPROMS PRIME I 
020418· 2 Hardware Sets 0 .75 0.70 0 .65 $ 14 .00ea. 

CONNECTORS FOR CENTRONICS 700 SERIES: 
~ Amhpenol 57·30360 For Sack 01 Centronics '700' Series : 

Pr ice: $9.00ea. 5 pcs. $ 7 .50ea . I 
WHISPER FANS: Excellent for Computer cabinet cooling. Ex tremely quiet. 
Dim. 4· 3/4" x 1- 1/2 " thick . U.L. listed. 1·4 5· 9 10· 24 

$ iz.oo $ 19."00 $ 1 8 .00 I 
WRITE FOR LARGER OUANTITY DISCOUNTS. DEALER INOUIRIES ARE 
WELCOME. . 

WE ARE CONNECTOR (EDGE CARD) SPECIALISTS. IF YOU DO NOT SEE I 
WHAT YOU NEEO IN THIS ADVERTISEMENT, PLEASE WRITE US. WE WILL 
REPL Y. 

TERMS: Minimum Order $10.00: Add $1.25 for handling and shipping. All orders 
over $25.00 in USA and Canada: WE PA Y THE SHIPPING. 
NOTE: CA residents please add 6% sales tax. 

NO C.O.D. SHIPMENTS OR ORDERS ACCEPTED. 

MAIL ORDERS TO Beckian Enterprises 
P.O. Box 3089 

Simi Valley, CA 93063 

I 
I 
I ._--------- ----------..I 

COMPUCO/LOR II 
HERE IS A SURPRISINGLY 
AFFORDABLE COMPUTER 
THAT MAKES THE COMPE­
TITION LOOK TWICE II 

STANDARD FEATURES 
• 13" COLOR CRT 
• SPECIAL GRAPHICS PKG. 
• EXTENDED DISK BASIC 
* MINI DISK DRIVE 
• 8K RAM MEMORY 
• 72 KEY KEYBOARD 

IS HERE!! 

PRICE & OPTIONS 
MODEL 3 - 8K USER RAM -1495 .00 
MODEL 4-16K USER RAM-1695.00 
MODEL 5 - 32K USER RAM -1995.00 
2nd DISK DRIVE 
EXPANDED KEYBOARD 
FORMATTED DISKETTE 

-400.00 
-135.00 

MANY PROGRAMS. AVAILABLE 
5.00 

* 
TO ·ORDER------------

SEND CHECK OR MONEY ORDER 
CALIF. RES. add 6% TAX 
shipping 1% all orders 

CATALOG - 50~ __ e;;,;;;;;;;;;;; . _ 

HOLLYWOOD 
SYSTEMS 

9100 SUNSET BLVD. 
SUITE 112 
L.A. CALIF. 90069 
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Circle 387 on inquiry card. 

WAMECO 
THE COMPLETE PC BOARD HOUSE 

EVERYTHING FOR THE S-100 BUSS 
* FPB-1 FRONT PANEL BOARD * EPM-2 16K or 32K BYTE EPROM 

Hex Displays, IMSAI Replaceable .... .. $54.95 2708 or 2176 interchangeable .. ...... .. .. $30.00 

* FDC-1 FLOPPY DISC CONTROLLER BOARD * QMB-9 9 SLOT MOTHER BOARD 
Controls up to 8 Discs .............. .... ....... $45.00 Terminated ..... .. .. .................... .. ..... ....... ... $35.00 

* MEM-1A 8K BYTE 2102 RAM Board .. $31.95 

* MEM-2 16K BYTE 2114 RAM Board . $31.95 

* CPU-1 8080A CPU Board 

* QMB-12 12 SLOT MOTHER BOARD 

With Vector Interrupt .... . ....... . 

* EPM-1 4K BYTE 1702A EPROM 

..... $31 .95 

.. .. $29.95 

Terminated 

* RTC REALTIME CLOCK 
Programmable Interrupts 

.. $40.00 

.... .. $27.95 

FUTURE PRODUCTS: 80 CHARACTER VIDEO BOARD, 
10 BOARD WITH CASSETTE INTERFACE. 

DEALER INQUIRIES INVITED, UNIVERSITY DISCOUNTS AVAILABLE 
AT YOUR LocAL DEALER . 

(w mC/;nc. WA'MECO INC. 1'11 GLENN WAY #8. BELMONT. CA 94002 (415) 592-6141 

'OftIlEftLY CYBERCOIl/ SOLIO STATE MUSIC. 

CB· l 8010 Proc ••• or Board. 2K 01 PROM 256 BYTE 
RAM power on/r •• t Vector Jump Parallel port with 
ltatul. KIL .. ... ........ S125.95 PCBD ............. .. S28.95 
MB·IA Basic 8KX8 ram uses 2102 type rams . S-100 
buss. Kit 450 NSEC .. ... $123.95. PCBD ... . $24.95 
MB-7 16KX8. Static RAM uses /lP410 Protection . 
fully buffered KIT ... .... ... ... .. $299.95 
MB·8A 2708 EROM Board. S-100. 8K8X or 16KX8 
kit without PROMS $75.00 .. .......... ... PCBD $28.95 
MB-9 4KX8 RAM / PROM Board uses 2112 RAMS Or 
82S129 PROM kit without RAMS or PROMS $72.00 
10·2 S-100 8 bit parallel /10 port . 2;" of boards is for 
kludging. Kit ... .. ... . $46.00 PCSD .. . ... $26.95 
10-4 Two serial I / O ports with full handshaking 
20 / 60 ma current loop: Two parallel 1/ 0 ports . 

Kit . .. .. ............ $130.00 PCBD .... ... ... .. .. $26.95 
VB·1B 64 x 16 video board. upper lower case Greek, 
composile and parallel video wifh software. S-100. 
Kit... .......... $125.00 PCBD,...... . .. $26.95 
Altair Compatible Mother Board, 11 x 11 'I> x '/8 " 
Board only .... .. $39.95. With 15 connectors .. ... $94.95 
Extended Board full size . Board only .$ 9.49 
With connector . . . $13,45 

SP·l Synthesizer Board S-100 
PCBD.. ..... . .. $42,95 KIT.. ........ $135.95 

82S23 . .. .. .... .... S1.50 
82S123 . .. ....... .. .. 1.50 
82S126 . . .. 1.95 
82S129 ... ... .. .. 1.95 
82S130 ...... .. ......... 3.95 
82S131 ............. 3.95 
MMI6330 .......... .... . 1.50 
IM5600 . 1.50 
IM5603 . .... ..... 1.95 
IM5604 .... ..... ..... .. ... 3.95 
IM5610 . 1.50 
IM5623 . 1.95 
IM5624 ............. .... 3.95 

PRIME SUPPORT 
8080A .. . ..... $ 9.95 
8212 3.25 
8214 .. .... .. ... 6.50 
8224 3.49 
2114 (450 NS) Low PWR 7.25 
2114 (250 NS) Low PWR 7.99 
2102A-2L .... . 1.60 
2102A-4L ......... 1.25 
2708 450 NSEC . .. 8.95 
1702A-6 ....... ......... 3.50 
4116 (Apple RAM) .. 12.95 

8/89.95 

Circle 230 on inquiry card . 

/ wm£'/;nc. WAMECO INC. 

FDC-l FLOPPY CONTROLLER BOARD will drive 
shugart. pertek. remic 5" & 8" drives up to 8 drives, 
on board PROM with power boot uP. will operate 
with CPM (not inc lulded). 
PCBD .. ......... $42.95 

FPB-l Front Panel. IMSAI size. hex displays. Byte . 
. or instructi on single step. 

PCSD .... $47.50 

MEM ·l 8K X8 full y buffered. S·100. uses 2102 type 
rams PCBD ..... $25.95 
QM·12 MOTHER BOARD . t3 slot . lerminated, S-100 
board only .... $34.95 
CPU-l 8080A P roce~sor board S-100 with 8 level 
vec for inlerrupl PCSD .. .. .. . $26.95 
RTC-l Realilm e c loc k board . Two independent in-
terrupts. Sofl wa re prog rammable . PCBD .... $25.95 
EPM·l 1702A 4K Eprom ca rd PCBD . . • . .. $25.95 
EPM·2 2708 / 27 16 16K/ 32K 
EPROM CARD PCBD .. . .. .. $25.95 
QM-9 MOTHER BOA RD . Short Version of QM-12. 
9 Slo ts PCSD ...... $30.95 
MEM-2 16K x 8 Full y Buffered 
2114 Soard PCSD ........ $26.95 
16K RAM BOARD by CCS fully buffered . bank se­
lec l standard 10 lEE buss gold fingers . solder mask. 
plated Ihru ho les. silk sc reened .. PCBO $26.95 
KLUDGE BOARD by CCS for S-100 glass epoxy 
over 2600 pl ated through holes. 4 regulators with 
CAPS all 5 · 100 fun c tio ns labeled . gold fingers . 
PC SO ..... . .. .. .. $29.95 

(415) 592-1800 
419 Portollno Drive San Certo •• California 94070 

Please send for IC. XIS tor 
and Computer parts list . 

MAY SPECIAL SALE 
ON PRE?AID ORDERS 

(charge cards not included on this oHer) 

WAMECO REAL TIME CLOCK BOARD. Kit with 
all factory marked parts .. .. ... .............. ...... .. ... .. $54.95 
PCBD ........ ...... .... ................ ..... .. ....... ............. .. ... $23.95 
FPB·l with Mikos #14 
Front Panel Kit ............. .. ... ............................. . $124.95 

MIKOS PARTS ASSORTMENT 
WITH WAMECO AND CYBERCOM PCBOS 
MEM·2 with MIKOS #7 16K ram 
with L2114 450 NSEC ..... .. ... .. .................. .. .. .. $235.95 
MEM·2 with MIKOS #13 16K ram 
with L2114 250 NSEC .................................... $269.95 
MEM·l with MIKOS #1 450 NSEC 8K 
R~ . . ... .. ............ ~~D 

CPU-l with MIKOS #2 8080A CPU . ........ 89.95: 
MEM-l with MIKOS #3 250 NSEC 8K 
RAM ................ .. .. 144.95 
QM·12 with MIKOS #4 13 slot mother 
board ......... .. .. . 
RTC-l with MIKOS #5 real time clock . 
VB-1B with MIKOS #6 video board less 
molex connectors 
EMP·l with MIKOS #10 4K 1702 less 
EPROMS 
EPM-2 wilh MIKOS #11 16-32K EPROMS 
less EPROMS .. .... .. ........... ....... .. ... , .. .. 
QM·9 with MIKOS #12 9 slot mother 
board ... ..... 

89.95 
60.95 

99.95 

49.95 

59.95 

75.00 
MIKOS PARTS ASSORTMENTS ARE ALL FACTORY PRIME 
PARTS. K ITS INCLUDE ALL PARTS LISTED AS REQUIRED 
FOR THE COMPLETE KIT LESS PARTS LISTED. ALL SOCKETS 
INCtUDED. 

VISA or MASTERCHARGE . Send account number. interbank 
number. eJ:p i ration dale and sign your order. Approx. pOI'aga 
w ill be added . Check or money order will be len I POlt paid In 
U S II you are nol a regular customer, pi •••• u •• charg., 
cash ier's check or po&tal money order. Otherwise th.,. will 
be 8 two-week delay tor. checks to cle.r. Calil , resldantl add 
6%" lax. Money back 30 day guarantee. W. cannot Iccept re­
turned IC's that have been soldered 10. Price. aubl.c! to 
change wi thout notice . '10 ,"I~h"u," orde'" 11.10 .. ",tea cite .... 
on ord.~ I ... than 110.00. 
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Circle 365 on inquiry card. 

ATTENTION TRS-80 & APPLE USERS 

A PRINTER FOR YOUR COMPUTER 

TERMS: VISA, MASTERCHARGE, 
Cashier Check or Money Order. 
C.O.D . with 10% down. 
Shipping Via Air or Truck collect. 

3 S SALES 
P.O. BOX 45944 
TULSA, OK 74145 
918/622-1058 

-ET 2001 PERSONAL r COMPUTER 

$995°0 

MODEL 3S-80 for TRS-80 
Ready to plug into your 
expansion interface. 

MODEL 3S-PP 
for computers with 8 bit serial 
port. 

MODEL 3S-SS 
for computers with RS-232 
port. 

$1095 00 for 
MODEL 3S-AA 
Includes RS-232 card for Applell 
Specify model number on order. 

• Ready to plug into your 
computer 

• Very high quality print 

• Completely refurbished 
IBM 731 I/O 
Selectric terminal 
in a new table 

• Upper & lower case 
removable type ball 

• Special I/O interface 

• Heavy duty re-mfg. TBM 
power supply 

2001·16N 

2001 ·168 

2001 -32N 

2001-328 

2021 

2022 

2023 

2040 

2041 

CompUHlr 8K byt., with Integral cassette and calculator 

type keyboard ••• • •..•.•..•.• ••• . ••. $ 795.00 ~~~,,~e~~J::~~~~~~~~~~~~ Computer 16K bytol, large keyboard w/saparate numeric 
pad and graphics on kay •• • • • •• • • • ••• • •• • $ 995.00 

~~r:~.u:~rc. A,I • ~b.O~ •.. b~t. ~~~d .• ~d. ~.~r~~~ • ~.Y::s.tro 0_,:~.p't~~ti,';.~In:~';.:;,;;~:;;_-"O"" 
~i~:~~~y.'~ •. n~'~.~ .t~ • ~o~~.~~~ .• ~~~~ ~~'. ~i~l~.i)O 
;:~:::'~~.I~ •. n~I~.~ .t~. ~o.o~.~~~ .e~~8~: ~~, ~i~lGl,b() 
Printer SO column dot matrix eleetro.tatlc printer, full 

~~i~~~:·sc~p:~:~'~n • d'ot ''';oirix' prin't~r ' ~Iih' ~I;I~ $p:,!'~ 
form. handling tractor feed, hal full graphic •• : , : $ 395.00 
Printer SO column dot matrix prlnt.r. plain pop.r printer 

&,~hl" .•• .. ...... ....... .. $ 849.00 

t ~'lIr :;':ra~Q41 dr,lv,., l,n~II~I~~n.t . ~I,n~ .fl.O~~l1J:;~()O f-"="'-::-"':'--=-,?~=--"'''-i-C;;;';-;-===~===-i 
Ollk Single drive Intelligent mini floppy with 171 .6K 

not UNr .toreg& • ••• , ••• , . , • • • • • • • ••. $ 595.00 
C2N External C ... ttl Couette player/recorder to use with 

PET 2001/8/16/32 •••••• , ••• •• . ••• ••• $ 96.00 
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Use, Manual ~~~ 1~~9fo~~v;~ng all foce~ ~f, u."'.r .$er.~~e"5 

Intersll LED or LCD 
3V2DIGIT pANEL 

METER KITS 
BUILD A WORKING DPM IN 1/2 HOUR WITH 

THESE COMPLETE EVALUATION KITS 
T."U1<tNnawpo .. tllo.you .... Ilw!1I'Jltllefllr.lowCQl:l 
protOlyplnQ kil • • comple l. wUII AID con .. nllf Ind L':;OClI.p!ay 
(lorlh.'10l1Io, LEOditpl.y IIOI'ttM1107). Klblprcwkl •• n 
fNllltf~!~ !OCludlog PC bOIIrd.IOI" luoet lonLng 1M .... mal.,. 

ICl7107(LED) $24.95 

BYTE 'May 1979 

63 Key Phone Style Kybd w/lower cue 

Same 8S abolrfl except Assomblod and telted 
56 Key. Full ASCII Keyboard KIT 

• Matching 
PIN Tranlformllr 
SI·l0l0Gll0WI S 6.95 TRIO $ 7.90 
SI·l020G120WI $13.95 TR20 $10.90 
A.sI~(Socket for abovel .96 
SI-1030G(30W) $19.00 TR30 $12.90 
SI-105OGISOW) $27.80 TR60 $17.90 
A-SI-10ISockel for above) .96 

Samo as above except Auambled end tested • Note: On. two audio 
71 Key. Deluxe Kybd in Enclosure. AlSm.nd testod 149.951-::=::-':':::=-7=:'::::::~:::;:~==~~="=::=:"""--f 

16 Key H •• p, d,A ... mblod,nd,,,,,od 29.95 5%. C~RBON . FILM v..w 
PI.";c Enciowrelo,763/766 15.00 RESISTORS $1.69 
Steel Enclosure for 763/756 29.95 

Mounting Frame for 753 6.95 
Mounting Frame for 756 6.95 

DUAL 
TRACE 

$43500 

SINGLE 
TRACE 

$31800 

with RECHARGEABLE 
PORT A BLE (2.7"H x 6.4"W x 7.6"01 BATTERIES & CHARGER 

AVAILABLE OPTIONS-u.able on both the MS215 and the MS16 
41-140 L ea ther Carry ing Cal& $46.00 - 41 -141 10 to 1 Probe $24.50 

~w 

$1.79 
of 100pcs per ~slUB 

CALIFORNIA CALIFORNIA 
ANCRONA AHCRONA 

11 oeo J.II •• ooo ah.d . 1;)00 E. Ed l"oe' A~ • . 
Cui .... Cltv. CA g0230 SeOUl Ao •• CA g27011 

(2131 3IK).35%' 17141 M1-842. 

CALIFORNIA GEORGIA 
ANCRONA ANCRONA 

33.301"'-<1">0"1 Rd,N.E. 
AU.o t _. GA30301i 
I~' 281·7100 

Circle 8 on inquiry card . 



"-

*MEMORY SALE! have it your way • • • 

16K $295.0011 (4MHz) (Reg.$:J70.00) :J2K $485.0011 (4MHz) (Reg. $ 620. 00) 

ALL BOARDS ASSEMBLED AND TESTED ...... (KIT PRICING AVAILABLE) 

• Extended addressing allows board 
to exist anywhere in 256K memory 

. on standard S-l 00 bus 
• LOW Power, 1.6 amp per 16K 
• 9 Regulators for perfect heat 

distribution 

• Static, of course 
• Phantom line 
• Each 4K block locateable 

anywhere 
• Fully tested and burned in 

for 48 hours 

ADD-ON MEMORY CHIPS - $4.95 EACH!! (TMS 4044 or MM 5257) - 8 Chips -Minimum Order 

*Sale ends June 1, 1979 

West: 

DELTA PRODUCTS 
1653 E. 28th Street 
Long Beach, Calif 90806 
Tel (213) 595-7505 

16K 

32K 

Z-80 CPU (one serial chip set, less eprom) $195.00 (R~g. $280.00) 

• 2 Parallel + 2 Serial Port 
• 2 MHz or 4 MHz Switch Selectable 
• Baud Rates 150-9600 _ 
• Power on Jump to On/Board Eprom (2708 or 2716) 
• Memory Management on A 16 and A 17 

VIDEO TERMINAL SIMULATOR $295.00 (Reg. $400.00) . 

• Plugs into S-100 Bus and simulates all functions of a 
So roc or other RS-232 type terminal. A simple video 
monitor such as a Sanyo or Sony TV will perform as a 
smart terminal by writing into an 10 Port. 

• 2K Eprom, 4K Ram (2 video pages on 16 x 64) 
• Lower Case Descenders (16 x 64 or 24 x 80) 
• Tabs, protected fields, home/load cursor, blink, reverse 

video, underline, page erase, etc. (Intel 8275 CRT 
controller) 

DOUBLE DENSITY DISC CONTROLLER $385.00 

• CPM* Compatible, TARBELL Pin-out compatible 
• On/Board Boot 
• 2 or 4 MHz Jumper Selectable 
• 8 inch Single or Double sided (5.25 inch available) 
• 52 Sectors, runs CPM*, I BM Format 

ORDER NOW! ! 

SALES 
_ AND 

SERVICE 

·CPM is a trademark of Digital Research, Inc. 

East: 
DELTA PRODUCTS 
1254 South Cedar Road 
New Lenox, Illinois 60451 

Tel (815) 485-9072 

Circle 89 on inquiry card. Dealer inquiries invited. 
Personal checks must clear before shipment • 90 day unconditional wa"anty • B of A, MIC Okay 



FOR SALE: 8080A S-100 microprocessor with 
Morrows processor and I/O {input/outputl boards, 
Processor Technology VDM-1 video, 8 K static 
programmable memory, and ASCII keyboard . 
BASIC running, programs included. Full doc­
umentation! Cost over $850, asking $500 plus 
shipping. Milan D Chepko, 119 Belleville Ct, Thief ' 
River Falls, MN 56701. 

FOR SA LE: Digital Group parallel I/O {input/ 
output} card. Adds four input and four output 
ports to any Digit!]1 Group system. Add joysticks, 
printer, digitizer, etc to your system . $75 or best 
offer . John Case, 6703 Timberhill, San Antonio 
TX 78238, (5121 681-7504. 

WANTED: Maintenance manual or schematic 
information for Frieden Flexowriter model 2301A 
or similar unit. Will pay $5. for schematic or $25 
for manual. William A Brown, 79 Salem HI Rd, 
Howell NJ 07731, (2011 364-6532. 

GAMES FOR SALE: Programs on cassette for 
Level I TRS-80. Star Trek (so compact it runs on 
4 KI $10. Ping-Pong (4 KI $5. Lunar Lander 
(4 KI $5. Add $5 for cassette and shipping. M 
Feeley, 150-15 Ave , lberville Quebec CANADA, 
J2X 1A3. 

FOR SALE: Digital Group Z-80 system with 8 
inch disk and Diskmon, 34 K static memory, 
keyboard and monitor. All in Digital Group 
cabinets. $2950 or best offer. John Ciaccia, 5707 
Valley Pt, San Antonio TX 78233, (512165>\-0338 
evenings . 

FOR SALE: Apple II 32 K, Disk II, Applesoft 
read only memory card, carrying case, disk binder, 
with over 100 programs, three months old. $1975. 
Ship UPS. Peter Sils, 2065 California St, Apt # 1, 
Mountain View, CA 94040, (4151 965-2775. . 

FOR SALE: Heathkit H8 and H9 with cassette 
recorder, I/O {input/outputl interface. 8 K with 
manual set. Extended Benton Harbor BASIC. 
Unit up and running. $1100. Will deliver free any­
where in Northeast from Virginia north . .A D 
Morgen, 2433 Hepplewhite Dr, York PA 17404, 
(7171 767-4770. 

FOR SA LE: Hewlett-Packard HP-25C program­
mable calculator with continuous memory. Re· 
charger /AC adaptor. Programming pad. 120 page 
owners handbook, 161 page book of applications 
programs. like new with case, originisl box and 
stand . Cost new $199. I'll pay UPS and ship it to 
you for $100. Greg Glau, POB 1627, Prescott 
AZ 86302, (6021445-32'12 . 

MOTOROLA D2 USERS: A manual of experi­
ments on 6800 microcomputers containing 73 
Assembly language problems. A step-by-step 
approach to learn to use the 6800 assembly lan­
guage, digital I/O (input/outputl, interrupts and 
many programming techniques with solutions. $5 . 
K K Rao, Dept of Physics, Western Mich igan 
University, Kalamazoo MI 49008. 

FOR SALE: H11 (LSI processorl with arithmetic 
chip and 16 K. Manuals and . sohwear. New cost 
(kit I $1,850. Would like $1,600. Also H10A; new 
cost (kitl $350, but have had trouble. Will sell for 
$200, wi th manuals. James L Achord, 2500 
North State St, Jackson MS 39216. 

FOR SALE : TI Microterminal for use with TM990 
ser ies microcomputers. $75 . 12 inch modified line 
isolated video processor. $60. Quality keyboard 
case. $25. Miscellaneous character generators, 
2102s, 1702As. K Zandler, 481 N Armistead 
St, Alexandria, VA 223"2, (7031 664-6460 during 
day. 
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HE LP: Need Memore. Model 1240 terminal ser­
vice manual. Also print cartridge and print cartridge 
drive belt . Johannes Oelke, 8852 Rock Forest Df, 
St Louis MO 63123, (3141 421-5055 (Man thru 
Fril or (3141 843-5609 evening. 

WANTED : New or used dumb video display or 
PET. Also a modem for either. Jonathan. Gutten­
burg, 125 E 72 St, New York NY 10021. 

FOR SALE: Heath H8, 16 K, serial I/O (input/ 
outputl, video display terminal, and all Heath 
software. Working great. Bargain at $1000. Jeff 
Lambros, 7 Parkshore Cir, Sacramento CA 95831 , 
(9161 422-7802. 

FOR SALE: KIM-1, TVT -6 and an ASCII Key­
board wired with software for use as an ASCII con­
trolled video terminal. Complete documentation. 
Plus First Book of KIM, Cheap Video Cookbook, 
KIM-' User Notes, Microchess and other utility 
and ' game programs on cassette. Will pay shipping. 
$250. John Dobiac, QTRS 770-2 , Ft Ritchie, MD 
21719, (3011241-4744. 

FOR SALE : Heath H9 video terminal. Up and 
running, all documentation included. $425. Dr 
Bauman, 509 Wolcott Rd, Wolcott CT 06716 
(2031879-3855. 

WANTED: Information on the IBM Cardatype 
typewriter, type 866 and 868 or on the IBM 
electric typewriter Model 11C. I would like 
manuals, parts. or other data to help me convert 
this machine to a printer for a 6800 microcom­
puter. John Kluth, 1060 DeLeone Dr, Kent OH 
44240. 

WANTED: Operations manual and schematic for 
a Dumont Labs type 350-R oscilloscope. Will pay 
any reasonable price for copies. James Brown, 15 
New Ocean St, Lynn MA 01902. 

FOR SALE : TMS-9900 16 bit Techinco starter 
system with monItor, Assembler, 1.5 K power, 
manuals . $450. Datel Selectric terminal with full 
ASCII I/O (input/outputl RS-232, extensive 
manual $700. Power Supply ± 5 V ± 12 V com­
mon ground at 1.3 A regulated and protected 
$50. David Lynn, 1913 Kingsland Av, Orlando FL 
32808, (3051 2934074 after 6 pm . 

WANTED : Back issues of Software-Practice end 
Experience, Computer GraphiCS, Computer Jour­
nal, SIAM journals; other computer journals ex­
cluding ACM. William G Hutchison Jr, Princton 
Arms N 191, Crenbury NJ 08512, (609) 443-6631. 

EMPLOYMENT WANTED: Graduated December 
1978 from Central Michigan University with a 
Bachelor of Independent Study degree in 'Elec­
tronic . Sound Synthesis (minor in Computer 
Sciencel. Also hold Associate degree in Industriel 
Electronics. Seeking employment ' in electronic 
sound synthesis but will consider other areas. I 
have an excellent background in microcomputers. 
Steven Petersen , 3111 Bird Av N E, Grand Rapids 
MI 49505, (6161361-6083. 

FOR SALE : Heath H10 reader/punch assembled 
and tested . Never bought rest of Heath system. 
$280. Also Scientific Devices digital capacitance 
meter, factory built , $60. Jeff Duntemann, 6208 N 
Campbell Av, Chicago I L 60659, (3121 764-5069 
evenings, 648-1668 days. 

FOR SALE: TRS-80 owners. The exciting game of 
Othello in 4 K Level. Two variations on one 
cassette: you play computer or you play opponent. 
Games on cassette plus documentation. Guaranteed. 
$5. Chuck Malmquist, 915 Aberdeen Dr, Sunny­
vale CA 94087. 

.VEW UNC/..-t.\SIFIEII POI.ICY 

Readers who halle equipment, software or other items 
to buy. sell or swap should send in a clearly typed notice 
to that effect. To be considered for publication. an adver· 
tisement must be clearly noncommtlfcial. typed double 
spaced on plain white PllPer. contain 75 words or less. and 
include complete name and address information. 

These notices are free of charge and will be printed one 
time only on a space allailable basis. Notices can be <fe. 

cepted from indilliduals or bona fide computer users clubs 
only. We can engage in no correspondence on these and 
your confirmation of placement is appearance in an Issue of 
BYTE. 

Please note that i t may take three or four mon ths for an 
ad to appear in the maga~ine.-

FOR SALE: Several Digital Group Real World 
interface systems. Interfaces to any 8 bit machine 
with parallel I/O {input/output I ports. Has plug­
ins for AC and DC controllers, analog-to-digital 
and digital-to·analog converters, temperatu're and 
current probes, and prototyping boards for custom 
circuits. A B Neel, 400 S Lipan # 2, Denver CO 
80223. 

FOR SALE: Two complete control data RPC 
4000 computers with some spare circuit boards. 
Also two autotypists with card punch, Make offer . 
Frank Booth (5011 452-4946. 

FOR SALE: Complete ELF II, almost new. In­
cludes computer board with five edge connectors 
and case, Giant I/O {input/output I cassette and 
monitor board, two 4 K memory boards, cased 
ASCII keyboard, power supply, modulator, con­
nectors, software. Worth over $600. Asking $400, 
lIIIill listen to offers. Contact R J Crafts, POB 
139, Oak Bluffs MA 02557, (6171693-2175. 

FOR SALE : Paratronix model 100A logic an­
alyzer, new, assembled and working, $165 (factory 
price: $229 kit, $295 assembled). I bougl1t a 
Paratronix 150. C J Drost, Cornell UniversitY, 
College of Vet Med, Ithaca NY 14853, at office : 
(6071 256-2121, or at home (6071 272-2458. 

FOR SALE: Heathkit owners; assembled 12 K 
programmable memory board for H8. $180. (God­
bout Econoram VI). Darrell Mears, 201 Prospect 
St, Blacksburg VA 24060. 

FOR SALE OR TRADE: Integrand 5-100 rack 
mountable mainframe. Includes 11 slot mother­
board, five connectors . in place, 15 A power 
supply, and fan . Never been used. First check or 
money order for $220, or I will trade it for a 
KIM-1 like new with power supply and all manuals . 
David Minuk, 467 E College St, Murfreasboro TN 
37130, (6151890-1701. 

WANTED: Operating manual, service manual, and 
used disk packs for an IBM 2311 disk drive. Also 
any information pertaining to a source for the 
above or use of the 2311 in a hobby computer . 
Mi ke Braun, 200 N Adams, Mt Pleasent IA 52641 
(3191385-2000. 

WANTED: Technical data ana Foto-Mem Inc video 
display terminal. Has Ball Brothers video display 
model TV-12C 7-012-0100, micro switch keyboard 
SW-10255 and auxiliery keypad SW-10112. Display 
80 characters, 24 lines. F red Ordway, POB 5946, 
Bethesda MD 20014. 

FOR SALE: Digital Group 10 K Z-80 system with 
two Phi-Decks 64 character-video, Javelin monitor, 
keyboard, power supplies. No cabinets. Fully 
functional. $1,500 . or best offer. Grant Youngman, 
3731 Bramblevine Cir, Lithonia, GA, 30058 at 
office (4041 586-8727, or at home: (4041 981-
6640. 

MEMORY: Static 16 K byte memory boerd for 
S-100 computer made by Vandenberg Data Pro­
ducts, uses UPD410 circuits addressed in 4 K 
blocks. Assembled, works perfectly. $200. Steve 
Goldband, 58 Inwood PI, Buffalo NY 14209. (7161 
886-1020. 

FOR SALE OR TRADE : BYTE magazine 16 
issues Volume 1 thru Dec 76, excellent condition. 
$125, or swap for KIM-1, Heath ETS3400, ELF II, 
TI-58, or in part for challenger 1P, AIM 65, TI -59 . 
After 5 PM and weekends. Ralph Reinke, 3007 
Heron Ave, Wausau WI 54401, (7151 842-0196. 



Circle 354 on inquiry card. 

POWER TRANSFORMERS (WITH MOUNTING BRAC'.<ETS) 

ITEM USED IN PRI. WINDING SECONDARY WINDING OUTPUTS SIZE UNIT 
NO. KIT NO. TAPS 2 x 8 Vac 2 x 14.5 Vac 2x 2S Vac W x D x H PRICE 
T1 1 OV, 110V, 120V 2x 9A 2x 2.5A 3 3;' " x 35 /8 " x 31 18 " 19.95 
T2 2 OV, 110V, 120V 2x 13.SA 2 x 3.SA 3:Y4" X 4%" x 3Vs" 25.95 
T3 3 OV, 110V, 120V 2x 10A 2 x 2.SA 2 x 2.SA 3%"x 4%"x 3Vs" 27.95 
T4 4 OV, 110V, 120V 2x 4.SA 2 x 4.5A 3 'l4" x 35/8" x 31 /8" 19,95 

POWER SUPPL Y KITS (OPEN FRAME WITH BASE PLATE, 3 HRS. ASSY. TIME) 

ITEM USED FOR @+SVdc @-SVdc @+16 Vdc @-16 Vdc @+2SVdc SIZEWxDxH UNIT PRICE 
KIT 1 1S CARDS SOURCE 1SA 2.5A 2.5A 12" x 6"x4~s" 46.95 
KIT2 SYSTEM SOURCE 25A 3A 3A 12"x6"x4~s" 54.95 
KIT3 DISC SYSTEM 18A 1A 2A 2A 4A 1 4" x 6" x4~s" 62.95 
KIT 4 DISC SOURCE SA 1A SA 1 0"x6"x4~s" 44.95 

EACH KIT INCLUDES: TRANSFORMER, CAPACITORS, RESIS., BRIDGE RECTIFIERS, FUSE & HOLDER, TERMINAL BLOCK, ALUM. 
CHASSIS PLATE, ALL NECE. MTG. PARTS AND INSTRUCTIONS. 

SHIPPING: FOR EACH TRANSFORMER: $4.75. FOR EACH KIT: $5.00 IN CALIF. , $7.00 IN OTHER STATES. CALIF. RESIDENTS ADD 6% SALES TAX. 
MASTER CHARGE, VISA & OEM WELCOME. 

SUNNY INTERNATIONAL STORE 

~ MAIL ORDER (TRANSFORMERS MANUFACTURER) 7245E AlondraBlvd ~ 
POBox 4296 Paramount. Ca 90723 ~ 

Torrance.Ca 90510 Telephone: (213) 633-8327 STORE HOURS 9AM-6PM 

S-100 COMPUTER ccs = Ciliforni .. Computer Syslems 
WMC=Wolmeco 
IA = IIhuilil Audio 

BOARDS SSM = Solid Stol le Music 
50S = SO Syste ms 
SPl = Speechlo1b 

CCS/M·XVI 16K STATIC RAM MODULE HUH = HUH Electronics 
kIT ... · . $275 MH = Mount .. in H.,dware 
u olbo"e: ~&'I ' . &1 = .usembled & 1~led 
as .Ibo\le, bueboard 

14]2 SSM/Mll 15 SLOT MOTHERBOARD .. . $ 39 HUH/S·1OO MPA kit 
MH PROPROM, at( ~PROM 14)3 SSM/MB8A 16K (2708) EPROM BOARD 

BOARD . .............. .. . $214 KIT .................. ••• • $f 88 
6814 EPROMS 'or ol.bove . . $ 10 1416 SSM/ MB9 4K STATIC PROM/RAM 

MH 100,000 DAY CLOCk, .&t ... $21' BOARD KIT ....... .. $ 64 
MH INTROL, 64 ch.n remote 1418 SSM / VB2 VIDEO SOARD KIT .... · . $1]9 

control .&1 . . $32'l 1511 IA 2708/2716 EPROM BARE· 
WMC/QMl 12 SLOT MOTHERBOARD ... $ 3. BOARD . . . , .... . .. , . , ., ... 5 28 

.s .Ibove, with connedors .. . $ 80 1512 IA Z80 CPU BAREBOARD .. .... $ 32 
WMC/MEM18k STATIC RAM BOARD $ 28 1511 IA 8K STATIC RAM BARE· 

p.r1s only for .Ibove . . . . .... $ 80 BOARD ., . , . . ... .... . . . . , . 5 28 
SSM/ CBl 808GA CPU BOARD kIT . .. · . 5114 1514 IA S·l00 WIREWRAP BOARD · . $ 28 
SSM/ SBl MUSIC SYNTHESIZER KIT . $ 145 1600 ces S·l00 WIREWRAP BOARD ,, $ 29 

SSM/I04 2 PARALLEL + 2 SERIAL 1516 SDS VERSAFLOPPY KIT · . $159 
PORTS KITS . . " .. . . . . $119 1517·0 SOS EXPANDORAM KIT , . , , , · . $185 

SSM/ I02 10 UN IVERSAL BOARD KIT . $ 48 1517·16 u .Ibove, with 16K RAM . ' . . $249 
SSM/VB10 VIDEO INTERFACE KIT . . $12'l 1517· 32 u .bove, with 32k RAM. .. , 5130 
SSM/MB3 2/4k EPROM BOARD KIT . . $ 54 1517·48 u .bove, with 48" RAM . ... 5425 

1517·64 .IS .Ibove, with 641< RAM . $500 SSM/MB4 2 MHZ STATIC RAM KIT , , . S 89 
116$ NEWTECH MUSIC BOARD .&t , , . , , , ... . S 57 SSM ALTA IR 1M SAl EXTENDER 1518 SPl BOARD , . . . ..... $ 10 

connector for' ~~;~ : , , .. , . · . $ 4 1520 SPl 
1222 uSOUNDER SSM / OB1 VECTOR JUMP & PROTO· 

TYPING CARD kIT 

TRS-SO LEVEL III 
BASIC $42 

As .dver1isrd in M.rch 
Inlerf.ce . Lo.tds on lop 
of level II , turns your 
TRS·eo into.. powerful 

:~!~i~~s,S:~;:: k~:~~~~ 
"bounce". Softw.re c",s· 

~~:;d~~~e t~~~.~io~~ 
Gu.r.nteed u lisf.dion ! 
C.t No . 1]12 

Ci rcle 170 on inquiry card. 

..... $ 47 

COMPUCRUISE 
$165 

N.vig.tion.l compulf'r 
'or mobile or m.rine 
use! Fe",tures crui s e 
cont rol. fuel m.n.ge · 
ment, trip computer , 
timer/counter . Wnns 
low fuel! Compens.tes 
'or tire si.r:e , con~r1s to 
metr ic! 44 functions . 
Mounts euily on duh . 
Eny to re.d bright blue 
digits. With ins' .1 I1. tion 
inslrudions, 
C •• No, 1166 

12 WORD SPEECH LAB ",&1. . S189 
64 WORD SPEECH LAB .&t . . $299 
SOUND EFFECTS BOARD 
",&t , · . $149 

MICROPROCESSORS 
RAMS 

Order b y type no , 

8080A $9.00 
6800 $ '.00 
Z·BOA $14 ,50 
1701A $ ] .00 
2708 $ 9 .50 
21l02·250 $ 1.50 
21 L02·450 $ 1.25 
21l02·65O .90 
21 14·200 $10.50 
2114·100 $ 9 .50 
2114·450 $ 8 .SO 
411ft $11 .00 

For APPL f, TRS·80, E XID Y 

Ewery t hing you nee d! 
Insl. lIs in minutes. no 
speciill 10015. no solder· 
ing! 250 nsec. 
c.t No, 1156 

8" DISKS 
• Single densit y 

• IBM Compa tible 

$40 box of 10 
u' No. Type 
1145 

order b y t ype no. 

SHUGART SA-400 
MINIFLOPPY DRIVE 

. $275 
~~~1e ·d:n:U~, s;;t~;~~e: 
Requires power su pply, 
ut No. 1154 

VERBATIM 
5114" DISKETTES 
$29.95 box of 10 

Colt No, Type Use 

1147 Soft sedor TRS·SO, Apple 
1148 Hilrd, 10 hole North St.r 
1149 H.,d, 16 hole Micropolis 

DATA CASSETTES 
10 for $17 

Highest qu.lity, le.der. 
less! With protective 
plutic c. sr . 
c;:.t No, 1142 

FREE CATALOG! 
New, hot off the press ! 

l",O:oryqUf~~~h' I~~~ I:d!~ 
readouts, semis, compu· 
ter .dd·ons, bo.trds, test 
equipment, books , soft· 
ware, PC .l ids • . and 
more! 

7eo5T 
7812T 
781ST 
790ST 
7912T 
791ST 
LM108V 
LM111N 
LM124N 
LM]58N 
LMl86N 
lMl89N 
NESS5V 
LM556N 
LM567V 
LM701N 
LM721N 
LM1458N 
LM1489N 

~;==;5~~=r'~~bty c~~ ~D";airiS;lu~ ~d~rc~~~ i .,"'u~:; ~t' }!;,~.~M.:i7,i';j/'i;dl::'~j,,:: 
$S.OO for .JI ir . COO's ",dd a Sc. All items aU"""'" ' 
IHd u.Usf.ICtton for 110 days! 
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To get furthe r information on the products advertised in BYTE, fil l out the reader service card with your name and address. Th en circle 
the appropriate numbers for the advertisers you select from the list. Add a 7S 'cent stamp to the card, then drop it in the mail. No t only do 
you gain in formation, but our advertisers are encouraged to use the marketplace provided by BYTE. This helps us bring you a bigger BYTE. 

Inquiry No. Page No. Inquiry No. Page No. 

1 Aaron Associates 124 91 Data Discount Center 2 17 
4 Addmaster Corp 248 94 Datamation 223 
2 Administrative Systems 187 96 Data/Print Publishing 153 
6 Advanced Access Group 225 92 Data Research ITXI 278 
3 AJA Software 197 90 Data Safe Products 221 
5 Alladin Automation 27 93 DataSearch 201 
7 Altos 45 89 Delta Products 285 
8 Ancrona 284 87 Digital Dynamics 248 

15 Apple Compu ter 13 84 Digital Engineering 208 
;0 Apple tv 248 86 Digital Pathways 219 
11 AP Products 87 95 DRCICAI210 
12 Aresco 248 100 DRCITXI257 
13 Artec Electronics 141 102 Echo Design & Development 242 
19 ATV Research 270 115 Electrolabs 279 
22 base 2 , inc, 79 120 Electronic Control Tech 229 
30 Beckian Enterprises 282 125 Electronic Systems 268, 269 
29 Biotech Electronics 245 130 Electronics Warehouse 267 . Bits Inc 230, 245, 246.247 134 Federal Communica tions Corp 6 1 
28 8iz-80 185 136 FM G Corp 183 
34 Bootstrap Enterprises 274 140 Allen Gelder 248 
31 Business Applications Sof tware 199 142 H Geller 197 
32 8uss/Charles Floto 199 150 Godbout Electronics 131 

BYTE Back Issues 209 ' 15 2 Graham Dorian Enterprises 51 
36 BYTE Books 116, 119-122, 127 . 213 151 GRT 41 

BYTE WATS Line 197 159 H & E Computronics 234 
37 California Computer Systems 34, 35 160 Hayden Book Publishers 167 
39 California Digital 259 162 Hickok Electrica l Instrument Co 253 
45 Central Data 69 170 Hobby World 36, 287 
47 Chrislin Industries 227 174 Hollywood Systems 282 
53 "COMPRINT" IComputer Printers Intll 37 172 HUH Electronics 235 
50 "Compucolor" IDiv Intelligent Sys) 25 171 Industrial Micro Systems 105 
48 Computalker 236 173 Info 2000 99 
49 Computa ll Corp 248 169 Information Terminals IVerbatim} 31 
51 Computer Components Inc 253 175 Input Output Unlimited 151 
52 The Computer Cookbook 47 177 Integra l Data Systems 108, 109 
70 Computer Enterprises 2 19 179 Integrand 207 
68 Computer Factory IMA) f 33 175 Interactive Microwa re Inc 233 

Computer Factory INY) 159 190 Ithaca Audio 25 1 
Computer Lab of NJ & PA 237 195 Jade Co 276, 277 

75 Computerland 8, 9, 143 200 Jameco Electronics 280, 281 
76 Computer Mart of NH 270 168 Key Supply Co 256 
66 Computer Mart of NJ 49 201 Kybe 181 
77 Computer Service Center 270 203 Leedex Corp 23 1 
73 Computex Corp 1 7 5 MacMillan Book Clubs 157 
74 Conley Graphics 245 202 Mad Hatter Software 161 
78 CT Micro Computer 86 205 Marketline Systems 2 12 
79 CT Micro Computer 201. 214 2 15 Measurement Sys & Controls 1 55 
8 1 Continental Specialties Corp 218 2 16 Measurement Sys & Controls 270 
40 Corico Corporation 256 217 Micro Computer Tec hnology 178 
80 Cromemco " 2' 2 19 Micro Diversions 5, 91 
82 Cybernetic Micro Systems ~nc 210 220 Micro Focus Ltd 1 13 
85 Cybernetics Inc 183 222 Micromail 188 
88 Cygol 248 221 Micro Mart 270 

(lOM(l~ 

(lYlE's O"glli"~ M()"it()p (l()X 

Article No. ARTICLE 

1 Johnston : Computer Generated Maps 
2 Blum : Re'presenting Three-Dimensional Objects in Y our Computer 
3 Ciarcia : Communicate on a Light Beam 
4 Morgan: The Superboard II 
5 Haas: Single Chip Video Controller 
6 Halsema: Bubble Memories 
7 Lentz: 6800 Disassembler 
8 Beard: Spacewar in Tiny BASIC 
9 Tennant: The Intel 8275 CRT Controller 

10 Smith : Smart Memory 
11 Maurer: Simultaneous Input and Output for Your 8080 
12 Gorney: Queuing Theory 
13 Ball : Trigonometry in Two Easy Black Boxes 
14 Hinrichs: Tic-Tac-Toe: A Programming Exercise 
15 Stirling: The HobbY Unwrap 
16 Teja, Gonnella: A Mini-Disassembler for the 2650 
17 Pfeiffer : Aids for Hand Assembling Programs 
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Micro Mike's 201 3 18 Scelbi Computer Consulting Inc 232 
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Microsoft 1 71 330 Seattle Computer Products 237 
Micro Source 169 320 Semionics 243 
Microware 203 319 Michae l Shrayer Software 173 
The Micro Works 90 Shugart 6, 7 
Micro World Electronix 274 333 Small Bu siness Computers Magazine 199 
Mikos 283 327 Ed Smith's Software Works 199 
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Morrow/Thinker Toys 15 329 Softape 53 
Mountain Hardware 137 321 Software 80 191 
Mountain Hardware 224 Software Development & Training Inc 2 17 
mpi 236 340 Solid State Sales 255 
Nano Metric System Inc 235 350 Southwest Technical Products Corp CII 
Nat'l Small Computer Show 77 351 Speakeasy Vita Facts 126 
NEECO 144 335 SSM 63 
NEECO 145 352 Stirling 8ekdorf 186 
Netronics Research 239 353 ~tructured Systems Group CIII 
New England Recruiters 274 357 Sub Logic 256 
Newman Computer Exchange 265 364 Sunny International 287 
North Star Computer 57 356 Sybex Inc 165 
NRI Schools IE lectronics Divl. 65 99 Synchro Sound 95 
Ohio M icro Systems 149 359 Synergetics 209 
OK Machine & Tool 71 360 Tarbell Electronics 85 
Oliver Advanced Engineering 216 363 Technica l Systems Consultants 81 
onCompu ting 1 7 262 Telesensory Systems 222 
On Line 270 361 Terminal Data 274 
Osborne & Associates 193 366 Texas Instruments 241 
DSI CIV, 23 368 31M Company 39 
Owens & Associates 216 364 3 S Sales Inc 179 
Pacifi c Office Systems 279 365 3 S Sales Inc 2 84 
Page Digital 275 371 Tara System Limited 274 
PAIA Elec tronics Inc 211 374 T ransNet Corp 21 2 
Payne, Jackson & Associates 1 8 1 380 Ucatan 270 
Per Com D.ata 54, 55 Uni versity Micro Films 14 7 
Personal Software Inc 162, 163, 274 381 US Robotics 240 
'p, S.' 209, 274 379 Vamp 215 
Pickles & Trout 2 1 3 383 Vector Graphic Inc 107 
Podosoft 248 386 Video World 2 1 7 
Priority 1 27 1,272.273 9 Vista Computer Co 261 
Processor Technology 18, 19 385 V M Professional Applications 274 
Quest Electronics 263 384 VR Data 278 
RACET Computes 197 387 Wameco 283 
Radio Shack Authorized Sales Center 274 388 Western Digital Corp 20 
RCA 59 389 Wintek 248 
The Recrea tional Programmer 274 390 World Power Systems 21,73.97, 111 , 
Research Machines ? ' 3 125. 129 
RNB Ente rprises 214, 2 15 391 Worldwide Electronics 270 
Rothenberg Information Systems 220 400 Xitex 204 
S-100 Inc 226 401 Xitex 205 
St Jude 1 74 
Howard E Sams IDiv ITT Publishingl 195 
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176 
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238 

Video Out in Front 

Voting on the Febru ary 1979 BOMB card 
was rather close. ITh e first and second place 
winners placed 8.75 and 8.46 points above 
the standard dev iation . Th e third and fourth 
place articl es were 7.38 and 7.09 points 
above the standard deviation. 

In first place was Timothy Loos for his 
short hardware artic le entitl ed "Use a Tele­
vision Set as a Video Monitor." In second 
place was John Giacomo for hi s "Stepping 
Motor Prim er. " These auth ors will receive 
$100 and $ 50 respectively. 

Placing third was "A Microprocessor for 
the Revolu tion," by Terry Ritter and Joel 
Boney followed closely by Steve Ciarcia's 
"Build a Computer Controlled Security 
System." 



Structured Systems 
business software can 
put a microcomputer 

to work for you. 
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SSG's general accounting, data inquiry, mailing, and 
communications software packages are bringing real 
computer power to hundreds of businesses right 
now. They are ready to go to work for your business. 

Some Pleasant Surprises 
Your computer retailer can give you a demonstration 
and literature. You might find a solution just right for 
your business with "off the shelf" prices and delivery ' 
times. Or we will be happy to send you literature direct, 
including a list of our dealers and compatible hardware. 
Write us, or call. 

The Honest-To-Business $12,000 Computer':' 
Our software will power DYNABYTE, CROMEMCO, 
IMSAI, NORTHSTAR, ALTOS, MICROMATION, DIGITAL 
SYSTEMS, or other Z-80 or 8080 based computers 
through your General Ledger, Accounts Receivable, and 
Accounts Payable. And maintain a conversational 
data-base query system, store and print your mailing list 
and labels, produce and edit correspondence, address 
it from your mailing list , and more. The price for a total 
system-hardware and SSG software-ranges from 
$8,000 to $14,000. 

Real Business Computing 
Our Business Software packages are designed to be up 
and running and working for you in a matter of hours. 
Without expensive reprogramming, technical staff addi­
tions, or costly trial-and-error. Our quality is high, our 
documentation practically self-instructive. The applica­
tions are flexi ble and extensive, designed to meet and 
exceed the requirements of most small to medium busi­
nesses. Real computer solutions at microcomputer prices. 

Circle 353 on inquiry card. 

The SSG product line includes these outstanding packages: 

General Ledger 
Accounts Receivable 
Accounts Payable 
CBASIC-2 

LETTERIGHT Letter Writer 
NAD Mailing System 

QSORT Sorting System 
WHATSIT? Data/Query System 

Structured Systems Croup 
INCORPORATED 

5204 Claremont Oakland, Ca lifornia 94618 (415) 547-1567 

* Complete prices wi ll va ry with equipment and software selected. Required: 
8080 or Z-80 based computer running a CP/M or CP/ M-compatible 
disk-based operating system. Your retailer or SSG can advise on specifics. 
(CP/M is a product of Digital Research.) 



The Microcomputers 
you should take seriously. 

The C3 Series is the microcomputer 
family with the hardware features, high 
level software and application programs 
that serious users in business and in­
dustry demand from a computer system , 
no matter what its size. 

Since its introduction in August, 1977, 
the C3 has become one of the most suc­
cessful mircocomputer systems in small 
business, educational and industrial 
development applications. Thousands of 
C3 's have been delivered and today hun­
dreds of demonstrator units are set up at 
systems dealers around the country. 

Now the C3 systems offer features 
which make their performance com­
parable with today's most powerful mini­
based systems. Some of these features 
are: 
Three processors today, more 
tomorrow_ 

The C3 Series is the only computer 
system with the three most popular pro­
cessors- the 6502A, 68BOO and Z-80. 
Th is allows you to take maximum advan­
tage of the Ohio Scientific software 
library and the tremendous number of 
programs offered by independent sup­
pliers and publishers . And all C3's have 
provisions for the next generation of 16 
bit micros via their 16 bit data BUS. 20 
address bits, and unused processor 
select codes. This means you ' ll be able 
to plug a CPU expander card w ith two or 
more 16 bi t micros right in to your ex­
isting C3 computer . 
Systems Software for three 
processors_ 

Five DOS options including deve lop­
ment, end user, and virtua l data fil e 
single user systems. real time. time 
share. and networkable mull i-user 
systems. 

The three most popular computer 
languages including three types of BASIC 

C3-S1 

plus FORTRAN and COBOL wilh more 
languages on th e way. And. of cou rse. 
complete assembler. ed itor. debugge r 
and run time packages for eac ll of the 
system'S microprocessors . 
Applications Software for Small 
Business Users_ 

Ready made fac tory supported small 
business software including Accounts 
Receivabl e. Payables, Cash Rece ipts . 
Disbursements. Genera l Ledger . Balance 
Sheet, P & L Statements, Payroll. Per­
sonnel fil es. Inventory and Orde r En try as 
stand alone packages or in tegrated 
sys tems. A complete word processor 
system with full editing and output for­
matt ing including justifi cat ion. propor­
tional spac ing and hyphena tion that can 
compete direc tl y wi th dedica led word 
processor systems. 

There are spec ialized appl ica tions 
packages for spec if ic businesses, plus 
th e vast general library of standa rd 
BASIC, FORTRAN and COBOL softwa re. 
OS-OMS, the new software star. 

Ohio Sc ienti fic has developed a 
remarkable new Information Manage­
ment system which provides end use r 

The (3 Series 
from Ohio Scientific. 

intelligence far beyond what you wou ld 
expect from even the most powe rful mini­
systems. Bas ically . it allows end users to 
store any collection of information under 
a Data Base Manager and th en instantly 
obtain inform ation. li sts. reports. 
stati sti ca l analysis and even answers to 
convent ional "English" questions perti­
nent to information in the Data Base. 
OS-DMS al lows many applications to be 
computerized without any prog ramming I 
The new "GT" option heralds the new 
era of sub-microsecond 
microcomputers_ 

Ohio Scientif ic now offers the 6502C 
mic roprocessor with 150 nanosecond 
main memory as th e GT opti on on all C3 
Se ries products . Th is sys tem per forms a 
memory to reg ister ADD in 600 
nanoseconds and a JUMP (65K byte 
ra nge) in 900 nanoseconds. The system 
performs an average of 1.5 million in­
structions per second executing typical 
end user applica tions sof twa re (and 
that's a mix of 8. 16 and 24 bit. instruc ­
tionsl) 
Mini-system Expansion Ability_ 

C3 sys tems offer the grea test expan­
sion capabilit y in the microcomputer 
industry. inc luding a full line of over 40 
expansion accessor ies . The maximum 
conf igura tion is 768K bytes RAM. four 80 
mill ion byte Winchester ha rd disks. 16 
communications ports. rea t time clock. 
line pr inter . word processing printer and 
numerous control interfaces. 

Prices you have to take seriously_ 
Th e C3 systems have phenomenal 

performance- to-cost ra tios . The C3-S1 
w ith 32K static RAM. dual 8 " fl oppies . 
RS-232 por t. BASIC and DOS has a sug­
gested retail price of under $3600. 
80 megabyte disk based systems start at 
under $12.000. Our OS-CP/M software 
package with BASIC. FORTRAN and 
COBOL is only $600. The OS- DMS 
nucleus package has a suggested retail 
p rice of only $300. and other options are 
compa rably priced . 

To get the full story on the C3 systems 
and what they can do for you. con tact 
your local Oh io Scient ific dea ler or ca ll 
the fac tory at (2 16) 562-3 101. 

C3-B wins Award of Merit at 
WESCON '78 as the ou tstanding 
microcomputer application for 

_ -.. ...... m;.;.a ll Bu siness 
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