


SYSTEMS - SOLUTIONS 

If you have a problem that can be solved by a computer-we have a systems solution. 

• Two central processors with maximum RAM capacities of 56K and 384 K bytes 

• Three types of disk drives with capacities of 175K, 1.2M and 16M bytes 

•Two dot matrix printers with 80 and 132 line capacity 

• A Selectric typewriter interface and a daisy wheel printer 

Match these to your exact need, add one or more of our intelligent terminals and put together 
a system from one source with guaranteed compatibility in both software and hardware. 

Southwest Technical Products systems give you unmatched power, speed and versatility. They 
are packaged in custom designed woodgrain finished cabinets. Factory service and support on 
the entire system and local service is available in many cities. 

SOUTHWEST TECHNICAL PRODUCTS CORPORATION 
219 W. RHAPSODY 
SAN ANTONIO, TEXAS 78216 (512) 344-0241 
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Low-cost hard disk computers 
are here 


11 megabytes of hard disk and 64 kilobytes of fast RAM in a 
ZBOA computer for under $10K. Two floppy drives, too. 

Naturally, it's from Cromemco. 
It's a reality. In Cromemco's new 

Model Z-2H you get all of the above 
and even more. With Cromemco you 
get it all. 

In this new Model Z-2H you get 
not only a large-storage Winchester 
hard disk drive but also two floppy 
disk drives. In the hard disk drive you 
get unprecedented storage capacity 
at this price-11 megabytes unfor
matted. 

You get speed-both in the 4 MHz 
Z80A microprocessor and in the fast 
64K RAM which has a chip access 
time of on ly 150 nanoseconds. You 
get speed in the computer minimum 
instruction execution time of 1 micro
second. You get speed in the hard 
disk transfer rate of 5.6 megabits/sec. 

EXPANDABILITY 
You get expandability, too. The 

high-speed RAM can be expanded to 
512 kilobytes if you wish. 

And the computer has a full 12-slot 
card cage you can use for additional 
RAM and interface cards. 

BROADEST SOFTWARE SUPPORT 
With the Z-2H you also get the 

broadest software support in the 

microcomputer field. Software Cro
memco is known for. Software like 
this: 

• Extended BASIC 
• FORTRAN IV 
• RATFOR (RATional FORtran) 
•COBOL 
• ZSO Macro Assembler 
• Word Processing System 
• Data Base Management 

with more coming alt the time. 

SMALL, RUGGED, RELIABLE 

With all its features the new Z-2H, 
including its hard disk drive, is still 
housed in just one small cabinet. 

Hard disk drive at lower lell cen be Inter
changed just by slid Ing oul and d isconnect ing 

plug . Seven free card slots are available. 
Z-2H Includes printer Interface card . 

C3 Cronaenaeo 
I n c o r p o r a t e d 
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 
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Included in that cabinet, too, Is 
Cromemco ruggedness and reliability. 
Cromemco is time-proved. Our 
equipment is a survey winner for 
reliability. Of course, there's Cro
memco's all-metal cabinet. Rugged, 
solid. And, there's the heavy-duty 
power supply (30A @ av, 15A @ 
+18 V, and 15A @ -18V) for cir
cuitry you'll sooner or later want to 
plug into those free card slots. 

CALL NOW 

With its high performance and low 
price you KNOW this new Z-2H is 
going to be a smash. Look into it 
right now. Contact your Cromemco 
computer store and get our sales 
literature. Find out when you can 
see it. Many dealers will be showing 
the Z-2H soon-and you' ll want to 
be there when they do. 

PRESENT CROMEMCO USERS 
We've kept you in mind, too. Ask 
about the new Model HOD Disk 
Drive which can combine with your 
present Cromemco computer to give 
you up Lo 22 megabytes of disk 
storage. 

• (415) 964-7400 
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The single card computer 

with the features 


that help you in real life 

COMPLETE COMPUTER 

In this advanced card you get a pro
fessional quality computer that meets 
today's engineering needs. And it's one 
that's complete. It lets you be up and 
running fast. All you need is a power 
supply and your ROM software. 

The computer itself is super. Fast 
4 MHz operation. Capacity for BK bytes 
of ROM (uses 2716 PROMs which can 
be programmed by our new 32K BYTE
SAVER9 PROM card). There's also 1 K of 
on-board static RAM. Further, you get 
straightforward interfacing through an 
RS-232 serial interface with ultra-fast 
speed of up to 76,800 baud - software 
programmable. 

Other features include 24 bits of bi
directional parallel 1/0 and five on
board programmable timers. 

Add to that vectored interrupts. 

ENORMOUS EXPANDABILITY 
Besides all these features the Cro

memco single card computer gives you 
enormous expandability if you ever need 
it. And it's easy to expand. First, you 
can expand with the new Cromemco 
32K BYTESAVER PROM card mentioned 
above. Then there's Cromemco's broad 
line of S100-bus-compatible memory 
and 1/0 interface cards. Cards with fea
tures such as relay interface, analog 
interface, graphics interface, opto
isolator input, and A/ D and DJA con
version. RAM and ROM cards, too. ,,_ ... .... 
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Card Cage 32K BYTESAVER PROM card 

EASY TO USE 
Another convenience that makes the 

Model SCC computer easy to use is our 
Z-80 monitor and 3K Control BASIC (in 
two ROMs). With this optional software 
you' re ready to go. The monitor gives 
you 12 commands. The BASIC, with 36 
commands/functions, will directly ac
cess 1/0 ports and memory locations 
and call machine language subroutines. 

Finally, to simplify things to the ulti
mate, we even have convenient card 
cages. Rugged card cages. They hold 
cards firmly. No jiggling out of sockets. 

AVAILABLE NOW/LOW PRICE 
The Cromemco Model SCC is avail

able now at a low price of only $450 
factory assembled ($395 kit). 

So act today. Get this high-capability 
computer working for you right away. 

C3 Cromemeo 
incorporated 
Specialists In compulers and peripherals 
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
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Building a joystick in
terface for your computer 
system adds a new 
physical input dimension . 
There are as many dif
ferent ways to interface a 
joystick as there are ap
plications. Steve Ciarcia 
discusses several widely 
varying ways to design 
Joystick Interfaces. 

Page 10 

The idea of having a 
microcomputer work in a 
multiprogramming en
vironment is becoming a 
reality . Already there are 
several multiprogram
ming systems on the 
market. Mark Dahmke 
provides an Introduction 
to Multiprogramming so 
we can understand how 
these systems operate. 

Page 20 

About the Cover 
On tlzis issue's cover. Robe1·t 

Tinn ey lias created a "fantasy on 
liomebrewing." In the m iddle of 
a sylvan glade , we see tli e fo rm 
of a computer being sculpted by 
some liomebrewer. A couple of 
l1 umanoid fores t de11izens look 
011 with wonder. perhaps lioµ ing 
to get a glimpse of 01i r /1ome
brewer on lz is return to tlie work
place. 

U you enjoy playing 
chess against your com
puter, but dislike typing 
in the moves in abstract 
notation, you will be in
terested in a method of 
allowing the computer to 
detect moves made on a 
real chessboard . Jeff 
Teeters devised such a 
method and now tells us 
how he did it in Interface 
a Chessboard to Your 
KIM-1. 

Page 34 

Some Musings On 
Hardware Design by 
Clayton Ellis provides 
readers with background 
information on picking 
integrated circuits and 
using them in homebrew 
work . 

Page 62 

Although there are 
many applications where 
a high-speed analog-to
digital converter is 
necessary, many conver
sion applications can 
make do with a slower 
conversion . Richard C 
Hallgren has built A 
Low-Speed Analog-to
Digital Converter for the 
Apple II which he uses as 
a real-time data analyzer. 

Page 70 

When constructing 
electronic equipment, it is 
imperative that good 
Soldering Techniques are 
developed . William Trim
mer presents a photo 
essay of good soldering 
practices and several ex
amples of unwanted 
techniques. 

Page 84 

William T Powers 
brings his discussion of 
The Nature of Robots to 
a close by applying the 
previously-discussed 
techniques and theories in 
a simple experiment with 
a human subject. 

Page 96 

The search for the in
expensive paper-tape 
reader continues as Brian 

A Harron describes an 
Inexpensive, Optical 
Paper-Tape Reader . 

Page 118 

James Albus considers 
the mechanisms of choice 
in his closing article 
about A Model of the 
Brain for Robot 
Control. 

Page 130 

A Handy Pulser can 
prove to be very useful 
when testing a digital cir
cuit. Bob Chrisp shares 
with us his version of a 
useful pulse generator. 

Page 160 

In The AMSA T
GOLEM-80, Joe Kasser 
shows how your com
puter club {or any other 
group of experimenters) 
can economically build 
an S-100 microcomputer. 
The system is modular 
and expandable. 

Page 182 

Performing simple con
trol functions with your 
computer can be easy . 
Ken Barbier describes 
how to Add Some Con
trol to Your Computer. 
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The Rationale of 


Yet Another Homebrew System 


by Carl Helmers 

In this issue of BYTE, we are placing a special emphasis on the homebrewing 
of computers: the craft of assembling the hardware and software of a system 
from standard components in nonstandard ways. This month's editorial pro
vides a continuation of notes begun in July on the design and assembly of my 
new homebrew 6809 system. In this editorial, we complete the final details of 
the physical layout and power supplies of the system, as well as the overall 
design of the system. We shall also begin a discussion of the actual processor 
card. Future installments in this series on homebrew, general purpose, com
puter hardware will record details of the system beyond this article's goal of 
defining a backplane bus structure. 

As noted earlier ("Editorial ," June 1979 BYTE, page 6), the intent of this 
exercise is to develop a specialized controller node for a loosely coupled system 
of processors involved with musical applications. The multiple processors ini
tially contemplated were a Pascal-oriented, large personal computer and an 
ALF products model AD-8 music synthesizer with its 6502 used for house
keeping. In addition to this coordinating task, the 6809 would provide a cen
tral point for the connection of keyboards, displays and other hardware re
quired by musical applications. 

But ideas change and evolve . Since the 1st installments were written, plans 
have become slightly more grandiose with my recent acquisition of a New 
England Digital "Synclavier" music synthesizer and its associated Able/60 
minicomputer. Located in Norwich VT, New England Digital is a combined 
spin-off of the music and electrical engineering departments of Dartmouth 
ColJege across the Connecticut river in NH. The computer for the music syn
thesizer employs the XPL language as its high-level user interaction. The New 
England Digital version of XPL is augmented by a floating-point data type. 
With the exception of an adaptation of UCSD Pascal, which is expected to be 
available soon, all systems software is written in XPL, including what is 
described as a 3-pass optimizing XPL compiler. 

[XPL is the language described in the book A Compiler Generator, by 
McKeeman, Wortman, et al, published circa 1968. The commonly used 
microcomputer language PL/M, 1st designed and implemented by Gary 
Kildall , is very similar to XPL in syntax and semantics. XPL is a simple subset 
of PL/I, with data types restricted to character and integer forms. ] 

At this point, I now have a need for multiple processor communications 
beyond the level of 1 large machine (a Western Digital P-engine) driving a 
smart peripheral through a serial communications link. The smart peripheral 
will still handle specialized details like the parallel interface to the older syn
thesizer and the eventual interface to an electronically controlled player piano. 

See photo notes on pages 8 and 9, text continued on page 202 



" After working all day w ith !he computer a t 
work , it's a kick to get down to Basic at home. And 
one thing that makes it more fun Is my Shugart 
minifloppy 'M. We use Shugart drives at work , so 
when I bought my own system I made sure i t had a 
minifloppy d rive . 

"Why? Shugart invented the mini floppy. The 
guys who designed our system at work tel l me that 
Shugart is the leader in floppy design and hos 
more drives in use than any other manufacturer. If 
Shugor1 drives are reliable enough for hard-working 
business computers. they've got to be o good 
value for my home system . 

" When I'm working on my programs late at 
nigh t, I can't wait tor cassette storage My 
rninlfloppy gives me fast random access and data 

t ransfer. The little mini diskettes rM store plenty of 
data and fil e easily too. 

" I mode the right decision when I bought a 
system with the minifloppy. When you lay out your 
own hard-earned cash. you want reliability and 
performance. Do wha1· I did . Get a system with the 
minifloppy." 

If it isn't Shugart,
it isn't :minitloppy. 
~ Shugart 
tJ35 Oakme d P rkway. Sunnyvale. California 94086 

See opposite page tor list of manufacturers featuring Shugarl's min ifloppy in their systems. 
TM m lnilloppy Is a reg lsteted rtademotk o f Shugart Associates 
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Hardware Basis ... 

These photographs depict some further 
details of the.:. p'hysic-al hardware of the 
new homebrew 6809 eomputer sy,stem. As 
noted earlier. Ve£tQr Electronic Co com
ponents were used fo1' the assembly 9f a 
bac/gJlane. Photographs 1 through 5 show 
various aspects qf the new · design's 
packaging. 

Photo 1: The new.eomputer system's final 
physieal mounting basis is a mahogany 
box with guide bloc& for the backplane (1) 
assembly. Power supplies are locafed 
underneath the box. Pewer for the com
puter and accessories will be controlled by 
the standard, household wall switch 
mounted on the side of the b'ox, Power 
connections to tfie backplane power buses 
will pass th1'ough a hole underneath the 
backplane in this photo. The hole pro
vides an exit path for the flow of hot air 
from the power supplies. 

Individual boards of the system plug 
into the backplane from the top as shown 
here. The b.ackplane assembly slides into 
the grooves of the 2 guide bloi;:ks. These 
blocks are bolted tD the top ef the box 
using 14-20 machine-screws and threaded 
inser-ts. The grooves for the backplane 
board were cut ·1116th of an inch wide 
with a router and edge guide. The wood
shep tools required ta .fabricate this case (2) 
included a table saw, electric hand drill. 
drill press, router, belt sander, sabre saw, 
and the usual collection of hand teols. 

Photo 2: The p,ower- supply modules are 
attached to 2 wooden brackets which are 
screwed into the main box by means of 
1~ -20 machine-screw threaded inserts. 
The power supply modules are mounted 
on the brackets using #8-32 threaded in
serts. Ordinary b1'ass finish door stops 
serve as legs to keep the ass.embly off the 
table t'op, tl1us allowing natural convee
tion to cool the power supply modules. 

No attempt is made to calculate heating 
factors . The inverted cup shape o.f the box 
seems like an excellent trap for /teat, 
however, the large hole beneath the 
backplane assembly at the top of tl1i: box 
provides a relativety low-impedance 
outlet for the heated aiPfr.om below. If the (3fl) 
temperatures observed under loa_d are 
excessive, then a fix will be· necessary. Jn a 
commercial or industrial engineering 
situation where production of a pr-oduct is 
contemplated, this "pakh up after pro
blems" strategy is not the recommended 
practice due to the possibilities of costly 
errors, but for one of a kind products in a 
noncommercial and highly experimental 
context, it is certainly acceptable and can 
economize on time. 

Pl1oto 3: (a) Brass machine-screw inserts 

to provide· metal to wood fastening in the 
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(3b) 

(4) 

assembly of the computer }tousiifg. These 
particular parts were purchased frp m the 
Brookstone Co Peterborough NH. 

(b) When inserting the machine-screw 
fasteners into hardweod, better results 
were obtained when the hole drilled in the 
wood was 1/ 64th of an inch larger than 
the recommended size in the instmetions. 
A short section of the machine-screw to be 
used, together with a hex nut, provide a 
tool for driving the insert as.shown in this 
picture. When using the -flB-32 inserts in 
hardwood, a slightly larger l1ole than sug
gested in the instmctions is a necessity. 
Unless the extra clearance is given, the 
torque on the 118-32 bolt used in driving 
the insert will cause the insert to twist 
apart after 1 or 2 uses. 

Photo 41 The backplane is. the first and the 
most tiresome wiring involved with· 

assembly of a small computer. Jt.s defini
tion is provided by the simple instruc;
tions: 

FOR each free socket, pin BY NUMBER 
OF each socket, 

CONNECT tl1at pin to the same pin 
of the next socket in the backplane! 

The backplane assembly was described 
in the notes of the July 1979 BYTE, page 
194. This photo sl1ows the finished 
backplane after all w iring.and installation 
of bypass capacitors has been completed. 

Photo 5: Tl1e wirinE of the backplane, as 
well as the rest of this computer, was done 
with the ·Vector Electronic Co's "slit-N
wrap" technique. An electric eraser w45 
used to motorize the connections, wi·tfr an 
adapter custom-made ona small latl1e. It is 

recommended that motorized wiring be 
employed with the "slit-N-wrap" teC;h
nique. In previous experimental elec
tronics built with this techniql.#e, relia
bility problems were encountered with 
manual termina1ion of ·the wires to w;re
wrap socket posts. Motorized wrapping 
with this tool provides a uniform (md 
higher force for s.tripping the insulation 
off the wire. 

At (a) is the adapter: a hollow tube 
made from 2 junk box spacer5', a /110-3;/. 
bolt with a hole drilled thrQugh it, a brass 
union b-etween the 2 spacers, and a lar.ge 
brass adapter to which a /110-32 nub is 
soldered. (This latter kludge is wbat hap
pens when one makes an adapter on a 
Sunday afternoon and a #10-32 tap is not 
available!) At (b) the completed adapter is 
mounted in the Bruning Electt.ic Eraser! .in 
a typical us.e situation; 
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Joystick Interfaces 

Steve Ciarcia 

POB 582 
Glastonbury CT 06033 

Photo 1: A typical joystick with 4 potentiometers. 

The thought that often comes to 
mind when the word joystick is men
tioned to a computer enthusiast is of a 
spacewar-type game. A photon 
torpedo is fired from an opponent's 
starship, and the thruster joystick is 
deftly moved to reposition the craft 
out of its path. All of this occurs 
without having to take your eyes off 
the screen. Eye/hand coordination is 
almost "instinctive. " With a glance to 
the upper right of the video screen, 
the joystick is tilted to the upper-right 
corner of its 360° range . This moves 
the spacecraft toward that coor
dinate . Reverse thrust is accomplish
ed by moving the joystick in the op
posite direction, as though you are 
pulling back on the throttle of a real 

craft. Such is the general experience 
with joysticks. However, the poten
tial use of these devices greatly ex
ceeds that of game playing . 

A joystick, for those people who 
are unfamiliar with one, is shown in 
photo 1. It is an electromechanical 
device with resistance outputs pro
portional to the X, Y displacement of 
a central ball and lever. Photo 2 
illustrates the mechanical connections 
to the potentiometers. 

When the stick is positioned in the 
center of its axes , the X and Y poten
tiometers show resistances in the 
center of their ranges . When the stick 
is tilted to the upper right, both 
potentiometers are at their full
resistance limit, while the opposite 

Photo 2: Note how moving the stick 
moves the gimbal arrangement, which in 
turn changes the settings of the poten
tiometers. 

(lowest resistance) is true when in the 
lower-left position . The outputs of 
the 2 potentiometers accurately track, 
as if on an X, Y coordinate axis, the 
position of the joystick. It should be 
noted that while it takes only 2 poten
tiometers to define 2-dimensional 
travel, most joysticks are manufac
tured with 4 potentiometers. This is a 
remnant of the days when joysticks 
were connected directly to the 4 
deflection-plates of a cathode ray 
tube (video screen). 

It is one thing to consider inter
facing a joystick to a computer, and 
quite another to do it. A joystick is a 
mechanical X, Y positioning device. 
Even with proportional output resis
tances, an input interface must be 
designed to convert position from an 
analog to a digital representation 
which can be used by the computer. 
A further consideration is the resolu
tion, or percent, of full-scale travel 
per bit sensitivity. Is the application 
so gross that center and full-scale are 
the only points of interest , as in a 
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2 	 JOYSTICK POTENTIOMETERS 
r--- - ---------------------------, 

+ ISVI 	 I 
I 	 I 470

I 	 I 

R1 
SO K 

B2 

IOK IOM TO 4 LEAST 
SIGNIFICANT 
BITS OF 
INPUT PORT I 

IOK 7 

B l 
6 

IOK IOM 

IOK s 
BO 

4 

IOM 

IOK 9 

B6 
8 

IOK IOM TO 4 MOST 
SIGNIFICANT 
BITS OF 
INPUT PORT I 

BS 

IOK IOM 

IOK 5 

2 B4 
4 

IOK IOK 

Number Type +5 V GND 

IC1 LM339 3 12 

IC2 LM339 3 12 
* Rx• APPROXIMATE L Y 100 OHMS 

Figure 1: Low-resolution static interface. This interfa ce is fo r 1 2-potentiometer joystick . For 4-potentiometer joysticks , build a second 
circuit like th is one, and interface it to another input port . Note that if the comparator does not trigger at full-scale setting, a small 
resistor may l'lave to be added at Rx (marked with asterisk). 

game control, or is the application 
one which requires fine control, such 
as a cursor-positioning device in a 
high-resolution graphics system? 

All joystick interfaces are not 
created equal. There is a trade-off 
between hardware and software. The 
lower the resolution, the fewer the 
parts. The higher the resolution, the 
greater the electrical complexity or 
the software interaction with the in
terface. It is also important to 
recognize that computer systems 
which operate only in a high-level 
language like BASIC cannot use an 
interface design that requires an 
assembly language subroutine as an 
integral component. In such instances 
only a static interface can be used. 

Included in this presentation are 4 
interface designs which should cover 
mos t requirements, as well as 
demonstrate the considerable dif 
ferences between them . The 4 types 
are : 

• 	 low-resolution static 
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• 	 high-resolution fully static 
hardware 

• 	 software-driven pulse-width 
modulated 

• high-resolution analog-to-digital 

Low-Resolution Static Interface 
First of all , static simply means that 

the interface hardware determines the 
potentiometer position value and pre
sents it in constant, parallel digital 
form to the computer . When the 
interface is attached to any parallel 
input port, this joystick value can be 
read with a single INPUT command 
in BASIC. As far as the computer is 
concerned, the value is fulJy static, 
and the computer reads whatever 
data is there when the INPUT is ex 
ecuted. The interface hardware has 
the responsibility of asynchronously 
updating the digital value as the stick 
is moved . 

Often the joystick is simply used to 
indicate relative direction and 
magnitude . In a wheelchair, for in
stance, full linear control of speed 

and direction would require rather 
expensive drive electronics . Most 
chairs use simple relay contacts and 
provide 2 or 3 selectable speeds . A 
joystick control built for this applica
tion would not have to have a resolu
tion of 8 bits, but could, in fact , suf
fice with 2. Figure 1 shows a low
resolution static output joystick inter
face suitable for use in this 
application . 

Each potentiometer is connected as 
a voltage divider between a reference 
voltage source of 3.9 V and ground. 
The voltage output of each poten 
tiometer is, in turn, fed to a 2-bit, 
parallel analog-to-digital converter. 
This type of converter uses 4 com
parators set for 25 %, 50 %, 75 %, and 
100 % of full scale . If a voltage, when 
applied, is less than 0.975 V, all com
parator outputs will be at 0 V. At 1.0 
V, corresponding to the joystick be
ing moved 25% of full scale, the least 
significant bit (LSB) of the converter 
will be a logic 1, while the other bits 
are low. Similarly, at full input all 



theirs. ours. 

So you didn't think documentation 


made a difference. 


Sure, MicroSource is flexible. powerful, 
versatile. Sure, it's sophisticated yet 
simple: the first user-oriented software. 
But you may not be aware of the biggest 
difference of all. Documentation. The most 
extensive in the industry. 

Support makes a difference, too. The 
support of some of the world's leading 
microcomputer people. The support of 
stringent field testing and follow up. 
The invaluable support of business 
software experts dedicated to helping 
you manage information in real-world 
environments. Not just when you 
acquire software. but as you implement, 
as you train , as you use Microsource to 
solve your contemporary business 
problems. 

The MicroSource Difference means 
dealer support, too: we back every 
dealer with our experience, our 

knowledge, our integrity. Plus, the 
materials and resources he needs to 
provide the finest in software solutions 
and data base management. 

From AutoScribeTI•. the versatile word 
processing package that means 
business .. . to Bookkeeper™, designed 
by a CPA to produce efficient client 
writeups. From the powerful 
LedgerPlus"' financial package to 
MoneyBelt"', the flexible accounting 
system. both for small to medium sized 
businesses ... or small to medium sized 
departments of big corporations. 
TimeKeeper"' - for the professional 
practice or the corporate service 
department - bills for time, when time 
means money. All MicroSource 
is backed by exhaustive operations 
manuals, incomparable factory 
support. and system expandability. It 
runs on North Star. Vector Graphics, 
Heath Data Systems, Apple and TRS-80 
... before long, CP/M, Cromemco, Data 
General and MicroNOVA. Sample the 
MicroSource difference. 

lrfll'-'1U.,UUI'-''7 

Ask your dealer about powerful , user-oriented MicroSource software. Or call the telephone number below for the nearest 
MicroSource dealer near you. 

1425 W. 12th Pl. · Tempe. AZ 85281 · 602-894-9247 
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comparators will be triggered, and 4-bit connection as shown, used in a cidence with these values . The real 
bits 0 thru 3 will be logical ls. BASIC program, 25 % of full scale significance of this method is that the 

Additional encoding logic can be would be 1 decimal, SO % of full scale potentiometer position is presented 
added to produce a true 2-bit would be 3 decimal, 75 % of full scale statically to the computer and re
representation from the 4 compara would be 7 decimal, and full scale quires no other interaction. This 
tors, but it is just as easy for a com would be 15 decimal. It should be makes it ideal for direct use with 
puter to interpret it directly. With a easy to trigger any action by a coin- BASIC. 
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High-Resolution Static Interface 
It is quite possible that 2 bits of 

resolution is not enough for your 
application, but direct compatibility 
with a slow, high-level language is 
still a requirement. Expanding the 
parallel comparator method will 
work in theory, but you must realize 
that a 4-bit analog-to-digital con
verter uses 15 comparators, and an 
8-bit, parallel analog-to-digital con
verter needs 255 comparators ! So 
much for that method. 

Realizing that the output of the 
joystick is a variable resistance, we 
can use this to advantage. This resis
tance can set the time constant of a 

Number Type +SV GND 

IC1 74121 14 7 
IC2 74121 14 7 
IC3 7486 14 7 
IC4 7400 14 7 
ICS 7400 14 7 
IC6 7404 14 7 
IC? 7493 5 10 
JC8 7493 5 10 

IC9 7495 14 7 
IC10 7495 14 7 
IC11 7493 5 10 
IC12 7493 5 10 
IC13 7495 14 7 
IC14 7495 14 7 
IC15 NE555 8 

+5V 

FREQUENCY 
ADJUSTMEN T 4 B 

IO K 
RESE T VCC 

7 _ _ ___,DISCHARGE 

3.3K OUTPUT 

6 
----... THRESHOLD 

--
2 
-t TRIGGER 

GROUND BYPASS 

5 

0.01µ.F10.lµ.F 

ICl5 
NE555 

~ 7.5KHz 
CLOCK 
OUTPUT 

Figure 2: High -resolution, static interface. 
Each potentiometer in the joystick con
trols the pulse width of a one-shot. The 
pulse width can vary from 35 ms at full
scale to 100 µ.s at 0. If a joystick with 4 
potentiometers is used, a duplicate circuit 

• may be constructed for the 3rd and 4th 
~ potentiometers. 

function which has a pulse width pro
portional to joystick position. Figure 
2 illustrates an interface design which 
uses this technique. 

The 2 joystick potentiometers Rl 
and R2 control the pulse width of a 
one -shot (mon ostab le multivi
brator). The one-shot has a pulse 
width of 35 ms when the poten
tiometer is at 50 k ohm full scale and 
something less than 100 µ.sat 0 % of 
full scale. A 7.5 kHz clock signal 
asynchronously triggers the one-shots. 
When the one-shot fires, its duration 
is proportional to the joystick posi
tion and will vary from approxi
mately 0 to 35 ms. Using midscale 
pulse width of 17 ms as an example, 
the circuit timing is as in figure 3. 

On the leading edge of the one-shot 
signal, a clear pulse is generated 
through an edge detector configured 
7486 device. The clear pulse resets the 
2 7493s which form an 8-bit counter. 
Once cleared, the counters start 
counting clock pulses for the duration 
of the one-shot 's period . On its trail
ing edge, a load pulse is generated 
which loads this 8-bit count into an 
8-bit storage register. The computer is 
connected to read this 8-bit value 
through a parallel input port. Suc
cessive clearing and counting opera
tions update the register every 35 ms 
or so (worst case) . The clock rate is 
7.5 kHz which has a period of 133 µ.s . 
If the one-sho. has a pulse width of 17 
ms, then 127 clock pulses would be 

CLOCK --1lflfl 

gated to the counter. Of a total possi
ble 255 counts, 127 would represent 
50% of full scale. 

Software-Driven Interfaces 
So far I have discussed only static 

interfaces. If the computer used with 
the joystick has sufficient speed and 
excess computing time available, then 
it is reasonable to use the computer to 
directly determine the one-shot 
period. 

Figure 4 shows a circuit which 
directly connects to the computer bus 
and demonstrates this technique . The 
circuit as shown is wired for I/O (in
put / output) port decimal 255 or 
hexadecimal FF . The 4 joystick poten
tiometers are used as the timing 
resistors on 4 NES55-type one-shots . 
When an OUT 0, FF is executed in 
assembly language, it triggers all 4 
one-shots. To keep track of the pulse 
widths, a 74125 3-state driver gates 
the one-shot outputs onto the data 
bus during an IN FF instruction. By 
looping through this program a 
number of times and keeping track of 
the logic levels of the 4 one-shots, the 
computer can accurately determine 
joystick position in terms of loop 
counts of instruction times. Listing 1 
is a program which does this for 1 
potentiometer. 

High-Resolution Analog-to-Digital 
While all methods are in some way 

analog-to-digital converters, the last 

_r----L_
ONE SHOT Q 

CLEAR J._____ 
LOAD --~'
COUNT JUUl_-.J1fL 

7.5 KHz 

0 TO 35 mSEC 

z 20µ.SEC 

"'20µ.SEC 

0 TO 255 PULSES 

Figure 3: Timing diagram for interface of figure 2. The driving clock signal is 7.5 kHz. 
The one-shot can be triggered for periods of 0 to 35 ms, depending upon tile position of 
the joystick. Whe11 a reading is to be taken , the counters are cleared. Coun ts are made 
until the one-sli ot signal drops. and then a load signal is sent to the interface. At this 
poi11t the counter is read to determ ine the position of the joystick. 
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------

MVI B 
OUT FF,O 

AGAIN INR 8 
IN FF 
ANA 01 
JNZ AGAIN cont inue as long as one-shot is high 
HLT value is in B register 

Listing 1: A typical assembly language program for using the joystick interface of figure 
4. After the one-shots are triggered, the program loops and checks the status of bit 0. 
When this bit is set, the conversion value is in register 8 . This program assumes that 
there is on ly 1 value being checked, and it is being input through bit 0. 

clear 8 
trigger one-shots 
increment B register 
read potentiometers 
isolate bit 0 

The 3 basic sections are a 
computer-controlled voltage source 
(lCs 1 and 2), an analog-input 
multiplexer (IC3) which selects an in
dividual joystick potentiometer by a 
2-bit address code, and a comparator 
(IC4) which compares these voltages. 
In operation, the digital-to-analog 
converter is first set to 0 V out (hexa
decimal 00 digital input to it ) and 1 
potentiometer is selected through the 
multiplexer. If VO from the digital-to
analog converter is less than V '" from 
the potentiometer, the output will be 
logic 0. Next , the digital-to-analog 
converter input setting is incre
mented, and the comparator output is 
checked again. 

Eventually an input count will be 
reached which will exceed V1• • The 
comparator output will then be a 
logic 1. The digital-to-analog con
verter input count is now the value of 
the voltage V1•• The worst case re
quires 256 iterations using this 

method is in fact an 8-bit absolute
analog-to-digital converter, typical of 
the type used in computerized meas
urement applications . ICl is an 8-bit 

Number Type 

IC1 NE556 

IC2 NE556 

IC3 7430 
IC4 7400 
IC5 74 125 

+ 5V GND 

14 7 
14 7 
14 7 
14 7 
14 7 

R 1 THRU R4 

AR E JOYSTICK 
POTENTIOMETERS 

digital-to-analog converter that pro
duces an output vol tage proportional 
to a digital input applied to pins 5 
thru 12. For a complete explanation 
of this device, I refer you to a pre
vious " Garcia's Circuit Cellar" arti
cle, "Control the World" (September 
1977 BYTE, page 30) . This article also 
outlines calibration and test pro
cedures. 
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Figure 4: Software-driven interface. If the computer can directly read the input from the joystick interface, the hardware required can 
be greatly simplified. When hexadecimal FF is output to port 0. all 4 one-shots are triggered . The pulse width is then determined by a 
program running through a short loop looki11g at tlie logic levels of the 4 one-shots. Listing 1 shows a typical program for t /1is 
application. 
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no loose ends 


New Heathkit• H89 
All-In-One Computer 
Heath takes the risk out of selecting a 
balanced computer system. Now, video 
terminal, floppy, keyboard and 8-bit 
computer are brought together in one 
self-contained, compact unit. Nothing 
hangs out. 

Two Z80's 
The personal computer has never been 
simpler. Or smarter. Two Z80 microproc
essors mean terminal never shares pow
er with computer, as do most desk-top 
units. So this terminal is capable of a 
multitude of high-speed functions, all 
controllable by keyboard or software. 

102K bytes storage 
Built-in floppy disk system gives you fast 
access to programs and data. Each 51/4 
inch d iskette has more than 102K bytes 
of storage area, enough Lo hold entire 
files. The All -In-One comes with 16K 
RAM, expandable to 48K. 

Hundreds of uses at 
home or work 
The All- In-One Computer runs programs 
w r itten in MICROSOFT'" BASIC and 
ASSEMBLER Languages. And it accepts all 
current software written for the popular 
Heathkit HS computer. You can t::hoose 
from scores of practical programs for 
home and business. 

Learn by building 
What better way to learn about comput
ers than to build one yourself? The A.11
ln-One is available in easy-to-build kit 
form, as well as compl~tely assembled. 
Like all Heath electronic kits, it comes to 
you with its own easy-to-follow assem
bly manual and a nationwide network of 
service centers to assure smooth sailing. 

FREE CATALOG 
for complete detalls on the 
Heathkit H89 All-In-One 
Computer and nearly 400 
other electronic kits for your 
home, work or pleasure, send 
today for the latest Heathkit 

• Catalog of values. 

"S1 19S wi1houl fl oppy. Mai l order ki l price, F.O.B. Benton Harbor, Ml. Also available at Hea1hki1 Electronic Centers a l slightly h igher prices. Prices subject to change 
wllhoul no tice. 

CP·165Heathkit® 

HEATH COMPANY, DEPT. 334-570, BENTON HARBOR, Ml 49022 
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Number Type +5 VGND + 15 v + 15 v 
IC1 MC1408-LB 13 2 3 

DIGITAL-TO-ANALOG CONVERTER 

IC2 LM301A 4 7 
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Figure 5: High-resolution analog-to-digital conversion . This hardware-oriented device 
multiplexes 4 voltage inputs (from the joystick potentiometers) and has the capability of 
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handling 4 more voltages. 

method. A better technique is suc
cessive approximation where the 
computer progresses through a 
binary search to "zero in" on the final 
value. A full explanation of suc
cessive approximation is delineated in 
my article entitled 'Talk to Me: Add 
a Voice to Your Computer for $35" 
(June 1978 BYTE, page 142). 
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With the digital-to-analog con
verter set for a full-scale value of 2.56 
V, each count is equivalent to 10 mV. 
Only 4 channels of the CD4051 are 
used for the joysticks, leaving 
another 4 channels as auxiliary inputs 
from external sources. Thus it is 
possible for this interface to serve a 
dual role because of its high accuracy 

and resolution relative to the other 
methods. 

You should now realize that both 
the design and construction of a 
joystick interface are influenced by 
many factors. It is not unusual to find 
one manufacturer charging $50 for a 
joystick, while another charges $200. 
Resolution, accuracy, and software 
interaction are the prime considera
tions. Where static inputs are re
quired, the hardware will necessarily 
be more complicated . Resolution and 
accuracy ultimately determine the 
complexity of the interface. 

For simple spacewar-type games, 
the circuit of figure 1 should suffice. 
For more demanding applications 
such as cursor control in a high
resolution graphics system, figure 5 
may be the optimum choice. Be 
careful when buying joystick inter
faces. Make sure that they mate with 
your program requirements and your 
system's abilities. 

Next month 's "Circuit Cellar" 
feature will discuss a stand-alone, 
light-emitting diode display board.• 



"Our inventory is our existence. 

Thinkwe'd trustit to~ less 


thanScotcliBrandDiskettes?" 

Don Stone, President, 

Mass. Auto Supply Company, 

Inc., Boston, Mass. 


Scotch Diskettes are the 
d iskettes you can depend upon 
with the information your 
business depends upon. 

Each one is tested and 
certified error-free before it 
leaves our factory. Because we 
know nothing less than 
perfection is acceptable for 
your vita l business data. 

Scotch Diskettes are 
available in regu lar or min i 
sizes, compatible with almost 
any ystem. 

To find out where you 
can purchase Scotch Diskettes, 
call toll free : 800-328-1300. 
(In Minnesota, call collect: 612
736-9625.) Ask for the Data 
Recording Products Division. ln 
Canada, write 3M Canada lnc., 
London O ntario, N6A 4Tl. 

If it's worth remembering, 
it's worth Scotch 
Data Recording Products. 
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Introduction to 

Multiprogramming 


Multiprogramming has usually 
been considered out of reach of the 
average personal computer experi
menter using a small or medium scale 
computer. Actually, anyone with a 
processor above the level of an 8008 
can operate a multiprogram or 
multiuser system. The original pur
pose of multiprogramming was to 
allow more than 1 user to take advan
tage of a computer simultaneously. 
This increased the productivity of the 
machine by allowing programs to run 
while other programs were awaiting 
user input, access to a disk, etc. 

This may seem to conflict with the 
advantages inherent in micro
processor based systems (single user 
systems and low cost). However, 
there are many instances where the 
ability to run more than 1 program at 
a time may be advantageous. Note 
that the statement "more than 1 pro
gram may run at a time" does not 
mean simultaneous execution. That is 
the definition of multiprocessing 
(more than 1 processor on the bus), 
not multiprogramming. 

To describe multiprogramming 
more effectively, l shall refer to a 
more well -known function in com
puters: real-time interrupts. Suppose 
we are using a microcomputer to 
manage the environment in a small 
office building . Normally we want to 
continually poll (scan) the sensors 
that are distributed throughout the 
building and adjust heating, cooling 
and lights on the basis of temperature 
and time of day. Let us say that 
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during normal operation , someone in 
the building wants to change the 
temperature of an office . 

One way to do this is to have a 
video terminal and keyboard attach
ed to the system that generates an in
terrupt when a keyboard request is 
made. Upon receiving the interrupt, 
the computer saves the status of the 
current program and enters or trans
fers control to the keyboard read 
routine. As soon as the user has made 
the desired change, the system loads 
the old status information and returns 
to the original program . This same in
terrupt technique could be used to 
design a time shared system that 
would allow several terminals to be 
hooked up to a processor. Each ter
minal would generate an interrupt, 
and whichever program was active 
would be put in a wait state. This 
arrangement only works well for a 
few terminals, though . You can ima
gine what would happen if everyone 
happened to press a key at the same 
time. 

Figure 1 shows timing comparisons 
of several modes of operation already 
discussed. In figure la 2 independent 
processors are shown , each doing 
something different and neither in
terfering with the other. This is 
known as multiprocessing . The pro
cessors may or may not be sharing 
I / O(input / output) terminals or 
memory . 

In figure lb 2 processors are shown 
in a master-s lave arrangement. 
Perhaps the slave processor performs 

floating point arithmetic or some 
complex 1/0 function. The master 
processor can give the slave processor 
commands via an interrupt and con
tinue other processing until the slave 
informs it that it has finished the 
desired operation. 

Figure le shows a single processor 
with an interrupt being applied. The 
processor temporarily gives control 
to the routine specified by the inter
rupt hardware and begins executing 
it. When complete, it returns control 
to the main program. Figure ld shows 
the multiterminal timeshare system. 
Usually the interrupt hardware con 
tains provisions for daisy chaining or 
prioritizing the interrupts as they 
come in. Thus, if terminal 6 applies 
an interrupt and the processor is busy 
with terminal 7, terminal 6 is not 
allowed to interrupt the processor 
until terminal 7 is finished . 

Using multiprogramming is like 
using real-time interrupts. A multi 
programmed system uses interrupts, 
but in a more efficient way. Imagine a 
simple 2 program situation. Suppose 
program A is running and no other 
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programs have been started . Then a 
user initiates (loads) another program 
called B. How will program B gain 
control of the system so that it might 
start to execute? 

The process of passing control 
from one program to the next is 
usually handled by an operating 
system module referred to as an inter
rupt call routine. Normally, to save 
the programmer the trouble of 
making sure that this routine gets 
called at regular intervals, the routine 
is usually imbedded in many of the 
110 driver routines or other standard 
utility subroutines on a system. Note 
that this technique will in no way 
upset any of the flags or registers of 
the routine it is called from . 

This interrupt call program will: 

1. Determine if any other programs 
are waiting to execute . 

PROC E SSOR I 

2. If so, save all registers and flags on 
the stack and save the address of 
the current program's stack 
pointer in a special table in 
memory . 

3. Load the new program's stack 
pointer from the table, pop all 
registers and flags off the stack . 

4. Return to the new program. 

Loading the new stack pointer 
raises some interesting questions . If 
program B has not yet begun, how 
could its registers have been pushed 
onto its stack7 Figure 2 shows the 
stacks of both programs as they 
would be at each step in the previous
ly described interrupt call routine. 
Part of the job of the routine that in
itialized program B is to set up a 
dummy stack and stack pointer such 
that the program counter address on 
the top of the stack conta ins the entry 

point of program B. Thus, when the 
interrupt call routine reaches step 4, it 
will execute a return instruction, then 
pop the entry point address off the 
stack and begin executing program B. 
When the interrupt routine is called 
again, it will see that program A is 
waiting and will save all of program 
B's registers and flags , swap stack 
pointers and return to program A at 
the point where it was first inter
rupted . 

All this activity will take place 
every time the interrupt routine is 
called, but if one of the programs gets 
caught in an infinite loop, the inter
rupt call routine may not get called . 
The simplest way to avoid this kind 
of problem is to add some hardware 
to provide external timed interrupts . 
As shown in figure 3, the interrupt 
timer is set to provide an interrupt 
every 10 ms. A reset line is provided 
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Figure 1: Timing diagrams for 4 different system organizations. Figure 1a is a multiprocessing example using 2 independent pro
cessors. Figure lb is a multiprocessing example using 2 processors connected in a master-slave configuration . Figure 1c is a single p ro
cessor w ith 1 level of interrupt . Figure l d is a single processor w itli 8 levels of interrupts. Each of the 8 levels is activated by 1 of 8 ter
minals. 
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Figure 2: Arrangement of all stacks and stack pointers at each interval of an interrupt call routine. 

in the event that the interrupt routine 
is manually called (through the soft
ware method). The timer may be 
reset to give the program its full 10 
ms. A disable line is provided to 
allow the user to turn off the timer for 
special applications (software timing) 
in which the processor must not be in
terrupted. 

Figure 4 shows our previous exam
ple of figure 1, but with the extra 
hardware generated interrupts added. 
In figure 4a some software interrupts 
are mixed in with the hardware inter
rupts . The timer is reset after each call 
to the interrupt routine. Figure 4b is 
the same except that the timer is not 
reset after each call. 

A Complete System 
There are limitless ways to go 

about developing a computer system 
that will be easy to use. A look at the 
current market shows this to be true, 
perhaps even to a greater extent on 
the small systems level. I will not at
tempt to describe all possible varia
tions available on a multiprogram-

ming system, but I will try to give as 
generalized a view as possible. 

First, we must consider what is 
necessary to make a useful system. 

~~~---<l~IO_K_H_z __ ~ 
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The following are essential: 

1. Some form of operating system 
that allows simplified user com-
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Figure 3 : Simple hardware interrupt timer set for 10 ms intervals. 
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Figure 4: Interrupt timing example of figure 1 reviewed with the addition of a hardware timer. The timer may be used in 2 ways: The 
example in figure 4a resets the timer on each interrupt call. This allows each program to receive its full 10 ms time slot . The example in 
figure 4b does not reset the timer. Therefore , a /wrdware interrupt occurs every 10 ms. 

munications (ie : BASIC, DOS, 
CPM). 

2. Convenient mass storage 1/0 
(cassette or disk). 

3. Sufficient memory to handle all 
programs. 

Another consideration might be the 
internal architecture of the processor, 
but that is another level of problem. 

Figure 5 shows the memory layout 
of a typical multiprogramming 
system . To maintain a simple system, 
I have combined the operating system 

BOOTSTRAP I NTERRUPT 
LOA DER ROUTINE 

with the timesharing routines that 
support all terminals (video displays, 
keyboards and teletypewriters) . This 
means that each time the operating 
system gains control (through an 
interrupt call or timer interrupt), it 
will complete its own activity and 
then transfer control to the time
sharing program for the remainder of 
the time slot. If the operating system 
is given highest priority, the response 
times of the terminals should not suf
fer. The operation of the timeshare 
program can be treated as a multi-

ALL 1/0 TI ME -
ROUTINES SHARING 

SUP PORT 
PROGRAM 

OPERATING 
SYSTEM (0) 

STACK 0 

STACK I 

USER PROGRAM I 

STACK 2 

USER PROGRAM 2 

-----
Figure 5: System geography of a typical multiprogramming system with space for the 
operating system and 2 other programs. 
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program system in miniature, where 
each terminal is given a time slot, or it 
may be designed to simply scan the 
terminals, choosing a new terminal 
each time it is given control. 

Controlling 1/0 
Many programmers have dis

covered the convenience of vectoring 
all 1/0 through 1 subroutine; this 
simplifies programming greatly and 
makes system changes much easier. 
Typically, 1 subroutine will accept an 
operand (if necessary) and an 
operator function code passed from 
the main program and will decide 
which I/O function to perform. In 
my hypothetical computer, this ap
proach will be used . Note that in 
some large computer systems, the 
I/O driver programs can only be ac
cessed by executing a special kind of 
interrupt call that informs the 
operating system that the user's pro
gram desires to perform some kind of 
input or output operation. The oper
ating system then takes charge, per
forms the I/O for the program in 
question, and returns pointers telling 
where the input data was stored in 
memory or that the requested output 
function has been completed. 

This type of 110 handling is neces
sary because the 110 controllers are 
extremely complex and are capable of 
performing an entire 110 operation 
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without processor intervention. ln 
fact, it would be very inefficient to 
make the processor of a large system 
perform these menia l tasks when it 
could be working on more important 
programs. In microcomputer systems 
we are not normally concerned with 
the optimization of l/O functions and 
it does not really hurt performance to 
have the processor perform most of 
the l/O. Consequently, the l/O 
driver routines in the system I am 
describing will not be considered as 
part of the operating system . They 
are just utility subroutines that may 
be called by the user's program. 

Defining the N ecessary Tables 
With onJy 2 programs very few, if 

any tables are needed to tell the inter
rupt routine which program was ac
tive at the instant the system was in
terrupted and which program is next 
in line . But imagine a system capable 
of supporting 10 or more programs: 
some form of priority scheduling will 
be needed, as well as a table to hold 
al l of the stack pointers of the inactive 
programs. 

8P2SM PARALLEL/SERIAL 1/0 BOARD 


To handle the list of programs 
(herein referred to as tasks), we must 
define a task control table that keeps 
track of a number of pointers and 
descriptors. First, each entry will 
begin with the task number that uni
quely defines each task. Next, we will 
include the priority of the task on an 
arbitrary scale of 0 to 10. It will then 
get the processor before a task of 
lower priority {10 is highest ). If 2 
tasks have the same priority, the first 
one in line in the task control table 
wiJI get control. The task control 
table must also keep track of the last 
value of the stack of each task and 
whether or not the task may be inter
rupted (in the case of critical timing 
loops). 

Another important status byte that 
must be kept is the current activity 
indicator. This byte contains the task 
number of the currently active task. 
Now let us assume that we have 3 dif
ferent tasks running and all have been 
initialized (stored in the task control 
table). The first task has a task 
number of 0 and a priority of 10. 
Generally the operating system is 
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given the task number 0 designation . 
Since the operating system and 
timeshare program (user terminals ) 
are considered one big program in 
this example, task 0 is also the 
designation of the timeshare system . 
Task 1 is a program that one of the 
users submitted (initia ted) from a ter
minal; it has a priority of 10. Task 2 
was also loaded and initiated by a 
user through the timeshare terminals, 
and it has a priority of 10. 

Imagine that the timeshare pro
gram calls the 110 driver program to 
write a character out to a terminal. 
Since there could be many terminals 
connected to the system, how does 
the program know which one to write 
to? It would be very inefficient to 
have different routines for each 
device, but the only way that a pro
gram could tell the I/O driver which 
specific display to write to is for the 
calling program to know the physical 
address of that terminal. Passing the 
actual address of the device ruins the 
neatness of the l/O routine, though . 
It is more convenient to specify the 
function to be performed (1 = write 
to video display; 2 = read keyboard; 
3 = write to cassette; 4 = read 
cassette). 

The solution is to have another en
try in the task control table called a 
commun ications co ntrol bloc k 
pointer that points to the location of 
the communications control block for 
the particular task. Since each task is 
given its own block, the user may 
define his or her own functions and 
addresses. Thus each program may 
have its own video display, key
board, cassette interface and disk. 
The communications control block 
contains a list of function numbers, 
the address of the I/O port or 
memory mapped port, and the ad
dress of the 1/0 subroutine that will 
perform the operation. Figure 6 
shows the arrangement of all tables. 

Sta r ting and Stopping 
To initialize a new task, the user 

adds entries to the appropriate tables 
through a console command and 
causes a dummy stack and stack 
pointer to be created. To stop a task, 
the last thing done in the task is to call 
a subroutine that would remove its 
task control table entry. This is 
equivalent to a CALL EXIT in FOR
TRAN found on many larger 
systems. 
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Figure 6: Control table organization . The current activity indicator contains the task number of the active task. The task control table 
contains the task number, task priority, last value of stack pointer, interrupt status flag (1 for yes, 0 for no interrupts), and the 
pointer to the task's communications control block. The communications control block contains the 110 (input/ output) function 
code, address of 110 driver routine associated with the function code, and the 110 port or memory mapped address assigned to the 
task for the particular function . One entry is provided for each function code used in the task. The owner of the task may add entries 
to the communications control block for specialized 110 driver requirements. 

Example 
The easiest way to show how all 

tables and pointers affect each other 
and the system is to observe them 
during a short period of machine ac
tivity. As we begin, task 0 (the 
operating system and timeshare 
routines) has control, and a timer 
interrupt is occurring. There are 2 
other tasks in memory: task 1 has 
priority 5 and task 2 has priority 4. 

First, as the interrupt rnutine is 
entered it saves all registers and flags 
of task 0 on stack 0 and saves the task 
0 stack pointer in the task 0 task con
trol table entry (see figure 7). Next, it 
scans the task control table for the 
task of next highest priority, moves 
the new task number (task 1) to the 
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current activity indicator, moves the 
task 1 stack pointer from the task 
control table to the processor's stack 
pointer, pops all of task l 's registers 
and flags off of stack 1, and executes 
a return, which has the effect of pop
ping the program counter and jump
ing to that address. 

Task 1, while executing, en
counters a call to the I/O driver 
routine with a request for a keyboard 
input (see figure 8). When the I/O 
driver routine is entered, it scans the 
task control table to find the com
munication control block pointer 
entry for task 1 (the routine deter
mines which task called it by looking 
at the current activity indicator), then 
scans the communication control 

block for the function number entry 
corresponding to the one passed by 
the main program. Even though the 
computer may have 5 or more key
boards attached to it, the port address 
found in the communication control 
block gives it the address of the 
keyboard assigned to task 1. 

Since the keyboard read routine is 
a common one, the address referred 
to in the communication control 
block points to a subroutine located 
within the operating system area. 
Note that if the user had need for 
some special I/O subroutine, ·he 
could locate it in his own memory 
area and put the address in his com
munication control block as another 
function code. 
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Returning to the example, the 
keyboard read subroutine is called 
from the I/ 0 driver, reads the 
keyboard port assigned to task 1, and 
returns to the 1/ 0 driver with the 
ASCH code . The 110 driver returns 
to the main program with the ASCII 
code in a register or memory loca
tion. In figure 9 the next timer inter
rupt has occurred, so control returns 
to the interrupt handler routine . 
Again, the interrupt routine saves all 
registers and flags of task 1 on stack 
1, looks at the current activity in
dicator to see which program was last 
active, saves the stack pointer in the 
task 1 task control table entry, scans 
the task control table for the next 
highest priority task, and finds that 
task 2 should get control. The stack 
pointer for task 2 is loaded from the 
task control table, all registers and 
flags are popped off of stack 2 and 
again a return is executed that causes 
task 2 to take control. 

In the next step (shown in figure 
10), task 2 has encountered the 
equivalent of a CALL EXIT or STOP 
command and has fin ished process
ing. This CALL EXIT calls a ter
minator routine which again finds out 
who called it (via the current activity 
indicator) and simply eradicates the 
task control table entry for that task . 
To keep things neat, all succeeding 
table entries are moved up 1 notch . 
Then, control is returned to the inter
rupt handler, which will find the next 
task in line. In this case, since no 
other tasks of lower priority are 
waiting, control is returned to the 
highest priority task 0. 

Error Handling 
On a single program system, error 

handling is something that the user 
can watch for manually . When 
several programs are running, the 
system must have routines to handle 
errors rapidly so that other programs 
will not be slowed down or 
destroyed. There are many common 
errors that are relatively easy to deal 
with. Executing an invalid op code or 
forgetting to put in the 2nd or 3rd 
byte of a multibyte op code can be 
handled through a simple system 
restart (through the interrupt handler 
routine) without losing continuity . 
But what about a program loop that 
accidentally destroys part or all of 
another user's program? On an IBM 
360, all memory blocks assigned to a 
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Figure 7: Task 0 has control of the processor and has just been interrupted. The in ter
rupt routine looks at all pointers, saves the status, and then transfers control to task 1. 

task are given a unique 4-bit protect Then, every time the address bus has 
key (which is the same as the task a valid address on it, it is tested 
number) that is stored in external against these registers . However, 
hardware . special precautions would have to be 

One approach might involve taken in those cases in which a utility 
having 2 external 16-bit registers that in low memory (1 / 0 driver routine 
could be loaded by the interrupt etc) is called, or when memory map
routine with the high and low ped 1/0 ports outside these address 
memory addresses of the active task . limits are used . 
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Figure 8: Task 1 has requested keyboard input from its assigned keyboard. When the 
input is completed, the I!O (input/output) driver returns control to task 1. 
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Resolving Allocation Conflicts 
Allocating 1/0 devices has been a 

problem since the early days of com
puters. Devices like tape drives and 
card readers (sequential devices) are 
nonshareable: only 1 program may 
use them at a time. However, disk 
drives are considered shareable, since 
the head may be positioned at ran
dom to gather data. The simplest 
method that can be applied to the 
system described in this article would 
be to have the initiator program 
check all communication control 
blocks to make sure that certain 
devices are not assigned more than 
once. 

1/0 Software Considerations 
As mentioned earlier, 110 techni 

ques in use on small systems leave all 
control up to the processor. If special 
timing is needed or if strobes or ready 
flags have to be checked, software is 
used instead of extra hardware, as in 
the case of larger systems. This in 
itself is good from the standpoint of 
economy, but requires that special 
care be taken when writing the driver 
and controller software. 

For example, suppose a cassette 
read routine uses a universal asyn
chronous receiver transmitter 
(UART) implemented in software as 
an algorithm instead of hardware. In 
a nonmultitasking system, the pro
gram may simply loop and time 
down between bits, but in a multi task 
system the timer interrupt would 
surely halt the activity and execute 
other programs. It may be well over 
30 ms before it can return to the 
cassette read routine. It is easy to see 
what can happen to critical timing 
loops on a system that uses any kind 
of interrupts . 

The solution? If you must do the 
critical timing in software, it is 
necessary to turn off the interrupt 
timer whiJe in the critical loop and 
reactivate it when in noncritical parts 
of the routine. lf external hardware is 
used, and internal timing is reduced 

Figure 10. Task 2 has completed its execu
tion and encounters a CALL EXIT. Con
trol is given lo the terminator routine 
wl·1ich performs some cleanup operations 
and removes tl1e task 2 entry from lhe 
task control table. effectively destroying 
the task. Control is then given to the inter
rupt routine which again scans the task 
control rable to find the next task awaiting 
execution. 
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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 Toys™ is fully equipped, fully 
assembled, and fully guaranteed to perform perfectly. 

DISCUS/2D™ 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 control I er utilizes the amazing Western 
Digital 1791 dual-density controller chip ... plus 
power-on jump circuitry, 1 K of RAM, 1K of ROM with 
built-in monitor, and a hardware UART to make 1/0 
Interfacing a snap. 

The DISCUS/20™ system is fully integrated with 
Innovations by designer/inventor George Morrow. 
Software includes BASIC-V™ virtual disk BASIC, 

DOS, and DISK-ATE™ assembler/editor. Patches for 
CP/M* are also included. CP/M~ Microsoft Disk 
BASIC and FORTRAN are also available at extra cost. 

OISCUS/20™ 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 
OISCUS/20™ 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. 
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to noncritical loops, the intervention 
of the multitask interrupt timer will 
not normall y affect the system. If the 
interrupt timer causes an interrupt 
just before a byte is received by the 
UART but returns in time for the 
next byte to be received, the easiest 
way to assure that the cassette read 
routine does not drop a byte is to set 
the ti ming of the interrupt oscillator 
to at least twice as fast as the 
transmission rate of the UART. This 
greatly reduces chances of losing a 
byte . 

An alternate approach is to have 
even more hardware that fo rces the 
interrupt timer to timeout and return 
control to the program awaiting the 
data transfer operation when the in
coming data is present. A third way 
involves the use of direct memory ac
cess (OMA) capability, in which the 
external controller reads the UART 
and deposits the data directly into 
memory. With this approach, the 
calling program need only initialize 
the external registers and go into a 
wait state until the transfer is com
plete, allowing the rest of the tasks to 

execute normally . This last approach 
is used on many large systems and 
constitutes what is ca lled a channel. 

Managing the System 
As you can see, many levels of ac

tivity are requi red to control a 
multiprogramming system properly. 
It is also apparent that some minimal 
hardware is required to prevent one 
user from obtaining exclusive control 
of the processor or writing over 
someone else's program or data . The 
use of control tab les and a standard 
interrupt routine a re also important 
as a way of let ting the interrupt 
routines and 1/0 drivers know which 
task had con tro l of the processor last. 

If the user plans to run BASIC soft
ware or some other kind of language 
interpreter , the safe ty features 
discussed ea rlier may be implemented 
as part of the interpreter. To run a 
lower-level operating system that 
a llows the user to generate assembler 
level code will generally require the 
hardware described in this ar ticle . 
thus safeguarding the system and its 
users from accidental loss of pro

grams or data . In general , the use of 
timed interrupts allows for a fairly 
even distribution of processor 
activity, and depending on the cycle 
time of the host system, between 4 
and 12 tasks may be handled without 
too not iceable a delay in response 
time . • 
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FMG Corporation was formed in 
1975 as a software consulting 
company. For the past 4 years 
FMG has been developing and in· 
troducing new programs de
signed to Increase the versatility 
or the TRS·80. last year we Intro
duced the CPIM system, this year 
we otter the UCSD Pascal system. 

PASCAL 
UCSD Pascal. the powerful general 
purpose language system , de· 
veloped tor large and complex 
systems. Is now available for your 
TRS·80. 
The FMG UCSD Pasca l system 
opens a new generation of value for 
your TRS-80. Package includes. 
Operating System 
Screen Editor 
280 Macro Assembler 
Library 
Pasca l Compiler 
Utili lies and System Relerence Book 

Price $ t 50.00 
(Requires 48k System with 2 drives.) 
Available wilhoul Macro Assembler. 
Linker and library 

Price$ t00.00 

FORTRAN 
Now On Sale! 
Comparable to compilers on large 
mainframes and minicomputers. All 
of ANSI slandard FORTRAN X3 .9
1966 is included except COMPLEX 
data type. Therefore. users may 
lake advantage ol lhe many app lica· 
lions programs already writlen on 
FORTRAN. Package includes : 
FORTRAN Compiler 
Macro Assembler (280) 
linker 
library 
Lib Manager (No l m TRS-DOS 
version.) 

Price $350.00 
For this monih only 

Sale priced at 250.00 
Manual $25.00 
(Specily TRS-DOS or TRS-CP 'M 
ve rsions.) 

SID Symbolic 
Instruction 
Debugger 
Symbolic memory re ference wilh 
built -in assembler,d1sassembler 
SID Diskelte and Manual! Price 
5125.00 
For this Month Only 

Sale Priced al $75 00 

CP/M Operat~~W
System New 1.46 
Version 

Includes RS-232 and I 0 Byte om· 
plemen lahon. Ed itor , Assembler, 
Debugger and Utilities lor 8080 and 
280 Systems. For up lo lour TRS·80 
floppy disks. Package includes: 
CP M Syslem Diskelle 51/.:'' 
CP M Fealures and Facilities 

Manual 
CP M Editor's Manual 
GP M Assembler Manual 
CP.M Debugger Manual 
CP•M Interface Guide 

Pnce $150.00 
(Requires 16k and o ne dr ive 
minimum) 
(Set ol 5 Manuals . • . . . _ $25.00) 
Updates for 1 4 versions owners 

Sl S.00 

MAC Macro 
Assembler 
Compaflble with new Intel Macro 
standard. Complete Guide to Macro 
applicat ions . MAC Diskelle and 
Manual· Price $150.00 
For this Monlh Only 

Sale Priced at $99.00 

TEXTWRITER II 
A tex t forma111ng prog ram that 
prints files crea ted by an editing 
program. Contracts. personal ized 
form leffers and olher documents 
can be prinled lrom a stored library 
ol standard paragraphs 

Pnce : $130.00 
For This Month Only 

Sale Priced al $75.00 
Manual S25.00 

TRs-ao New 
COMMUNICATOR 
RS232 Communicat ion Program 
allows the TAS·80 to transmit or re
ceive programs or data liles. Also 
makes the TRS·80 into a remote ter 
minal. Requires Radio Shack RS232 
and CP M. 

$25.00 

I v""· I Call or Write !al 
for Comp/e re lnformar1on 

('?~ 

A Division of Applied Data Corp 
P.O. Box 16020, 89 Fort Worth , 


Texas 76133 • (817) 294-2510 
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REAL ESTATE SOFTWARE 


Business Is Booming 

Over 240,000 Offices Nationwide 


And Still Growing! 

The Real Estate Market has never been so widespread, profitable and competitive! To beat competition and reduce 
expensive labor costs, more and more real estate offices are re lying upon computers to organ ize and direct their 
business transactions. 

To meet this growing demand, R.S. I., lnc.n•, has devel 
oped the most comprehensive Real Estate Software ever 
that is specially designed to satisfy the needs of all Realtors 
... large or smal I. The software is easy to use and requires 
no training. 

R.S.I., lnc.T ... , Real Estate Software is divided into 2 pro
grams, Property Management and Cash Flow Analysis 
(forthcoming). Each program comes complete with an 
inst ruction manua l that features screen-by-screen displays. 

The Programs run on a DEC station 78 & 88 series, CP/M® 
operating system type 8080 or Z-80 with 48K of memory, 
C Basic 2 version 2 .03, CR UN 2 version 2.03, 8 inch single 
or dual density floppy disks, a 132 character printer and 
CRT termina l with a 24 x 80 screen. 

MAIL COUPON OR CALL ... 

TOLL-FREE 

(800) 227-3474 

R .S. I.™ 's Software systems for the Real Estate market 
can be profitable for you. Inquire today for full details 
on Real Estate Software programs. Circle 323 on inqui ry card. 

PROPERTY MANAGEMENT SOFTWARE 
Comes Complete With a 200 Page Instruction 

Manual...With 80 Screen-by-Screen Displays 

for Easy Reference! 

Program includes: 

• Operating Statement Repor1 
• Balance Sheet Report 
• Rent Book Report 
• Management Fees Report 
• Vacancy Report 
• Late Rent Report 
• Check Writing I Check Register 
• 	Deposit Register 


& much more.. . 


Mail to: 	 R.S.I. ™ 
2126 Lombard St. I San Francisco, CA 94123 

Check enclosed Bill my 1 Master Charge [ VISA 
Send me your PROPERTY MANAGEMENT sof tware 
comp lete with 200 pg . manual for $595.00 (shipping & In 
surance Inc luded I CA residents add sales tax). 

Acct.II _ ____ 

Exp. date_____ Signature ______ 
Name _________ _ ______ 

Address_______________ 

City_ _____ State____ Zip.___ 

Telephone (include area code) 

DEALERS!. .. Check here D and attach business card 10 

coupon for complete detai ls on all R. S.I.'"" Software and 
merchandising support!! 



Interface a Chessboard 

to Your KIM-1 


Jeff Teeters 

1720 Coolidge Ct 


Eau Claire WI 54701 


notation promotes errors and makes 
play difficult for people who do not 
know the notation system. Further
more, errors may not be detected un
til many intervening moves have 
occurred. 

An ideal chess-playing system 
would contain a digital television 
camera to observe the board and a 
mechanical arm to move the pieces. 
[A mechanical arm designed for 
exactly this application was described 
in the article "A Hobbyist Robot 
Arm," by Keith Baxter and Timothy 
Daly in the February 1979 BYTE, 
page 84 .. .RSS/ A less costly alter
native is to construct a chessboard 
which can electronically com
municate with the computer. The 
computer may then "look" at the 
board position through its l / O(in
put / output} ports. A means of in
dicating the computer's moves on the 
chessboard itself may also be pro
vided. 

In the system that I have con
structed, the user makes his move on 
the electronic chessboard, instead of 
typing each move on a keyboard. The 
computer's moves are displayed on 
the chessboard through the use of 
discrete light emitting diodes (LEDs}, 
arranged in an X, Y coordinate sys
tem. The LEDs show the user exactly 
which chessman the computer wants 
to move, and to which square. 
In addition to being aesthetically 
pleasing, this system makes it im
possible to enter your move in-

About the Author 
Jeff Teeters is an undergraduate student at 

the University of Wisco11si11 at River Falls 
where lie majors in matli ematics. 

Chess is a fascinating game. Com
puter chess is especially fascinating 
because the complex analysis which 
determines each move is performed 
by a machine instead of a human. 
Computer chess offers an excellent 
way to demonstrate the power and 
versatility of personal computers. 

Most computer chess systems are 
unable to "see" a chessboard. A 

human playing against a computer 
will usually set up a chessboard 
beside the computer, and the moves 
will be communicated to and from 
the machine through the use of a 
keyboard and a display in some type 
of abstract notation. 

Keyboard entry of moves is unde
sirable. It is inconvenient, error 
prone, and inelegant. The abstract 

Photo l : Tw o pawns, a White Knight , and a loose rivet are shown on top of the elec
tronic chessboard. One row of 8 light emitting diodes (LEDs) is placed along the left side 
of the board, and another row is placed along the bottom of the board as seen by the 
human player. Two LEDs are lit to indicate a single square, using an X, Y ax is system. A 
single large hole is drilled in the center of each square to accept entrance of the rivet 
which is glued to the bottom of each chessman. The rivet completes an electrical circuit 
between 2 pieces of wire that run from smaller holes through the large central hole. This 
switching arrangement allows the computer to detect the presence or absence of a piece 
at each square of the board. Jn this prototype, an additional set of 3 wires is seen in each 
square; these wires remain from an earlier, unsuccessful switching attempt . 
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correctly, and easy to interpret the 
computer's move. The board is 
continuously scanned so that even if 
the user moves the computer's piece 
incorrectly, the mistake is detected 
immediately. A speaker is connected 
to the computer to let unwary users 
know (by a buzz) when they misinter
pret a computer move. This speaker 
also emits a brief sound when the 
chess program has decided on a move 
and when it has been recorded into 
the computer's internal board 
representation. 

This project is designed for specific 
use with Peter Jenning's Microchess, 
running on a KIM-1 with about 0.5 K 
bytes of extra memory. Imple
mentation on other 6502 based com
puter systems should be relatively 
easy since only a few minor software 
modifications would be needed. The 
required hardware consists of a chess 
set, a package of cheap switching 
diodes, 2 integrated circuits, 16 
discrete LEDs and 32 copper rivets. 

The chessboard should have a thin, 
nonconductive surface that is easy to 
drill holes through. This surface must 
be supported by side panels so there is 
a hollow space of about 2 cm under 
the board for wiring. I used a cheap 
plywood chess set that is designed to 
fold into a storage box for the 
chessmen. The copper rivets should 
be small in diameter, about 12 mm 
long, and have a flat top. The ones 
that I used were size 9 rivets manufac
tured by the Tower Corporation of 
Madison IN. 

System Concepts 
KIM-1 Microchess uses an internal 

board-status table to keep track of the 
whereabouts of the chessmen. This 
table contains 32 square numbers 
which indicate the position of the 32 
pieces. It is important to realize that 
Microchess generates moves solely on 
the basis of what is in that table, and 
not how it was placed there . My plan 
of attack was simple. I had only to 
wire a chessboard to the computer 
and write an interface program that 
would translate moves on the chess
board into changes in the table. Since 
this program will be needed only 
when moves are physically being 
made, it can be called from 
Microchess and used in place of the 
Microchess keyboard I/O (input / out
put) routines . After the user has 
finished moving, control can be 

Photo 2: The bottom of the chessboard. The switching diodes and connecting wires are 
so ldered directly to the wire contacts in tlie central holes . The 2 integrated circuits are 
type SN74154 decoder/ demu ltiplexers. Note the tips of rivets protruding through some 
of tlie holes. 

transferred back to Microchess to 
compute the machine's next move. 

The Microchess to chessboard 
interface program is logically 
straightforward. If no move is being 
made, the table should be an accurate 
representation of the board . A move 
is detected when the table does not 
correctly represent the current board 
position. If an empty square appears 
on the board where the table indicates 
that a chessman resides, then the user 
has just picked up that man . If the 
table shows an unoccupied square 
which the board indicates is occu
pied, a chessman has just been set 
down in that square. A move is con
stituted by the user picking up a man 
and setting it down in some other 
location. A capture is completed by 
picking up 2 men and setting 1 down 
in the space formerly occupied by the 
other. Because the Microchess table is 
updated each time a simple move or 
capture is made, the table always 
gives an accurate representation of 
the current board position. 

Hardware Details 
Note that the chessboard interface 

program can keep track of the moves 
that are made simply by knowing if 
individual squares are occupied by a 
piece or are empty. The circuit which 

Photo 3: The complete chessplay ing sys
tem. The completed electronic chessboard 
stands in the foreground. The chessboard 
and the sound-effect speaker are con
nected to the KIM-1 computer residing in 
the suitcase in the background. 

provides this information to the com
puter is illustrated in figure 1. For 
purposes of square identification, the 
chessboard is conceptually cut in 
half. The 2 pieces are placed logically 
end to end, forming an arrangement 
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THE TRAP DOOR BREAKING THE SOUND BARRIER 

September 1977 March 1979 

Byte Cover Prints·· 

Limit 

The September '77 and March '79 covers of BYTE 
are now each available as a limited edition art print, 
personally signed and numbered by the artist, 
Robert Tinney. 

These prints are strictly limited to a quantity of 750 
for each cover, and no other editions, of any size, 
will ever be published. Each print is 18" x 22 • , 
printed on quality, coated stock, and signed and 
numbered in pencil at bottom. 

Send me "Breaking the Sound Barrier" 
prints at $25 each, and "Trap Door" 
prints at $25 each. I under~tand this price in 
cludes Certificate of Authenticity and first class 
shipment. 

0 I have enclosed check or money order 
to Robert Tinney Graphics. 

0 Charge this to my Master Charge or Visa 

Card #________ Expires:___ 

Ship my print(s) to: 


Name _________________ 


Address_______________~ 


City State__Zip____ 


Send order to: 

robert tinney graphics r1 
P 0 . Box 45047 • Baton Rouge. LA 70895 , .. 

Editions. 
The price of each print is $25. This includes 1) a 
signed and numbered print; 2) a Certificate of 
Authenticity, also signed personally by the artist 
and witnessed, attesting to the number of the edi· 
lion (750), and the destruction of the printing plates; 
and 3) first class shipment in a heavy-duty mailing 
tube. 

To order your limited edition art print, fill out and 
mail the order form below. 
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CCS has everything to expand your Apple II* 

Friendly Frankie's roadside 

Apple II stand has plenty to whet 
your appetite for expansion. So, if 
you 're ready to have your Apple 11 
computer interface with the outside 
world , wheel around to Frankie's 
stand today. 

Expand to your heart's con
tent with our full range of delicious 

accessories, including: prom 
modules. asynchronous and 
synchronous serial interfaces. 
arithmetic processors, program
mable timers, paral lel interfaces, 
A/D converters, and Apple 11 
compatible boards galore. 

Let Frankie connect your 
Apple II to the rest of the world 

faster, and for a lot less bucks. 
For all the mouth-watering 

detai ls, contact our northern 
California headquarters or your 
local roadside computer store. If 
Frankie's out, ask for Dennis or 
Jerry. They'll be glad to help you . 
*Apple II is a registered 

trademark of Apple Computers, Inc. 
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Figure 1: Circuit which determines whether or not a given square is occupied. The chessboard is conceptually cut in half. It is placed 
so that the squares form a 4 by 16 matrix. For each square, a diode and a switch are wired in series between the appropriate row and 
column lines. A closed switch indicates an occupied square; an open switc/1 indicates an empty square. 

of 4 rows and 16 columns. A diode 
matrix allows the hardware to iden
tify the individual squares. 

The integrated circuit in figure 1 is 
a type SN74154 4 to 16 line decoder/ 
demultiplexer . The 4 input lines to the 
device are connected to the KIM-1 
I/O port A. Each of the 16 output 
lines is linked to a column in the 
matrix. This portion of the circuit 
allows the KIM-1 to select 4 squares 
out of the total of 64 . The 4 rows of 
the matrix are connected to the I/O 
port B. Row and column addressing 
allows scanning of a single square. 
Each square of the chessboard has a 
switch. A closed switch indicates that 
the square has a piece on it; an open 
switch shows that the square is 
empty. 

To determine whether or not a 
piece is on a particular square, the 
interface program first selects the 
column by sending the correct binary 
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code to the 4 input lines on the 
SN74154. This brings 1 of the 16 out
put lines low, while the diodes keep 
the rest high. If the switch is closed 
(ie: a piece is on the square), then the 
corresponding row-line will be pulled 
low and the matching port-B data 
register bit will be a 0. Thus, by select
ing the column through port A and 
testing the row bits in port B, it is 
possible to determine the status of 
every square on the board . 

Switch Experimentation 
Now for the hard part : what can be 

used as a switch? The actual mechani
cal operation remains the only unre
solved detail. All that is needed is 
some means of closing the switch 
whenever a piece is set down, and 
opening it when one is picked up. 
There are several ways to accomplish 
this - some of which are better than 
others. 

In my first attempt I put aluminum 
foil on the bottom of the pieces and 
used simple wire contacts on top of 
the board . I punched 6 holes into each 
square using a large needle to form 
the corners of 2 concentric, equi
lateral triangles. Three strands of 
wire were looped through the holes 
forming 3 symmetric contacts (see 
figure 2a). The third contact was used 
only to balance the pieces. 

The concept is simple. The piece is 
set on top of the wire contacts and the 
aluminum foil makes the necessary 
connection. Unfortunately it didn't 
work. The contacts were not suffi
ciently stable, and the slightest vibra
tion rocked the pieces, leading the 
program to believe that the user was 
trying to move 5 or 10 pieces at once. 

That problem might have been 
solved by mounting magnets on the 
pieces and using a chessboard with a 
nonconductive magnetic surface . 
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Figure 2a: Th e first attempt to form a 
switc/1 for the squares. Three symmetric 
contacts on top of each square were made 
by looping bare wire tlirough holes in the 
board. Two of the contacts were wired to 
the row and column lines on the back side 
of th e board. (Th e third wire was simply 
to balance the piece upright .) The pieces 
had aluminum foil glued to their bottoms. 
Wh en such a cliessman was set down on 
the con tacts, electrical continuity was 
achieved . Unfo rtunately , vibration 
caused intermittent contact and confused 
the computer. 

Another possibility would be to 
eliminate wire contacts entirely and 
use reed switches or some type of 
photoceJJ. Unfortunately, one such 
device must be mounted under each 
square, necessitating a total of 64 
devices . Although they would have 
undoubtedly worked, 64 photocells 
or reed switches would have cost 
more than I was willing to spend on 
the project. 

Switch Success 
I eventually figured out a contact 

method that was both cheap and 
reliable. I drilled a small hole in the 
center of each square, just large 
enough to slide in a copper rivet. Two 
strands of bare copper wire from 2 of 
the inner contact holes used in my first 
attempt were looped through the 
larger central hole forming 2 contacts 
inside of the hole (see figure 2b) . The 
felt on the bottom of the pieces was 
peeled off and the tapered copper 
rivets were glued onto the metal 
weight underneath the felt with an in
stant bonding adhesive. 

I have found that these contacts 
work quite well. The tapered copper 
rivets slide easily in and out of the 
hole, while slight pressure from the 
sides of the hole forces the rivet to 
make good contact with the copper 
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Figure 2b: Th e second attempt to form a 
square switch . Tliis attempt w as 
successful. Copper rivets were g lued to 
the bottom of tl1 e chessmen. A la rge hole 
w as drilled in th e center of each square to 
receive the rivet . Two wires were looped 
through the large cen tral hole from 2 
smaller holes (left over from the first 
switch attempt). Th e rivet closes the elec
trical circu it . 

wire. The pieces remain intact and the 
electrical contacts remain solid, even 
when the chessboard is held upside 
down and shaken gently . Of course 
when you wire your chessboard, you 
should leave out the 3 symmetric 
wires that I tried on my first version. 
Only the 2 strands which were looped 
through the rivet hole need to be in
stalled (see figure 2c) . 

Hardware for Computer Output 
The LEDs are wired according to 

figure 3. The integrated circuit is 
another 4 to 16 line decoder whose 4 
inputs are connected to the 1/ 0 ports . 
Note that decoder outputs 0 thru 7 
are connected sequentially to the 
rank- indicating (Y axis) LEDs with 
the 0-bit output being connected to 
the uppermost LED . Likewise, the 
file - indicating (X axis) LEDs are 
connected left to right with outputs 8 
thru 15 . The chip-enable line is con
nected to 110 port pin PBO so that the 
LEDs can be turned off while Micro
chess is computing a move. 

Mounting of the LEDs on the sides 
of the chessboard is relatively 
straightforward . I used a large needle 
to punch the holes for the leads prior 
to insertion . Glue can be used to hold 
them in place. Be sure to orient the 
chessboard so that a white square is 
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Figure 2c: Illustratio11 of the appearance of 
a square which uses rivet switches, and 
w hich previously did not have other 
methods installed in it . The reader may do 
it correctly the first time. 

in the lower right-hand corner of the 
side facing the human player . This 
means that the 2 rows of LEDs install
ed on the left side and bottom of the 
board will meet at a corner contain
ing a black square. 

The speaker is connected to output 
port pin PAO in the manner described 
in the KIM-1 User 's Manual on page 
57. See figure 4 for an illustration of 
the 1/0 port connections. 

Software 
The necessary modifications to 

Microchess are shown in listing 1. 
The Microchess to chessboard inter
face program with source and object 
listing is given in listing 2. Although I 
used a nonstandard meta-assembler, 
most of the mnemonics are similar to , 
if not the same as, the MOS Techno
logy standard mnemonics. The 
listings are fairly well documented. 

There are, however, some general 
concepts that may be difficult to 
deduce from the listings . The 
workhorse of the chessboard inter
face program is subroutine GET
MOVE. GET-MOVE calls the KlM 
monitor routine GETKEY before 
doing anything else, in order to see if 
the user has pressed the DA key 
(which is used when setting up a new 
position) or the PC key (which clears 
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the board for a new game). If neither 
the DA nor PC key is depressed, 
GET-MOVE scans the chessboard, 
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PORT B 

square by square, searching for pieces 
that were recently picked up or set 
down. This is done by comparing the 
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Figure 4: Schematic diagram of chessboard input connections for the KIM-1. If the 
speaker is built into the chessboard, a 16 conductor cable is required to connect the 
board to the KlM-1 application connector. Thirteen conductors control the chessboard 
and light emitting diodes; 3 are needed for speaker, ground, and +5 V supply. The 
cable should be of sufficient length that the chessboard may be set in a convenient posi
tion for game playing. 
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Microchess board-status table to 
the current board position, as pre
viously described. There is one im
portant exception. When the user 
picks up a piece to make a move, 
SHOULDBEUP-FLAG is made non
zero, and the square where the piece 
used to be is stored in hexadecimal 
addresses FA and F9. A nonzero 
SHOULDBEUP-FLAG tells sub
routine GET-MOVE that the 2 
squares in FA and F9 should not be 
occupied, even if they are shown in 
the table . This is done to prevent 
GET-MOVE from continuously 
reporting that the same piece was 
picked up. 

Upon exit from the subroutine, the 
result of the search is stored in the 
accumulator and in location UP
CLEAR-DOWN. A +1 is returned if 
a piece has been picked up, a 0 if there 
is no change, and a -1 if a piece was 
set down. If a piece was picked up or 
set down, then CHANGING
SQUARE will contain the number of 
the square where the pickup or set
down occurred . Likewise, if a piece 
was picked up, then CHANGING
PIECE will contain the hexadecimal 
designation of that piece as outlined 
on page 3 of the Microchess player's 
manual. 

While GET-MOVE is scanning the 
chessboard, it also lights up the X and 
Y axis LEDs that point to the square 
in LIGHT-SQUARE. If SPEAKER
FLAG is nonzero, the speaker is 
rapidly toggled to produce a hum. 

Subroutine CLEAR-ST ACK resets 
the Microchess and the machine stack 
pointers back to their initial values. 
The subroutine is called from various 
parts of the interface program to pre
vent the stacks from overflowing into 
Microchess code. 

After Microchess has computed 
each move, control is transferred to 
the start of the interface program at 
hexadecimal address 2000. The user 
must physically move the pieces for 
the computer. The piece designation 
and the from and to squares of the 
calculated move are stored in the 
KIM display at hexadecimal 
addresses FB, FA, and F9 respective
ly. Because of the no-operation in
structions inserted at address 03E1, 
the move has not been recorded in the 
board-status table. Addresses 20t 0 
through 2040 of listing 2 contain code 
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MM161</$349 = 21¢ MM241</$499 = 2¢ 

Now you can afford to sink your teeth into 
some big, feature-packed static memories. 
Because George Morrow's ultra-efficient 

designs have brought S-100 memory down to 2¢ 
a byte. 

Introducing Morrows new "MemoryMaster" 
Bank Select Logic memories, the top ofthe 
SuperRam™ line. 

The SuperRam™ MemoryMaster 161< Static may 
be the most sophisticated S-100 memory at any price. 
The MM16K is switch-programmable to write-protect 
any ofthe four 41< blocks ... or to open invisible 1I< 
"windows" to accommodateVDMs or disk 
controllers. An on-board I/O device andjumperblock 
allow you to use the memory-extending Bank 
Select Logic features ofyour software. 

Yet, the SuperRam™ MemoryMaster 161< kit ls 
just 2.1¢ a byte at $349. Assembled and tested, $399. 

The SuperRam™ MemoryMaster is also available 
In 24K configuration: 3 individually wrlte-protectable 
SK blocks with Bank Select Logic capability. 
MM24K Kit, $499. Assembled and tested, $549. 

SR161</$299 =1.8¢ SR32K/$649 =2¢ 

Or, get your memory at a rock-bottom 1.8¢ a 
byte with the SuperRam™ 16K Static. It gives you 4 
individual 4K blocks ... plus the ability to switch· 
enable the Phantom Line for power-up sequencing. 
Kit, $299. Assembled and tested, $349. 

But ifyou really need a big helping ofmemory, 
the SuperRam™ 321< Static serves up two individual 
16K blocks for 2¢ a byte: $649 in kit. Assembled and 
tested, $699. 

Whichever Morrow memory suits your taste, it 
will run perfectly in 2 MHz 8080, 4 MHz Z-80 or 
5 MHz 8085 systems. And meets the Proposed 
IEEE 5-100 Standard. 

2¢ a byte! That's food for thought. And they're 
ready to take out at your local computer shop. Or if 
not,we deliver. Write Thinker Toys!M 5221 Central 
Ave., Richmond CA 94804. Or caU 415-524-2101 
(10-4 Pacific Time any weekday). 

Morrow Designs 

Thinker Toys™ 
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Listing 1: Modifications which were made to Peter Jennings' KIM-1 Microchess program 
to allow for t/·1e use of the electronic chessboar-d. Change the specified locations in 
memory with the KIM monitor. 

Address (Hexadecimal) 

0008 
OOOA 
0000 
OOOF 
0012 
0033 
003F 
0087 
0089 
01AC 
03A7 
03E1 
03E9 
03EC 

New Code (Hexadecimal) 

A9 FF 
80 01 17 
A9 21 
80 03 17 
4C 00 20 
00 
60 
02 04 
08 10 
60 
81 
EA EA EA 
20 39 00 
4C 00 00 

Comments 

Set up Port A-DOR 

Set up Port B·DDR 

Jump to inlerface program 
Toggle, must be - 1 or zero 
Return from CLDSP 
MASK-TABLE (used 
to read row) 
Return from DISP 
Use. SQUARE for flag 
Don't record move 
Show all FFs 
(Concede defeat) 

Listing 2: The Microcl1ess to chessboard interface routine, a sort of chessboard device 
handler program. This listing is the output of an assembly with both source and hexa
decimal object code shown . It is written in a nonstandard assembly language of the 
author's own design , although most of the mnemonics are similar to the MOS 
Technology standard mnemonics. 

0000 !SET BIGC;ORG 2000; 
:!0 00 COHftENT •*• KIH - 1 HICROCHlSS 
2000 PROtiRAN. URITTEN ,.2000 ., 
2000 !DlFINE .BOAfilJ=SO, 
~000 .&D-1=4F, 
2000 .BK=oO, 
2000 .SP2=82, 
2000 .SQUAR E=B1, 
211 00 CHAHGI NG-SllUAR£=27, 
2000 CHANGING -PIECE=28, 
2000 CLOSf'= 3900, 
:tOOO CLEAR - ~UAkD=IBOO, 

2000 COUH1 -FLAG=29, 
2000 DISF'=900 1, 
2000 FLASH -DJSP LA Y=IFIF, 
2000 ffiON-SOUARE=2A, 
2000 GETKE Y =6~Jr I 

2000 GO=A203, 
2000 Ll GH 1-SOUAkE =2 ~, 
2000 HASK - TA8LE=&7 , 
2000 HOVE=4&0J, 
2000 f'ORT - LIGHT= ~ C , 

2000 hlRT-SOUAkE =2 D, 
2000 POkT -A=0017, 
2000 f'ORT - &=02 17, 
:_, ooo RANOO"M =0 41 l , 
2000 kEVERSE=B202, 
2000 SPEAKER-fLAG=2E, 
:~ ooo SHOULDSEUP - FLAG =ZF , 
2000 SUJl t H-f LAG=30, 
2000 TCHhNG!NG-PIECE=31, 
2000 TCHANGINu -S UUARt =j~ , 

2000 Tlnf' =f 3, 
2000 TCJGuLt=33, 
2000 TUP-CLEAR -DOUN=34, 
2000 UHOVE=3103, 
2000 UP -CL EAR - DOUH•JS, 
2000 • + " =12. 

,.:! 00 0 I 

TO CHl$SBOARIJ INTERFACE *•* 
BY JEFF TEETERS. 9/8 //8 

X AODHlSS UF FllCl IASLE 
X .~OAkD LESS UNl 
z ADDR~SS or USEkS ~llCES 
X "ICROCHESS STACK POINTER 
X 10 SQUARl USED BY "OVE 
X RETURNED BY GET - "OVE 
% PIEtE f'lCKED UP AT CH-SOR 
l LLl~~ lllSf'LAI 
Z Sll UP N£U GAME 
7. SEI UHlN CUUNl!NG OOUN 
X DISPLAY PIECE NAME IN FB 
l Kin hUNITOR ROUTINE 

USED UHE N UNMOVING CAr fUkE 
% KIN MONllOR RUUTINE 
Z AUURlSS OF LHl~S PROtiRAH 
I ~QUARE Ll~HTED BY LEO~ 

USED TO READ ROU 
% ROUTINE TO UPDATE . BOARD 
% USED TO BUI LD 10 PURT 
% 
% KI N-I 1/0 f'ORT 
z 
Z K!M-1 lN IERVAL TIMER 
I RUUllNl TO lXCHANGE SIDES 
X =1,GET - HOVE GENERATES TONE 
X =1,SOUARES IN FA~ F9 UP 
% SET IN lX CHA NGE 
Z TEMPURAk T LHANGING PIECl 
I IE"PORAkY CHANGING-S~UAkl 
x rEnPORARY SlORAGE LOCAllO~ 
I ALTEkNATLET LIGHlS FA & F9 
X TEMPORARY UP -CL EAR-DOUN 
l kOUTINE TU UNHAKl nuvE 
X STATUS OF CHA~GING ·S~UARE 

X RETU~N VALUE OF PLUS Kll 

l VOO IIIIIllillZlIIlI4IlIXIX%X44~IlXXIlI4l r. Xxz:zxIXIXlX%1 
LOOO IIIIIIIIIX USER MOVE tONrUTEk PIECE XXtXII%lXZ 
2000 
2000 

lillIXIXIIIlllXIIIllIIIlIIIllIItIIIIIXXIXllIXll%%%%% 
I••••••••• PICK THl PIECE Uf' ••••••• ••% 

2000 A9 00 LOAN 00 XRESET FLAG 
2002 85 ~F SIA SHOULDBEU~-FLAG 

:1 00~ A5' FA LDA FA 4LIGHI "1-kU M tiQUAkE" 
2006 8~ Z& STA LIGH l- SOUAfl'E 
:.i OOB E6 2E !f'ltK-11-UP: INC SPEAKER-FLAG XSOUNO OFf 
LOOA LOOP 

http:0.5�82515.ST
http:Des1gnsaswellastheMTX.Al


Ci rcle 278 on inquiry card. 

200A 20 68 21 JSR GET-llOVE %UAIT FOR PLAY[~ 10 
2000 f 0 BEO %%PICK UP PIE LE. 
:.' OOE f 8 EHD LOOP 
200f 30 F7 8111 PI Ct< · l 1- Uf-' ~EkkOR, P l~Ct ~El UQUN 
2011 A5 27 LUA LHANGIHG - ~OUA~E i1s ~ltL E r1cKtD UP 
2013 CS f A ChP f A UCOR~EC l ONEY 
.! 015 DO Fl BNE PI (;K  11 - Uf' 
..: 01 7 A6 FB LDX FB XYES, SET TABLE ENTRY 
2019 A9 CC LD AM cc ;:;: I 0 "CC" 
2018 95 50 STAX .BOARD 
2010 SET THE PIECE DO UN ~••• • ••••% 
2010 AS F9 LDA F9 tLIGHI 10 SQUARE 
201F 95 2B SIA LIGHT-SOUAkl 
.!0 21 Eo 2E 1 SEl  11 -DOUll: IHC SFHKt:: k -r LAG XllAKE NOISE 
2023 LOOF' 
20<!3 20 6B 21 JSR GET-HOVE XUAIT FOR CHANGES 
2026 FO BEU 
2027 F~ ENDLOOP 
2029 AS F9 LDA f9 XIS USEk HOVEING 
202A C5 2/ CHP CHANG! G· SQUARE XXCORRECT PllCE~ 

202C DO l'3 BNE SE! - IT  OUUH 
202l A5 J~ LDA ur -CLEAR-DOUN U ES 
203 0 10 08 H HEGArlVE THEN 
2032 A6 FB LOX ~~ %UPDArE TABLE.CFIECE 
2034 AS 27 LDA CHANGIHG-SOUARE tXSET DOUN, HOVE HAS 
2036 95 50 STAX . BOARD ZXkEEN COMPLETED . > 
:! 039 I 0 BPL 
203~ 08 ELSE 
203A A6 28 LDX CHAHGING - PIECt:. %C APTU RED P!ECE HAS 
203C A9 lC LDAN cc XXBEEN PICKEO UP . .. 
:! OJl 95 50 STAX .BOAkU IX UPOATE TABLE AND 
:! 040 30 DF ~Ill SEl  IT-DOUH lXUAIT FOR SET DOU N. 
2042 EHUELSE 
2042 
2042 

4X4XX XXXXI I IXXXXXXXXXXXXXXX I X%XXXIIXXXtXXXX4lIXXXXI4 
IXXXXI IX lil USER llOVE USER ' S PIECE xxxxxxxx zi 

.! 04 2 I!XIIXIXXIIXXIlXIIXII%lill4XXXIIXXXXXIIIXIXIXlXXIXIX 
2042 l 6 2£ INC SPEAKER-FLAG IMAKl NOISE 
2044 A9 00 'UAIT -FOR  ll OVE : LOAM 00 XCLEAR UP FLAG 
2046 85 2F STA SHOULO~EUP - FLAG 

2048 85 29 !SET-C OUN T: STA COUNT-FLAG XSET COUN T FLAG 
204A 20 39 00 1 SET-UISf'LAt: JSR CLOSP XCL EAR DISF'LAf 
204 0 .!.O 68 21 JSR GET -"OVE 
.! 050 uo 41 IF LERO THEN 
2052 · l7.XX I XXX IIIIIIXlIXIlIIXIXX4III XXIXI4I'l.IXI4X I l 
.! 052 XXXIIII! NO CHANGE IN ~OARD XlIXIIXI 
2052 
2052 

lil IXIXIIXXI I XIIXIIIXIIIXIIIIIXX?IXIIXXIIIIXI 
%•• ••••••• CHECK FOR "GO" KEY •••••••••% 

2052 20 6A IF JSR GEIKEY 
2055 C9 13 CMPM 13 ZIJ =VALUE OF "GO" KEY 
205 7 
2059 

FO I / BEO GO -COUNTDOUN 
IuttH t .. CHECK FOR "E" KEY unnn•X 

2059 C9 OE Cllf'M OE 
~! 0~8 DO 16 IF ZEnU IK EN XU SER UANTS IU 
2050 LOOf' USUITC H SI DES 
20SD 20 6A IF JSR GET KEY 
2060 C9 OE CHP~ Ol IDEBO UNCE KlYkOARD 
2062 FO HU 
2063 F9 ENULOOP 
206 4 AS 30 LDA ~UllLH-FLAG /.T UGGL E FLAG 
2066 49 ff EORM FF 
.! 068 85 30 STA SUJT CH-FLAG 
206A 20 82 0 2 !SUI ICH-S IDES : JSR REVERS E Il'ERFORH EXCHANGE 
2060 20 SD 21 JSR CUAf.:  STACK 
2070 4C 4C 21 '60-COUNTDO UN: JHP START-COU NTING 
2073 END IF 
207J 
2073 AS 29 

%''**'"*... "uO" OR "[" 
LOA COUNT-F LAG 

1W r FOUND •U'l'•*'l<•X 
XlOUNTING ~O U N 7 

2015 f 0 I 2 IF NOTZERO THEN 
2077 C6 F B UE C FB XYES . 
.!. OlY AS f 8 LOA F B 
:.'O/ B 
207 U 

uo 06 
20 SD 21 

IF ZERO THEN 
J ~ ~ CL EAR  STACK ZPLAY CHESS 

2080 4C A2 03 J~P GO 
2083 ENDIF 
2093 A9 Of LOAM OF %ST ILL CO UN T!Nu UOUN, 
2085 65 29 ADC LIGHl - SOUARE XIL l ~HT NEXT SQUARE. 
2087 DO ~~E 

20 88 03 ELSE 
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FAMOS™ 
MULTI-TASKING DOS: 
• 8080/z80 
• Device independent file system 
• Multi -sessioning/spooling 
• Full user accounting 
• All fi les dynamic 
• Multi -user file security 
• lntersystem communications 

S 1 00 BUS SUPPORT 

MVT-BASIC™ 

MULTl -USER COMPILER 

• Powerful file, string 1/0 
• Chaining . .. parameter passing 
• ISAM/sort fac i lities 
• Random, sequential files 
• Machine language calls 
• Error trapping 

HARD DISKS SUPPORTED 

MVT-WORDFLOW™ 
MULTl-USER WORD 
PROCESSING SYSTEM 
• Concurrent data processing 
• Automat ic field insertion 
• Global search /replace 
• Library file insertion 
• " Cutt ing & pasting"/block moves 
• Full WP printer support 
• Multiple printers/concu rrent 
• Wordwrap/ variable line spacing 
• All options under user control 

IMMEDIATE DELIVERY 

AVAILABLE TO MANUFACTURERS/ 

OEM FOR PRIVATE LABEL 


MARKETING 


~MVT 
~MICROCOMPUTER 
...SY STEMS INC. 

TT 
9241 Reseda Blvd., Sui te 203 
Northridge, CA 91324 
Phone: (213) 349-9076 
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Lisli11g 2 co11 ti1111ed fro 111 µag e 45: 	 Text co 11ti1111ed from µage 42: 

2089 AU 04 17 
208C 
:? OBC as 28 
208£ AS FB 
2090 4C 4A 20 
2093 
2093 10 49 
.!09 5 
20 9~ 

~095 

209S 
2095 AS B2 
209 7 CY CS 
2099 FO OC 
2098 A5 <A 
20VU C5 27 
:.! OH DO 06 
20AI 20 J I 03 
2 0A4 4C 44 20 
20A 7 
20A7 
20Al 
20Al 20 6A IF 
20AA C9 IS 
20AC f 0 IC 
:!OAE C9 12 
2080 DO OC 
:.. OB 2 AS FA 
2084 10 97 
2086 A6 FB 
208 8 AS 21 
.!O BA 95 50 
:> o&L 10 86 
:.! OB£ 
209£ 85 f3 
20CO AS FB 
20C 2 OA OA 
:.!OU OA OA 
20C6 OS f 3 
20CB 85 FB 
20CA 
.!OCA AS 2/ 
20CC 85 28 
20C£ BS f9 
:?ODO AS F B 
20U2 29 If 
'2 004 85 f B 
~006 AA 
2001 BS 50 
2009 HS FA 
2008 4C 40 20 
200£ 
200£ 
20UE 
).00£ 
:!OU£ 
:!OUE AS Bl 
'.! OEO C9 Lt 
20E 2 uo 05 
20£ 4 E6 BI 
20E6 4C 6A 20 
20£ 9 
20£ 9 
::OE9 20 SD 21 
:me AS v 
.!OH 85 fA 
20FO BS F9 
20f 2 8~ 28 
:> OF4 20 90 0 1 
20f 7 A9 01 
20F9 85 2f 
20F B 
2~FB 20 68 21 
.?Of( F 0 
20FF FB 
:1 100 
2100 10 11 

LUA@ ~AHUOMN XUAlT!NG FOR MUVE ... 
EN DEL SE l~L IGH T kANUOK SQUARE 
STA LIGHT -SQUAR E 
LUA FB 
Jll F' SET - UlSf'LAY 

ENUIF 
If NEGAf JV[ rHEN 

I%X%XXZ%ZI%ZXZXZIXXZXXXX%Xl ZZXlZZXZXXXZXXXXiZ 
XIXIXIXX NEU PIECE SEI OuUN ZXZXXZZZ 
XXXXXIIIIlIIIXXIZXXXXIXXIIXXZIZXXIZXXIllllZZX 

%••••••••• TAKING BACK CAPfURE! *****'***% 

LDA •SP2 

CHPM CB IUNUO I NG PREVIOUS 

IF NOTZERO THEN Zl CAPlURE' 


LOA FRO/I - SQUARE 

CHP CHANG!NG - SOUARE 

IF ZERO THEN 


JSR UHOVE Z YES . 
JHP UAIT - FOR - MOVE 

END IF 

ENDIF 


Z• ******• • USER AUDING NEU PIECE•••***• • ••% 
JSR GE IKEY ZUAlf FOr\ KEY ENTR Y 
CHPM 15 X~OF HE X NAHE UR "+" 

IF 	 NOTZlkO lHlN 

CllPM "+" 

IF ZERO THEN 


LOA FA IFOUNP "•", ENTER NEY 
BPL GET-HOVEi UPIECE !NlO IABL£ IF 
LOX fB IXNOT IN ALREADY 
LOA CHAHG!HG -SOUARE 
SIAX .~UAR l• 

~PL UA!T -f OR - MUVl 
EHD!F 
SfA TEHF' lFUUHD HEX DIG! T 
LDA f B U"OR" IT !HIO 
ASL ASL llF' llLl NAM£. 
ASL ASL 
ORA !EllF' 
STA rB 

lllDlf 
LOA CHAN&!HG- SOUA~l X~U llli lllSf'LAY 
STA L!GH T·· SUUARE 
STA F9 XIX F9~SOUARE ON BOARD 
LOA FB Xf'UT f'lECE NAHE IN 
AllUN IF UkANGE 
STA F B tHF~"F'I ELE NAME 
TAX 
LUAX .f:IOAkD 
S f A l· A XX XrA: TABLE EN lRT 
JHP GE1 - HOVU 

ENDIF 
7.XX XXXXXZXXXIXXXIZI ZZXIX ZXXZZXXZZXXX XXXXItZXZ 
%%XXXXlX PIECE PICKED UP ~XX XXIXX 

X%Z%%7.XXX:XlXXXXX%%%%IXXX7.XXXZIZXZI~IZZZIXXII 

%•••••••••• USER PLA Y UHI TE' •1••••••• 1X 
LOA .SO UAk E ISE E If US ER KAKJNG 
CMP• CC XITHE FIRST HOVE. 
IF ZERO IH EH 

INC .SOUARE XYES, CHANGE .SOUARE 
JHP S U!TCH - SIDE~ XIANO EXCHAN GE 

EHDIF 
%• •• •• ** •*• UAIT FOR CHAN Gl • • • ~ • • • * • •Z 

JSR CLEAR - SlACK ILLlA~ POSSl~Ll JUNK 
LO A CHANGIN G-S QUARE 
STA FA XUl SPLA 1 SUUA~l NUM 
STA F9 
STA L!GHT - SOUARE 
JSR DISP ZDISPLAY PIECE NAHE 
LOAM 01 
STA SHOULDBEUP-fLAG tS ET FLAG 
LOOP 

JSf\ GE I · KUVE ZAUA!T MOVlL 
BEO 

ENDLOOf' 
Z•• •s••••• PIECE SET BACK DO UN ··~ · · ··· ··z 

IF NEGATIVE THEN 
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to light the correct LEDs and modify 
the board-status table as the user 
completes the computer's move . The 
speaker sounds briefly after each cor
rect step is completed. If a wrong 
piece is moved or a piece is set down 
on a wrong square, the speaker will 
hum continuously to signal an error. 

The logic for interpreting the use r's 
move starts at location 2042 . If 
COUNT-FLAG is 0, the user has not 
yet moved. Subroutine GET-MOVE 
is repeatedly called from location 
2040 in anticipation of the user 's 
move. 

If the accumulator is 0 upon return 
from GET-MOVE, then the board 
position remains unchanged and the 
user has not made a move . GETKEY 
is called to see if the user has de
pressed either the GO or E key. If the 
E key is depressed , the Microchess 
routine REVERSE is called to swap 
the user and computer entries of the 
board-status table . After the ex
change is completed or if the GO key 
is depressed, a branch is made to 
ST ART-COUNTING at hexadecimal 
address 214C. 

Three provisions are made for a 
delayed return back to Microchess . 
COUNT-FLAG is made nonzero, a 
countdown is initiated by setting the 
display to OF, and control is then 
transferred back to address 2040 
where GET-MOVE is repeatedly 
called as before . 

After each return from GET
MOVE the display is decremented by 
1 until it equals 0. This provides an 
approximate 10 second delay during 
which the user can make a new move 
or retract an old one. At the end of 
the countdown, a branch is made to 
the Microchess routine GO which 
calculates the computer's next move. 

If the GET-MOVE call a t 204D 
returns a negative value then the user 
has set down a new piece, and control 
is transferred to address 2095 . In an 
ordinary game of chess, putting a 
new piece on the board would be con
sidered cheating . I have allowed it 
here to prevent 2 possible problems . 

The first problem is caused by in
decisive players who change their 
minds while in the middle of a move . 
Suppose such a player picks up 2 
chessmen, as if to capture, and then 
decides to set both down again. When 
the first man is set down the program 
will think that the user has completed 
a capture, modify the board-status 
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Listing 2 continued from page 46 

2102 AS 27 
2104 C5 FA 
2106 DO OJ 
2109 4( 44 20 
<!I 08 
2108 95 Bl 
2100 20 48 OJ 
2110 4C 4C 21 
2113 
2113 
2113 
2113 
2113 
2113 AS 27 
:ms BS F9 
2117 85 Bl 
2119 12-UP: 

LDA CHANGING-SQUARE lFROH SQUARE = 
CMP FA IlTO SQUARE ? 
If ZERO THEN 

JKP UAIT-FOR -HOVE. IYES, NO KOV£ MAUE. 
END IF 
STA ,SQUARE. XNO, 
JSR HOVE :URECORD HOVE, 
JKP START-COUNTING IXAND COUNT DOUN. 

ENDIF 
lIXXIIXIXXXZIIIXXXlZXXXXXlllllIIIIIXIIXXXXIXt 
IXXXXXII 2' ND PIECE PICKED UP IXIXIIXX 
XlXIllXXXIXXXXllXlXXXXXXXXXXXXlllltltlllXXXll

X••••••••• ~All FOR SET DOWN •••• •• ••tl 
LDA CHANGING-SQUARE 
STA F9 :tF9•TO SOUARE 
STA .SOUARE 

LOOP 


2119 AS JJ LDA TOGGLE %FLASH L!GKTS FOR TO 

2118 10 06 If NEGA 11 VE THEN ZIAND FROK SOUARES. 
2110 A5 FA LDA FA 
211 f E6 33 INC TOGGLE 
2121 fO 8EO 
2122 04 ELSE 
2123 AS F9 LPA F9 
2125 C6 33 DEC TOGGLE 
2127 ENllELSE 
2127 85 28 STA LIGHl-SOUARE 
2129 20 bB 21 JSR GU  HOVE ZUA!T FOR SET OOUN 
212C FO BEO 
2120 EB ENDLOOP 
212E 10 29 IF MEGA! IVE IHEM 
:~I JO z·~,...... tlECl s~r OUUN 
2130 A5 27 LOA CHANGlNb  SOUARE 
2132 cs F9 CKP F 9 XC-S = TO SOUARE? 
2134 FO oc l F NOTZERO THEN UNOPE, 
2136 cs FA CKF' l' A I= FROK SQUARE? 
2139 00 IF BME EkR 0 ~ - 3 UNOf'E, ERROi~ 

~~ l JA A6 F9 LLJX F9 
:!IJC 95 f y STA f 9 XTO S tRUK SUUARES 
;!I Jl 85 B 1 STA .SOUARE IREVERSEP, SWITCH BAC~ 

21 40 H6 FA STX fA 
2142 ENDIF 
2142 AS FA LDA FA ZSAVE FROll SQUARE FOR 
2144 H5 2A STA FROH SOUARE XZUSE IF UNOOING HOVE 
2146 20 90 01 JSR OISP %SET .PIECE 
2149 20 48 03 JSR "OVl tkE CO kl• HOVE 
214C X*•*t~**** INITlAL!lE COUNf DUUH '~•• ••••t 
214C A9 00 !START-COUNTING: LOA~ 00 ICLEAR FLA6 
214£ 85 2F STA SHOULDBEUP-FLAG 
2150 85 2B STA LIGHf-SOUARl 
2152 A9 OF LOAM OF llUAO OELAY 
2154 E6 2E INC SPEAKER-FLAG XSOUND OFF 
215b 4C 49 ~o JllP SET-COUNT 
2159 ENOIF 
21 :iY £6 2E 1 ERkOR-3: INC SPEAKER-FLAG ISOME fl PE OF ERRUR, 
:.ilSB DO BC BNE 2-UP XtUAl f UNTIL CORREClED 
2150 
21':.D 
2150 
2150 SUBROUTINE ClEAR-STACk: XRESETS BOTH STACK HARKERS 
2150 69 A8 69 PLA TAY PLA tSTORE RETURN AODRESS 
2160 A2 H 9A LOXM FF TXS ZRESET MACHINE STACK 
2163 A2 ca LOU CB XRE Sl 1 CHESS STACK 
2165 86 82 STX . SP2 
2 167 u 98 49 PHA TYA PHA tSET UP RE TURN 
216A 60 RTS 
2168 
2168 
216B 
216B !SUBROUTl~E GEl-MOVE: XSCANS CHESSBOARD 
2168 XXIXIIIIXIlXXXIIXZZXtIXItlXXZZilXXllllllllXIllilXXXZ 
2168 XXXlXZXllXI CHECK FOR "OA" UR "PC" I%ZX%%1llt 
2168 XXIIXIXItZIXIIXXIIXXIXlXXXIXXItIXXtXIXIXIItXIlI4XXIl 
2168 ~O 6A IF JSR GETKEY 
216E C9 I I CllPM 11 tll="I•A" V.U 
2170 DO OB If ZERO THEN 
2172 A2 If LDXll IF IFOUNO "DELETE ALL" 
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table accordingly, and proceed to 
countdown. During the countdown 
the second man would pop in and 
there would be no way to know what 
it was. 

In order to prevent this, each cap
turing move is saved in the 
Microchess stack . When a new piece 
is set down, the stack pointer is 
checked to see if the previous move 
was a capture. If it was, and if the 
location of the new piece corresponds 
to the square where the capturing 
piece used to be, then the Microchess 
routine UMOVE is called to restore 
the board-status table. 

The second problem arises when 
the user wants to add new pieces to 
the current board, or set up an entire
ly new board position. Previously the 
only way to add new pieces was to 
stop the chess program and enter the 
square numbers manually into the 
board-status table using the KIM -1 
monitor. This method is both incon 
venient and error prone _The control 
logic for the "new improved" method 
occupies hexadecimal addresses 20A7 
through 20DE. 

After setting the new pieces down , 
the user simply types the piece name 
(its numeric designation) into the 
hexadecimal keyboard. The designa
tion is displayed in FB, the current 
board-status table entry in FA, and 
the square where the new piece was 
set down is stored in F9. If the current 
table entry is "CC" (indicating that 
the piece is not currently on the 
board), the user may enter the piece 
into the table by pressing the + key. 

Interpreting the User's Move 
If the original call to GET-MOVE 

at hexadecimal address 2040 returns 
a positive value, it means that the 
user has picked up a piece , and con
trol will transfer to address 20DE. If 
.SQUARE contains "CC", the Micro
chess board-status table has just been 
initialized , and the user is making the 
first move of a new game. The board 
status table has been initialized 
assuming that the user would play 
Black. A branch may be made to 
address 206A where the user and 
computer table entries are exchanged . 

After checking to see whether or 
not the user is playing White, GET
MOVE is again called at hexadecimal 
address 20FB. If the piece is set down 
at a new square, the move has been 
completed and a countdown is 
started. If, after picking up a piece a 





Listing 2 continued from page 48: 

2174 A9 CC LDA• CC 
2176 LOOP 
2176 95 so STAX .BOARD IFILL PIECE f ABLE 
2179 CA DEX IlWITH "CC" 
2179 10 BPL 
2\lA FB ENDLOOP 
217B 30 IF Bftl JHP-TO-KAlN 
2170 END IF 
2170 C9 14 CftPI 14 I14="PC" KEY 
217F DO 21 IF ZERO THEH XX! PLEASE CLEAR> 
2191 20 19 00 JSR CLEAR-BOARD ISET UP NEU GAHE 
2194 BS Bl STA . SOUAkl XFLAG .SQUARE UITH CC 
2196 A9 00 LDAM 00 %CLE.AR flA~S 
2189 BS 2F STA SHOULDBEUP - FLAG 
218A es 30 STA SUITCH-FLAG 
218C LOOP XUAIT FDR CLEAR BOARD 
218C AS 27 LOA CHANGING-SQUARE 
218[ es F9 STA F9 %DISPLAY BAD SQUARE 
2190 85 FA STA FA 
2192 85 28 Sf A LIGHT-SQUARE 
2194 20 9D 01 JSR OISF' XDISPLAI PIECE MAHE 
:~ 197 20 A2 21 JSk START -SCAN 
219A DO BNE 
219B FO ENDLOOf' 
219C 20 SD 21 JSR CLEAR-STACK ZRESCT STACK 
:mr 4C H 20 J"P UAIT -FOR-"OVE 
21A2 EHDIF 
21A2 XXXXIXIXIXlllIXllXlX%lX%X%%ZXIXZX%XXXXXXXXXXXXXXII%% 
21A2 IX%%%7.7.%%IX START SCANNING CHESSBOARD IIXlIXIIXX 
21A2 XX%%XIXXXIIIX%XXX%XXXXZXIXIIXIXXXXXIXIXIXXXXIX%XXXXX 
21A2 ! X••••••••• SET UP PORT -L IGHT **•••••••% 
21A2 AS 30 !START-SCAN: LDA SUITCH-FLAG XSIDES EXCHANGED? 
21114 FO 07 IF NOTZERO THEN 
21A6 AS 28 LDA LIGHT-~OUARE lYES, 
21A8 49 77 EORM 77 UPL:77- "LIGHT - SllUAkE " 
21AA 4C J"P 
21AB AF 21 ELSE x~o. 
21AB AS 28 LUA LIGHl-SUUARl ZXPL •" LIGHf-~OUARl " 

21Af ENDELSE 
21Af 85 2C STA PORT -LIGHT 
2181 I••••••••IHITIALIZE U-C-D &TC -S••••••••l 
2181 A9 00 LOAM 00 
21 BJ es 35 STA UP-CLEAR-UUUN 
:n BS LOOP 
:~ 1 ~s 85 32 STA fCHANGING-SOUARE 
2187 I•••••••••DO HISCELLANEUUS l/O•••• •• ••••X 
2187 20 1F l F JSR FLASH - DISPLAY IFLASH DISPLAY 
21 BA AS 2E LOA SPEAKER-FLAG 
2 \BC FO 03 IF NOTZERO IHEN 
21BE EE 00 17 INC@ PORT-A XTOG6LE SPEAKER 
21CI ENDIF 
2\CI lIXIIIXlXXXXZllIIIlXXIXXXIXIllXXIlIXX~IIXlXII 

2\CI %%%%%XX% IF SHOULDBEUP-FLAG NOi SET IIIX!~Xl 
2\CI IXIXXXXI SEE IF SOUAkl IN FltCE TA~LEXlIXXIIX 

21Ct XIXXIXXIIIXXXXXXXXXIIXXXXXXIXllXIXIXIXXXXXXXI 
:~IC I A9 00 LDA• 00 IASSU"E SQUARE OK 
21CJ BS 34 STA TUP-CLEAR - DOUN 
21CS AS 2F LDA SHOULDBEUP-FLAG lIN "!DOLE OF HOVE ? 
21C7 FO OA IF HOTZERO THEN 
21C9 AS 32 LOA TCHANGING-SOUAREIY~S, IS SOUA~ E lN 
21CB CS FA C"P FA IXDISf'LAY ! IF ~O 

21CO FO 15 BED NOl - IN-TABLE 41PRE1EHD fHA f llS 
:I ICf CS F9 C"P F9 XXNOT lN PIECE TABLE. 
21D1 FO II BEO NOT-IN-TAilE 
21D3 END IF 
21D3 •*•*uuu:tsEARCH PIECE rABLEoo,.uuux 
2103 A2 IF LDXM IF 
21D!i LOOP 
21D5 BS SO LDAX .BOARD 
2107 cs 32 CMP ICHAHGIHG-SUUA~l 

21D9 DO 06 IF ZERU IHEN 
2 \0B 86 31 STX TCHAHG!NG-PIECE 
21DD E6 34 INC ruP-CLEAR-DOUN IFOUND SQUARE 
21DF DO OS BNE BUILD-PORTS 
21EI ENDIF 
21EI CA DEX 
21E2 10 BPL 
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player decides to set it down on the 
same square, the move is ignored. 

If the GET-MOVE call at location 
20FB reports that a second piece has 
been picked up, a capture is in pro
gress and control branches to location 
2113. FROM-SQUARE is defined as 
the square from which the first chess
man is picked up . Similarly, TO
SQUARE is associated with the 
chessman that is picked up second. 
GET-MOVE is again called at hexa
decimal address 2129. 

If a piece is set down on either the 
TO or FROM squares then the pro
gram assumes that a capture has been 
made . The Microchess routine 
MOVE is called to modify the board
sta tus table, and a countdown is ini
tiated. 

If a piece is set down on a square 
other than the FROM or TO square, 
or if a third piece is picked up, a 
branch will be made to hexadecimal 
address 2159, and the speaker will 
hum to indicate an error. 

Using the System 
Playing the chessboard-interfaced 

version of Microchess is easy. Moves 
are made by physically picking up the 
pieces and setting them down on a 
new square, as in a normal game of 
chess with a human opponent. The 
only difference is that the opponent 
(the KIM-1) is unable to pick up a 
chessman, so you have to move the 
pieces to the location indicated by the 
LEDs. 

The KIM display will be all Os and 
the LEDs will blink from square to 
square in a semirandom fashion when 
it is your turn to move . After you 
move, the KIM display will count
down from OF, and the Y axis LEDs 
will blink sequentially from the top to 
the bottom of the board . During this 
countdown you have the option to 
change your move . When the display 
reaches 0, the machine will begin 
computing a response, and no moves 
can be made until it is your turn 
again. 

Operating the System 
The interfaced version of 

Microchess is started at address 0000, 
just as the unmodified Microchess. 
The speaker will probably hum. To 
start a new game, press the PC key. 
The speaker's sound will cease. 
Choose the White or Black pieces, 
and set up the board with your choice 
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Solve your personal energy crisis. 

Let VisiCalc™Powerdothework. 


With a calculator, pencil and paper you can spend hours plan
ning, pro jecting, writing, estimating, calculating, revising, erasing 
and reca lculating as you work toward a decision. 

Or with VisiCa lc and your Apple * II you can explore many 
more options with a fraction of the time and effort you've spent 
before. 

VisiCa lc is a new breed of problem-so lving software. Un like 
prepackaged software that forces you into a computerized 
s traight jacket, VisiCalc adapts itse lf to any numerical problem 
yo u have. You enter numbers, alphabetic titles and formu
las on your keyboard. VisiCalc organizes and displays th is 
information on the screen. You don' t have to spend your 
time programming. 

Your energy is better spent using the resul ts than 
gettirtg them. 

Say you' re a business manager and want to pro ject 
your annua l sales. Using the calculator, pencil and 
paper method, you'd lay out 12 months across a 
sheet and fi ll in lines and columns of figure s 
on produ cts, outlets, salespeople, etc. You'd 
calcula te by hand the s ubtotals and summary 
fi gures . Th en you'd s tart revising, erasing 
and reca lculating. With VisiCa lc, you simply 
fil l in the same figures on an electronic 
"sheet o f pape r" and let the computer do 
the work. 

O nce your first projection is complete, 
you're ready to use VisiCalc's unique, 
powerfu l recalcu lation feature . It lets you 
ask " What if?'; examining new options and 
plan ni ng fo r contingencies . "What if" sa les 
d rop 20 pe rcent in March? Just type in the 
sales figu re. VisiCalc instantly updates all 
o the r fi gures affected by March sal es. 

Or say you' re an engineer working on a design problem and are 
wondering " What if that osci llation were damped by another 10 
percent?" Or yo u' re working on your family 's expenses and 
wonder " What will happen to our entertainment budget if the 
heating bill goes up 15 percent this winter?" VisiCa lc respond s 
instantly to show you al l the consequences of any change. 

Once you see VisiCalc in action, you'll think of many more 
uses for its power. Ask your dealer fo r a demonstrat ion and d is 
cover how VisiCalc can help you in your professional work and 

personal Ii fe . 
You might find that VisiCalc alone is reason enough to 

own a personal computer. 
VisiCalc is available now for Apple II computers, wit h 

versions for other persona l co mputers coming soon. The Apple 
11 version costs just $99.50 and requires a 32k disk system. 

For the name and address of your nearest VisiCalc 
dealer, call (408) 745-7841 or write to Personal 

Software, Inc. , Dept. B, 592 Weddell Dr., 
Sunnyva le, CA 94086. If your favo rite 

dealer doesn't already carry Persona l 
Software prod ucts, ask him to 
give us a call. 

TM-VisiCalc is .l rr.:ide mJ rk of 
Person;il Sof1w,.uc, Inc. 


·A pple is .l regislered tr.Jdemdrk 

o f Apple Computer, Inc. 

Circ le 301 on inquiry card. 
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List ing 2 co11ti1111ed fron1 page 50: 
of color placed closest to the bottom21E3 Fl ENDLOOP 

21E4 C6 34 !NOT-IN-TABLE: DEC TUP-CLEAR-UUUN XSOUAN[ HUI IN .BUAkD X axis LEDs. After the chessmen are 
21[6 XX1I11XllIXXXIXIIXIIIIXIllX%l%X%XXtXIIIXIXXXX. in place, the display will show all Os. 
21[6 XXXIXXXll BUILD 1/0 PORTS XIXIXlIII If you are playing White , make your
21E6 llllXXllXXXlXlXIXXIlXXIXXXXXXXIXIXIXXXXXXXXXX 

opening move. If the computer is21E6 X••••••••••SET UP PORT-SQUARE••• • ••••••• X 

21E6 AS 30 !BUILD-PORTS: LDA SUITCH-FLAG XSIDES EXCHANGED' playing White, press the GO key . 

21[8 FO 07 If NDlZERO THUt To set up the pieces in a new con 
21EA AS 32 LDA TCHANG!NG -S UUAkl llES, SEI PS TU figuration, or to continue a game that 
:! IE~ 49 77 EOR• 17 %1 71- "TCH-SOUARE" 

was halted earlier, set the chessboard :l lEE 4C J"P 
2 \H F3 21 ELSE IND, up with the chessman in their desired 
2 1F I AS 32 LDA TCHANGIHG -SO UARE IXPS= "TCH- SUU ARE " position . Start the chess program as 
21FJ EHDELSE described above, but instead of press
21F3 85 20 STA PORT-SQUARE 

ing the PC key, press the DA key . 2 1F5 X•••• ••• ••• • • • •*•PORl-A~~•'* ' ********•••X 
21FS AS 2C LUA f'UR1 - UGHI Type in the name of each piece using 
21 FI JO 04 IF f'OSIT IVE 1Hf.H the hexadecimal keyboard as you
21 F9 OA OA ASL ASL lNEGATIVE= X AX IS, would when adding a new piece . 
21FB OA OA ASL ASL XPO&ITIVE=Y AXIS. 

Start the play by either making a21FD END!t 
21 FD 29 70 ANDM 70 move or by pressing the GO key. 
21H EE 02 I 7 INC@ f' ORT -B I[JlSA&LE LEDS To add a new piece to the board,
2202 OA ASL IOON f TOGGLE S~lAKER set the piece on the desi red square. 
2203 95 Fl STA TEllP 

01 The KIM-I display will show 3 bytes2205 A9 01 LUAll 
2207 20 00 17 AN O@ PORI -A of information . The first byte will be 
:!20A 05 Fl Ok A TEllP a random piece designation (as
22 0C SD 00 17 ST A@ PUii f·-A XS TORE ALL BUT COLUllM described on page 3 of the Microchess 
:'.20f AS 20 LUA f'ORT - SOUAR E 

player's manual) . The second byte is22 11 29 40 AND• 40 

221 J 4A 4A 4A LSR LSR LSR the square that the piece is on, 

221 6 OS 2D ORA PORl - SOUAk l'. according to the Microchess board 

22 16 29 OF ANDI Of status table. If the piece has been cap221 A OA A5L 
:.: 21 B OU 00 I/ ORA@ POR1-A tured, "CC" will be displayed. The 

Lislh1g 2 co 11ti1111ed 0 11 page 54 third byte is the number of the square 

~ 
PET TRS-80 Compucolor II 
ADD SOUND TO YOUR BASIC PROGRAMS! 

Complete system includes hardware with Also, SOUND WARE SOFTWARE 
connectors and software that provides all programs for 8K PET. 
the tools for programming you need to SEE YOUR DEALER FOR A 
make sound. You get: DEMONSTRATION . 
• a variety ol sample sound elfects and Suggested Retail : musical notes PET/TRS-80 $29.95 Compucolor $39.95• direclions to easily create your own 

CAP Electronics, 1884 Shulman Ave. sounds and tunes 
San Jose, CA 95124 (408) 371-4120• complete instructions, including sample 

BASIC subroutines, lor adding sound to 
any program. 
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PET I TRS-80 I APPLE: Personal Software brings you the finest! 


MICR·D 

CHESS 


The Industry's First 

Gold Cassette 


Over 50,000 Sold 

MICROCHESS is the industry's best selling computer game. And originating from Personal Software. What's more, every Personal 
no wonder-because MICROCHESS gives you more than just a Software product is selected to give you these same benefits of 
chessplaying program: A conven ient, foolproof set of commands easy availability, reliable cassettes, readable documentation , a 
and error checks ... complete instructions in a 5'h'' by S'h'' booklet ... carefully thought out user interface ... and most important, 
a cassette that's guaranteed to load, with disk versions coming continuing challenge and enjoyment, not just once but time after 
soon ... and several levels of difficulty to challenge you not just time. If you haven't already, order your own gold cassette: 
once, but time after time. It 's available through well over three MICROCHESS, by Peter Jennings, for SK PETS, 16K APPLEs, and 
hundred computer stores and many mail order sources ... always 4K Level I and II TRS-80s .... ... .... .. ...... ...... ..... $19.95 

TIME 

TREK 


A Tour De Force 
In Real Time Action 

Strategy Games 
TIME TREK by Brad Templeton for SK PETs and Joshua Levinsky shots as they come towards you-lower your shields just Jong 
for 4K Level I and II TRS-80s adds a dramatic new dimension to the enough to fire your phasers, betting that you can get them back up 
classic Star Trek type strategy game: REAL TIME ACTION! You'll in time! With nine levels of difficulty, this challenging game is easy 
need fast reflexes as well as sharp wits to win in th is constantly to learn, yet takes most users months of play to master. ADD 
changing game. Be prepared-the Klingons will fire at you as you SOUND EFFECTS with a simple two-wire hookup to any audio 
move, and will move themselves at the same time, even from amplifier; the TRS-SO also produces sound effects directly through 
quadrant to quadrant-but with practice you can change course the keyboard case, to accompany spectacular graphics 
and speed, aim and fire In one smooth motion, as fast as you can explosions! You won't want to miss th is memorable version of a 
press the keys. Steer under power around obstacles-evade enemy favorite computer game ............................ . ... $14.95 

BLOCKADE by Ken Anderson for 4K GRAPHICS PACKAGE by Dan Fylstra ELECTRIC PAINTBRUSH by Ken 
Level I and II TRS-80s is a real time for SK PETs includes programs for the Anderson for 4K Level I and II TRS-80s: 
action game for two players. with high most common 'practical ' graphics Create dazzling real time graphics 
speed graphics in machine language. applications: PLOTTER graphs both displays at speeds far beyond BASIC, 
Each player uses four keys to control functions and data to a resolution of SO by writing 'programs' consisting of 
the direction of a moving wall. Try to by 50 points, with automatic scaling simple graphics commands for a 
force your opponent into a collision and labeling of the axes; BARPLOT machine language interpreter . 
without running into a wall yourself! A produces horizontal and vertical , Commands let you draw lines, turn 
strategy game at lower speeds, segmented and labeled bar graphs; corners, change white to black, repeat 
BLOCKADE turns into a tense game of LETTER displays messages in large previous steps, or call other programs. 
reflexes and coordination at faster block letters, using any alphanumeric The ELECTRIC PAINTBRUSH manual 
rates. Play on a flat or spherical course or special character on the PET shows you how to create a variety of 
at any of ten different speeds. You can keyboard ; and DOODLER can be used fascinating artistic patterns inc luding 
hear SOUND EFFECTS through a to create arbitrary screen patterns and the one pictured. Show your friends 
nearby AM radio-expect some save them on cassette or in a BASIC some special effects they've never 
razzing if you Jose! .............14.95 program . .... . ........ .. ..... $14.95 seen on a TV screen! . . . ..... . $14.95 

WHERE TO GET IT: Look for the Personal Software display rack at your local computer store. For the name and address of the dealer 
nearest you, call Personal Software at (408) 745-7841 . If you don't have a dealer nearby, you can call or mail us your order with your check, 
money order or VISA/Master Charge card number. For a free catalog, ask your dealer or use the reader service card at the back of this 
magazine. 

PE~SON/ll. SOrilW\~E INC. 
592 WEDDELL DR. • SUNNYVALE, CA 94086 

Circle 302 on inqui ry card. BITE September 1979 53 



with most projects, if it doesn 't work 
Listing 2 continued from page 52: the first time the problem can usually 

be traced to an incorrect program, 
faulty wiring, or bad integrated cir
cuits. In this particular project , the 
program is already written, the 
wiring is easy to check, and there are 
only 2 integrated circuits. 

The electronic chessboard can, of 
course, be used for activities other 
than chess . Almost any game that is 
played with an X, Y type grid can be 
played by the computer, among 
these: checkers, tic-tac-toe, and nim. 

I have found that the chessboard 
interface makes playing chess with 
the KIM-1 much more en joyable. 
Even if you lose the chess game, the 
method of playing is sure to be im 
pressive . • 

Editor's Note 
Th e program described in this arti

cle was designed to be "foo lproof" for 
the beginning chess player. The 
co untdown period for changing a 
move will greatly ease the frustration 
often experienced by pla yers of com
puter games , the sinking fee ling of 
"Oh no , I didn 't mean that , a11d 
there's no way to take back the 
move!" More programmers should 
pay such attention to the user inter
face of their systems. 

More experienced chess players 
generally abide by the fo llowing rule: 
a piece once touched by th e player 
must be moved, and an opponent's 
piece once touched must be captured. 
Such users would probably wish to 
delete the countdown period to speed 
the progress of tl?e game. 

An electronic chessboard operating 
in a similar fashion appeared in the 
article "Chess 4. 7 versus Dav id Levy" 
by ] R Douglas (December 1978 
BYTE, page 84) . That board, con
structed by Dr Dav id Cah/ander of 
Control Data Corp , uses 1 ligh t emit
ting diode (LED) in each square of the 
cl1essboard to indicate the computer's 
move, and uses magnetic switches 
placed under the squares which are 
activated by the metal weights in the 
pieces. Controlled by a 6800 micro
processor, Cahlander's board trans
mits and receives moves to and from 
a remote computer on whicli the 
Chess 4. 7 program runs .. .RSS 

22 1£ 
2221 
:!221 
2223 
n24 
:! 22 6 
22ie 
222A 
n2c 
222F 
222F 
222F 
'.!22 F 
222 F 
:n2f 
:a31 
~2 JJ 
223~ 

2237 
2238 
223A 
223D 
n3D 
2 23F 
22 41 
2243 
2244 
:l245 
2247 
22H 
2249 
2249 
2249 
224D 
224F 
2251 
2253 
2253 
2253 
2253 
2255 
2257 
2259 
225A 
2258 
2250 

225F 
22 61 
:!2 63 
226 4 
2266 
2268 
226A 
22 60 
226F 
2270 
l: H~ OF 

BO 00 17 ~r A@ PORT -A 
l••••••••••••••••POR l 

AS 2C LDA PORT-LIGHT 
10 CLC 
69 80 ADCN Bil 
85 2C STA PO~T-LIGHT 

29 BO AND~ 80 
4A 4A LSN LSK 
BD 02 17 Sl A@ POkT -B 

llllZXZlXlXZlllllIIXIIXXIZXXIXZXIXXXlXXXXXZlX 
XXXIIXZ DID STATUS OF SQUARE CHANGE' IXIXXXX 
XXXlllI IF SO RECORD THE CHANGE XIXIXXl 
lXXXIXIIIIIIZllXXXXXlllXIXIXXXXXtXXIXXXIXXXIX 

X•••••••••••••••READ ROU•••••~ • • ••• • •••• I 
AS 20 LDA PORl-SOUARE 
29 30 ANDM 30 
4A 4A LSR LSR 
4A 4A LSR LSR 
AA TAX 
85 87 LDAX llASK · TABLE 
20 02 17 AND@ PORT- B 

Z**********•C HECK FOR CHANGES• ••*• ••••••I 
DO 06 If ZERO 
AS 34 LDA 
10 10 BPL 
30 8"! 
04 ELSE 
AS 34 lDA 
30 OA B"I 

ENO£L~E 

%•••••••FOUND 

THEH 

TUP- CL(AR - OOUN ISQUARE OC~UPIEU ... 

NEXT-SQUARE l:ANO IN rA&LE. 


TUP-CLEAR - DOUN XSOUARE E"PTY ••. 

NlXT-SOUARE %%AND NOl JN TABLE 


A CHA~GE, RECORD IT• ••••• • X 
85 3S SIA UP-CLEAR-DOUN 
AS 32 LOA TCHANGIHG- SOUARE 
85 27 STA CHANGING-SQUARE 
AS 31 LOA TCHANGING - PIECE 
es 20 STA CHANGING-PIECE 

IXXIXXIXIIIXIXIIXXXXXXXXXXXIXXXIXIIIXXXXIl:XXXXXXIXIl 
XIXXXXXCHECK NEXf SOUARE OR RETURN IF ALL DONE%%%%%% 
%%%XXIIIXXIXXXXZXIXIXIIXIXXXXXIXI%%l:IXXXXX~IXIXIXXXX 

E6 32 !NEXT-SQUARE: INC 
A9 08 LDAN 
25 32 AND 
OA ASL 
18 CLC 
65 32 ADC 
29 77 ANDI 

85 32 SlA 
FO OJ BEO 
4C Jl1P 

b5 21 ENDLOOP 
A9 00 !RETURN: LDAI 00 

TCHANGlHG-SOUARE ZADD ONE TO 
08 XXTCHANGlNG-SOUARE 
TCHANGING-SOUARE 

TCHANGING -SOUARC %ADD "CARRY" 
77 XKASK OUT GARBAGE 

rcHANGJHG-~OUARE 

klTUf<N 
XXXGO CHE CK HEX f SGUAM~ 

85 2E STA SPEAKER-FLAG 
EE 02 17 INCP PORT - 0 
A5 35 LOA UP -C LEAR-DOUN 
60 RTS 

upon which the new piece was set 
down . Modify the first byte by typing 
in the correct name of the new piece. 
If the piece has been previously cap
tured, it may be added to the piece 
table by typing the + key . 

To change sides (Black to White, or 
vice versa), type the E key. A count
down will be initiated. Do not change 
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IOR IN COlUllN 
- B•••• ~•• • •••••••••I 

XTOGGLE PL FLAG Bli 

ZSET X UR Y AXIS ANU 
lXENABLE LEDS 

sides before the opening move of the 
game; the King, Queen, and other 
pieces could become incorrectly 
reversed . 

Conclusion 
Although it may require a lot of 

solder, building the hardware is 
neither hard nor exacting work. As 



Precut Wire Wrap Wire 

PRECUT WIRE SAVES TIME AND COSTS LESS THAN WIRE ON SPOOLS 


Kynar precut wire. All lengths are overall, including 1" strip on each end. Colors and lengths 
cannot be mixed tor quantity pricing. All sizes listed are in stock tor immediate shipment. 
Other lengths available. Choose from colors: Red, Blue, Yellow, Orange, Black, White, Green 
and Violet. One inch tubes are available at 50¢ each. State second choice on colors when 
possible. 

LengthLength 100 500 1,000 100 500 1,000 

2.5 inches 1.04 2.98 5.16 6.5 Inches 1.60 5.37 9.84 
3 1.08 3.22 5.65 7 1.66 5.63 10.37 
3.5 1.13 3.46 6.14 7.5 1.73 5.89 10.91 
4 1.18 3.70 6.62 8 1.78 6.15 11 .44 
4.5 1.23 3.95 7.12 8.5 1.82 6.41 11 .97 
5 1.28 4.20 7.61 9 1.87 6.76 12.51 
5.5 1.32 4.48 8.10 9.5 1.92 6.93 13.04 
6 1.37 4.72 8.59 10 1.99 7.26 13.57 

Kil 111 $7.95 Kil 112 $19.95 Kit 114 $44.95Kit 113 #30 Spools 
Less than 2.7¢/fl. (#30) Less than 2¢/lt. (#30) Less than 1.6¢/fl. (#30) Less than 1.7¢/ft. (#30) 1-4 5-9 10+ 

50ft. 1.75 1.60 1.40 
100 ft . 3.00 2.75 2.50250 3" 100 4 'h" 250 2 'h" 250 5" 500 2 'h'' 500 4'h" 1000 2 'h" 1000 4 'h" 
2501!. 4.75 4.50 4.25250 3 'h'' 100 5" 500 3" 100 5'h" 1000 3" 1000 5" 500 3" 500 5" 
500 fl . 8.50 8.00 7.50 

500 4" 100 6 'h" 
100 4" 100 6" 500 3 'h" 500 5 'h" 1000 31'/' 1000 5" 500 3'h" 250 6" 

100011. 14.50 12.50 10.501000 4" 1000 6" 500 4" 500 6" 
250 4 '!/' 100 7'' 

ORDERING INFORMATION 

• Orde.-. under $2S, add $2 handlingAVAILABLE AT SELECTED LOCAL DISTRIBUTORS • Blue label or Fl.-.1 Clau, add $1 (up to 3 lb1.) 
• COD• VISA 6 MC orde.-. wlll be charged shipping 

Clrc le 298 on Inquiry card. • Mo•I orders shipped next da~. 

135 E. Chestnut Street SA, Monrovia. California 91 016 Phone (213) 357-5005 



MicroPro International Corporation 

'' P~ofessionaf Quality So/twau Cl/au Can Count lJ11 , Jlowf'' 

Proudly Present 

Now, you can instantly turn your microcomputer into an incomparable word processor. 

Hundreds of delighted users have thrown away their pencils and are using the first truly 
professional and complete word processor ever available on a microcomputer, WORD-STAR. 

Everything you've heard, read, wished, thought about- it's here! it's now! and it's Dynamite! l ! 

Just look at the product overview copies from our 200 page manual {prepared and printed 
using WORD-STAR). 

ov~ c vl""" ---

I 
I 

----
I 

- >-JJ--
l ___ 

MicroPro Price List: 

Software/Manual Software/Manual 

Word-StarT.M. $495/40 Super-Sort IT.M. $250/ 25 
Word-MasterT.M. $150/25 Super-Sort ll T.M. $200/ 25 
Tex-Writer T.M. $ 75/ 15 Super-Sort ll lT.M. $150/25 

For more information and the name of your nearest dealer, contact MicroPro International Corporation. 
Dealer/Distributor/ 0 .E.M. Inquires Invited 

MICROPRO INTERNATIONAL CORPORATION 
1299 4th Street, San Rafael, California 94901 
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A Sintilarity Contparator for Strings 


The trouble with computers is that 
they have no common sense. If a 
computer is directed to search a file 
looking for a particular string of 
characters, a simple typographical 
error will cause the computer to 
report that no match has been found; 
even though there was something 
very close in the file. The statement 
"If A$ =B$ THEN. . . " is taken 
literally by the computer; even the 
slightest difference is not tolerated. 

Wouldn't it be better if a computer, 
finding no exact match, would report 
the best match, or the 5 best matches 
listed in order of closeness of match? 
To do this, a routine is needed that 
returns a quantitative estimate of the 
similarity between 2 strings. That is 
what the routine illustrated here does; 
it computes a similarity index on a 
scale of 0 thru 100 percent. 

Listing 1 gives a BASIC string com
parator program. The heart of the 
program is in lines 100 thru 290; lines 
10 thru 90 are there only to allow the 
routine to be demonstrated with 2 
manually input strings. The funda
mental idea is simple: each character 
in one string is compared to each 
character in the other string. This is 
done so that groups of characters that 
match are weighted more heavily 
than the same number of matches of 
individual characters. This allows, 
for example, "POOL" and "POOR" 
to be rated more nearly equal than 
"POOL" and "POLO", even though 
the latter 2 strings have morP 
characters in common. 
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University of Maryland 
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10 LET T=O 

20 LET P=3 

30 PRINT "'FIRST WORD" ; 

40 INPUT A$ 

50 LET A= LEN (A$) 

60 PRINT "'SECOND WORD " ; 

70 INPUT 8$ 

75 IF A$ = 8$ THEN PRINT "'EXACT MATCH" 

80 LET 8 =LEN (8$) 

90 IF A>8 THEN LET 8 = A 


100 FOR M = 1 TO 8 
110 LET C=O 
120 FOR I = 1 TO M 
130 LET K$= MID$ (A$, 8 - M + 1,1) 
140 LET L$=MID$(8$,1,1) 
150 IF K$= L$ THEN LET C= C+ 1 
160 NEXT I 
170 LET C= Cl P 
180 LET T=T +C 
190 NEXT M 
200 FORM=8+1T02•8-1 
210 LET C=O 
220 FOR I= 1TO2•8-M 
230 LET K$ =MID$ (A$,I, 1) 
240 LET L$ = MID$ (8$,M-8+ 1,1) 
250 IFK$ =L$THEN LETC=C+1 
260 NEXT I 
270 LETC=CIP 
280 LET T = T + C 
290 NEXT M 
300 LETS= 1oo•T/8IP 
310 PRINTS;"%" 
320 LETT= 0 
330 GOTO 70 
340 END 

Listing 1: Listing of the simifority comparator program in 0'1io Scientific Instruments 
8 K BASIC (a Microsoft interpre ter) . The up an·ow indicates exponentiation . 



What makes the Microtek Printer 

so different? Nothing! 


.. ...

EXCEPT.. . . 

THE PRICE: $750 (with parallel interface) 


THE PERFORMANCE: 

• 	 80 or 120 colum ns (software selectable) • Vert ical Format Unit 
• 	 Plain paper • 96-c haracter ASCII (upper and lower case) 
• 	 Pin Feed • Forms w idth continuously adjustable between 
• 	 Double width printi ng 4.5 inches and 9 .5 inches (including sprocket 
• 	 125 characters per second, 70 lines per minute margins) 

nom inal throughput • Parallel (Centronics type) interface standard. 
• 	 9x7 Matrix (80 columns/ line), 7x7 Matri x (1 20 Ser ia l (RS - 232) and IEEE-488 interfaces 

columns/ line) available 

---------------------------------------, 

To : MICROTEK, Inc., 7844 Convoy Court , San Diego, Califo rn ia 9211 1 	 (7 14) 278 -0633 

D 	Send me more information. 

D 	 Send me a printer with : 

D Para lle l interface r" , $750. D Serial interface '" ' $835. D IEEE-488 interf ace @ $895 

D 	Check or Money Order enc losed. D Charge my VI SA card. D Charge my Master Charge card . 

name (p lease print) 	 card number 

address 	 cardho lder's signa ture 

ci ty 	 state zip exp da te 

phone 

Add $1 5.00 for packag ing & shipping. Dealer inquiries invi ted . Ca lifornia res idents add 6% sales tax . 
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• YeTW M.9KIM ANALOG INPUT 
Analog to Dlgltal Conversion System for the KIM Computer 

KIMSETl 
l • AIMHU • II ANA\.0(1 l ld'UTS · I ll lTS IQO MICAOSlC 

Jr~ 

Ci.ve t..ne K:lM U"9 abil i t.'£1 t.o ~.;e . 
 U or"ill•lu•( • lll1M A0.llJ'1(fl . 1 U:Slfll'ORT 

YHOOU I 0 .,.. $'r-S1lMSPOlllT n.ea~re . and c:-ont.rol \.he world around 
H(t.t;U•f 

I • C.A8Lf A24 • :.a INCM IN1lAC:0NHf:Ct CA.Bl[ 

the KlM~Tl. l.nlo U)C KIH t.o se t.. 16 
channe l. s of' a n a lOS i nF-Ut... Screw 

1L ~ilh lJAM SYSTEMS -.odules . Jus t. ~lug 

" ~~~~~~t•OO< I· lrUHMOOI • i:o~ 11~~~s~~~r;:E·::.cri:1 ~~":.INALS 
U!-rn11na l !» o:.:re t=-rov1ded 1"or ea.eh chann e1 Llll"'I U Yll 

l • POW1 - N>WCll MOOULE :~IO~l"h s o ~ can hc::x:>k u~ ~t..ict<..~ . POt..s . or 
llC.I MSE TI • for 110 Y.&C $ 29' 

~a\...eve1"- ~,.....,... OF--r-iat.e ~' 'C.Of"' ~ havo. KIM SE Th for 230 VAC S 29$ 
£uch 0 1· U"\O 10 anal~ inF1Jl.5 • in 

U-ae ranS;C of" 0 t.o '5.12 volt.~, i,_. 

converlkd t..o a oeei rr..a l nun:bef" bet.~' 0 

;:-.nd :z-=--...& ( 20 rt.11 livo!Ls F-ef"" count.). CONNECTICUT mi cro COMPUTE R, In c. 

Coovc~5ion Li.ri .e is 100 n.i crosconds. 150 POCONO ROAD 

The KLMMO(I F"f"OVid~5 one user Pert. BROOKFIELD, CONNECTICUT 06804 
as ~11 Lt~ a DAM S YSTEMS POrt.. . TEL: (203) 775·9659 TWX: TLX: 7 104560052 

So1'0 Lwure i s F'C"" OVided . 
~ •SA AND M/ C ACCEPTE"D. SE.ND ACCOUNT HUMUA , ExP1RAr 1D111 CM.TE Al!IO SIQH ORDER . 
1100 &! PEA ORDEJt F'OR S1HPPIHG I\ HAHOLIN<i • FOA£.IGN OAO( AS AOD 10 6/• FOR AIR POSTACI 

,I .... 11 rr.:=11 
'l..::..J 'L..::Y 

11 •1~ 11ut ~Ii i ~111. ·tU 
... uu,t t •~11 ••1[.llr.t.C( w00..1..C 

The weighting of groups of 
characters is con trolled by the 
variable P defined in line 20. If P is set 
to a value of 1, there is no special 
weighting of groups; only the total 
number of characters in common be 
tween the 2 strings is counted. If P is 
set greater than 1, groups are 
weighted more heavily , proportional 
to the value of P. If P is too large, 
however, all but the very closest 
matches resu lt in low similarity in
dex . A value of P = 3 is a good com
promise. 

Line 300 scales the index to within a 
range of approximately 0 thru 100 
percent. Two strings with no com 
mon characters give 0 percent simi
larity, while 2 identical strings give 
100 percent similarity. Sometimes 2 
nonidentical , but very similar, strings 
with many repeated letters (eg: 
"AAAAA" versus "AAA") wil l give 
100 percent or greater than 100 per
cent similarity . This is seldom a pro
b lem with practical strings . 

Strings of any type can be com
pared : names, addresses, numerals, 
or even strings containing spaces and 
punctuation . Long strings take a long 
time to compare, up to several 
seconds. An assembly language ver
sion should run much faster , if speed 
is important in your application. 

The routine in listing 1 is written in 
Ohio Scientific Instruments 8 K 
BASIC, Version 1, and was run on a 
Challenger II system . The syntax of 
the string functions, particularly 
MID$, may be different in other 
BAS!Cs. However, it should be com
patible with most of the other BASIC 
interpreters which were developed by 
Microsoft. The program also runs 
wi thout modification on an 8 K 
PET.• 

Sample Run Comments 

RUN 
FI RST WORD? POOL 
SECOND WORD? POOL 
EXACT MATCH 

103.1% > 100 % because of double letter 
? POOR 3 letter pattern " POO" matches. 

45.3% 
? COOL Sti ll a 3 letter pattern . 

45.3 % 
? POD Same match, because nonmatching 

45.3% characters do not count. 
? POLO 

28.1% Two 2 letter matches, " PO" and 
? LOOP "OL", do not count as much 

18.7% as one 3 letter match. 
? PAIL 

12.5% Only 2 isolated letters. 
? POOL ROOM 

10.4% 
? MAIL ROOM 

1.5% 
? POIOL Presence of extra random 

14.4% character reduces match. 
? 0000 Repeated letters resu lt 

40.6 % in unexpected ly high match. 
? 
OK 
RUN 
FIRST WORD? T.C. O'HAVER 710 HILLSBORO DR. SILVER SPRING MD. 
SECOND WORD? TOM O'HAVER 710 HI LLSBORO DR. SI LVER SPRING MD. 

82.9% 
? R.D. O'HAVER 710 HILLSBOROUGH RD. SILVER SPRINGS FL 

10.3% 
? 
OK 

Listing 2: A samµ le nm of the µrogn~m . with commen ts explaining the value of similar
ity assigned. 

Note: W e entered this program into an Apple II computer 
using the Applesoft floating point BASIC. It ran without 
modification . Th e exact va lu es of similarity computed 
did sornetim es differ from those given in the sarnple run , 
but only in tlie fo urth s ign ificant digit and beyond . 
RSS 
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Unclassified Policy 
Readers wlio are soliciting or giving ad

vice, or w ho have equipment to buy, sell or 
swap s/1011/d send in a clearly typed 1wtice 
to that effect . To be considered for publi
cation, an advertisement must be clearly 
noncommercial, typed double spaced on 
µlain white paper, contai11 75 words or less, 
and include complete 11ame and address 
information. 

These notices are free of cliarge a11d will 
be printed one time 011/y 011 a space 
available basis. Notices can be accepted 
from i11dividuals or bona fide computer 
users clubs only. W e can engage in 110 
correspondence on these and your confir
mation of placement i.s appearance in a11 
issue of BYTE. 

Please 11ote that it may take tliree or four 
montlis for an ad lo appear in the 
magazine. 

FOR SALE: Cromemco 16 K pr09rammable memory 4 

MHz. bank selccl $400 or bes1 offer Will Ackel. 4860 Rolan

do Cl #22 . San Diego CA 921 15, (714) 287·6823. 


EXCHANGE IDEAS: I want 10 1alk and wrile 10 m1crocom· 
pulcr users who are interested In programming lor larm 
operalrons. especially In lhe area of Soulhwesl Kansas. 
Soulheas1ern Colorado and lhe Oklahoma Panhandle. I am 
using an Apple ff Van Lynn Floyd. RR 11 POB 94, Johnson 
KS 67655 

FOR SALE: OSI 65 V syslem. including: 6502 processor 
board. 16 K memory board, video 1n1erface board. power 
supply and case. SwTPC keyboard: single drove lloppy disk. 
lloppy disk lnlerlace board: lloppy disk power supply and 
case. all documenlallon !OSI and MOS 1echnol09y); Includes 
BASIC. Assembler . Disassembler and extended monilor. All 
assembled, 1es1ed and running well S1800 or besI offer C 
Gum, 757 E Main SI W-304 Wiss Apl , Lansdale PA 19446, 
(215) 855-4162 

WANTED: Pr09rams (games. graph ics or JUSI unusual pro
grams) In BASIC. Hope 10 es1abhsh a no cos1 program library 
in lhe near fu ture All ma1ena1 wnllen or cassette (casset tes 
in TRS·80 Level 2 only) relurned. Richard G Ginder. 509 
Soulhern Hills Di . Hol Sprongs AR 7190 1 

FOR SALE: SOL·20 comf)Uler by Processor Technology wllh 
32 K. video display, casse11e mass s1orage. Ex1ended BASIC, 
IBM Selec111c 1ypewrller/p11n1er. lext ediling and olher sell· 
ware. complele documenlallon and manuals Ideal for small 
business sollware developmenl. 1.5 years old, S2500. 
M1d<lleton Assoc1a1es. 960 Yonge SI Sle 404 , Toronlo 
On1a110, CANADA M4W 2J9. (416) 961 ·5136. 

FOR SALE: S· I 00 bus syslem. Cromemco Z60 processor , 
Byle·6 mainframe. TDL syslem moni1or board, ACT·I 
keyboard, Nor1h Siar disk and soflware, lwo 16 K slal•c pro
grammable memory (250 ns). less 6 K ol chips. Panasonic 
video mon itor . Up, 1es1ed and running . For more delails ol 
system, send SASE or phone (206) 456·2466 aller 5 PM 
Donald A Couller. 6002 Moun1a1n-Aire Loop SE. Olympia WA 
98503. 

FOR SALE: Sencore Model PSl63 dual uace scope In new 
cond1llon. Used less lhan 20 hours. Comple1e wilh 1wo 
probes Faclory p11ce S695. will offer lor $350. Also. Sencore 
Model PS 146 single 1race scope/vec1orscope. still In fac lory 
canon Sac11llce, St95 A Conde. 11 Sugarbush Ln, Coram 
NY 1t727, (5 161928-4649. 

FOR SALE: D1gllal Group TVC64 16 tine 64 characler upper 
and lower case and Greek w1lh plug $125; COSMAC ELF w11h 
comp1e1e address 11gh1 em11ting diodes. hexadec1mal thumti. 
wheels, audio ou1pu1. au1oma11c stepping and other lea lures 
S110; hexadecimal keyboard for ELF $30. Mikos mo1her 
board with t2 100 pin connec101s in place $75: Proko PTA·ll 
opllcal paper 1ape reader $50. Berl Thiel.159 W Main SI , 
Frostburg MD 21532. (301) 669·8608 weekends and even· 
ings. • 
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If you have an Apple* and you want to interfaceitwith 
parallel ~d Serial devices, wehave a board for 

you that will do both. It'S theAIO!M 

Serial Interface. 
The RS-2a2 standard assures maximum compat
ibility with a variety of serial devices. For ex
ample,with the AIOyou can connectyourApple• 
to a video terminal t:.o get 80 characters per line 
instead of 40, a modern to use time-sharing 
services, or a print.er for hard copy. The 
seria1int.erface is softwareprogrammable, 
features three handshaking lines, and 
includes a rotary switch to select from 
7 standard baud rat.es. On-board f.inn. 
ware provides a powerful driver 
routine BO youwon't need to write any 
aoftware to utilize the interface. 

Parallel Interface. 
This interface can be used to connect your 
Apple• to a variety of parallel printers.The 
programmable l/0 ports have enough lines 
to handle two printers simultaneously with 
handshaking control. The users manual 
includes a software listing for controlling 
parallel printers or, if you prefer, a par
allel driver rout ine is available in firm
ware as an opt ion. And printing is 
only one applicat ion for this general 
purpose parallel interface. 

Two boards in one. 
The AIO is the only board on the market that can interface the Apple 
to both serial and parallel devices. It can even do both at the same 
time.That's the kind of innovative design and solid value that's been 
going into SSM products since the beginning of personal computing. 
The price, including PROMs and cables, is $135 in kit form, or $175 

assembled and tested. See the AIO at your local computer 
store or contact us for more information. 

2U6 Walsh Avenue 
Santa Clara, California 95050 
(408 ) 246-2707 
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Some Musings 

on Hardware Design 


Clayton Ellis 

Rt 4, POB 86 


Montrose PA 18801 


The purpose of this article is to acquaint 
the reader with some of the more interesting 
types of transistor-transistor logic (TTL) 
integrated circuits, the ease with which logic 
design can be accomplished, and to offer a 
few design considerations and trouble
shooting hints to stimulate the hom ebrew 
use of digital logic. 

Taking the topics in the above order, we 
start with a look at some of the more com
plex types of TTL ch ips in the "74xx" 
series. (We will ignore simple gates for the 
most part.) An example is the 7442 . This 
integrated circuit is a binary coded decimal 
(sometimes called BCD) to decimal decoder. 
What this means is that the circu it will 
decode 1 line out of 10 based on a 4 bit 
binary code. Figure 1 shows the pin con
nections. Regardless of what it is called, 
it works Ii ke this: pins 12 th ru 15 are a 4 bit 
binary input, pin 15 being the 1 's bit (bit O), 
14 the 2's bit (bit 1 ), 13 the 4's bit (bit 2), 
and 12 the 8's bit (bit3). Pins 1 thru 7 and 9 
thru 11 comprise the output pins, each pin 
staying high (logic 1 or a higher level voltage 
of about 3 to 5 V) unless the corresponding 
binary code is applied to the input. For 
example, let's say that pins 12 thru 15 are 
0101. In other words , 12 is at a logical low 
(about 0 V) ; 13 is at a logical high level 

+5V 

16 

Vee 
o1 

15 A 7442 I 2 

2 3 

I 
N 
p 
u 
T 

14 8 

13 c 

3 4 

4 5 

5 6 

6 7 

0 
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9 II 

GND 
e 

Figure 7: Pin connections for a 7442 TTL 
binary coded decimal to decimal converter. 

(above about 3 V, less than 5 V), etc. In this 
case, pin 6 (indicating a decimal 5) would be 
at a logical low level (about 0 V). All other 
pins relating to decimal output numbers 
would be at a logical high level. Note that 
only one output pin will be low at any given 
time, corresponding to the binary value of 
the input lines. "Ahh, " you might ask, 
"what if the input pins are at some binary 
value other than 0 thru 9? " The answer is 
easy; this constitutes an invalid input, and all 
output pins will stay high . Only valid deci
mal values will select an output pin. 

Now let's move on to a module similar to 
the 7442, the 74154. Referring to figure 2, 
the first apparent difference is the larger 
number of pins on the 74154. This inte
grated circuit is a 4 line to 16 line decoder. 
Its operation is the same as the 7442, with 
but two exceptions: there are now 16 valid 
output lines; and provision is made to allow 

+5V 

24 

Vee 
01 

74154 
23 A I 2 

2 3 

22 8 3 4 

ADORE SS 4 5 
LINES 

21 c 56 

20 0 

OUTPUTS 

9 10 

10 II 

11 13 

12 14 

18 GI 13 15 

GATE 

I NPUTS { GZ 	 14 16 

15 

19 

17 
GNO 

Figure 2: Pin connections for a 74 754 TTL 
4 line to 76 line decoder. 
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Figure 3: Pin connections for a 74150 TTL 
7of 76 fine data selector. 

two extra inputs to gate the individual line 
selected . Pins 18 and 19 perform this gating 
function. An example of use of this extra 
gating feature might look like th is : pins 20 
thru 23 might contain the bi nary equivalent 
of a decimal 14, pin 19 being low and pin 18 
alternating from high to low (a periodic 
clock pulse.) The end result is that pin 16 
(corresponding to Iine 14) will also period i
cally alternate high and low in fo llowing the 
signal on pin 18. The data at pin 18 is trans
ferred to pin 14. If the binary code on pins 
20 thru 23 were now changed to a decimal 
7, then line 7 (pin 8) wou ld fol low the data 
on pin 18. We select one of 16 outputs for a 
signal applied to the gates. Now, if we cou ld 
just have a binary contro lled switch to select 
1 of 16 inputs. Let's look at the 74150. 
Figure 3 shows the pinout of this one . 
This time there are 21 input pins and only 1 
output pin. 

Let's see how th is one works. Binary 
input is on the 4 l ines of pins 11 and 13 thru 
15. Let's say a binary value of 12 is presen t. 
Th is selects the number 12 input line (pin 
19) and transfers the level of th is Iine, be it 
steady, high, low or some alternating clock 
signal, to pin 10, the output li ne. Notice, 
though, that in order for the data to be 
transferred, pin 9 (the strobe input) also 
must be low. A high level on the strobe 
input prevents any data transfer from any 
input. This feature is used to allow data 
transfer only at selected intervals, such as 

The way you 
check llne·by·llne with 
an A P lntra·Swltch or 
I ntra·Connector. 
You plug your Intra-Switch In-line 
with standard socket connectors, 
and Instantly you 've got a separate, 
independent on-off switch for each 
and every line In your flat ribbon 
cable. To switch, you nudge with a 
pencil point. It's that quick. 

Imagine how much time and 
trouble Intra-Switch will save you In 
your diagnostic and quality testing, 
your programming and selective 
fine Inhibiting. 

Or. plug In your Intra-Connector 
(see box) the same way, and you 
have an extra set of male contacts 

at right angles. Instant llne-by-llne 
probeablllty-and an easy way to 
tap your system and daisy chain It 
Into new areas. 

Both Intra-Connectors and Intra
Switches come In 20, 26, 34, 40 and 
SO-contact models. 

Where? At your nearby AP deal
er. Where's that? Phone (toll-free) 
800-321-9668. And ask for the com
plete A P catalog, The Faster and 
Easier Book. 

AP PRODUCTS 
INCORPORATED 
Box 110D • 72 Corwin Drive 
Painesville, Ohio 44077 
Tel. 216/354-2101 
TWX: 810-425-2250ffi 

Faster and Easier is what we're all about. 
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FOR FAST IMPLEMENTATION 

OF BUSINESS APPLICATIONS 

Compact Compiler requ ires only 20K 

bytes. Our compact Version 3 Comp ile r 

requires on ly 20K bytes but supports a 

powerfu l subset of standard COBOL 

plus the CIS COBOL language exten· 

sions for conversationa l mode worki ng, 

provid ing ful l CRT screen formatting 

with bui lt ·in cursor control and numeric 

f ie Id va l idation. 

Other features inc lude CIS COBOL 

Indexed Sequentia l and Interactive 

Debug packages, linkage to run t ime sub· 

routines to CHAIN programs together, 

PEEK & POKE memory locations 

and GET & PUT to spec ial periphe rals. 

Forms Generator speeds program devel· 

opment. Forms is a powerfu l uti lity 

which can be used with either the Stan · 

dard or Compact COBO L Compiler. 

Forms generates reco rd descr iptions 

for Data Entry and Enqu iry Program s. 

The operator creates and edits the re· 

quired data entry form on the CRT by 

means of a question and answer session, 

and then automatical ly creates the 

requ ired COBOL source text. 

Th is tex t is held on diskette as COPY 

files which the programmer can then 

simply COPY into his program in the 

norma l COBOL way. 

CIS COBOL products run on the 8080 or Z80 microprocessors under 
the CP/M operating system. They are distributed on a variety of 
diskette formats and have a CON FIG utilility supplied as standard, which 
enables you to drive many different types of CRT. All are themselves 
written in CIS COBOL and are therefore readily transferred to different 
operating environments including new operating systems and new 
microprocessors. making CIS COBOL a very attractive proposition lor 
OE Ms. 
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Standard Compiler conforms to ANSI 74 

Specifications. And now our ANSI 74 

standard Vers ion 4 Co mp iler imple· 

ments level 1 of Nucleus, Table Hand l

ing, Sequ ential 1/0 , Relative 1/0, 
Indexed 1/0, Library, Segmentation and 

Inter Program Communicat ion plus 

many level 2 features and the CIS 

COBOL language extensions em ployed 

in Version 3. This compile r runs in 30K 

bytes and is ideal for implementing or 

converti ng large systems using modular 

programm ing. Features include dynamic 

program loading and fast program devel · 

opment turnround. 

DMIC:RO FOC:US 
MICRO FOCUS LTD. 58 Acacia Rd, SI. Johns Wood, London NW8 SAG 
Telep/Jone· 0 1·722 8843 Telex : 28536 MICROF G 
"CP!M is a lrademark of Digital Research 
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when the input wou ld contain valid data , or 
when the output is useful only at specific 
intervals. 

Now that we have taken a look at a few 
of the more involved logic blocks, let 's look 
at how easy it is to design the somewhat 
more complicated circuits using the simp le 
TTL blocks in conjunction with one or more 
of the above type of logic blocks. 

If we want to bui ld a sequencing device 
to look at a number of incoming lines, and 
if we are to use a give n clock signal to coor
dinate all this, we can use the logic circuit 
in figure 4. A very simple and straight
forward circ ui t, right? Not quite. Let 's take 
a second look. All the inputs bu t the one 
selected by the 74154 are going to be en
ab led at one time . The selected pin goes low, 
remember? By this time, if not before, you 
probably recalled the look we just took at 
the 74150 and are wondering why we did 
not use it. Figure 5 shows the circuit using 
the 74150. The foregoing just il lustrates a 
good point (and one to keep in mind when 
ever you undertake any logic design} . There 

r----------------l_'~~t--~ 
I 

I 

I 

I 

I ' I 
I ' J 

I ' ,-
I ' J-
I -
I 
-

I 

I 

I 

I ' 

I 2 3 4 5 6 7 B 9 10 11 13 14 15 16 117 

0 I 2 3 4 5 6 7 8 9 10 I I 12 13 14 15 +5V 

74 15 4 vee W 

A B c 0 GND 

I J 

Figure 4: A data selector .. to sample each of 76 lines 

I 
sequentially. It lool?s good, 
but it doesn't work. A 
neglected inversion in logic 
levels and thinking is the 
demon. 

OUTPUT 

' 
' I 
I 

Figure 5: Another approach to the problem 
in figure 4. This approach has a much lower 
parts count, so it is much easier to wire and 
it works. 
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• 	 Get circuit requirements down on paper in block form . 
• 	 Break each block down into required logic. 
• 	 Use the most integrated block available for each function as in the example of 

figure 5 unless the cost of such a module is much higher than two or possibly 
three less intricate ones. 

• 	 Don't go overboard with smaller blocks. This increases the density and complexity 
of interconnection, greatly increases the chances of errors and reduces system 
reliability. 

• 	 Cross-check all designs, as you may have redundantly developed the same signal 
line. Sometimes most of one segment of a circuit can be eliminated with an inver
ter or small amo unt of additional gating. 

• 	 If possible, have a friend familiar with digital logic go over the layout. Your friend 
can sometimes suggest circuit reductions that you missed simply because you 
were thinking one way while your friend used a different approach. The same 
review may even spot an error in the logic. With all those inversions, gating, etc, it 
is easy to do. Spotting an error at this stage can save hours at the breadboard stage. 

Table 7: Approach to 
finding the simplest logic 
circuit fora given function. 	 are many ways to accompl ish a specific func

tion. So many, in fact, that large companies 
who c:lo digital logic design in large quantities 
invariably use some form of computer aided 
logic design. The homebrew enthusiast ob
viously can't go that far, but the approach 
summarized in table 1 usually works fairly 
well. 

Timing 
Another good point to keep in mind is to 

think time (not in terms of how long it takes 
to design a circuit, or build it, but time rela
tionships in the circuitry itself} . This brings 

TOGGLE FLIP FLO PS DIVIDE 

Figure 6: A hypothetical 
clock circuit to give two 
different phases (lines A 
and B) at two different 
repetition rates. Lines A 
and B are at 7 /2 the clock 
rate. Line C is at 7/8 the 
clock rate with the same 
pulse duration. 

us back to a term, clock, that we have been 
using freely up to now. We all know that a 
clock is mere ly a line, usually derived from a 
square wave oscillator, right? This line is 
then used to coordinate all necessary gating, 
shifting, setting and resetting, etc, that goes 
on within the circuitry itself, right? Well, 
that is part of it, but who said it had to be a 
single line? Some .comp uters use a number 
of clock lines, perhaps as many as 8 or 10. 
The only thing these mu I tip le clock Iin es 
have in common is that they are usually all 
derived from the same oscillator and may 
be individually gated on or off, counted, 
decoded or subjected to any other valid logic 
manipulation. 

Figure 6 shows a typical clock circuit 
detailing some of these practices. As you 
can readily see, almost any combination of 
clock times can be selected, and the flip 
flops can be extended as far as needed to 
select a single clock pulse or a repetitive 
series of clock pulses. The point to remem
ber is that all pulses are derived from the 
same clock and each pulse on any line will 
be of the same duration as any other clock 
pulse. The single clock pulse shown on 
line C of the timing chart in figure 6 will 
start at the same time as the fourth clock 

FREQUENCY BY 2 

CLOCK 

FFI 

FF2 

FF3 

FF4 

A 

B CLOCK•ffi 

c CLOCK•FFI • FF2 •FF3 
'--~~~~~~~~~~ 
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pulse O'! line A, and the duration will be 
identical. 

There is one fly in the ointment at this 
point. J just noted that the two clock pulses 
would start at the exact same time. That is 
not quite true, however, and depending on 
how fast the clock is running, and exactly 
what is being gated, this may or may not be 
a problem. 

In an actual circuit, the clock pulse on 
line A would go positive slightly ahead of 
the pulse on line C. This is due to the delay 
(called propagation delay) across each flip 
flop encountered by the leading edge of the 
pulse. This delay is on the order of nano
seconds for each gate encountered. Let us 
assume an arbitrary 5 ns delay for each gate. 
Then the delay from the input of F Fl to the 
output of the AND gate driving line A would 
be 10 ns. This is 5 ns for FF1 and 5 ns for 
the AND gate. The delay ·from the input to 
FFl to the output of the AND gate driving 
line C would be not 10 ns, but 20 ns : 5 ns 
for each of the three flip flops and 5 ns for 
the AND gate. The pulse on line C would 
actually start 10 ns after the one of line A. 
This will also make a difference in the dura
tion of the pulse on each line; as the plus 
level arriving later than the clock pulse at 
the input to the AND gate determines when 
the output of the AND gate goes positive. 
However, the trailing edge of the clock pulse 
input determines when the AND gate output 
goes negative. 

This, in effect, shortens the duration of 
the pulse on the output line by a time (in 
nanoseconds) determined by the various 
propagation delays .. If the clock frequency 
of the circuit is on the order of tens or hun
dreds of kilohertz, then a delay of tens of 

INPUT 

A _J I I 
0 

1 II...____

c _ll~~n...____ 
Figure 7: A pulse generator for nanosecond 
range pulses. Pulse length is determined by 
the propagation time through the gates 
between the input and point B. More sophis
ticated methods are required if an accurate 
pulse length is required. 

nanoseconds would be of little consequence; 
but if the clock frequency of the circuit is 
something like 20 or 25 MHz, the delay can 
become a thorn in the side of the designer. 
This holds true for all data and control lines 
we well as clock lines. 

This propagation delay can be used to an 
advantage too. Figure 7 illustrates using this 
delay to generate a narrow pulse. Here the 
positive going (leading) edge of the input is 
applied to an AND gate, but the negative 
going (trailing) edge of the inverted version 
app lied to the other leg of the AND gate is 
delayed by the total of the propagation 
delay across the three inverter blocks. The 
resultant output is a narrow pulse equal in 
duration to the del ay across the inverters. 
This method of generating a pulse is only 
useful in cases where we don't care exactly 
how long the pulse lasts since gates and 
inverters are subject to manufacturing 
variations. 

To satisfy the rather picky individual or 
very high speed circuit, l have to say also 
that the output pulse is not only derived 
from the inverter delay, but is delayed from 
the leading edge of the original pulse by the 
amount of the delay across the AND gate 
itself. Figure 8 illustrates this. The short de
lays sh own on waveform C are due to the 
AND gate propagation delay. For most situa
tions, th is is carrying propagation delay 
accounting to extremes, but in certain high 
speed circuits each delay may have to be 
accounted for. If 20 or 30 gates are involved, 
the cumulative effects add up rather fast. 

Also to be considered is the capacitive 
effect of the interconnection lines: the dis
tributed and stray capacitance which are in 
parallel with the output of each gate add 
slightly to delay times. It takes a finite 
amount of time to charge this capacitance at 
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C I : I 

I 11 
I 11 

Figure 8: A magnified view of the pulse 
shown in figure 7. The output pulse Is de
layed by the propagation time of the A ND 
gate. This time varies but is typically about 
70 ns for normal transistor-transistor logic, 
less for the high speed and Schottky version 
and more for the low power integrated 
circuits. 
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each gate turn on, and the ga te will not 
switch until a certain vo ltage in put leve l is 
reached . All of which leads right into the last 
subject I'd Ii ke to touch on. How do you see 
all this in an actual circuit? Believe me when 
I say that it takes a good oscil loscope. To 
have a good disp lay in th e tens of nano
seconds range, it takes an oscil loscope wi th 
a bandwidth of at least 60 to 100 MHz. 

Does this mean that anyo ne without such 
an oscilloscope can't do much with higher 
speed TTL? Not necessarily . Remember we 
said that propagation delay only becomes 
a problem at high speeds and mu ltiple gate 
delays. There are a number of ways around 
this. One is to keep clock frequencies and 

data changes as slow as possible. Don't use 
a fast clock or data en coding just for the 
sake of speed, run it as fast as necessary 
and no faste r. If you can tolerate a slow 
clock speed, use i t. Anothe r method is to 
try and bring each data line that is to be 
gated with another line through the same 
number of gates as the line it is to be gated 
with. In other words, if one line originates 
at about the same source as another that it 
is to be gated with , but passes th rough 9 
levels of gating, and the other li ne passes 
through 3, the delays at high speeds can be 
a problem. This cou ld be compensated for 
by changing the way the lines are gated to 
bring the delays in ·· each line closer to the 
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say coinputer You do more than just 
fol low the crowd . 

You' re a trend setter. 
You 're a winner. 

Getting into your own computer is 
your next move. The sleek, impress ive 

easy-to-use PET computer from 
Commodore Business 

Machines is yo ur computer. 

say PET™ 
say-winner 

The PET computer was 

special: 
$100.00 of Commodore programs 
FREE if PET is purchased from 
Computerland by October 31, 1979. 

designed with a person of your 
ca liber in mind . PET means 

professiona I computer. 
Computerland means great value. 

We know you're looking for 
somethi ng specia l. We know t his is it . 

PET computer from $795.00 at 
part ici pat ing Computer land stores. 

(K.commodore 

Buy the PET and other C.B.M .. systems at Computerland .. . ... . 
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When no one 

in stock ... 

Circle 203 on inquiry card. 

has your floppy disks 

here's a new 
four letter word 
to use: 

The word is Kybe. Because Kybe can ship any model 
floppy disk, data cassette or mag card in only two days. 

You'll get the same high performance products sold by 3M, 
BASF, Memorex and other brand name suppliers. The same 
products we've built for OEM's for years. The full line 
is competit ively priced, backed by an unconditional 90 day 
warranty and inventoried for fast delivery. 

Dealer inqu iries invited. 

(800) 225-8715 


~~~~.•
Tel. !6171899·00•2. Telex 94-<l179 
Ofhces &r'eoresen1a11ves worktwtde 
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same length. An other help in extreme cases 
is to run the line with the lesser number of 
gates through seve ral pairs of inverters. Th is 
introd uces a delay to com pensate for the 
de lay in the other line. In other words, 
make the faster line wait for the slower one. 
An even better sol ut ion is to design your 
ci rcuits "synchronously" so that only one 
clock source ever changes the state of a fl ip 
flop or memory cell. 

As to seeing these problems on th e slower 
oscilloscopes, there are several hints that will 
help. Very little serious work with timi ng 
relationshi ps can be undertaken wi th out a 
dual trace capab ility (although a good dea l 
can be done oth erwise with TTL with just 
a si ngle trace scope). Even with a dual trace 
oscil loscope, the fastest sweep speed may 
not reveal a lot of timi ng detai l if not set up 
correctly and the alternate sweeps may not 
be time correlated without a common syn
chronization signal. A number of tes ts can 
be made with a single trace oscilloscope if it 
has provisions for external synchronization. 

In general, synchro ni ze the oscil loscope 
sweep as far ahead in time as is real is tic for 
the signals in question, in order to al low 
time fo r th e sweep to start before the pulse 
actually arrives. It goes without saying that 
the synchronization signal must be common 
to al l signals being examined. 

If you still can't see any diffe rence, try 
estimating the approximate de lay for each 
line fro m source to com mon logic block. 
Most logic handbooks list typical delays for 
integrated circu its. If the problem is in a 
counter circuit of some type which coun ts 
"up, 11 the coun t fo r a given sequence will 
usually be too high in value if delay prob
lems are the cause. Rarely will the count of 
an "up" counter be too low, as the usual 
situation is adva nci ng the counter by an ex
tra pu lse generated by mismatched delays, 
especially if a lot of exclu sive 0 Ring is being 
done. The situa tion where early turn off or 
disab ling of the counter causes a missed 
count is quite unlikely, mainly because the 
de lay is of a much shorter duration than the 
pulses being cou nted . 

These prob lems are all good to be aware 
of, but don't let them deter you from start
ing that project you were thi nking about. 
You may go a long time befo re you see one 
of the problems described. Don't let the 
lack of a superb oscilloscope deter yo u 
either. A lot of very intricate and fast digi
ta l circuitry is being buil t every day with 
nothing more than a single trace 1 MHz AC 
cou pled osci ll oscope. With a litt le exper i
ence, you can tell a great deal about a given 
TTL circuit with one of these inexpensive 
oscilloscopes. • 



A Low-Speed Analog-to-Digital 

Converter for the Apple II 


The development of micropro
cessor-based computer systems has 
progressed to the point where it is 
now practical to utilize these systems 
in a scientific or laboratory applica
tion . To be useful in a scientific appli
cation the computer must have the 
capability of converting analog 
signals to digital signals. Very few 
home computers have this capability. 
Certainly it is a straightforward task 
to design an analog-to-digital con
verter (ADC), but the real problem 
lies in connecting the converter to the 
computer. 

The Apple 11 computer, with 8 
peripheral-board connectors on the 
mother board, makes the job of 
designing and implementing special 
interfaces (such as the ADC) rela
tively easy. The peripheral-board 
connectors give the hardware 
designer access to all address , data, 
and control lines. In addition all con
trol , address, and data lines have 
been buffered, and certain address 
bits have been decoded to give a 
device select (OS) signal. What 
this means is that when a specific 
range of address locations is accessed, 
the OS line wiJI give a low output 
signal. Since the peripheral-board 
connectors are on the main computer 

About the Author 
Ric/Jard Hallgren is an Assistant Professor in 

t/·1e Dept of Biomecha11ics at Michigan State 
University. He is worki11g 011 the application of 
microprocessor-based systems in scientific 
researc/1. 
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Number Type +sv GND - 5V 

IC1 MC14028 16 8 
IC2 MC14049 1 8 
IC3 SN7427 14 7 
IC4 MC14013 14 7 
IC5 MC14433 24 13 12 
IC6 AD580 
IC7 MC14503 16 8 
IC8 MC14503 16 8 
IC9 DM7432 14 7 

Tcible 1: Voltages w liicli must be supplied 
to integrated cfrcu its in figure l for 
operating power. 

board, the finished interface board 
will be inside the computer and will 
be able to use the computer's power 
supply. Because of these character
istics, turning the Apple II into a real
time data analyzer becomes a matter 
of designing an analog-to-digital con
verter circuit, and control logic to 
meet the need of the application . 

Many of the applications that I had 
in mind were to be of a low-speed 
nature (eg : monitoring the tempera
ture of experimental animals in 
medical physiology laboratories, 
analyzing the results of elec
trophoretic analysis). Therefore, a 
low-speed analog-to-digital converter 
built around the Motorola MC14433 
integrated circuit seemed to be a cost 
effective approach. I was inspired by 
Steve Ciarcia's article, "On a Test 
Equipment Diet? Try an 8 Channel 
DVM Cocktail!" (December 1977 
BYTE, page 76) . 

The left section of figure 1 shows 
the analog-to-digital converter cir

cuitry. All data and status lines to the 
computer are isolated through the 
MC14503 3-state buffers (IC7 and 
IC8) . The MC14433 (IC5) is allowed 
to convert continuously at a rate of 
approximately 15 conversions per 
second . This means that if the data 
transfer to memory starts immedi
ately after the conversion ends, the 
Apple II can easily decode and store 
the data from one conversion before 
another conversion occurs . IC4, con
figured as an RS flip-flop that is in
itially reset by the computer, is set by 
the MC14433 after an analog-to 
digital conversion has been com
pleted. When the computer senses 
this change in status, it starts the 
decoding and data transfer process. 
IC6 is an AD 580 used to provide a 
stable reference voltage to the 
MC14433. 

The right section of figure 1 shows 
the control logic that is necessary to 
coordinate the transfer of data to the 
computer, and control signals from 
the computer. The circuit is designed 
so that the peripheral card resides in 
l/O (input/output) slot 7 on the 
Apple II mother board . The device 
select signal will go low whenever 
hexadecimal memory locations COFO 
thru COFF are addressed . The least 

Text co11ti1111ed 011 µage 74 

Figure 1: Schematic diagram of ana/og-to
digital-conversion circuit and associated 
control-logic circuitry. The analog-to
digital (A I D) convertor is shown on the 
left side, the control logic on the right 
side . 



ANA LOG-TO-D I GITA L CONVF:RSIDN CIRCUIT 

0-1.999 
VOLTS 

D~ 

3c I--< 

fi 7 

SN7427 

I 
I 

- -, 
2 I 

2 

.,." ... - .,. 

+SV 

' I IC6 2 20K IOOK 

A0580 m 1 
10.1 µ.F di 10.0022µ.F 

0 .1 µ.F 

~~9 2 3 

4 CO i C02 VREF Vx 
R1 

EOc 
14 

470K OU 'sl 
5 IC 5 6 

R1/C 1 MC l4 433 s 
--0. lµ.F IT MYLAR 6 

VAG 
~ 

C1 OR - IC4 
11 2 

OS I DS2 OS3 DS4 03 02 0 1 00 CLKO CLK I MCl4013 

119 18 17 16 23 22 21 20 II 10 I 
0 

68K R 

~ 
4 

14 12 10 6 4 2 

6 5 4 3 2 I 

15 - 9 

- DISABLE B INPUTS 
IC2IC 7 d 

4.._!... DISABLE A OUTPUTS MCl4503 MCl4049 

- 10
( 

6 5 4 3 2 I 

13 II 9 7 5 3 
OR 

114 

EOC 

)12 4 2 

6 5 2 I DATA TRANSFER 

'--....,.------ CONTROL LOGIC 

INPU TS DISABLE B 
15 

IC8 
MCl4503 I 

OUTPUTS DISABLE A -- ---
~ DATA STATUS SC 

6 5 2 I ,----- ----- - -1 

113 ~,s 3 I 6 3 I 12 

I II IC9 b a II DM7432 I IC3 
...-- ..- I 

I I F;5 4 2 ~_JL ___ _ --- -

-
r---- ---- -- --

IC2 6 4 

t:~o~'f--1--fJ 
3 14 

00 01 02 

IC I 
MC 1402B 

D c B A 

II 12 13 10 

N "' " "' "' .... Q) m.,. .,. .,. .,. .,. .,. N- "'"' "' 
07 06 05 04 03 02 DI DO R / W OS A3 A2 Al AO 

Seplember 1979 \fl BYTE Publicalions Inc 71 



Circle 379 on Inquiry card. 

300 or 1200 Baud 
Bell 2 12 Compa\1\Jle 
FCCCe1 talied 
RS232 

Half/ Full Duplex 1111 

Dial-up Phun\~ Lin .s 
1 year warri:lnly 
Stand Alone 

PERKIN 

ELMER 

BANTAM 

$799.00 
All the Featu res of the 

Hazeltine 1400 & LSI ADM-3A 
Plus 

Upp r/ Lowe1 Case 
7 x IOChar Matrix 
Wt111 e or Blilck Char 
Transparent M ode 
Addressable Cursor 

Tab Func tion 
BackspacE: Key 
Sh1ltlock Kev 
P11111 Key 
tniegrated Numenr 

Pad 

TELETYPE 
MODEL43 

KSR 

USR-310 

Originate 
Auto-Answer 

$339.00 Modem 

with RS232 

10 or 30 CHAR/ SEC 


132 COLUMNS 

UPPER/LOWER CASE 


FCC Cert ified for Direct Connection 
to Phone Lines 

USR-320 Auto-Answer 
Only Modem $319.00 

All Uni ts include a t 20 day w ar ra11 1y 

Optional Maintenance package ava1la!J le 


Any Product may be returned 

w i thin 10 days for a full refund. 


U.S. t<Ut::SU I I 1..a:i, INC. 
1035 W. LAKE ST. 

CHICAGO, ILL. 60607 

Sales (312) 733-0497 
General Offices (312) 733-0498 
Service (312) 733-0499 
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CALL FROM 

BASIC ROUTINE 


SAVE A, X, AND 
Y REGISTERS 

INITIALIZE 
DATA STORAGE 
LOCATION 

YES 

RE T URN TO 
BASIC ROUTINE 

NO 

NO 

YES NO 

INPUT DIGIT 
CODE AND DIGIT 

ST ORE DIGIT 

Figure 2: Flowchart of the machine language subroutine wliicl-1 takes samples from tlie 
analog-to-digital converter. This code is written for the 6502 processor used in the 
Apple JI. 



CENTRONICS 

DELIVERS THE WORD 


ON COMPUTERPRINTERS. 

.To get th.e most from a computer system, you need a permanent written record
information that you can use for reports, correspondence, or just about anything. 

For that, Centrorucs printers deliver the word. 

From top left, clockwise: Model 700 Impact printer, 60 cps, 132 column fonnat. Model 779 Impact printer, 60 cps, economical forms handling. Model 701 Impact 
printer, 60 cps, bidirectional, 132 column format. Moder 51 Non-impact microprinter, RS-232 serial interface, 150 lpm. Model 730 Impact pnnter, 50 cps, 3-in-1 
paper handfing. Model Pl Non-impact micropri nter, 150 lpm, no toners or ribbons. 

Who is Centronics, anyway? by Centronics' comprehensive warranty and 
Centronics has long been the world leader service program. 

in providing printers to the computer indus- Where can I find Centronics Printers? 
try. For sma11, economical computer systems- At any of the hundreds of Centronics 
like the ones at your local retail computer dealers coast-to-coast. It's worth the visit: 
store-we manllfacture more printers than your Centronics dealer is an expert who can 
anyone. That's quite a track record. explain the differences in printers and help 
What does that mean to me? make sure that the one you choose has the: 

If you own - or plan to purchase- a small right features for your system and the way 
business or home computer system, you you use it. Plus, many of our dealers are also 
canhavethebest r-----------------1 AuthorizedCen
printer available any- I D Give me the word on Centronics Prin ters, including the I tronics Service 
where: Centronics. name and address of the Authorized Centronics Dealer(s) Distributors which 
Wi ff th "d nearest me. . h 1 fu1 h e 0 er e WI est II 0 I'm interes ted in your dealer program. Please send information 

II lS e p w e!1 
selection of speeds, on how to become an Authonzed Centronics Dealer/Service you need routine 
sizes, applications, I Distributor. I maintenance and 
and prices. All inter- I Name I a godsend if you
face with most mini have a problem. 
and micro computer I Title I Selection. 
systems. Every mod- I Company Phone I Proven perform-
el features the same I ddr ance. Expert-
performance, reliabil- A ess I ise. Sel'Vlce. 
ity, and attention to I Oty State Zip I That's why 
detail th~t have made I c: E nTRDnI r-5® I C~ntronics.
Centrorucs #1. And L Pnnters deliver 
every one is backed I Centronics Data Computer Corp., Hudson, NH 03051 , (603) 883-0111 I the word. _______ L_________________J______ 
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Listing 1: The macliine language 
Address Instruction Op Code Operand Comments subroutine for collecting data from the 

4000 
4003 
4006 
4009 
400A 
400C 
400E 
4010 
4012 
40,4 
4016 
4019 
401B 
401E 
401F 
4022 
4024 
4026 
4029 
402C 
402F 
4030 
4031 
4032 
4033 
4036 
4037 
4038 
4039 
403A 
403B 
403C 
4030 
403E 
403F 
4040 
4043 
4046 
4048 
404A 
404C 
404F 
4052 
4054 
4056 
4058 
4058 
4050 

405F 
4061 
4062 
4064 
4066 
4068 
4069 
4068 
406E 
4071 
4073 
4075 
4077 
407A 
407C 
407E 
4080 
4081 
4083 
4085 
40a7 
40a8 
408A 
408D 
4090 
4092 
4094 
4096 
4099 
4098 
409D 
409F 
40AO 

AD BO 49 LDA $4980 
SE 81 49 STX $49B1 
SC 82 49 STY $49B2 
08 PHP 
A2 00 LDX N$00 
A9 00 LOA N$00 
85 OA STA $0A 
A9 4A LDA l$4A 
a5 OB STA $08 
A9 00 LOA #$00 
80 AO 49 STA $49AO 
A9 4E LDA N$4E 
BD A1 49 STA $49A1 
7a SEI 
AD A1 49 LOA $49A1 
C5 OB CMP $08 
DO OB BNE $4031 
AD BO 49 LOA $4980 
AE B1 49 LDX $4981 
AC 82 49 LDY $4982 
2S PLP 
60 ATS 
5S CLI 
EA NOP 
4C 1E 40 JMP $401E 
EA NOP 
EA NOP 
EA NOP 
EA NOP 
EA NOP 
EA NOP 
EA NOP 
EA NOP 
EA NOP 
EA NOP 
8D F2 CO STA $COF2 
AD Fl CO LOA $COF1 
29 80 AND nso 
C9 SO CMP N$80 
DO F7 BNE $4043 
AD FO CO LDA $COFO 
SD A2 49 STA $49A2 
29 SO AND 1$80 
C9 SO CMP #$80 
DO F4 BNE $404C 
AD A2 49 LDA $49A2 
29 OF AND N$0F 
81 OA STA ($0A,X) 

A4 DA LDY $0A 
ca INY 
84 DA STY $0A 
DO 05 BNE $4068 
A4 OB LOY $OB 
ca INY 
a4 OB STY $08 
AD FO CO LOA $COFO 
SD A2 49 STA $49A2 
29 40 AND 1$40 
C9 40 CMP 1$40 
DO F4 BNE $4068 
AD A2 49 LOA $49A2 
29 OF AND H$0F 
Sl OA STA ($0A,X) 
A4 OA LDY $0A 
ca INY 
84 OA STY $DA 
DO 05 BNE $40SA 
A4 OB LDY $OB 
CB INY 
84 OB STY $08 
AD FO CO LOA $COFO 
80 A2 49 STA $49A2 
29 20 AND 1$20 
C9 20 CMP 1$20 
DO F4 BNE $40SA 
AD A2 49 LOA $49A2 
29 OF AND 1$0F 
Sl DA STA ($0A,X) 
A4 OA LDY $0A 
ca INY 
S4 OA STY $0A 

Save registers 

Starting location of data storage 

Final location of data storage 

Disable Interrupt 

Have all data locations been filled? 

Enable Interrupt 

Start AID conversion 

AJD conversion finished? 
Input data 
Temporary data slorage 

Check for first digit (MSD) 

Peel off digit code leaving data 

Store data 


Increment lower S bits ol data storage 


Carry out to upper S bits? 


Increment upper S bits of data storage 


Input data· 


Check for second digit 

P.eel off digit code leaving data 
Store data 

Increment lower 8 bits of data storage 

Carry out to upper 8 bits? 

Increment upper 8 bits of data storage 

Input data 

Check for third digit 

Peel off digit code leaving dala 

Store data 


Increment lower S bits of data storage 

analog-to-digital converter, here show11 in 
assembly language format. Memory loca
tions 03FE and 03FF contain the hex
adecimal interrupt jump vector 4040, 
which is the entry point of tl1is routine. 

Text continued from page 70: 

significant 4 bits of the address are 
decoded by ICl and are used for on 
board addressing. Performing a store 
accumulator (ST A) operation to loca
tion COF2 causes the SC (start conver
sion) line to go high and resets the 
flip-flop IC4. Performing a LOA 
(load accumulator) from hexadecimal 
location COFl transfers the end of 
conversion (EOC) and overrange 
(OR) status data into the computer. 
Performing a LDA from location 
COFO transfers the digit-select code 
and the binary coded decimal (BCD) 
value of the particular digit selected 
into the computer. 

The software portion of the analog
to-cligital converter project is divided 
into 2 parts: 

• 	 A machine language routine to 
provide high-speed transfer of 
data from the MC14433 to the 
computer memory. 

• 	 A BASIC routine written in 
Applesoft floating-point BASIC to 
take the data in memory and for
mat it into a voltage that can be 
displayed as a function of time 
with the high-resolution graphics 
routine. 

Since the Apple II does not have an 
internal real-time clock, I decideQ__to 
use the interrupt request line (IRQ) 
as an input for an external clock . The 
advantage to this is that a calibrated 
pulse generator can be used to deter
mine the sampling rate. If desired, the 
computer can perform other tasks 
between samples . Knowing when 
each sample was taken makes it possi 
ble to display the data as a function of 
time with the high-resolution 
graphics routine. Since the Apple II 
high-resolution graphics allows the 
display of 256 points I decided to 
store 256 points in memory before 
displaying the data, but there is no 
reason why the data could not be 
displayed as i~ is taken. Figure 2 
shows the flowchart of the machine 
language program, and listing 1 
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6809! 
5-100 Compatibility.6809 Computability. 

I ~ . 

• 6809 
16 bit in terna l ar ithmetic 
Hardware mult iplication 
Two stack pointers 
Two index reg isters 
18 addressing modes 
Ful ly relocatab le code 
Five interrupts 
Up to three t imes the 

throughput of a 4MH z Z-80 

• 1K RAM 
• 1OK PROM space 
• MON BUG II monitor in c luded 
• 2400 baud cassette interface 
• 20 110 l ines 
• RS-232 leve l shifters 
• Real time clock 
• OMA 
• Paralle l keyboard input 
• Memory-mapped video output 
• Ful ly S-1 00 compat ible 

(including 8080 type 1/0) 
• A complete system, ready to use. 

MD-690a Single Board Computer 
$239 kit $299 assembled 

6802 Processor also available 
Ask about 6802, 6809 and Z80 systems. 

r-------------------
1 Please rush the following: 

I 
I 
I 
I 
I 
I 
I 
I 
I 

D CPU Card (kit) 
LJ CPU Card (assembled) 

Name 
Address ____ 
Company ___ 
City 
Sta te/Zip ----------

L--------------------· 
CA residents add 6%. 

Visa and Mastercharge accepted. 

MicroDaSys
P.O. Box 36051 

Los Angeles, CA 90036 
(213) 935-4555 
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40A2 
40A4 

DO 
A4 

05 
08 

8NE 
LOY 

$40A9 
$08 

Carry out to upper 8 bits? 

40A6 
40A7 

ca 
a4 OB 

INY 
STY $08 

Increment upper 8 bits of data storage 

40A9 
40AC 

AD 
ao 

FO 
A2 

CO 
49 

LOA 
STA 

$COFO 
$49A2 

Input data 

40AF 29 10 AND 1$10 
4081 
40B3 

C9 
DO 

10 
F4 

CMP 
BNE 

11$10 
$40A9 

Check for LSD {least significant digit) 

4085 AD A2 49 LOA $49A2 
4088 
40BA 
40BC 

29 
a1 
A4 

OF 
OA 
QA 

AND 
STA 
LOY 

ll$0F 
($0A,X) 
$0A 

Peel off digit code leaving data 
Store data 

40BE 
40BF 

ca 
a4 OA 

INY 
STY $0A 

Increment lower 8 bits of data storage 

40C1 
40C3 

DO 
A4 

05 
OB 

BNE 
LOY 

$40C8 
$08 

Carry out to upper 8 bits? 

40C5 
40C6 

ca 
84 OB 

INY 
STY $08 

Increment upper 8 bits of data storage 

40C8 AS 45 LOA $45 
40CA 40 RTI Return from interrupt 

Listing 2: Program in Applesoft floating point BASIC which calls the machine language 
routine of listing 1 and then formats and displays the data received, using the high
resolution graphics capability of the Apple JI . 

Program Comments 

100 DIM Z (300} 
101 HOME 
102 GOTO 1000 
110 CALL 16384 Machine language routine 
111 HOME : VTAB 24 
112 PRINT "THE DIGITIZED DATA IS 

BEING FORMATTED FOR PLOT 
ING" 

113 X= 1a944 Starling address of data 
115 FOR J=O TO 255 
120 V1 =PEEK {X) Get first digit (MSD) 
122 V2= PEEK (X + 1) Get second digit 
124 V3= PEEK (X + 2} Get third digit 
126 V4 =PEEK (X + 3} Get fourth digit (LSD} 
128 X=X + 4 
130 IF V1 > 7 THEN V1 =0 
132 IF V1 = 0 THEN GOTO 140 Decode MSD 
134 V1 = 1 
140 V$ = STR$ (V1) + STR$ (V2) + 

STR$ (V3) + STR$ (V4) Convert digits Into voltage XXX.X 
150 Z{J) = VAL (V$)/1000 
160 NEXT J 
200 HGR: HCOLOA = 3 High-resolution graphics 
202 HPLOT 20,0 TO 20,150 
204 HPLOT TO 279, 150 
2oa HPLOT 1a,o TO 22,0 
210 HPLOT 1a, 10 TO 22,10 
212 HPLOT 18,20 TO 22,20 
214 HPLOT 18,30 TO 22,30 
216 HPLOT 18,40 TO 22,40 
21a HPLOT 18,50 TO 22,50 
220 HPLOT 1a,60 TO 22,60 
222 HPLOT 18,70 TO 22,70 
224 HPLOT 18,80 TO 22,80 
226 HPLOT 18,90 TO 22,90 
22a HPLOT 18,100 TO 22,100 
230 HPLOT 18, 110TO22,110 
232 HPLOT 18,120 TO 22,120 
234 HPLOT 18,130 TO 22,130 
236 HPLOT 18,140 TO 22,140 
238 HPLOT 18,150 TO 22,150 Plot X·Y axis 
240 HPLOT 4,47 TO 4,53 
242 HPLOT 7,53 
246 HPLOT 10,47 TO 10,53 
248 HPLOT TO 14,53 
250 HPLOT TO 14,47 
252 HPLOT TO 10,47 
260 HPLOT 7,103 
262 HPLOT 14,97 TO 10,97 

Listing 2 continued 011 page 78 

Figure 3: Flowchart of the BASIC pro
gram which calls the machine language 
subroutine, formats the data obtained 
from the analog-to-digital converter, and 
displays it using higl1-resolution graphics. 

START 

YES 

CALL MACH INE 
L.ANGUAGE ROU TINE 

INITIALIZE 
DATA STORAGE 
L.OCATION 

GET 4 DIGITS 

FORMAT INTO 
VOLTAGE 

PLOT X, Y AX IS 

PLOT VOLTAGE 
SAMPLES 

STOP 

NO 

shows the coded program with com
ments. 

Upon entering the subroutine, all 
of the necessary registers are saved to 
enable a successful return from 
subroutine. The first thing that 
happens is that the end of conversion 
flip-flop is reset and the program 
loops until the MC14433 completes 
the next conversion and sets the flip
flop. The program then samples the 
data lines and decides whether or not 
the data represents the most signifi
cant piece of data. If it does not, the 
program continues to sample the data 
lines until the most significant piece 
of data has been obtained . This 
datum is then stored in memory, the 
memory storage locations are in
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lath -Tar-Mind" lunar lander Craps Mastermind Tic-Tac-Toe Jungle Island"' St ix 

1nnouncement I. The first eight Personal 
'rograms from Aladdin Automation are 
~aiting for you now at your neighborhood 
omputer retailer or direct from Aladdin . 

low you can get your full share of Aladdin 
1ag1c 1n every one of these Personal 
'rograms~ : 

M ath-Ter-Mind A delightful . 
educauonal learning experience 
for your pre-school child . Watch 

1e smile on your ch ild 's face as a correct 
nswer makes the mathemat ician smile on the 
:reen before you . A nursery song also serves 
;; a reward for learning elementary addition 
nd subtraction . With Aladdin's Math-Ter
1md your child 's pathway to learning w ill be 
in-filled ... for both of you . Math-Ter-Mind 
he first release from the Aladdin Education 
eries (nursery song cu rrent ly available only 
n Apple II program) 

unar lander In a controlled L descent. you 're JUSt seconds away 
from your first landing on the cold. 

irbidding surface of the moon . As you 
av1gate your delicate spacecraft downward to 
ie safety of Moonbase. you must be ever 
1atchful of the dangers rising to meet you with 
ach passing moment . a fuel level fast 
pproach1ng zero : deadly meteor showers that 
ome from any direction . at any time: sheer
1ced rock cliffs and rough terrain: choosing 
1e correct landing pattern and rate of descent. 
.laddin"s Lunar Lander. Your chance to reach 
ut and touch the stars . . without leaving the 
afety and comfort of your own chair. The firs t 
ilease from the Aladdin Simulation8 Series . 

/,~ 

C raps All eyes in the casino are 
on you . The d ice are 1n your 
hands . Lady Luck sits at your 

shoulder. whispering . '"Just one more time . 
Try your luck JUSt one more ume ·· You throw 
... and watch the d ice tumbling on the 
screen . With Aladdin's Craps you play against 
the computer. so it's awfully tough to win . But 
when you do . 1t"s an experience you ' re likely 
never to forget. Craps . An exciting , heart
pounding Personal Program . The first release 
from the Aladd in Las Vegas°' Series 

M astermind A challenging game 
of intrigue. centuries old . that will 
give you full chance to test your 

powers of logic. deduction and reason . And 
test them you wi ll. as you try and solve the 
computer's puule . using clues as they ' re 
provided one-by-one You control the degree of 
diff iculty in this classic Personal Program that 
offers one simple. yet all-consuming challenge : 
beat the Mastermind 1n a d1rect. one-on-one 
batt le of wns Aladdin ·s Mastermind . The first 
re lease from the Aladdin Old Favorites Series . 

T ic-Tac-Toe Five different levels 
of diff iculty allow a person of any 
age or ski ll to take part 1n th is 

relaxing . enJoyable game that can act as a 
learning tool. as well Level I. for example. 1s 
suitable for children and 1s excel lent also for 
teaching simple mathematics . The computer 
plays 1ust about perfect ly at Level V Just 
about . that 1s, so go ahead and take your best 
shot. See if you can beat the computer 1n this 
trad itional favorite of young and old alike . 
Tic-Tac-Toe . Another first release from the 
Aladdin Old Favorites - Series . 

J ungle Island Shipwrecked 1n a 
rag ing storm at sea. miraculously 
you survive only to find yourself 

. stranded on a seemingly deserted 1ungle 
island . Without food . water or supplies of any 
kind . you begin to try and find your way to 
safety . The computer w i ll be your eyes and 
ea rs as you explore your 1ungle island and all 
the mysteries and dangers that lie 1n wait for 
you . Jungle Island . A captivat ing first 
release from the Aladdin Adventure Series 

S tix' Aladd1n ·s St1x'"· can be 
played with 2 to 5 piles of st 1cks 
and between 1 and 1 g st icks in 

each pile . The ob1ect : to be the one to pick up 
the last stick . Sounds simple? Yes . but you ·re 
playing against the computer . Take heart . 
though . because you can control the degree of 
d1ff1culty 1n th is update of the ancient game of 
Nim . Stix Another first release from the 
Aladdin Old Favorites Series . 

Super Pro Football Here 's your 
chance to be more than JUSt an 
armchair quarterback . With 

Aladdin·s Super Pro Football· you can replay 
any Super Bowl game . from the first. between 
Green Bay and Oakland. to last year's classic 
victory by Pittsburgh over Dallas. For once you 
can turn back the clock and go for that one big 
play that made the difference between victory 
and defeat in pro footbalrs biggest game of all. 
Super Pro Football8 . The first exciting release 
from the Aladdin Super Pro Series . 

Vis it your neighborhood computer reta iler or 
contact Aladdin dlfect to get your full share of 
the magic 1n Announcement I. the first eight 
Personal Programs from Aladd in Auromat ion . 

lfelcome to the All-New World of 
lladdin. And Get Ready to 
•ake Your Own Magic 

ircle 3 on inquiry card. 

<ipyrighl 1978 by Aladdin Aulomallon Design and copy by Campbell Marsh Graphic Communicalions 



Listing 2 continued: 

264 HPLOT TO 10,100 
266 HPLOT TO 14,100 
268 HPLOT TO 14,103 
270 HPLOT TO 10,103 
272 HPLOT 14,147 TO 10,147 
274 HPLOT TO 10,153 
276 HPLOT TO 14,153 
278 HPLOT TO 14, 147 
280 HPLOT 30, 148 TO 30, 152 
281 HPLOT 40,148 TO 40,152: HPLOT 

50,148 TO 50,152 
282 HPLOT 60, 148 TO 60, 152: HPLOT 

70, 148 TO 70, 152 
283 HPLOT 80,148 TO 80,152: HPLOT 

90.148 TO 90,152 
284 HPLOT 100,148 TO 100,152: HPLOT 

110, 148 TO 110, 152 
285 HPLOT 120,148 TO 120,152: HPLOT 

130,148 TO 130,152 
286 HPLOT 140,148 TO 140,152: HPLOT 

150,148 TO 150,152 
287 HPLOT 160,148 TO 160,152: HPLOT 

170,148 TO 170,1 52 
288 HPLOT 180,148 TO 180,152: HPLOT 

190,148 TO 190, 152 
289 HPLOT 200,148 TO 200,152: HPLOT 

210,148 TO 210,152 
290 HPLOT 220, 148 TO 220, 152: HPLOT 

230, 148 TO 230, 152 
291 HPLOT 240, 148 TO 240, 152: HPLOT 

250, 148 TO 250, 152 
292 HPLOT 260, 148 TO 260, 152: HPLOT 

270, 148 TO 270, 152 
300 FOR J = 0 TO 255 
310 HPLOT J + 20, 150 - (Z(J} • 100) Plot voltage 
320 NEXT J 
1000 PRINT "PRESS RETURN TO START ND" 
1010 K =PEEK( - 16384) 
1012 POKE - 16368,0 
1014 IF K > 127 THEN GOTO 1020 
1016 GOTO 1010 
1020 TEXT 
1022 HOME 
1024 VTAB 24 
1026 PRINT "256 DATA POINTS ARE 

BEING DIGITIZED" 
1028 GOTO 110 
1099 END 

Photo 1: High-resolution display of a 0.05 
Hz sine wave signal which has been 
digitized at 10 samples per second. 

P/10 to 2 : Display of a 0.05 Hz triangular 
wave digitized at 10 samples per secon d. 

Ph oto 3: Display of a 0.001 Hz sine w ave 
digitized at 1 sample per minute. 

system costing less than $2,000. 
At present, a high-speed analog-to

digital converter is being constructed 
to digitize and analyze the electro
myographic voltages which come 
from muscles. This will allow an in
vestigator to gather data for further 
analysis of the complex neural
impulse waveform resulting from 
stretching a muscle . l anticipate that 
once researchers become aware of the 
data acquisition , data analysis, and 
system control that are possible with 
these low-cost systems , there will be a 
drastic increase in their use .• 

Circ le 99 on inqu iry card ._ 

cremented, and the program begins to 
look for the 2nd piece of data. After 
the 4 digits representing the digitized 
voltage have been stored, the pro
gram checks to see if 256 samples 
have been stored. If they have not, 
control returns to the beginning of the 
subroutine. When all 256 samples 
have been stored, the program 
returns to the BASIC routine which 
called it. 

The BASIC routine has the task of 
assembling the 4 digits from each con
version into a single number which is 
equal to the measured voltage. A 
flowchart is shown in figure 3. The 
machine language assembly routine 
has previously taken each of the 4 
digits from a single conversion and 
has stored them in individual 
memory locations. The BASIC 
routine uses the string manipulation 
capabilities of Applesoft BASIC to 
fetch each digit from its memory loca
tion and to assemble all 4 d igits into a 

single 4-digit voltage . After all 256 
conversions have been changed into 
voltages and stored in a matrix array, 
the high -resolution graphics routine is 
called and the voltages are plotted as 
a function of time. It is convenient to 
have the voltages stored in a matrix 
array so that if further analysis of the 
data is required it can be easily 
retrieved . Listing 2 shows the coded 
BASIC program with comments. 

To demonstrate the ability of a 
system to digitize and display Iow
frequency signal s , a waveform 
generator was connected to the 
analog-to-digital converter. Photo 1 
shows a 0.05 Hz sine wave which was 
digitized at 10 samples per second . 
Photo 2 shows a 0.05 Hz triangular 
wave which was digitized at 10 
samples per second. Photo 3 shows a 
0.001 Hz sine wave which was digitiz
ed at 1 sample per minute . The results 
are even more impressive when you 
consider that this is a data-acquisition 
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pYour 

Output. 


MULTI-TASKING! 

The TEMPOS O perating System is quickly becoming the standard in Mu lt i· 
User, Multi-Tasking operat ing systems fo r 8080 and 280 microcomputers. 
Multi -Tasking means that, even wi th only one user at one terminal, more 
than one job can be running on the systemsimulloneously! II you have ever 
had lo go get a cup of coffee while you wail fo r 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 you r memory. 

MULTI-USER! 

Want to share your computer with another user? With TEMPOS all ii lakes 
is another termi nal ... up to seven interactive terminals are all owed! And 
with Re-Entrant programs, each user does not need a complete copy in 
memory. We include th ree Re-Entrant programs(the OPUS/TH REE High· 
Level Language, the TEXTED Text Editor, and FILES, a disc file 
directory/ manipulator) or write your ownl In addi tion, we include an 
assembler, a li nking loader, over a half-dozen other ut ility programs and 
over 60 system subroutines, callable by the programme r! 

PROVEN! 

With TEMPOS, you get a package tha t has been tes ted in our faci lities 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 applications to tex l edi ting lo games. TEMPOS is undoubted· 
ly the most flexible software tool on the market . .. and you can have it for 
much less than you th ink! 

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 O perating Sys tem is avai lable for $787.00, 
the manual se t (price may be credited toward the purchase of the TEMPOS 
package) fo r $21.50 (prices include shipping within the U.S.) . 

ADMINISTRA.TIVE 

DDSYSTEMS 

DODINC.
DD 

1642 S. Parker Road , Suite 300, Denv er, Colo rado 80231 
(303) 755-9694 
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EYTE'sEits 


EXPAN D YOUR 

COMPUTER'S 


POTENTI AL WITH 

NEW TIMESHARING 


SERVICE 


Compuserve, a Columbus 
Ohio computer service 
organization which services 
more than 650 commercial 
customers including govern
ment agencies, financial 
institutions, and large cor
pora tions, has recently ex
panded its services to en
compass the personal com
puter user. MicroNET is a 
computer timesharing and 
software distribution service 
for home and small business 
applications. T he service 
costs $5 per connect hour. 
The MicroNET system may 
be accessed via telephone 
service in 25 major metro
politan areas. It is avai lable 
between the hours of 6 PM 
and 5 AM on weekdays, as 
well as all day Saturday, 
Sunday and holi days. 

According to the com
pany, the personal computer 
owner w ill be able to use a 
variety of compu ter pro
grams on a timesharing 
basis; communicate with 
other MicroNET customers; 
buy and sell software 
through the network; and 
obtain additional on-line 
storage. The MicroNET 
timesharing library includes 
a large selection of programs 
in severa l categories inclu
ding personal programs, 
educationa l aids, business 
applications, games and 
simulations, programming 
languages, and programming 
and diagnos tic tools. Most 
of the programs in the 
MicroNET library are 
available at no charge other 
than the basic connect time 
rate. 

A ll connect time charges 
and software purchases will 
be billed through use of 
credit card information 
which is provided by the 

customer. For a Service 
Application form and more 
information , write to Per
sonal Computing Division, 
CompuServe Inc, 5000 Ar
lington Cent re Blvd , Colum
bus OH 43220, or call (614) 
457-8600. 

NOTES ON 

BULLETIN BOARD 


The Computerized 
Bulletin Board System 
(CBBS) in the Atlan ta GA 
area is no longer being 
operated by DC Hayes 
Associates Inc. The Atlanta 
system is now bei ng 
operated by the Atlanta 
Computer Society. T h e 
telephone number has been 
changed to (404) 394-4220. 
A description of a CBBS ap
peared in the article entit led 
"Hobbyist Computerized 
Bulletin Board" by Ward 
Christensen and Randy 
Suess, (November 1978 
BYTE, page 150) . 

CITRUS COLLEGE 

OFFERS PERSO NAL 


COMPUTING COURSES 


Citrus College in Azusa 
CA is offering 2 personal 
computing courses to com
mence September 1979. Each 
class is 18 weeks long. The 
classes are: 

Personal Computing 
-Building and Using (DP 
115) Basic construction 
techniques, reading sim
ple logic diagrams, 
debugging ci rcui ts, simple 
assembler, a nd simple 
BASIC. 
Personal Computing 
-Soft:ware (DP 116) Pro
gramming in 6800 and 
8080 assembly language. 

For further information , 
contact Ed Keith, Citrus 
College, 18824 E Foothi ll 
Blvd, Azusa CA 91702. • 



THE BRAIN is the single topic of the 

Septeinber issue of SCIENTIFIC AMERICAN 


Is the brain a computer? All the major advances in 
Wha t is the role of chemistry science of the past three 
in brain function? Is the capa decades have been reported in 
city of speech "hard-wired" our pages by the scientists 
into the brain? Where in the who have done the research. 
brain is the mind? The collaboration of our 

These are questions that editors in the preparation of 
will engage your interest text and illustration makes 
in the September issue of this work accessible to a 
SCIENTIFIC AMERICAN. steadily growing worldwide 

This issue does not, by any readership. 
means, tell you "how the brain Why not join us at the 
works." That remains one of frontiers of knowledge? You 
the most alluring and baffling will learn why The New York 
questions on the frontier of Times ca lls ou r magazine 
understanding. The conver "This country's and perhaps 
gence of work in many dis the world's outstanding 
ciplines-from neurosurgery forum for communication 
to linguistics-has begun to between the scientists and 
put that question, however, in the intelligent public.". 
ways that can yield answers . A one-year subscription, 

The deep new knowledge at $18, saves you $6 on the 
abou t the brain, gathered at newsstand price of $2.00. 
an accelerating rate in recent A two-year subscription, at 
years, shows this organ to be $33, saves $15. And a three
marvelously designed and 
capacitated beyond the wonders with 
which it was invested by ignorant 
imagination . 

Here are the articles: 
• The Brain (Introduction) 
• The Neuron 
• Small Systems of Neurons 
• The O rganization of the Brain 
• The Development of the Brain 
• The Chemistry of the Brain 
• Brain Mechanisms of Vision 
• Bra in Mechanisms of Movement 
• Specializations of the Human Brain 
• Disorders of the Human Brain 
• Thinking about the Brain 

Each of the authors of this issue has 
made significant contribution to the 
growing body of knowledge about the 
brain. Together they offer a compre
hensive exposition of present under
standing and chart the way for con
tinuing study. 

With this issue the editors of 
SCIENTIFIC AMERICAN continue a 
30-year tradition of devoting each 
September issue to a single topic of 
current scientific and public interest. 
In the other monthly issues our readers 
enjoy a diversity of articles covering 
the full range of disciplines . 

year subscription, at $45, 
saves you $27. 

Use the coupon below, or call to ll 
free : 1-800-648-5311. 

(In Nevada call 800-992-5710.) 
Send no money. We'll bill you . 

Illustration from Gregor Reisch's Mnrgnriln 
Plrilosoplricn, 1504 . 

SCIENTIFIC 

AMERICAN 


WITH YOUR SUBSCRIPTION ... SUBSCRIPTION RESERVATION 
THIS FREE BOOK SCIENTIFIC AMERICAN 415 Madison Avenue. Dept. ZF, New York , N.Y. 10017 

Circle 336 on inquiry card. 

Yes. enter my subscriptionAs soon as your sub
to the monthly issues ofscription payment is 
SCIENTIFIC AMERICAN for thereceived, we will also Name
term I have checked. As soon send you Human 
as my payment is received, Ancestors (regular 
you wil l also send me-absoprice: $5.00) as a bonus. Address 
lutely free-the 144-pageThis 144-page an thol
book Human Ancestors ogy reports the archae
(regular price: $5.00). City/State/Zipological discoveries 

that unveiled the evolu D Star1 my subscription with September issueMY GUARANTEE 
tionary stream leading D 1 year-$18 D 2years-$33 D 3years- $45I may cancel my subscriptionto Homo sapians, cul (save $6) (save $15) (save $27) to SCIENTIFIC AMER ICAN atminating In the growing 

any time and receive a refund D My payment is enclosed D Bi llme 
recognition of the role 

for the unused balance. The (lnternalional rates outside U.S. and Canada: of toolmaking In the 
bonus book is mine to keep. 1 year-S22 2 years- $40 3 years- $55) ZF 

process of natural 
selection. 
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Operating Systems 


Let's Have Some UNIX-Inspired Software 


Jim Howell, 5472 Playa Del Rey, San Jose CA 95123 

I would like to add to the comments made by James 
]ones ("Languages Forum," April 1979 BYTE, page 245) 
about operating systems . 

First, I wholeheartedly agree with his letter. A job con
trol language like OS /370 (or most other large systems, 
for that matter) would be terrible for personal computer 
use. Aside from the pile of job control required to do 
anything, there are other problems with OS-like systems. 
The numerous file formats a nd "access methods" make it 
difficult for programs to work together. Specifying files 
for the compiler or assembler to use as work files is a 
nuisance. A file specification (DD statement) also re
quires giving values for severa l parameters about which 
the user usually doesn't care or shouldn't have to specify. 
Some of these problems are helped by using procedures 
(sets of job control that the computer vendor or local 
systems programmer has stored on disk for general use), 
but these may not be what you need, and they also take 
up disk space. The space is not significant if your disks 
sto re 100 megabytes, but it cou ld be significant for flop 
py disk users. 

I would like to strengthen Mr Jones' suggestions that 
UNIX be used as a model for a microprocessor operating 
system. (UNIX is a trademark of Bell Labs .) I have used a 
UNIX system at work for about a year and it is a very 
pleasant system to work with. All files on UNIX are a 
series of bytes: no structure within fi les are imposed by 
the system. In particular, there is no concept of a "logica l 
record" in UNIX. A "logical record" is the (usually) fixed 
size chunk in wh ich fi les are read or written on big 
systems; often 80 bytes (for card or card-image files), or 
120or132 bytes (for line printers). On UNIX, the end of a 
line in a text file is indicated by the use of a new-line 
character. Th is new-line character (line feed on UNIX) 
replaces the trailing blanks which are stored on systems 
that use logical records. The new-line character is read or 
written just like any other character. The size of a file is 
determined by how many bytes are written to it; pre
determination of the file size (by guessing?) is not 
necessary, or even possible. 

Job control language on UNIX is practically non
existent. A command to run a program (such as a com
piler or a user program) consists of the name of the pro
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gram to be executed followed by any parameters that the 
program needs, separated by blanks . (Parameters are 
often file names and processing options.) The command 
processor, which runs as a user program, reads the com
mand line, divides it into "words," and calls the system to 
execu te the desired program. This system call also passes 
the parameters to the executed program. There is no need 
to describe files in the command since programs need on 
ly the name of a file in order to access it. Block sizes and 
such things are not required, even for new files, since 
there is only one format for files. 

The following is a summary of the major system calls 
of UNIX that deal with file or an l/O (input/output) 
device. A file name in the open and create calls ca n also 
be a device name (such as the name for a terminal or 
printer). 

Open 	 (name, mode) opens an existing file (or device) 
for further operations. "Name" is a po in ter to a 
character string which is the name of the file (or 
device) and "mode" indicates reading, writing, or 
both. 

Create 	 (name, prot) creates a new file, deleting any old 
file whose name is "name ." This new file is open
ed for writing. (I would li ke to see a "mode" 
argument for this call, in addition to the two 
specified. This "mode" would mean the same as 
it does for "open.") 

Read 	 (fi ldes, buffer, length) reads up to "length" bytes 
from the file whose descriptor is "fildes" into the 
"buffer" . The file descriptor is a small, non
negative integer which was returned by open or 
create. The number of bytes actually read is 
returned to the caller. A return of 0 means end of 
file. 

Write 	 (fildes, buffer, length) writes "length bytes to the 
file "fildes" from the "buffer. " 

Seek 	 (fildes, offset, base) moves the read / write 
pointer of the file "fildfs" to a new position 
within the file. "Offset" is how far to move the 
pointer, and "base" indicates from the start of the 
file, from the current position, or from the end of 
the file. 

Close 	 (fildes) closes a file. 

Each open file has a read/write pointer associated with 



it. Each read or write call starts reading or writing at the 
current poin ter and advances the pointer by the number 
of bytes read or written. By moving the read / write 
pointer with the "seek" cal l, random access files (or even 
indexed-sequential or other access methods) can be 
implemented if required. Note that "read" and "write" are 
the lowest levels of 110 cal ls to the system, and that they 
apply to all devices. All device-dependent processing is 
inside of the operat ing system. The only thing that a user 
program needs to know about a file after it is opened or 
created is the returned number (file descriptor). There are 
no "control blocks" or other system-imposed structures 
in user programs . (Sys tem calls are available in UNIX to 
determi ne the type of device that is associated with an 
open file for the few programs that need this 
information. ) 

Most current microprocessor operating systems use a 
special character, such as control-z, to mark the end of 
text fi les. These systems take the view that "binary" fi les 
(files where all 256 possible bytes are valid) are only for 
executable programs, and in this case reading a few extra 
bytes from the last sector of the file will not cause any 
problems . Such a scheme prevents the use of binary files 
for other purposes where the exact end of the file must be 
known. Possible uses include a work fi le written by a 
compiler or assembler and libra ries of subroutines in ob
ject format for linking with other programs . (For example 
you wouldn 't want a 20 byte absolute value function to 
add 128 bytes to your program, simply because the end 
of a sector is the best you can do at locating the end of the 
function!) The end of a file should, as in UNIX, be indi
cated by a count of the number of bytes in the file, and 
the end of file when reading should be determined by 
compari ng the read / write pointer of the file to the end-of
file byte count. (Writing past the end of a file causes the 
end of file pointer to move to the new read / write pointer 
position .) 

The above is a description of some aspects of UNIX, 
and is also intended to be used as guidelines in writing 
any new operating systems for microprocessors (or even 
big systems) . One other thing that might be considered 
by an opera ting system writer is the use of a high-level 
language for most of the operating system and for the 
programs that implement supplied commands. This 
would a llow the operating sys tem to be moved to another 
microprocessor without having to completely rewrite it. 

I am about halfway through designi ng an operating 
system along the lines of the above suggestions. (I started 
before Mr Jones' letter appeared in BYTE.) Eventually I 
expect to implement it. 

Let me conclude by listing three references wh ich are 
recommended to those who are implementing a usable 
microprocessor operating system. The first two were also 
mentioned by Mr Jones. • 

REFERENCES 

1. 	 Communications of lhe ACM, Ju ly 1974. A revised version of the 
UNIX article appears in reference 3 be low. 

2. 	 Software Tools by Kernighan and Plauger. 
3. 	 The Bell System Technical Journal, July th ru August 1978, part 2. 

This issue contains abou t fifteen papers on UNIX. Read especia lly 
the first 3 or 4 pape rs, as well as the one ca lled "UNIX on a 
Microprocessor" (single-user vers ion on an LIS-11). 
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RS-232 $549.00 IEEE $575.00 


*Prices valid in USA only 
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Pleasant Hil l, CA 94523 
(415) 935-4590 

It's LOGIC 
@Q!]@for graphics! 

NEW 
ASSEMBLY LANGUAGE 
3DGRAPHICS 
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Soldering Techniques 

William Trimmer 


40 James St 

Morris Plains NJ 07950 


Anyone who can get 3 objects into electronics and a fine pamphlet 
the same vicinity can solder . Doing a prepared by NASA entitled "Solder
professional job, however, requires ing Electrical Connections, A Hand
some care and practice. This article book" (United States Printing Office, 
draws on my experience in teaching NASA SP-5002). Good soldering 

Photo 1: After cleaning the tip of the soldering iron with a wet sponge, prepare it by 
adding a dab of solder. 

Photo 2: Before soldering, the joints should be mechanically fastened. 
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techniques can save time, com
ponents and frustration . 

Good Soldering Techniques 
Good soldering starts with a clean 

soldering iron tip and well-tinned 
parts. Just prior to use, the hot solder
ing iron should be cleaned by wiping 
it across a wet sponge. The thermal 
shock and wiping action will clean 
the tip and remove the excess solder. 
Then touch a bit of solder to the tip 
(photo 1). The iron is now ready for 
use. The parts to be soldered are 
ready when the solder flows quickly 
and evenly over their heated surfaces. 
If this does not happen, clean the 
parts by brushing, filing, or rubbing 
with a pencil eraser. Next flow a thin 
layer of solder over the clean surface. 
The parts are now tinned and ready 
to be soldered. 

The prepared parts should be 
mechanically fastened together before 
making the soldering joint (photo 2) . 
The solder should not be expected to 
supply mechanical strength. Clean 
the soldering iron tip, and add a dab 
of solder to the tip . Touch the 
soldering iron to the heavier of the 
parts to be joined, and begin wiping 
the solder on the junction between the 
two parts (photo 3). 

Do not feed the solder into the 
soldering iron tip. When the com
ponents are hot enough, the solder 
will begin to melt into the joint. The 
solder should skate over the surfaces 
like butter on a hot pan. Now you 
must move quickly. Rapidly wipe the 
entire length of the connection with 
the solder, being careful not to apply 
too much. The solder should flow 
smoothly over the parts. If braided 
wire is used, the strands should still 
be visible (photo 4). Doing this well 
takes a lot of practice. Now remove 
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Photo 3: Wh en so ldering, touch the iron to the heav iest pai·t. Wh en the join t is /tot 
enouglz . the solder w ill melt on tlze side opposite the iron . 

Photo 4: In a well-so ldered braided wire, 
the strands sho 11ld still be v isible. 

Photo 5: Excess solder, poor w etting of 
the wire, fros ted surfaces, and blobs of 
solder represent poorly soldered join ts . 
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the iron and hold everything perfectly 
still. Any motion while the solder is 
going from the liquid to the solid state 
will cause a cold joint. After the joint 
is cooled, the surface of the solder 
should look like a mirror . A good 
solder joint is an accomplishment. 

A good way to begin might be to 
deliberately make some bad soldering 
joints. First, shake the two wires 
while the solder is cooling. Notice the 
undesirable frosted look. Now try 
leaving the iron on the joint for more 
than several seconds, and you will 
notice that a scum forms. Try putting 
too much solder on the joint. Often 
when this blob cools, the frosted sur
face will appear (photo 5) . Try to find 
the two oldest wires you can . Twist 
them together and solder them. If 
they are covered with an oxide layer, 
the solder will not transfer from the 
soldering iron tip to the wires . 
Repeated heatings will probably 
cause the solder to melt around the 
joint. Notice how the solder does not 
flow onto the wires, but sticks to 
itself . The joint is now probably hot 
enough to burn the flux . 

Inevitably, one has to unsolder 
some beautifully soldered joints. If 
the joint is that of a straight wire 
through a hole , a pull will often ac
complish the task . (Be careful of the 
flying molten solder.) Often , one 
must remove the solder and then un
wrap the wire . The best method uses 
a fine mesh of properly fluxed copper 
wire. (An example of this would be 
Solder-Wick, made by Solder 

Removal Co, 1077 E Edna Place, 
Covina CA 91724. Their 40-4-5 is a 
medium size, 40-6-2 1/2 is for large 
joints, and 40-2-5 is for very small 
joints .) Push the mesh against the 
joint with the soldering iron. The 
solder will be wicked from the joint 
into the mesh . Solder suckers are also 
a popular way to remove solder. The 
tool is cocked, placed on a heated 
joint, and released . A plunger pulling 
air through the nozzle of the sucker 
gets most of the solder. This last sug
gestion i's the least expensive way. 
Hold the circuit board and heat the 
joint. Rap the edge of the board 
smartly on the work bench. Solder 
flies in every direction, but the joint is 
clean. 

Good soldering takes patience and 
practice. Fortunately, if properly 
done, the soldering joints are almost 
never the culprits when a circuit does 
not work. The following are some 
suggestions that will make soldering 
easier. 

Tools 
The soldering iron should be well 

tinned (covered with solder), and 
should quickly raise the joint to the 
working temperature. I prefer a 30 or 
40 W element for a pencil soldering 
iron. Cleaning the tip with a wet 
sponge before soldering will bring the 
tip down to the correct temperature 
range (about 700 °F). This slightly 
greater wattage will allow larger 
pieces to be soldered. Better yet are 
the temperature controlled pencil 
soldering irons. Soldering guns are 
too large and hot for all but the most 
massive soldering joints. If you buy a 
new soldering iron, wrap the tip with 
solder before turning it on . This will 
coat the tip with solder before it gets 
hot enough to oxidize. Place the iron 
in a protective cage towards the back 
of your work bench so that it can not 
burn anything. If the iron is not going 
to be used for a while, unplug it. 

It is very tempting to buy less ex
pensive solder . Don't do it. Solder 
costs very little compared to other 
components. The best solder is Eutec
tic , which is 63 % tin and 37 % lead. 
This mixture passes directly from a 
liquid to a solid stage without going 
through a plastic region . As a result , 
good soldering joints are easier to 
make. Solder composition is gener
ally given by two numbers, such as 
40-60. The first number is the amount 
of tin, the second is the amount of 



lead. The above solder is less expen
sive to make than Eutectic solder 
because tin is the expensive element. 
However, this solder has a plastic 
region of about 180°F. The joint must 
be held completely motionless while 
the solder is cooling through this 
plastic stage. AJways use a rosin flux 
when soldering. Never let your iron 
touch acid flux. An 18 or 20 gauge 
solder with a rosin core works nicely. 

There are a number of other useful 
tools. These include long nose pliers, 
diagonal cutting pliers, wire strip
pers, a slotted screwdriver, a dental 
pick, and plastic electrical tape. 

Assembly Before Soldering 
A convenient substrate upon which 

to build electronics is predrilled 
epoxy board. The holes should be on 
0.1 inch centers in a square grid for 
digital work. Typical hole sizes are 
0.042 or 0.062 inches. Vector-type 
terminals (Vector Electronic Co Inc, 
12460 Gladstone Ave, Sylmar CA 
91342) can be pushed into the holes 
and the discrete components soldered 
to the terminals. The majority of 
digital electronics come in the dual 
in-line packages. A convenient way 
to mount dual-in-line packages is 
with circuit-stick-type subelements 
(Circuit-Stik lnc, 24015 Gardnier St, 
POB 3396, Torrance CA 90510) . 
These are very thin sheets of glass 
epoxy with preetched copper lands on 
one side and glue on the other. The 
holes on the subelements are aligned 
with the holes on the predrilled circuit 
board, and carefully pressed 
together. The dual-in-line packages 
and components can then be pushed 
through from the other side of the 
board, and soldered to the preetched 
copper lands . One can then wire the 
correct lands together. Because the 
spacing between the pins of the dual
in-line packages is only 0.1 inches, 
hand soldering requires care. When 
working with dual-in-line packages, I 
prefer to solder sockets onto the 
board, and plug the dual-in-line 
packages into the sockets. This 
method makes troubleshooting 
easier. 

It is important to be neat when 
soldering . Try to lay the board out 
logically. Do not crowd the com
ponents together. If it is your own 
design, you will probably want to 
add something after the board is 
made. Place all of the resistors the 
same way so that their color codes 

Explorer/85 
Professional Computer 

Starting at just S/19.95 for a l1v~I .. , , "oporatlng syst1m, 
you can now build lht txact computtr you H'anl. Explour/ 85 
can bt your btginntr's sysum, 0£.A.f conrrolltr, or IBM· 
/ormatud , ._ diJlc Jniall buslrrw systtm... yet you'u nt11tr 
/orctd to spend a ptnny /or a compontnt or /tat,,rt you don 't 
want and ) 'OU can txpand in small. affordablt sttps! 

Now, for just SJ29.9S, you can own 1he first level o f a fully 
c:xpondnble computer wilh professional capabili ties-a com
pu1er which reatures the advanced lnlel KOSS cpu, thereby 
giving you immediate acC"ess 10 all software and de••elopmPnt 
tools that exist for both tht 8085 and Its 8080A predece.ssor 
(they are /()(}'lo software compatible)- • computer which 
fea tures onboard S-100 bus c.xpJiruion-plus ins 1~n1 conver
sion to mass storage disk memory whh either S-1/4" disk cues 
or standard I BM·forma11ed 8" disks. 

For jus1 Sl29.9S (plus 1hc co" of a power supply, keyboard / 
terminal a nd RF modulator, if you don'I have 1hem already}., 
E•plorer / 8S lets you begin computing o n a signlfieont level. .. 
applying 1he principles discussed in leading comp111er maga 
zines .. .de•1eloping "stale or 1hc an" computer solu tions ror 
bolh the indus1rial and leisure environment. 

Like all Nmonics produc1s, each level of E•ploror/ SS is 
engineered 10 professional s1andD.rds. Top qua.Iii)' components 
arc used Lhroughout. You arc insured. yettr after }'Ca.r . of 
stable, re liable service. 

And Nwonics lelS you bui ld the system you wnn1-wi1h the 
cxac1 components you wanl. You 1 re never forced 10 spend a 
penny for an ilem you already have (i.e .. a powrr s11pp/y, RF 
modula1or, keyboard, e1c.J in order 10 get a new feature or 
component you need. 

o mailer whal your rumrt computing plans may be, Level 
" A" is you r s tar1ing poin t. 

level "A" Specillcallons 
Explorer/ SS's Lel'el " A" sysiem fea lu res lhe advanced ln1cl 
8035 cpu, an 8JSS ROM wi th 2k deluxe monitor/ operating 
system, a nd an 81 SS ROM-1/0-nll on a single mo1herboard 
with room for RAM/ ROMI PROM/ EPROM and S· IOO .,. 
pans.ion , plus generous protOl>'Ping space. 

(Lenl "A.. makes a perfrcl OEM conlroUer for lndsulrial 
oppll<aUons and ls ovollobl< ln •special Hu Ver.lion wbkh can 
hr prognammtd usinR lh• Nolronl<S Hu K•>•pod/ Obploy.) 

PC Boord: glass epoxy, plo1ed lh rough holes wi1h solder 
mask • 110: provisions fo r 2S·pin (0132S) conncclor for 
1erminal serial l/ O, which can a lso support a paper 1npe reader 
. . . pro•·ision for 24-pin DIP sockel for hex keyboard / display 
. .. cassC'uc 1npc recorder inpu1 .. . casseuc rnpc recorde r ou1pul 
.. . c.assen e tape control output ... speak<r o utput. .. LED out 
put indicator on SOD (s~ri a l output) line ... printer interface 
(less drivers) ... 101al of fou r 8-bh plus one 6-bil 1/ 0 ports • 
Cryst•I Fr~uinc)' : 6. 144 MHz • Control SwitC"hrs: rcse:I and 
user (RST 7.S) interrupt ... addit ional provisions for RST S.5. 
6 .5 and TRAP in tcrrupls o nbonrd • Countrr/ TimH: program
mable, 14-bil binary • S)'Slo m RAM : 2S6 bytes located a1 F800, 
ideal for smaller S)'Stcrru 3nd fo r use as an isolated stack area in 
expanded systems ... RAM expandable 10 64k via S· 100 bus o r 
4K on mo1hcrboard . 

Monl1or ROM (ASCII Keyboard Ve..,.Jonl: 2k bytes of 
de luxe system monitor ROM located at F000 leaving 0000 free 
for user RAM/ ROM . Features include tape load wilh labeling 
(so 1hn1 Explorer/ BS i:an locate your spednc program auto
matically) ... tape dump with labding . .. C"Xnminc/ changc 
con1cn1s or memory •. . inscr1 da111 {such a!ii from a pa~r tape 
rr&ldcr) ... warm start (a feacurc which is especially helprul in 
debugging rouiinr:s as h allows you to sa\'e the contents of the 
registers which might olhcrwise be los1 olong with the res t of 
your program when a bug causes ii rn selr-des1ruct. The warm 
start feature helps you pinpoin1 th~ exacl line in your program 
tha1 co n1a ins a n error) ...examine and change a ll 
reg.i stcr.s •• . single step wilh rcgjs1er disp la)' iH each break point . 
a debugging/ training fcMur~ .. go 10 execution address .. . 
mo\lc blocks of memory from one locat ion to ano1her. .. fill 
blocks of memory with o conSlant. . . displ ay blocks of memory 
.. . ouiomatic baud raie selcc.iion ... variable display line len.glh 
control (1· 2SS cham<ters/ lonc) ... channchied 1/ 0 monitor 
rou1ine wi 1h 8·bi1 parnllel outpu1 for high speed prin ter ... 

rN"':ir:ic':'fl&'lrL'Tr,?re°pi."'BY.9' - - - 
333 Litchfield Road, New Miiford, CT 06676 

. 
P/rase send the 11ems </recked below- O.lu" S!tel0 
D ~•ploror/85 Level "1' .. Kil lASCll Keyboard/ Terminal, 519.95 plus S2.SO D Power Supply for Nonh Siar Disk 1Version), $129.95 plus SJ p&h . p&h . Drive, $39.95 plus $2 p&h . 
D ~xplorer/85 L,.eJ " A" Kii (Hex D Power SupplyKll ( :t 8V @ Samps) D O.luxe ca.. for North Star Disk 1
Version). 5129.95 plus SJ p&h. In deluxe Sleel cabincl, $39.95 plus S2 Drive, 539.95 plus $2 p&h. I 
D 8k~~;osort ~dAS IC on cassene p&h . D Exp<rlmenltr's Pak (see above), 

o~·k M'lcr!~}\P~IASIC In ROM KU D Gold Plaled S·IOO Bus Connttlors, $199.90 postpaid . I 
(requi res Levels "B," "D, .. and "E"), $4.85 each , posipnid . D Studenl Pak (see a bove), Sll9.85 
$99.95 plus S2 p&h . D Rt" Modulator Kii (allows you 10 postpaid. I 
o Level " B" (S· 1001 Kii , 549 ,95 plus use your TV set as a monito r), $8.95 D Enalneuln,a Pak (see above),
U p&h postpaid . $514.75 postpaid . 
D le•~I "C'' (S- IOO 6-cord exponder) D 16k RAM Kii (S-100 Board expands D B~lness Pak (see above), $1599.40 1 
Kii , 539•95 plus si p&h . to 64k), $199.95 plus S2 p&h . postpaid . I 
D L..t l .. 0 .. (4k RAM) Kii, 569•95 D 32k RAM Kil , 5329.95 plus S2 p&h. Total Enclosed S 
plus $2 p&h . D 48K RAM Kil , $459.95 plus $2 p&h. (Conn. res. add sales 1ax) By- I 
O Levtl "£" tEPROM/ ROMJ Kii . D 64k RAM Kil , 5589.95 plus S2 p&h . 0 Personal Ch!"'k 0 M.O./Cashier's 
$5.95 plus lO- p&h . D J6k RAM £<p1nslon Kit (lo expand Check D V15a D Master Charge I 
D Deluxe S1eel Cobine• fo r Explorer/ a ny or the above up 10 64k), $139.95 (Bank I ____ ) 
8S, S49.95 plu s SJ p&h . plus S2 p&h each. I 
D ASCII Ke)·board/ Compuler Ter- D lnlel 8085 cpu User 's Manual , $7.50 Acct.# 
mlnal Kil (features a full t28 character postpaid. Signature ----~xp. Date - 1 
iitl , upper & lower case, full curso r con~ 0 Specl11 I Computer Grade Cassette Prin1 
tro l, 15 ohm video outpul eonvc:rtlblc Tapr.s, $1.90 each or J ror SS, poslpaid. Name I 
to baudot ou1pu1, selec1able baud rate . D 12" Video Monllor (10 MHz band
RS232· C or 20 ma. 1/ 0, l2 or 64 char· width), 5139.95 plus SS p&h. Address I 
ac1cr ~y I ~ line forr~ats, ~nd ca n be D Nonh Star Double Density floppy . 
used ~1th either a CR1 monitor or a TV Disk Sysrrm (One Drive) for Explorer/ City I 
sci (1 f you hove an RF modula1or). SS (includes 3 d rive S- 100 controller. .

I $149.95 plus S2.50 p&h . DOS, and cxiended BAS IC wi1h per- Siate__. __Zip______ • ._ __________________ 0 Send Melnform111ion - 
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serial console in and con.sole out channcJ so 1hat monitor ca n 
communicate with 1/0 pons. 

Monitor ROM (Hu Vtnlon): Ta pe load wit h labeling . . . 
tape dump with labeling . ..cxnminc/ change contenrs or mcm. 
or)' ... insen data ... warm start . .. examine and change all 
registers . .. single step wi th register display a1 each break point 
. .. go to execution address. 
Level "B" Specifications 
Level"B" provides the S·IOO signals plus buffers/drivers 10 
support up 10 six S-100 bus boards and includes: address 
decoding for onboard 4k RAM expansion selectable in 4k 
blocks. .. address decoding loronboard Bk EPROM expansion 
selectable In Bk blocks .. . addross and dato bus drivers for 
onboard expansion . .. wait stoic genera1or (jumper sel«:table), 
to allow the use of slower memories ... two separate 5 volt 
regulators to insure maximum stability and a noise free bu.s. 
Level "C" Specifications 
Level "C" expands Explorer's mo1herboard with a ca rd cage, 
allowing you to plug up to six S·IOO cards directly in10 1he 
motherboard . Both c.age and cards arc neatly contained inside 
Explorer's deluxe steel cabinet. Level "C" includes n shccl 
metal supcrstruc1urc, a S-card gold plated S- 100 extension PC 
board which plugs into the motherboard , 12 card guides, and 
all brackeis a nd hardware needed for complete a ssembly . Just 
add required number or S-100 connectors 

In addition 10 six S· 100 cards, Level " C" will also support 
an opt ional test socket that allows you to pt:rform 1es1s 11nd 
main1enance on both sides of a ny individual S-100 card , under 
actua l opera ting conditions. (You won ' t need Level ' 'C' ' unless 
you are planning to use J or more S-100 cards with your 
Explorer/SS.) 
level " D" Specifications 
Level "" D" provides 4k or RAM, power supply regulation, 
filtering decoupling components and sockeis 10 ex pand your 
Explorer/ SS memory 10 4k (plus the original 2S6 bytes localed 
in the 81SSA). 

The 2114 s1a1ic RAM is organized as 1024 words by 4~ bits 
using N·channd Silicon-Gate MOS technology and can be 
loca1ed anywhere from 0000 10 EFFF in 4~ blocks. 
Level " E" Specifications 
LC\'cl "E" adds sockets for 8k o f EPROM 10 use the popular 
Intel 27 16 o r 1he T l 2S 16. It Includes all sockets, power supply 
regulalor, heat sink, filtering and decoupling components. 
Sockets may also be used for soon to be available RAM IC's 
(allowing for up 10 12k of onboard RAM). 
Order A Coordinated 
Explorer/BS Applications Pak! 
Exptrlmtnltr's Pok (SAVESl2.50J-Buy Level "A" and Hex 
Ke)'pad/ Oisplay fo r 5199.90 and get FREE Intel BOSS user's 
ma nual plus FREE postage & handling! 
Srudtnl Pak (SAVE 524.45)- Buy Level " A, " ASCII Key
board/Computer Terminal , and Power Supply for 5319.85 and 
gel FREE RF Modula1or plus FREE ln1el 808S user's manua.1 
plus FREE postage & handling! 
Engineering Pak (SAVE S.U.00)-Buy Levels "A," "B," 
" C," "0,'' and "E" with Power Supply, ASCII Keyboard/ 
Computer Terminal, and si• S- 100 Bus Connec1ors for $514.75 
and get 10 FREE computer r :ade cassene tapes plus FREE 
808S user's manual plus FREE posiage& handling! 
Business Pok (SAVE S89.9Sl- Duy Explorer/ RS LC\'els "A," 
" D," and "C" (wi1h c.abinel) , Power Supply, ASCII K•Y· 
board/ Computer Terminal (with cabinet), 16k RAM, 12" 
Video Monitor, North Stat s. J/ 4" Disk Dri•e (includes Nonh 
Star BASIC) with power supply and cabinrl, all for jusi 
$1599.40 and get 10 FREE S· l / 4" minidiskene. (S49.9S value) 
plus FREE 808S user's manual plus FREE postage &handling! 

Conllnenlal U.S.A. Credil Cud Buyers OulSide Connecticut

CALL TOLL FREE 800 

• 
243 

• 
7428 


To Order From Connecticul Or For Technical 

- - Assistance . Elc. Call (203) 354·9375 - , 
sonalized d isk operating system-just I 
plug ii in and you're up and running!). 

C:.blnel for ASCII $699.95 plus SS p&h . 

http:below-O.lu


I 
I r· 
I 

I 

~ ..... 

I 
1 

Circle 141 on inqu iry card. 

16K Static RAM 
Boards for the ~ 
SS-50 Bus ~ 
• Gold bus connectors 
• 4 separate 4K Blocks 
• Individual Addressing, 

Write Protect, and Enable/ 

Disable for each block Memories ... 


s29s13 
As above with 

Sockets and 
Software 

control 
features. 

s35s1a 
All GIMIX memory boards are assembled, 
Burnt-In for 2 weeks, and tested at 2 MHz. 

Add $32.00 for 250 ns parts 

SK PROM BOARD $98.34 
2708s $7.90 each 

SS 50 BUS 80 x 24 

VIDEO BOARD 


Wllh hardware scrolling, x·y addressable cursor and 

multiple characler generalors. II Includes a TMS 2716 

EPROM lhat conlains a full 128 upper and lower case 

ASCII character set with true descenders; plus a socket 

lor another TMS 2716 for an optiona l 128 character set; 

plus 2K of RAM for user-defined programmable 

character sets. This gives the user the abil ity to c reate 

his own heiroglyphics. alphabet , graphic elements. etc.• 

and store them on PROM, d isk, or tape. 


The user can choose and intermix 384 different 
characlers from any or all of the character generators 
and display up to 256 al one t ime, normal ly or Inversely, 
and al fu ll or half Intensity, at any location on the 
sc reen. Contiguous 8x10 character cells permit solid 
lines anCI connecllng patterns wllh user definable 
graphic elemenls. 

ll ls addressable lo any 2K boundary. GHOST able ad· 
dressing allows mull lple boards at the same address. 
making It Ideal for mull I-user appllcaJ ions. The available 
sof1ware Includes a GMXBUG video based 3K ROM 
monitor, sland alone driver routi nes, and a program to 
create user defined cha racters. 

DELUXE VERSION $458.76 

Other Video Boards from $198.71 


16K SYSTEMS $1294.29 
Includes: Mainframe cabinet, mother 

board, power supply, fan, CPU, 16K static 

RAM, and choice of 110 card. 

Other packages available. 

Add S10. handling charge on orders under S200. 


1337 WEST 37th PLACE 

CHICAGO, ILLINOIS 60609 

(312) 927-5510 •TWX 910-221 -4055 
The Company that delivers. 
Quality Electronic products since 1975. 

88 September 1979 © BYTE Publications lnc 

AWG Diameter (mm) Ohms per 1000m Current Capacity (Amperes) 

10 2.6 3.3 26 

12 2.0 5.2 16 

14 1.6 8.3 10 


16 1.3 13 6 

18 1.0 21 4 

20 0.81 33 2.5 

22 0.64 53 1.6 
24 0.51 84 1.0 
26 0.40 135 0.6 

28 0.32 214 0.4 
30 0.25 341 0.2 

Table 1: Approximate values for various American Wire Gauge (A WC) sizes of copper 
wire . 

can be read from the same side of the 
board . Run the wires in an orderly 
manner. I prefer to mount com
ponents like resistors, transistors, etc, 
slightly off the board. This improves 
the heat transfer, and makes it easier 
to slip in a probe for testing. Com
ponents that weigh 0.5 ounces or 
more should be mechanically 
mounted to the board. A little epoxy 
or silicon rubber works wonders for 
mounting these components. 

Properly stripping wire is a 
d ichotomy. First , the insulation 
should be cut and removed. Second, 
the wire should not be cut. (If strand
ed wire is used, a nick will cause only 
a few strands to break .) With prac
tice, you can strip the insulation 
without cutting the wire. Try cutting 
slowly through a wire . Notice the dif
ference in the fee l between the insula 
tion and wire . Now cut off the wire 
and start again with a clean end. Cut 
down until the wire is felt, then relax 
the stripper slightly. Now rotate the 
wire 45 ° and again squeeze a bit. This 
will cut the insulation all the way 
around, not just where the stripper 
teeth cut the deepest. Be sure to open 
the stripper slightly and pull the in
sulation off the wire. With practice, 
you can learn not to nick the wire. 
The secret is to stop cutting just 
before the cutter reaches the wire . A 
firm pull will usually break off the re
maining insulation . If you still nick 
the wire, take heart, you have much 
company. 

Table 1 gives the American Wire 
Gauge (AWG) size, the approximate 
diameter, ohms per 1000 meters, and 
current carrying capability of copper 

wire. Try to use a number of wires of 
different colors and gauges. This not 
only matches the current capability 
with the load, but also makes it easier 
to trace wires. 

Finally, some words on safety: be 
sure that you have a stand for your 
iron; always wear shoes and safety 
glasses; and try not to flick solder on 
anything important. When cutting 
wires, hold the cutter so that the 
pieces fly away from you. To avoid 
potentially lethal shocks, it is best to 
have a rubber mat beneath your feet 
and stool . 

By following these rules and tech 
niques, almost anyone can learn to 
solder well . • 
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POWER·ONE 

D.C. POWER SUPPLIES 


Now available for small systems applications 
Power-One, the leader in quality open-frame power supplies , now offers a complete llne of single, dual, 
and triple output models for small computer systems. Also available are special purpose models for 
Floppy Disk and Microcomputer applicat ions. 

Below are just a few popular examples of the over 90 " off the shelf '' models now available from stock . 

5V @ 3A, w/OVP SV @ 12A, w/OVP 

SINGLE OUTPUT & 

LOGIC POWER SUPPLIES 
 · ~~· """" 

• 56 " off the shelf" • _a.J)_._ . I .. 
models 

.. ' .. .1.. •• 0• 2V to 250V, 0.1A to 40A 
. L...- ,'. ••.

• ± .05% regulation 
SK5-40/0VP• 115/230 VAC input 

5V @ 40A, w/ OVP 

H B5·3/0VP HD5·12/0VP Switching Model 
$24.95slngle qty. $79.95 sing le qty . $250.00 single qty . 

SV @ 0.7A w/OVP !f/~ 5V@ 1A, w/OVP 5V @2.5A, W/ OVP 
FLOPPY-DISK SERIES - SV @ O.SA, w/ OVP - 5V @ O.SA, w/OVP

24V @ 1.5A/ 1.7A PK 24V @ 3A/3.4A PK 
12V @ 1.1A/ 1.7A PK~ 

• 8 "off the shelf" 
-i 1. f . .. . •·,; ., •models ·o r'?.''lilliB" •.~·. --· "' 

: It , • ft ~; '" ' 
• • + 

O · · • c 0 .. ·'L..J. • c · o• Powers most popular :;.~.•• t i - ' . :._ ~ ._ ..l ..
drives r A h ·-·~""'~··~ ~ "'; . I .;:--,... __ • · ..= ~ lT• ~ ·• I ; , _ ,• Single/dual drive , 
applications 

CP340 CP205 CP206 
For one 5.25" Media Drive For one 8.0' ' Media Drive For two 8.0' ' Media Drives 
$44.95 single qty . 

• 2-year warranty 
$69.95 single qty . $91 .95 single qty. 

12V/15V @ 0.25A SV @ 2A, w/OVP ± 12v @ 1.7A or 
9 - 15V @ O.SA ± 15V @ 1.SA

DUAL OUTPUT MODELS 
• 15 "off the shelf" 


models 

• ± SV to ±24V, 0.25A 


to6A 

• l.C. regulated 
• Full rated to + 50° C HAD12-.25/ HAD15·.25 HA A512 H BB15·1.5 

$32.95 single qty . $44.95 sing le qty. $49.95 single qty. 

SV @ 2A, w/OVP SV @ 3A, w/OVP SV @ 8A, w/OVPTRIPLE OUTPUT ± 9Vto ± 15V @ 0.4A ± 12V @ 1Aor ± 12V @ 1.7A orMODELS ± 15V @ 0.8A ± 15V @ 1.SA 
:,. - ;'\ .. "~ • 10 "off the shelf " ·oft· :~ ·  f r'\ • ' ' ~ • • I •. . . .. .• . . -.models ' ,,. ,. 0 .: -."!!':@ I 

. : . '. ,' ; @ "' 0 "-"-". Cl

• 5V plus ± 9V to =--': : 
./- ~ :...., : • ~ .··L - d ;.-:::-~. .± 15V outputs 0 ( : .. - .. . . ' - •-,....-.. r I ,._..._...•·'--'-· . I 1 I '> q ........ • Models from 16W to 

150W 

HTAA-16W 
 HBAA·40W HCBB·75W• Industry standard size $49.95 single qty. $69.95 single qty. $91.95 slngle qty. 

NEW 79' CATALOG! 
Get Your FREE Copy Now! 

Phone us d irect or ci rcle the reader service 
number below . 

D.C. POWER SUPPLIES 

Power One Drive• Camarillo , CA 93010 • (805) 484-2806 •TWX 910-336-1297 

Circle 309 on Inquiry card. BYTE September 1979 89 
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Sottware/ 	 Soltware/Software/ 	 with Manual with Manual 
with Manual Manual Alone Manual Alone Manual Alone 

XITAN (software requires Z80.. CPU) 0 	 Word-Master Tex! Editor - In one mode has superDIGITAL RESEARCH sel of CP/M"s ED commands including global searching 
D 	CP/M• Floppy Diskette Operating System - 0 z.TEL - Texl editing language. Expression evaluation and replacing, lorward and backwards In file . In video 

Packages suppfied on diskette complete with aoao as ileration and condillonal branching ability . Registers mode, provides lull screen editor tor users with serial 
sembler, text editor, 8080 debugger and various ulililies addressable-cursor terminal .......... . . . . $125/$25available for texl and commands. Macro command 

plus lull documentation. CP/M available configured tor 
 Slrings can be saved on disk lor re·use ..... .$ 69/$20 

most popular computer/disk systems including: Nonh 0 ASM Macro Assembler - Mnemonics per Intel with 
 sonWARE SYSTEMS 
Star Single, Double or Quad density, Altar a• disks, Z-80 extensions. Macro capabililies wllh absotule lnlel 0 CBASIC-2 Disk Extended BASIC - Non-lnteracUve 

Helios II, Exidy Sorcerer, Veclor MZ, PolyMorphic hex or relocalable linkable oulpul modules. New version BASIC wi lh pseudo-code compiler and runtime interpre

B813tt Heath H17t or H89t, TRS-BOt, !COM 3712 and 3 wilh added fealures . .. . - ... ...... .. .... .$ 69/$ 20 ter. Supports lull file conl rol, Chaining, lnleger and ex
iCOM Micro Disk plus many other configurations avail tended precision variables, elc. . .... . ...... .$ 90/$15 

able olf the shell . . .. . ... • .... . . .. . .... .. .$145/$25 
 0 LINKER - Link-edits and loads ASM modules 

. - .. - .. . ........ .. ... . . . . . ... .. . . . . ......$89/$ 20
D 	 MAC - 8080 Macro Assembler. Full Intel macro defini
llons. Pseudo Ops Include RPC, IRP, REPT, TITLE, 0 Z-BUG debugger Trace, break-poinl tester. Supports -	 1-r.-,, "-t~ &J ~u..,, I 

decimal, octal and hex modes. Disassembler lo ASM 

lnlel absolute hex oulpul plus symbols file for use by SID 

PAGE, and MACLIB. Z-80 library included. Produces 

mnemonic set. Emulalion leehnique permils lull tracing /J"Jji(j#<f$~ (see below) ..... ... ...... . ..............$100/$15 	 and break-poinl suppon lhrough ROM •......$89/$20 


D 	SID - 6080 symbolic debugger. Full trace, pass counl 0 TOP Texl Oulput Processor-Creates page-numbered, 
and break-poinl program lesling syslem wilh back-lrace justified documenls lrom source lexl files . • ..$ 69/$20 STRUCTURED SYSTEMS GROUP 

and histogram ulinties. When used with MAC, provides 0 A4 package includes Z-TEL, ASM, LINKER, Z-BUG, 
 0 	 General Ledger - lnleractive and llexible system 
lu ll symbolic display of memory labels and equaled 	 TOP ................ . ..................$ 299/$40 
 providing proof and report oulputs. CuslomizaUon of COAvalues .. . ............. . ... ...... , .. .. .. .. $85/$15 
 crealed inleractlvely. Multiple brancli accounling centers.

D 	TEX - Text lormatter lo create paginated, page· EIDOS SYSTEMS Exlensive checking performed al data entry lor prool , 
numbered Md fuslilied copy from source text files, di 0 KISS - Keyed Index Sequenlial Search. Oiiers com COA correclness, elc. Journal entries may be balched 
rectable to disk or printer . . •...... .. _. _. ... .$85/$15 plete Mulli·Keyed Index Sequenlial and Dlrecl Access file prior lo posling. Closing procedure automatically backs 

management. Includes built-in ulility functions for 16 or up inpul files. All repons can be tailored as necessary. D 	 DESPOOL - Program lo permil simultaneous prinling 
32 bil arilhmelic. slrlng/inleger conversion and string 	 Requires CBASIC ... , • . ...• . . . . ...... . . . $ 899/$25ol data lrom disk while user execules anolher program 
compare. Delivered as a relocalable linkable module in from lhe console .. . .... . ... .. .. .. .... .. ...$50/$1 O 	 0 Accounts Receivable - Open llem syslem wilh 

Mlcrosofl lormal tor use with FORTRAN·60 or COBOL· oulpul tor internal aged reports and cuslomer-oriented 
80, etc. . . ... .. . ... .. ... ...... .. . ........$535/$ 23 
 statemenl and billing purposes. On·Llne Enquiry permits 

0 Microsoft Disk Exlended BASIC with all tor~/f;/C~~ 	 KBASIC - lnformalion Cuslomer Service and Credi! depart· 
KISS lacililies, lntegraled by lmplemenlallon ol nine menls. lnlerface 10 General Ledger provided ii both sys· 
additional commands In language. Package Includes terns used. Requires CBASIC ....... - .....$699/$25p/d~rd.t:d/ KISS.REL as described above, and a sample mall list 0 Accounts Payable - Provides aged slalements ol 

MICROSOn accounls by vendor wllh check wriling for selected Inprogram . ... .. ... . ..... .. ....... ... . ... .$995/$45 
voices . Can be used alone or wilh General Ledger and/or 0 	 Diak Extended BASIC - Version 5, ANSI compati wilh NAO. Requires CBASJC ....... ... ....$ 899/$ 25


ble wllh long variable names, WHILE/WEND, Chaining, 

variable lenglh tile records , .. .. . . .. .......$300/$25 0 NAO Name and Address selection syslem - Interactive 
att111!0 ir:;l/0 _,,./1 /11 

mall list creation and mainlenance program wllh outpul 0 	 BASIC Compller - Language compatible with Ver· f P · -J,-,rww~ as full reports with relere nce data or restricled Informa
slon 5 Microsoft inlerpreter and 3-10 limes fasler execu tion for mail labels. Transler system for exlracllon and 
lion. Produces standard Microsoft relocalable binary oul  MICROPRO tJV'-<J 

transler of selecled records to create new files. Requires 
pul. Includes Macro·BO. Also linkable to FORTRAN·60 or D 	Super-Sort 1- Sort, merge, extract utlllty as absolule CBASIC . ........... , . . ............ . .....$ 79/$ 20

COBOL-BO code modules .... .. .. ...... ..$ 350/$2 5 execulable program or llnkable module In Mlcrosofl lor

0 	 FORTRAN-80 - ANSI '66 (excepl for COMPLEX) mal. Sons lixed or va.riable records wilh dala In binary. 0 QSORT - Fasl sort/merge program lor liles wilh fiied 

plus many extensions . Includes relocatable objecl com· BCD. Packed Decimal, EBCDIC, ASCII . tloaling. lixed record length. variable field length lnlormation. Up to live 

plier, linkmg loader. library wilh manager. Also includes polnl, exponential, lleld justified, elc. elc. Even variable 

MACRO-BO (see below) ... . ..... ... ..... .$400/$25 number ol fields per record! _...•. .. .... . ..$225/$25 ~;:~~-ng. ~'. ~~·s·c·e-~~i'.'?. k~~~: F~.U b~~~:u~ -~1-~ng5):~~ 

0 	 COBOL-80 - ANSI '74 Relocatable objecl oulpul. 0 Super-Sort II - Above available as absolute orooram 
Formal same as FO ATRAN-60 and MACRO-BO only .......... . .. . .... . ......... . ...... .$ 175/$25 GRAHAM-DORIAN sonWARE 

SYSTEMSmodules. Complete !SAM. inleracllve ACCEPT/DIS- 0 Super-Sort Ill - As II wilhoul SELECT/EXCLUDE 
PLAY, COPY, EXTEND .. .. .. ......... . ..$625/$25 0 PAYROLL SYSTEM - Mainlains employee masler -· · ... .. .. ............ .. ........ . ...... . $ 125/$25 


Ille. Computes payroll withholding for FICA, Federal and 0 	 MACR0-80 - 8080/ZBO Macro Assembler. lnlel and 0 	 Word-Star - Menu driven visual word processing sys- Slale laxes. Prinls payroll reglsler. checks. quarterly reZilog mnemonics supponed. Relocatable linkable oulpul. 1em tor use wilh standard lerminals. Texl lormalting per ports and W-2 lorms. Can generale ad hoc reports and Loader, Library Manager and Cross Relerence Lisi lormed on screen. Facllilies lor lexl paglnale. page employee form letlers wilh mall labels . Requires ulllllles included . .. .. ..... ...... .. .......$149/$15 
 number, juslily, center. underscore and PRINT. Edit CBASIC. Supplied In sou rce code..... . ... .$590/$35 

0 EDIT-80 - Very lasl random access 1ex1 edilor tor lexl lacilllies Include global search and replace, read/write 10 
 0 	 APARTMENT MANAGEMENT SYSTEM - Fiwllh or withoul line numbers. Global and ln1ra-line com-	 other lexl Illes. block move, etc. Requires CRT lerminal nancial managemenl system for receipls and securily mands supponed. File compare uti lity Included $89/$15 	 wilh addressable cursor posilioning ... .. .. . $445/$25 
 deposils of apanment projects. Captures dala on vacan· 

"CPIM is a trade name ot Oigilat Research tcP/M for Healh, TRS-80Model 1 and PolyMorphic 8813 are cies. revenues, elc. lor annual trend analysis. Daily repon 
shows late renls, vacancy noUces, vacancies. mcome•• zso Is a lrademark ol Zilog . Inc. 	 modified Md musl use especially compiled versions ol system 


and applications soflware . 
 losl lhrough vacancies, etc. Requires CBASIC. Supplied 

...WHATSIT? is a lrademark of Compuler ttPolyMorphic ea 13 CP/M scheduled !or September 15 release. in source code .......... ... .. ........ _...$590/$35 


Headware. 


Software for most popular 8080/Z80 computer disk systems 
including NORTH STAR, MICROPOLIS, iCOM, DYNABYTE DBB/2, 
SD SYSTEMS, ALTAIR, EX/DY SORCERER, VECTOR MZ, 
8"/BM, HEATH H17 & H89, HELIOS, IMSAI VDP42 & 44, REX, 
POLYMORPHIC 8813t and OHIO SCIENTIFIC formats . 

• 
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Software/
wllh Manual 

Manual Alone 

0 	 INVENTORY SYSTEM - Captures siock levels. 
cosls. sources, sales , ages. turnover, markup, etc. 
Transaclion Information may be enlered for reporting by 
salesman, 1ype of sale. dale of sale. elc. Reports avail
able both lor accounting and decision making. Requires 
CBAS IC. Supplied in source code ..........$590/$3!1 . 

0 	 CASH REGISTER - Maintains files on Clally sales. 
Flies dala by sales person and Item. Tracks sales. over· 
rings, relunds. payoulS and total net deposits. Requires 
CBASIC. Supplied in source code .. .......$590/$35 

MICRO FOCUS 
0 CIS COBOL - Version 3 is ANSI 74 subset with ex· 

lenslons which offer powertul lnleraclive screen format· 
ling and bulll In cursor conlrol . Version 4 addlllonally of· 
lers full level 1 ANSI lor Nucleus. Table Handling. Se
quenlial Relative and Indexed 1/0, lnler-Program Com· 
munlcalion and Library 
.•............•...............Version 3. $850/$50 
..............................Version 4 , $850/$50 

0 	 FORMS - lnleracllve utility to creale CIS COBOL 
source code to pertorm CRT screen handling In appllca· 
tion programs. Supports lull prompt taxi. prolected fields 
and input validation against data typ e and range 
expected ................ . ......... .. ...$150/Sf 5 
When purchased with CIS COBOL . •..... . . $12!1/$15 

OTHER 
0 	 tiny C - Interactive interpretive system for teaching 

slructured programming lechnlques. Manual Includes lult 
source listings ... . ....... ....... ...... .. ..$751$40 

0 	 C Complier - Supports most major features of lan
guage. includi"ll Structures, Arrays, Pointers , recursive 
funcllon evalua11on, linkable with library to 8080 binary 
output. Lacks dala initialization . long & lloal type and sta
tic & regist.er class specifiers. Documenlatlon includes 
" C" Programming Language book by Kernighan & 
Ritchie . ....... .................. .. .....$110/$15 

0 	 ALGOL 60 Complier - Powertul block-siructured 
language featuring econo(lljcal 11.'Qi lime dynamic alloca· 
~on ol memory. li81¥:t:df'la!ld (24K total RAM) syslem 
fmpfemenling alrnQ_sl l! ll~Afgbl 6Cl" reporl features plus 
many powerful e>ifens1 ons including string handling direct 
disk address VO etc. Requires zao CPU .. ..$199/$20 

0 	 ZOO Development Package - ConsislS of: p) disk 
Ille li ne editor, with global inter and inlra-line facili ties; (2) 
zao relocating assembler, Zilog/Mostek mnemonics, 
condilional assembly and cross reference table 
capabilities: (3) linking loader producing absotule Intel 

Lifeboat Associates 
2248 Broadway, N.Y .. N.Y. 10024 

(212) 580·0082 Telex: 668·585 

Soltware 

D Check D U.P.S. COD D Visa 0 Master Charge 

Exp. Date 

Account II 

Signature 

My compu ter c onfiau ration (specifying d isk system): 

Name 

Address (No P.O . Box) 

City 	 Stale Zip 

Software/
with Manual 

Manual Alone 

hex disk file....... . ...... ....... .. •...... .$95/$20 0 SMAUBO Structured Macro Assembled Language 
0 	 ZBO Debugger - Trace. bre,i1,k ~nd examine registers Package of powertul general purpose lext macro proc

with standard ZiloWMostek mnemonic disassembly dis· essor and SMAL structured language complier. SMAL Is 
plays . Facilities Sifuliar lo DDT. $3!; when ordered with an assembler language wilh IF· THEN·ELSE, LOOP· 
zao Development Package ......... .. . •...$50/$10 REPEAT-WHILE, DO-END. BEGIN-END constructs 

....... ........ .................... .. ... .$75/$1!1 
0 	 DISTEL - Disk based disassembler 10 Intel SOBO or 
TDLJXitan Z80 source code, listing and cross relerence 0 Selector II - Data Base Processor 10 creale and main
hies . Intel or TDUXitan pseudo ops optional. Runs on tain single Key dala bases. PrlnlS formatted. sorted re· 
BOBO . ••. .•••.• •••.••• • • ••• . ••••••••••••••$6!1/$10 ports with numerical summaries. Available for Microsoft 

and CBASIC {stale which). Supplied in source code0 DISILOG - A DISINTEL 10 Zilo9/M os1ek mnemonic ...... . ... .. ... ..... .................. ..$195/$20 
Illes. Runs on ZBO only .............. .....$85/$10 
 0 Selector Ill - Multi (i .e., up 10 24) Key version ol Selec0 TEXTWRITER II - Text lormaner to Justify and pa~I· tor II. Comes wllh appllcalions programs Including Sales 
nale loners and other documents. Special fea tures in· Activity, Inventory, Payables, Recelvables. Check Regis· 
elude Insertion ol texl during execulion from other disk ler, Expenses. Appoin1men1S, and ClienVPatienl. Re· 
Illes or console, permitting recipe documents to be quires CBASIC.Supplled in source code . ...$295/$20 
created from !Inked fragments on other files. Ideal lor Enhanced version lor CBASIC-2 ...••......$34!1/$20 
contraCIS. manuals, etc. Also creates form lellers In con· 

junclion with a mall list me. ........ . ........$75/$10 0 CPM/374X Utlllty Package - Has lull range of 


functions lo create or re-name an IBM 3741 volume, dis· 
0 TEXTWRITER 111- Alll e features of TW II plus gen· 

eralion of labia o con\enls. sorted fndex and handling ol ~1~,~~~c/~1?'r.l1~'~;:.,~\l~~f=~l~ l~t~~:!.~~~ ~~~~ovn~~r;:,5.; 
footnotes. TW II users may upgrade for $60. $1251$10 data seis and CP/M files .... . .............$1951$10 

0 	 WHATSIT?- - lnleractive data-base system usrng 0 Fllppy Disk Kit - Template and Instructions lo modlly 
associative tags to rellieve inlormation by subject. Hash· single sided 5Y• • diskettes for use ol second side in sin· 
ing and random access used for last response. Requires glad sided drives ........................ . ..$ 12.!lO 
CBASIC ... ... ..... ... . ................ .$12!1/$25 0 BASIC Comparison - A comprehensive features 

0 XYBASIC Interactive Process Control BASIC - Full and pertormance analysis ol five 8060 disk BASIC Ian· 

Price 

D manual alone 

D manual a lone 

D manual alone 

Shipping 

$1.00 for C .O .D . 

Total 

Orders must specily 
disk syslems and 
lormats: e.g. North 
Siar single or double 
density. IBM sing le or 
20/256, Allair, Helios 
II, Micropolis Mod I or 
II . 5V• " soil sector 
~Micro •COMISO 

yslems Dynabyte), elc. 

Add $ llitem shipping 
(S2 min.). Add $I 
additional for UPS 
c.o.o. 
Manual cost 
applicable against 
price ol subsequent 
soltwa1e purchase. 

The sale of each 
propriety sollware 
package conveys a 
license lor use on one 
system only. 

diSk BASIC features plus unique commands 10 handle Lifeboat Associates 
bytes, rotate and shift , and 10 test and set bllS. Available ~f~,,i'Jed".ffti~'.~n~A~:~~~· ~i~~1i~fac~i~~f!~r~ 
In Integer, Extended and ROMatle versions. sulls of 21 different benchmark 1es1s for speed and accu· 2248 Broadway 
Integer Disk or Integer ROMable ... .....•.$29!1/$25 racy and lislS instructions and features of each BASIC New York, N.Y. 10024 ............... ... ........(send 20¢ S.A.S.E.) FREE
E<lended Disk or Extended ROMable ..... .$395/$25 

•MThe Soltware Supermarket is a trademark ol Ufeboat Associates 
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Washington DC 

Computer Club 


The Washington Amateur 
Computer Society (WACS) 
is an organization dedicated 
to personal computing. 
They are organized to pro
vide a forum for the com
puter hobbyist and student 
of computing science. The 
Society meets on the last 
Friday of each month in the 
1st floor lecture ha ll in 
Keane Hall on the campus 
of the Catholic University of 
America. The meetings start 
at 7:30 PM 

]WAC, the club's news
letter, is published for Socie
ty members and exchange 
with other hobby organi
zations. The newsletter is 
primarily an electronics 
journal. Annual dues have 
been set at $3.50 per year to 

cover the cost of 1st class 
postage for the journal and 
to defray the expenses of 
exchanging correspondence 
with other personal com
puting organizations. Non
members may subscribe to 
the journal at the rate of $5 
per year. WACS is in ter
ested in exchanging news
letters with other organiza
tions to further the inter
change of hobbyist infor
mation. Contact Washington 
Amateur Computer Society, 
c/ o 4201 Massachusetts 
Ave, #168, Washington DC 
20016. 

Cromemco User 
Systems and 
Softwa re Pool 

Cromemco User, Systems 
and Software Pool is an 

XCDMP 

INCORPORATED 

9915-A Businesspark Ave., San Diego, CA 92131 • (714) 271-8730 
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independent group for users 
of Cromemco computers. 
Board owners are also 
welcome. The purpose of 
CUssP is the exchange 
among users of Cromemco 
hardware and software of 
operating notes, bugs and 
their fixes, evaluation of 
hardware and software, user 
written software, and other 
announcements relating to 
Cromemco and associated 
products. 

The 1st volume of 3 
newsletters included articles 
on changes in 16 K byte 
BASIC. CDOS I/O (input / 
output) drivers, disk sectors 
and clusters, hardware 
modifications, etc . This 
volume is available for $10 
in the US, Canada, and 
Mexico; and $12 in US 
funds for airmail delivery 
outside these regions. 
Membership with the 2nd 
volume is the same price as 
the 1st. There is also a 
special rate of 3 volumes (9 
issues) for $25 in the US, 
Canada, and Mexico and 
$30 elsewhere. 

Contact Cromemco User, 
Systems and Software Pool, 
POB 784., Palo Alto CA 
94302. 

Computer Graphics 

Letter Publ ished 


by Harvard 


Readers of the new Har
vard Newsletter on Com
puter Graphics will be able 
to keep abreast of computer 
graphics in al l its myriad 
ramifications . The n wsletter 
monitors important commer
cial, technological, and pro
duct developments, as well 
as market, application , and 
learning opportunities. 
Among the regular depart
ments are News and Trends, 
Products, Markets, Applica
tions, R and D, Conferences 
and Seminars, Companies, 
Business and Financial, and 
State-of-the-Art Technology. 
The newsletter will be 

published twice a month. 
The content will encom

pass management and statis
tical graphics, computer 
graphic-aided design, 
engineering and manufac
turing, image processing, 
and automated cartography, 
plus other related areas . 
Trends in these areas, 
whether applied to big or 
small computers, stand
alone terminals, timesharing 
networks, users, vendors, 
will be followed. Readers 
will also learn where to ob
tain further information on 
the material covered . 

The subscription fee for 1 
year is $125; a 9-issue trial 
subscription is available for 
$45. Airma il outside of 
North America is $19.50 for 
1 year or $9. 75 for the trial. 
Contact William Nisen , Har
vard University, Laboratory 
for Computer Graphics, 520 
Gund Hall, Cambridge MA 
02138. 

Akron Ohio 

Dig ital Group 


The Akron Digital Group 
meets on the 4th Wednesday 
of each month at 7 PM at 
the Kenmore Public Library, 
2200 14th St SW, Akron 
OH. The club programs are 
aimed toward the small 
systems hobbyist with tips 
on programming and hard
ware application. Micro
processor classes are 
planned for the fall. Contact 
Lou Laurich , Akron Digital 
Group, 107 7th St NW, 
Barberton OH 44203 . 

TRS-80 Publication 

Insiders: The TRS-80 
Hardware Journal with 
Macl1ine Software is a 
publication for any TRS-80 
owner or user interested in 
more than BASJC. Both 
beginners and experts will 
find articles on machine 



language programming, 
hardware modifications, and 
other computer languages. 
Published since June of 
1978, articles have described 
he dlfferences in Level lI 

read-only memories. how to 
get sound effects and music 
without a hardware 
modification, new languages 
for the TRS-80, and many 
other subjects. Regular 
features include a column 
wh ich reviews various 
printers, the Disc File which 
covers the latest in DOS and 
compatible drives, a Dear 
Aunt TRiSh question and 
answer column, and learning 
machine language with Level 
[I. 

A new section of the jour
nal will cover several of the 
new languages for the 
TRS-80. Future issues will 
include regular features on 
FORTRAN. FORTH, and 
other languages . Also, there 
will be regular articles on 
CP/ M, reviews of various 
commercially available pro
grams, and more on both 
Level JI and DOS . 

Subscriptions are available 
for 6 issues through Com
puter Cablevision, 2617 
42nd St NW, Suite ZN , 
Washington DC 20007. 

New PET Users Group 
Forming in Washington 

and Oregon 

Individuals interested in 
forming a PET Users Group 
in the Oregon and 
Washington area should 
contact NW PET Users 
Group, c / o John F Jones, 
2134 NE 4Sth Ave, Portland 
OR 97213. 

COSMAC Users Group 

Active Again 


After several unavoidable 
delays , the COSMAC Users 
Group is back in full opera
tion and Th e 1802 
Peripheral newsletter is 
being published on a mon
thly basis. lnformation 
about the group may be 
obtained by writing to 

Patrick Kell y, Director, 
COSMAC Users Group, 
POB 7162, Los Angeles CA 
90022. Please include a 
stamp with your inquiry . 

New Speechlab Users 

Group Formed 


Heuristics Inc, manufac
turer of Speechlab (a speech 
recognition unit for the 
Apple and al l S-100 bus 
computers), has announced 
the formation of a users 
group. The users group 
requests that all interested 
Speechlab users send their 
unique uses of the hardware 
or software to Tom Larson, 
Director of Sales, Heuristics 
Inc, 900 N San Antonio Rd, 
Los Altos CA 94022. A 
directory of users and appli
cations will be published at 
a later date. 

Aim-65 Newsletter 

The Target is a bi
month ly newsletter for 
owners or prospective 
owners of Aim 65 systems . 
The subscription rate is $5 
for 1 year. Contact Custom
Tronics, POB 4310, Flint MI 
48504. 

Solano TRS-80 

Users Club 


The Solano TRS-80 Users 
Club is an informal group 
that gets together to discuss 
mutual prob lems and exper
iences. Their meetings are 
he ld every 3rd Thursday 
starting July 5th at Owens
Illinois, 2500 Huntington 
Dr, Fairfield CA . Contact 
Dave or Steve Irwin , 550 
Marigold Dr, Fairfield CA 
94533, or call (707) 
422-3347. 

The Tulsa 

Computer Society 


T he Tulsa Computer 
Society meets the last Tues
day of every month at 7:30 

PM. The meeting place is 
the Tu lsa Vocational
Technical School semi.nar 
room at 3420 South 
Memorial Dr (behind 
Edison's Department Store). 
Membership in TCS is $6 
annually and includes a 1 
year subscription to the 
club's newsletter, The 110 
Port. Contact The Tulsa 
Computer Society, POB 
1133, Tulsa OK 74101. 

Wichita Valley 

TRS-80 Users Group 

Susta ins Computer 


Loss in 

Recent Tornado 


In the recent to rnado 
which wreaked unholy 
havoc on our city, many of 
us in the Wichita Valley 
TRS-80 Users Group lost 
our computers, our tape and 
disk library of software , and 
our library of computer 
books and periodica ls. Even 
our cl ub 's library of soft

ware and publications was 
destroyed. 

We all have pla.ns to 
replace our personal com
puters and software, but at 
this time I am particu larly 
interested in trying to help 
our club replace its loss . 

Any club, publisher, soft
ware producer, or individual 
who wishes to do so , may 
contribute noncash items, 
such as software, back issues 
of computer publications, 
and books on computers. 

O ur address is the Wichita 
Valley TRS-80 Users Group, 
POB 4391, Wichita Falls 
TX 76308. 

Thank-you, our club will 
be grateful. 

J Wesley B Taylor 
Club Secretary 

Although this letter cer
tainly speaks for itself, it is 
our sincere hope that you or 
your group will seriously 
consider contributing non
cash computer related items 
to this needy organization.• 

the 
microcomputer
people® 

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

STOIUHOUAI 
lu••.· lot . tOam · Opm 
Tu H 6 T'ht.rfl . ' tlll 9pm 
CLOl[l) MONDA Tl 
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co "FULLY INTEGRATED COMPUTER SYSTEM" 

THE MINIMAX SERIES WAS DESIGNED 
TO OFFER THE MARKET MINICOMPUTER 

CAPABILITIES AT MICROCOMPUTER PRICES. 
COMPARE THE CAPABILITIES & PRICE! 

MINIMAX SERIES COMPUTER CONTACT NEECO FOR FULL SPECS- FREE MINIMAX MANUAL. 

MEET THE 
MINIMAX COMPUTER THE MINIMAX SERIES COMPUTER WAS DESIGNED BY INDUSTRY PROFESSIONALS. 

COMPARE THE PRICE AND FEATURES TO ANY OTHER COMPUTER IN ITS CLASS! 

MINIMAX I - .8 MEGABYTE 
ON LINE MINIFLOPPY STORAGE 

MINIMAX II - 2.4 MEGABYTE 
ON LINE 8" FLOPPY STORAGE 

MINIMAX I -
MINIMAX II -

$4495 
$5995 

• THE MINIMAX SERIES COMPUTER IS AN INTEGRATED. COMPACT UNIT CONTAINING THE CPU. DUALOENSITY DISK STORAGE, 12 
INCH CRT, AND FULL STYLE KEYBOAAO. WITH SEPARATE NUMERIC ENTRY PAD. ALL KEYS (I NCLUDING CURSOR) WITH FULL 
REPEAT • HYBRIO 2MEGAHERTZ6502 CPU • 106KSYSTEM RAM (48KUSEA) • FASTEST FLOPPY DISK ACCESS (24K LOADSIN4.2 
SECONDS) • 16K ROM CONTAINS COMPUTHINK BASIC (AN EXTENDED MICROSOFT BASIC) WITH EXTENDED PRECISION, DOS 
INCLUDES COMPLETE FILE 110 WITH FULL RANDOM ACCESS, COMPLETE MONITOR WITH DEBUG A TRACE, AND TINY 6502 
ASSEMBLER • COMPLETE HIGH RESO LUTION GRAPHICS WITH INDIVIDUAL DOT (240x512) POINT SCREEN ADDRESSABILITY • 
FU LL SCREEN TEXT EDITING WITH OVERWRITE, INSERTION OR DELETION o SPLIT SCREEN/WINDOW MODES o INDIVIDUAL 
FIELD EDITING WITH FIELD PROTECT AND AUTO SKIP TO NEXT FIELD o DISK STORAGE SYSTEM TRANS FERS 6K PER SECOND 
WITH AUTO VERIFY AND PARITY CHECK • 12 INCH CRT-64 CHARACTERS BY 30 LINES. UP TO THREE PROGRAMMABLE 
CHARACTER FONTS FOR LANGUAGES OR SPECIAL CHARACTERS ••• SWITCHABLE 110 OR 220V OPERATION •• o • HYBRID 
CPU IS MICROPROGRAMMABLE WITH 64 USER DEFINABLE OPCODES. CHOICE OF BOOK OR2.4 MEGABYTE DISK STORAGE o FULL 
SERIAL RS-232C POAT WITH PROGRAMMABLE BAUD RATES AND MODEM CONTROL SIGNAL o DED ICATED DISK PORT o 
PRINTER PORT SUPPORTS PARALLEL COMMERCIAL PAINTERS • 24 PIN 1/0 USER POAT • PAGEMATE DATABASE 
AVAILABLE • PLM COMPILER AVAILABLE • BUSINESS PACKAGES AVAILABLE • COMPLETE DIAGNOSTICS & SCHEMATICS 
INCLUDED • COMPLETE USER MANUAL INCLUDED 

SPECIAL DEALER PRICING AVAILABLE ON DEMONSTRATION 
MINIMAX AND SOFTWARE PACKAGES TO QUALIFIED 

SELECTED DEALERS. CONTACT NEECO FOR INFO. 

PRINTER NOT 
INCLUOEO IN PRICE 

THE MINIMAX WAS DESIGNED AND IS MANUFACTURED BY COMPU THINK 
COMPUTER CORP. DISTRIBUTED IN EUROPE AND THE EASTERN U.S. BY NEECO. 

IN ADDITION TO HARDWARE CAPABILITIES THAT ARE UNMATCHED IN THE INDUSTRY, THE MINIMAX 
COMPUTER SUPPORTS A COMPLETE DATA BASE SYSTEM (PAGEMATE) , CONTAINING FULL 
STATISTICAL, SORTING, AND EDIT FUNCTIONS. A PLM COMPILER IS AVAILABLE, FULL BUSINESS 
SUPPORT SOFTWARE IS AVAILABLE AND MOREi-FU LL DEALER SUPPORT IS AN IMPORTANT 
PART OF OUR MARKETING. CONTACT NEECO FOR FURTHER INFORMATION. 

THE MINIMAX IS NOW AVAILABLE FOR QUANTITY DELIVERY. DOMESTIC DEALERSHIPS AVAILABLE. 
EUROPEAN DISTRIBUTORSHIPS/DEALERSHIPS AVAILABLE TO QUALIFYING COMPANIES WITH 

SUPPORT CAPABILITIES. SOFTWAR E HOUSES AND OEM INQUIRIES INVITED. CONTACT NEECO. 

NEW ENGLAND ELECTRONICS CO., INC. 
679 HIGHLAND AVE., NEEDHAM, MA 02194 

MON-FRI, 9:00-5:30, E.S.T. 
(617) 449-1760 

TELEX 951021, ANSWERBACK " NEECO" 
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FOR 8K PETS 
(small keyboards) 

PROUDLY ANNOUNCES THE NEWEST 

PET MICROCOMPUTERS BY COMMODORE!1~14tl.il•1 

OMPUTHINK .4 & .8 MEGABYTE DISK 
DRIVES FOR THE NEW 16/32K PETS! 

DISK SYSTEMS INCLUDE DISKMON OPERATING 
SYSTEM IN ROM AND INTERFACE TO 16/32 PETS! 

• Duilt M1mllo1>P:t Om·es wtlh 200K per d1.$ke1te side lor lotnt 400K t800K on hne 
• 800K mOdel accossos 0111 4 d1ske11e Sl<Jcs 1111.1 dual rcao and wrilo arm svs1om 
• Dudl D~ns1ty H11lc.Jware anti DOS loi\CIS 20K jw11h 'lle11l1cnt1011) 1n 4 2 sccondscomple1e 
• OISKMON tOOSI ltelds 1': coinm:tnds lo BASIC H1Clu01ng Random Access 3nd p11ntc• 5vppotl 
• 	 Sy seem comc:s comp101c w11h plug 1n miornal boar<I con11un1ng BK RAM DOS. and 01sk Controller 

Hardw,,,c- Bo.nrd 11lugs dtrect ly onlo 1n1rrnal mmnory e1tpnns1on pins 
• Systom does nm uhlrie IEEE or USER Port syslorn functions dueclly from memory por t 
• 	 All DISKMON DOS comm.'tndl!. 1esrdo 1n1e1achvelv with BASIC- disk aucctory command and 

rorm;,t comm;md do 001 1n1Crlere wrlll orogram m RAM - COS command were aes1gnco ror 
s1ml)hC •lv o r use Sys1om was n10nul1•c1urod for Mll"'Y commorcutl uso 

• Sv.swm 1nsl,.llfl. completuly 10 loss lhnn tun m1nu1cs - 1mme<J1alOIV readv lor use 
• 11295 and 11595 D•1ces mch1da 11111111rdw;11e. DOS.complete user manual andaen1o• u11h 1yo1sl.io1~e 
• 	 A't.lad,,hre sol1Y.All} 1nc11.Jde!. PLM Cumo1to1 1•2so1. Aclocatctblo Asseinblt1r (170 ). Source·Ed1101 

Proginm P70 ) l\ulohnlri lmk1ng l o.ic:fP • P70J and a complete Database system (Pa9Cmate 14951 
• CrtU 01 w111e lor complc1c 1>1oduc l 1nlorrnn11onaoo spec1 l1c,111ons- Usor '"enual '10 

(PRODUCT AVAILABILITY IS AUG /SEPT- CALL FOR INFO) 

ALL 16/32K MODELS INCLU DE AN 400K-16N . . ..... '1295 

ACCESS IN DOS-LOADS 20K IN 4 SECONDS! 

400K-8S DISK SYSTEM INCLUDES RANDOM 

INTERNAL PLUG-IN INTERFACE 400K-32N ....... '1295 

24K Expandamem Memory 1525 
 BOARD CONTAINING DOS. BK OF 800K-16N . ...... '1595 

32K EY.pandamem Memorv 1615 s1295 
 RAM , AND CONTROLLER 800K-32N ..... . . ' 1595 


CALL OR WRITE FOR A FREE COPY OF OUR NEW JULY CATALOG! 

NEW CENTRONICS 730 PRINTER FOR PET! 
• NEWEST TECHNOLOGY FROM CENTRONICS • 50 CPS • 80 CHARACTER LINE 

WECANNOTLISTALLOF OUR SOFTWARE AND HARDWARE PRODUCTS 

CALLOR WRITE FOR OUR * FREE*SOFTWARE/HARDWARE DIRECTORY 


ALL NEECO PETS CARRY A FULL ONE-YEAR NEECO WARRANTEE. 

PET 2001 - 32K 


LARGE TYPEWRITER KEYBOARDS NOW AVAILABLE! 

.4 Megabytes of Disk 
Storage for BK PETS! 
(Req uires Expandamem) 

-- _______/
-

I~I=I::::t:l{i  NEW ENGLAND ELECTRONICS co.. INC. 
• 	 , 679 HIGHLAND AVE., NEEDHAM. MASS. 02194 

MON. - FRI. 9.30 - 5.30, EST. 

The PErMis now a truly sophisticated 
Business System with the 

announcement of these Peripherals. 
"l!t•l 't I • -::orJP·111"<f :. IAfrtll F\r;Ql l\' 0.P.J~ F'i '4"4''1 IOd.ry bcll«s• ~· 1:11rQ<tOl~! ::rit llO'l'l1C'9;f9 
....,• l'"i11 "''Jl:',1!~1.:'_.,,i\i(5""11~1TTI"",l lJ'C)tt:"\.~1' 11"1.ll\ll')'.'Alt:"'OJ"',l~i ~, 1'1"10/CfallfU lll.oOrn.IDl;!'!J"'ol'"!J 
¥"'l· ~··"="~.i."T':l 1 ,..J; "11!1!C>f'f' bl'! OQl'!I~ ll'V'il t('fl llCC~llSan:l""loC"kl~ ~C' · 'Tw~l:ui..-O,r::. t 'l-•n 
!"•~"'Ct•...,,; IL'.'"' '~ "'!,; J.l'r"":t P'Jl.,:..11• .('n l"i'l'//l'."11" lll"l'l!>~ll 'C ·, c;' !l"l'o;IJ'OI ~>""Olat.'"!.J"l l~tb :i• .., 

'f, ,,1:·"'l'C T•~· P£"l" 8"'1"··1-'~i1S<l nr~.1"(r'llllCJll't"l" (.l \.~~'10C.kctlt"WU 
...... ~·•11.H'W'IOCJ d:'4VL'l'ldo.mnbl7'9().. lr,y('O'irlf IU~ ICn X:.HV't;;l man.it.~""J C0511ni.1 c~· 

l!...,..-..,,t~m..,,..~~ :.!Ll~orJv ""lln~T.1 •tt~,,..-'V...-.11.l'11: Tr<c PEt · r1oc:trr~olftJ 
... ,,.,tm..°'n.:.Or'l' • l2-f'l't. •O l hrf'[l '"' ij.,,V'lr.M Plllll'r.." .'I CO"'~bt'~'Jq~ll~ OI PC-.J J~~ 

1 , .'•·•· ~,,.'!' ...~I""• .-.c;:J~•· .....1tk4~:;. • · ~. 1)1'(" - T;ul! ac~ 4l ~M...-<t>e~'• 

PRODUCT DESCRIPTION PRICE AVAILABILITY 
PET 2001  4K 4K RAM $ 595 IMMEDIATE 
PET 2001-SK SK RAM $ 795 IMMEDIATE 
PET 2001  16KN (Large Keys)16K RAM• $ 995 IMMEDIATE 
PET 2001-32KN (Large Keys)32K RAM $1295 IMMEDIATE 
PET 2023 PRINTER ROLL FEED $ 850 IMMEDIATE 
PET 2022 PRINTER TRACTOR/ROLL $ 995 IMMEDIATE 
PET 2040A SINGLE FLOPPY $ 895 JUNE/JULY 
PET 2040 DUAL FLOPPY $1295 IMMEDIATE 
PET C2N 2nd Cassette $ 100 IMMEDIATE 

"The 16K/32K (large keyboard) units do not Include acassette drive.Order C2N Cassette. 
2040 Floppy Drive requires a 16K or 32K unit. SK RAM Retrofit available July. 

ALL UNITS ARE FULLY TESTED BY NEECO BEFORE SHIPMENT. ALL PET'S ARE 
WARRANTEED (BY NEECO) FOR 1 FULL YEAR! NEECO IS A FULL CUSTOMER
ORIENTED BUSINESS. PLEASE CALL FOR ADD ITIONAL INFORMATION. ALL 
UNITS ARE IN STOCK & READY TO SHIP. FULL SOFTWARE AVAILABLE! 

• 10 CPI• 7x7 DOT MATR IX • HANDLES ROLL FEED. PIN FEED 
PAPER• UPPER & LOWER CASE- '1099 PRICE INCLUDES 

INTERFACE TO IEEEPORT. AVAILABLE AUG/ SEPT. 

TRS-80 USERS!-THE 
MODEL 730 IS AVAILABLE FOR USE WITH 

THE TRS·80. PRICE $995 
INCLUDES CABLE 

only 

(617) 449·1760 

MASTERCHARGE OR VISA ACCEPTED 
TELEX NUMBER 951021 , NEECO 
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The Nature of Robots 

Part 4: Looking for Controlled Variables 

In this last part of my series of 
articles, a simple experiment with a 
human subject will be attempted; an 
experiment that can be expanded 
afmost indefinitely . All of the prin
ciples from the previous parts will be 
used. Before the experiment starts, 
note the following main points that 
have been established: 

• 	 The behavior of an organism is not 
its output, but some consequence 
of its motor outputs acting 
together with unpredictable forces 
or other disturbances . 

• For a 	more or less remote conse
quence of motor outputs to be 
repeatable in a disturbance-prone 
world, the behaving system must 
sense the consequence, and act to 
keep it matching some static or 
dynamic reference condition. By 
definition, that makes the 
organism a control system. 

• 	 Organisms acting as control 
systems control what they sense, 
not what they do. 

• 	 What is controlled is what is 
sensed, even when the sensing in
volves one or more stages of real
time computations based on 
primitive sensory signals. 

• 	 In a multiple-level control system, 
the higher levels act by varying the 
reference signals for lower-level 
systems. They control perceptions 
computed from many lower-level 
perceptions, some or all of which 
are controlled by the same lower
level systems. 

• 	 If there are n degrees of freedom at 
one level of control, in principle n 
higher-level systems could act in 
dependently and simultaneously 
by sharing the use of the lower
level systems. Any higher-level 
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system acts by sending amplified 
copies of its error signal to many 
lower-level systems, each with the 
proper sign to achieve a negative 
feedback effect. Any lower-level 
system receives a reference signal 
that is the net effect of super
imposed higher-level output 
signals. This worked for a 2-level 
system with 3 control systems at 
each level; there is no limit, in 
principle, to the number of levels 
or the number of systems at each 
level. In practice, there is reason to 
anticipate finding hundreds of 
systems at a given level, but no 
more than 10 or 12 distinct levels 
in a human being. This will be 
commented on later. 

Abstract models and simulations 
are fine for conveying general ideas. 
However, if one does nothing but 
make models and simulations, it is 
easy to get involved in the math and 
engineering, and forget the real thing 
is there to be seen. Items described in 
the first 3 articles in this series repre
sent something real. Real organisms 
work much the same way control 
systems work. They do not work in 
any of the other ways that have been 
proposed over the centuries (as far as 
their behavior is concerned) . I am not 
talking metaphorically . There are ex
cellent reasons to think that when the 
properties of organisms begin to be 
investigated in terms of control 
theory, hard data about the way we 
are organized will start to accumulate 
(up to a point, anyway). 

The experiment to be described in 
this article is so simple that it may 
look elementary. Nevertheless, it is 
the starting point for a new approach 
to exploring the organization of 

human beings. Most new ideas start 
by looking like old ones, but with a 
twist that leads in unexpected direc
tions. If you are familiar with track
ing experiments, do not be too quick 
to decide what this is all about. 

Equipment Required 
The basic equipment needed to do 

this experiment is: 

• 	 A joystick with 1 degree of 
freedom (ie: a potentiometer with 
a stick on the shaft wilJ suffice). 

• 	 A reasonably fast analog-to-digital 
(A I D) converter with 7-bit or 
more accuracy . My system uses 
the Cromemco D +7A, which has 
7 analog channels in and 7 out, as 
well as 1 input and 1 output 8-bit 
port . 

• 	 A memory-mapped display, in 
which points are plotted on a video 
screen by depositing appropriate 
codes in a reserved segment of 
memory. This, or something 
equivalent, is essential for creating 
the moving objects that are involv
ed in the experiment. I use the 
Polymorphics VTI with the display 
area in the 1 K bytes of memory 
starting at hexadecimal location 
0000. Out of deference to systems 
that do not have the VTI's graphics 
capability (however crude) , I have 
used 64 horizontal elements in the 
alphabetic mode. Higher resolu
tion would be much more desir
able, but this much is enough to 
show the principles well. 

If no memory-mapped display is 
available, but 2 digital-to-analog 
(DI A) outputs and a triggered 
oscilloscope are, the display that is 
needed can be created . Use 1 DI A 
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converter to deflect the trace in the Y 
direction, and the other (or 1 bit of a 
digital port) to trigger the sweep. By 
starting the sweep and then out
putting the 3 cursor values in se
quence, a 3-segment trace can be 
created, with the motion of the cur
sors being up-and-down instead of 
side-to-side, as in the following pro
gram . Lay the oscilloscope on its side 
if that deviation bothers you . 

Systems with built-in graphics 
under BASIC control, such as Apple, 
PET, or TRS-80, will probably allow 
the experiment to be done more 
simply than how I did it in listing 5. 
The basic requirement is to be able to 
read a number from a stored table, 
add the handle position to it, erase 
the old cursor, and use the sum to 
position the new cursor, doing this 
for 3 cursors at least 4 times per se
cond - the faster the better. (An exam 
ple of the simulation on the Apple II 
is shown in listing 6.) 

Experimental Design 
Imagine a display with 3 cursors on 

it, one above the other. Each cursor 
can move left and right. The subject 
looks at this display while holding a 
control handle . The instructions for 
the first experiment are very simple: 
the subject is asked to select 1 of the 
cursors, and hold it still, somewhere 
near the center of the screen as ac
curately as possible for the duration 

North Star Strings 
Th e Nortli Star BASIC string expression 

8$(1. ]) corresponds to M/0$ (8$ ./.]) in o ther 
versions of BASIC. B$(1) corresponds to 
RIGHT$(8$,/), rmd B$(1 .J) corresµm 1ds to 
LEFT$(B$.1, J) . 

of the run. Engineering psychologists 
call this "compensatory tracking." 
They use it to investigate the limits of 
speed and accuracy of control in the 
presence of rapid disturbances of 
various kinds . 

If the handle is held centered, each 
cursor will be seen to wander back 
and forth in a pattern that is indepen
dent of the other 2 cursors. In this ex
periment, the disturbances causing 
this wandering are made very slow 
and smooth. With even a slight 
amount of practice, every subject will 
be able to maintain essentially perfect 
control. Transfer functions will not 
be measured, nor will the limits of 
control be tested in the manner tradi 
tional in engineering psychology . A 
subject acting well with in the range of 
normal operations under conditions 
where the phenomena of control can 
be clearly seen is desired. The subject 
selects a visual variable (position of 1 
of the cursors), selects a reference 
level for that variable (a particular 
position), and maintains the perceiv
ed position at the reference position, 
while disturbances act that tend to 
move the cursor away from the 
reference position . 

Figure 17 shows the setup in 
schematic form. The 3 disturbances 
are labeled 01 , 02, and 03. The 3 
cursor positions are labeled Cl, CZ, 
and C3. The position of the control 
handle is H. The position of each cur
sor is determined by the sum of Hand 
one of the Os. For cursor 2 the effect 
of the handle is reversed , so the 3 
relationships are: 

Cl= Dl + H 
C2 = 02 - H 
C3 = 03 + H 

If the subject controls C3 in rela
tion to a reference position of 0 (ie: 
midscreen), and does so perfectly, 
then 0 = D3+H, or H= -03. The 
handle position should be an accurate 
mirror image of the magnitude of the 
disturbance 03 at every moment, and 
the cursor C3 does not move at all. 
You will find that all subjects, after a 
little practice, will closely approx 
imate these predictions. 

This may seem elementary, ob
vious, boring and hardly worth the 
labor of getting the experiment up 
and running. Do not be deceived; this 
experiment appears to be simple 
because it is fundamental. It is fun
damental because it can prove that all 
of the life sciences have been using the 
wrong model. There are also several 
extensions of the experiment that will 
show how to get started mapping the 
whole hierarchy of human control 
systems. There is no theory and no 
simulation that carries the impact of 
seeing how a real living control 
system works; especially when you 
can understand every detail of what is 
happening, either as subject or 
observer. The 3 previous articles in 
this series have been designed to give 
the ability to grasp what is happening 
here. This experiment is designed to 
give the gut feeling of knowing. 

Program Structure 
The program in listing 5 is written 

in North Star BASIC, Version 6, 
Release 3. It contains a machine
language subroutine for an 8080/ ZBO 

Text cont i1111 ed 011 µage 102 

Figure, table, a11d listi11g num bering conti1111ed 
fro m part 3. 

Listing 5: North Star BASIC control-variable simulation. The necessary assembly language routines needed for execution are also 
given . 

10 DIM H$(16),D1$(250),D2$(250),03$(2SO>,H1$C250),8$(82),S$C82) 

20 DIM A$(2) 

30 H$="0123456789ABCDEF" 

40 INPUT "SEED FOR RANDOM GENERATOR (1 - 100) ",A\ Z=RMD(A/100) 

SO REM ******************************* 
60 REM CONVERT 2 HE X DIGITS TO DcCil ~ AL 

70 REM ******************************* 
80 DEF FNB(A$) 
90 U=ASC(A$C1,1))\IF U<58 THEN U=U-48 ELSE 
100 V=ASC(A$C2,2))\IF V<58 THEN V=V-48 ELSE 
110 RETURN 16•U+V 
120 FNEND 
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130 REM *********************************** 
140 REM SET MACHitlE-LANGUAGE PROGRAM ORIGI N 
150 REM *********************************** 
160 INPUT "MOST SIG. AYTE, SUBROUTINE LOCATION: ",SS> 
170 GOSUB 1130 
180 !"6 SEC TO LOAD SUBROUTINE" 
190 M1=256•AO\ M2=M1+9 

200 DATA "0200000000000000004BDB19071F1F473A0800FEOOC21C00782F" 

210 DATA "3C477881E63F4F2A00003A08003C3CFF.06DA2F00AF" 

220 DATA "320800856F5E23563EA0127BE6COB15F3EAA12722fl73DB19EE80" 

230 DATA "6F2600C9" 

240 M=M1 

250 READ B$\FOR J=1 TO LEN(B$)-1 STEP 2\ A=FNB(B$(J,J+1)) 

260 FILL M,A\ M= M+1\NEXT J\ IF A<>201 THEN 250 

270 REM *********************** 
280 RE M INSERT RELOCATION AYTES 
290 REM *********************** 
300 FILL M1+1,AO\ FILL M1+FNAC"12"),A0 
310 FILL M1+FNB("17"),A0\ FILL M1+FN8("23"),A0 
320 FILL M1+FNBC"2D"),A0 
330 FILL M1+FNBC"26"),A0\ FILL M1+FNBC"31"),A0 
340 REM ************************* 
350 RE M SET LOCATIONS FOR DISPLAY 
360 RE M ************************* 
370 I NPUT "MOST SI<i. BYT E, DISrLAY LOCATION: ",S$ 
380 GOSUB 1130 
390 FILL M1+2,FNB("C0")\ FILL M1+3,AO\ FILL M1+5,A0+2 
400 FILL M1+6,FN8("40")\ FILL M1+7,A0+3 
410 REM *********************** 
420 REM LOAD DISTUR BANCE TABLES 
430 REM *********************** 
440 W=3•3.1415927/250\RO=RND(0)\R1=32•R2 =R1 
450 !\\!A!\!\ [ONE MINUTE TO LOAD 
460 !\ "THE SCREEN WILL CLEAR AND THREE 
470 !\"THEN THREE CURSORS WILL APPEAR, 
480 ! \ \PICK ONE CURSOR AND TRY TO HOLD 
490 !\"FOR THE DURATION OF THE RUN, AS 

DISTURBAMCE TABLES]" 

SCALES WILL APPEAR." 

ONE FOR EACH SCALE." 

IT IN ONE POSITION" 

EXACTLY AS YOU CAN." 


500 ! \ [STAND BY FOR PROMPT]"II 

510 N1 =32\ N2=31\ N3=25\ N4=64\ NS=10 
520 FOR J=1 TO 250 

530 D1 5 (J,J) =CHR$(N1+N2•SINCW•J)) 

540 D3~CJ,J)=CHR5C64-~ A S(J-125)/2) 


550 NEXT J 

560 !" [LOADING RANDOM DISTURRAMC E: STAND BY]" 

570 N3~ 2S\FOR J=1 TO 250 

580 IF J-N3•INT(J/N3)=0 THEN RO=N4•RNDC0) 

590 R1=R1+(R0-R1)/N5\ R2=R2+(R1-R2)/N5\ D2$CJ,J)=CHR$CR2) 

600 NEXT J 

610 INPUT"READY TO GO: HIT RETURN TO PROCEED. ",A$ 

620 FOR J=1 TO 16\!\NEXT 

630 REM **************** 

640 REM EXPERIMENTAL RUN 
650 REM **************** 
660 !\!\!\GOSUB 680\!\!\!\!AGOSUE 680\!\!\!\!\GOSUP 6P.O\!\! 
670 GOTO 690 
680 FOR I=1 TO 8\!"TTTTTTT+",\MEXT I\ RETURN 
690 FI LL M1+8,4\ REM SYNCH CURSOR COUNTER 

Listing 5 continued on next page 
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700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 

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 

N1=8\N2=127\N3=128\ FOR J=1 TO 250 
FOR L=1 TO 4 
OUT 25,N2\ OUT 26,H3 
H=CALLCM2,ASC(D1$(J,J))) 
H=CALL(M2,ASC(D2$(J,J))) 
H=CALL(M2,ASC(D3$CJ,J))) 
tlEXT L 
H1$(J,J)=CHR$(H) 
NEXT J 
REM ********************* 
REM DATA PLOTTING PROGRAM 
REM ********************* 
GOSUB 1050\ IF Y0<1 THEN 560 
!"AFTER PLOT, HIT RETURN TO CONTINUE" 
I N p uT II ~I H I cH c u Rs0 R ( 1 , 2 , 3 ) ? II , I 
I F I =0 T H EI~ 5 6 0 
FOR W=1 TO 250 STEP INTC250/(Y0+1)) 
H=(ASC(H1$(W,W))-128)*X0/128 
ON I GOTO 890,900,910 
V=ASC(D1$CW,W))-32\ GOTO 920 
V=ASC(D2$(W,W))-32\ H=-H\ GOTO 920 
V=ASC(D3$(W,W))-32 
V=V*X0/64+1 
C=V+H+ZO\ IF C<1 THEN C=1\ IF C>XO THEM C=XO 
V=V+ZO\IF V<1 THEN V=1\ IF V>XO THEN V=XO 
H=H+ZO\ IF H<1 THEN H=1\ IF H>XO THEN H=XO 
8$=S$\8$(ZO,Z0)= 11 11 

• 

!#TO,\A$CV,V)="D 11 
\ A$(H,H)="H"\ 6$(C,C)="C .. 

U=O\ IF V>IJ THEN U=V\IF H>U THEtl U=H\IF C>U THEN U=C 
IF ZO>U THEN U=Z0\B$=BSC1,U)\ !#T0, 8$, 
NEXT W 
Hl p uT 1 II II , A$ \ G 0 T 0 8 2 0 

REM ***~**************************** 

S$= 

REM SET UP FOR PLOTTING CSUPROUTINE) 
REM ******************************** 
! \ 1 NP uT " v - D 1 MEr1s1oN oF P Lo T co = N E w Ru1'! > : " , v o \ v n =v o- 2 
IF Y0<1 THEN RETURN 
INPUT "X-DIMENSIOM OF PLOT (1-72): 11 ,xn 
IF X0>72 THEN 1070\ IF X0<1 THEt~ 1070\XO=X0-2 
INPUT "OUTPUT DEVICE CT OR S)",A$ 
IF A$="T" THEN T0=2 ELSE TO=O 

1111 \FOR 1=1 TO XO\S$=S$+" "\ NEXT I 
ZO=INTCX0/2)\ RETURN 
REM ********************************** 
REM CONVERT HEX IN S$ TO DECIMAL IN AO 
RE~ ********************************** 
A0=0\K=1\FOR J=1 TO LEN(S$)-1\K=K*16\HEXT J\K=INTCK+.01) 
FOR I = 1 TO LE NCSS) 
FOR J=1 TO 16 
IF S$CI,I)=H$(J,J) THEN EXIT 1220 
NEXT J 
! "lrnT HE X NUMBER"\ EXIT 160 
AO = AO + K•CJ-1)\ K=K/16 
NEXT I 
RETURN 
REM ******************************* 

REM UTILITY, CONVERT HEX TO DECIMAL 

REM UP TO TEN HEXADECI~AL DIGITS 

REM DO "RUN 1300 11 
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1290 REM ******************************* 
1300 DI M 11$(16)\H$="0123456789ABCDEF"\! 
1310 INPUT1"HEX= ",S$\GOSUB 1160\!" DECHIAL= ",AO\GOTO 1310 

001 * MAC HINE LANGUAGE SUPPORT ROUTINES 
002 * 
003 ORG 0 
004 * 
005 0000 0200 ADRO DBL ADR1 
006 0002 0000 ADR1 DBL 0 
007 0004 0000 ADR2 DBL 0 
008 0006 0000 ADR3 DBL 0 
009 0008 00 COUNT DATA 0 
010 0009 48 START MOV C,E 
011 OOOA DB19 IN 25 GET HANDLE 
012 nnoc 071F1F ARS DIVIDF: BY TWO 
013 OOOF 47 MOV B,A SAVE IN B 
014 0010 3A0800 LOA C 0 Utl T CHECK FOR MIDDLE ONE 
015 0013 FE02 CPI 2 
016 0015 C21COO JNE S1 
017 0018 78 MOV A,B IF MIDDLE OHE NEXT, 
018 0019 2F CMA MAKE HAtlDLE NEG. 
019 001A 3C INR A (TWO'S COf·1P L.) 
020 001B 47 MOV 8,A 
021 001C 78 S1 MOV A,B 
022 0010 81 ADD c X=X+HANDLE 
023 001E E63F ANI : 3 F LIMIT TO 63 
024 0020 4F MOV C,A SAVE X HJ C 
025 0021 2AOOOO LHLD ADRO GET BASE ADDRESS 
026 0024 3A0800 LOA COUNT GET DISPLACEMENT 
027 0027 3C INR A 
028 0028 3C INR A BUMP TWICE 
029 0029 FE06 CPI 6 
030 0028 DA2FOO J LS S2 CHECK MODULO 6 
031 002E AF ZAR 
032 002F 320800 S2 STA COUNT 
033 0032 85 ADD L MAKE ADDRESS FOR 
034 0033 6F MOV L,A CURRENT CURSOR. 
035 0034 SE MOV E,M 
036 0035 23 INX H 
037 0036 56 MOV D,M DE=OLD SCREEN ADR. 
038 0037 3EAO MVI A,:AO LOAD A SPACE 
039 0039 12 STAX D ERASF OU'I CURSOR 
040 003A 78 MOV A,E 
041 0038 E6CO AM I :CO ZERO DISPLACEMENT 
042 003D 81 ORA c NEW DISPLACEMENT 
043 003E SF MOV E,A POINTER FIXED 
044 003 F 3 EAA MVI A,:AA LOAD ASTERISK CURSOR 
045 0041 12 STAX D PUT IT Ot l SCREEN 
046 0042 72 MOV M,D SAVE CURSOR 
047 0043 28 DCX H ADDRESS 
048 0044 73 MOV M,E 
049 0045 0819 IN 25 GET HANDLE AGAIN 
050 0047 EE80 XRI :80 RANGE 0-255 
051 0049 6F MOV L,A 
052 004A 2600 MVI H,O 
053 004C C9 RET 
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5 HIMEM: 8192 
10 DIM 01 %(250),02%(250),03%(250),Hl %(250) 
20 INPUT "SEED (0-100}: ";A 
30 Z = RND (A/ 100} 
40 REM LOAD DISTURBANCE TABLES 
50 W = 3. 3.141592654 I 250 
60 RO = RND (O):R1 = R2 = 140 
65 PRINT : PRINT : PRINT : PRINT : PRINT : PRINT: PRINT : PRINT 
70 PRINT : PRINT : PRINT " LOADING DISTURBANCE TABLES " 
75 PRINT 
80 PRINT " WHEN SCREEN CLEARS, BACKROUND WILL" 
85 PRINT 
90 PRINT " APPEAR - THEN THREE CURSORS." 
95 PRINT 
100 PRINT "PICK ONE CURSOR AND HOLD IT IN" 

105 PRINT 

110 PRINT "ONE POSITION FOR THE DURATION OF" 

115 PRINT 

120 PRINT " RUN , AS ACCURATELY AS YOU CAN " 

125 PRINT 

130 PRINT " STAND BY FOR PROMPT MESSAGE" 

140 FOR J = 1 TO 250 

150 01 %(J) = 140 + 130 • SIN (W • J} 

160 D3%(J) = (125 - ABS (J - 125)). 270 / 125 
170 NEXT J 
175 PRINT 
180 PRINT "RANDOM DISTURBANCE LOADING: STAND BYE." 
185 N3 = 25:R1 = 140:R2 = 140 
190 FOR J = 1 TO 250 
200 N3 = N3 · 1: IF N3 > 0 THEN 210 
205 N3 = 25:RO = 280 • RND (5) 
210 Al = R1 + (RO - R1) I 05:R2 = R2 + (R1 · R2) I 5 
220 02%(J) = R2 
230 NEXT J 
240 PRINT : INPUT " HIT RETURN FOR RUN " ;A$ 
250 HGR 
255 HCOLOR= 3 
260 POKE 49234, 0 
261 FOR X = 1 TO 280 STEP 10 
262 FOR Y = 43 to 143 STEP 50 
263 HPLOT X,Y: HPLOT X,Y + 14 
264 NEXT Y: NEXT X 
270 FOR J = 1 TO 250 
280 FORK = 1TO4 
290 H = POL (0) · 128 
299 HCOLOR = 0: HPLOT C1 % , 45 TO Cl% ,55: HCOLOR = 3 
300 C1% = 01%(J) + H 
305 IF C1 % < 0 THEN C1 % = 0 
306 IF Cl% > 279 THEN C1 % = 279 
307 HPLOT C1 %,45 TO C1 % ,55 
309 HCOLOR= 0: HPLOTC2% ,95TOC2% ,105: HCOLOR= 3 
310 C2% = D2%(J) · H 
315 IF C2% < 0 THEN C2% = 0 
316 IF C2% > 279 THEN C2% = 279 
317 HPLOT C2%,95 TO C2% ,105 
319 HCOLOR= O: HPLOTC3%,145TOC33% ,155: HCOLOR= 3 
320 C3% = D3%(J) + H 
325 IF C3% < 0 THEN C% = 0 
326 IF C3% > 279 THEN C3% = 279 
327 HPLOT C3%,145 TO C3%, 155 
370 NEXT K 
380 H1 %(J) = H 
390 NEXT J 
400 HGR 
405 POKE 49234, 0 
410 FOR J = 1 TO 250 
420 Y = 191 · J • 191 I 250 
430 u = 88 / 280 
435 H = INT (H1 %(J) • U) 
440 01 = INT ((01 %{J) · 140) • U + 45) 
450 02 = INT ((02%(J) - 140) • U + 135) 
460 03 = INT ((03%(J) · 140) • U + 225) 
461 Cl = 01 + H:C2 = 02 · H:C3 = 03 + H 
462 IF C1 < 0 THEN C1 = 0 
463 IF C3 > 278 THEN C3 = 278 
480 HCOLOR= 1 
490 HPLOT 01 ,Y: HPLOT 02,Y: HPLOT 03,Y 
500 HCOLOR = 2 
510 HPLOT C1 ,Y: HPLOT C2,Y: HPLOT C3,Y 
520 HCOLOR = 3 
530 HPLOT H + 45,Y: HPLOT · H + 135,Y: HPLOT H + 225,Y 
540 NEXT J 
550 INPUT '"' ;A$ 
560 TEXT 
570 GOTO 180 

Listing 6: A computer such as the Apple II 
which has high-resolution graphics capa
bilities greatly simplifies the program 
originally given in listing 5. This program 
performs the same operations as the simu
lation in listing 5. The author acknow
ledges the assistance of Charles Faso from 
Computer/and of Niles IL in preparing 
this program. 

Text continued from page 98: 
processor which is loaded by the 
BASIC program at any specified 
256-byte memory-address boundary 
(specify in hexadecimal only the 
most significant byte of the location 
of the subroutine) . 

The machine-language subroutine 
reads in the handle position, adds it 
with the appropriate sign to the value 
of a disturbance that is passed to the 
subroutine by the CALL command 
(in the DE register pair), erases the 
old cursor, and deposits the new cur
sor, a rubout, on the screen. Each 
time the subroutine is called it steps to 
the next cursor, recycling as 
necessary . On return from the 
subroutine, the handle position is 
passed back to the main program (in 
the HL registers). The machine
language program is in lines 200 thru 
230, expressed as a string of hex
adecimal bytes with no punctuation. 
Thus if your machine is not an 
8080/280 type, a program can be 
assembled, the listing copied into 
these lines, and possibly this program 
can be made to work with little other 
modification. 

The program, asks for the most 
significant byte of the place where the 
machine-language subroutine is 
stored. The loader adjusts memory 
references by inserting the value of 
this byte in memory wherever 
necessary, after the program is loaded 
{lines 300 thru 330). 

The display area consists of 1 K 
bytes of memory starting on any 
256-byte boundary . Lines 370 thru 
400 ask for the starting location of the 
memory area devoted to the display, 
and set up base registers in the 
machine-language program for the 
left margin of each cursor's move
ment. The FILL command is like 
POKE. If the computer has graphics 
capability built-in, everything from 
line 60 thru 400, and the plotting 
subroutine (later), can be accomplish
ed in a simpler way. 

Disturbance tables are set up in 
lines 510 thru 620. The unnecessary 
use of symbols, instead of constants, 

102 September 1979 © BYrE Publications Inc 



Color. VP-590 add-on Color Board allows program 

control of 8 brilllant colors for graphics, color games. 

Plus 4 selectable background colors. Includes 

sockets for 2 auxiliary 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) Jn dependently 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 
verify 5-volt 2716 EPROMs-comparabie to units 
costing much more than the VP-565 and VIP 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 I Selectable upperand rower 
case. Handsomely styled. Under $50: 

Tiny BASIC~* VP-700 
Expanded Tiny BASIC Board 
puts th is 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! 
Requi res external ASCII 
encoded alpha-numeric 
keyboard. $39: 

~uxlllary Keypads. Program 
your VIP for 2-player inter
action games! 16-key keypad 
VP-580 wi th cable ($15 ' ) 
connects to sockets pro
vided on VP-590 Color Board 
or VP585 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 COSMAC 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 VIP com
puter system starts at just $249 '* assembled 
and ready to operate. 

Simple but powerful-not just a toy. 
Bu ilt around an RCA COSMAC micro

' ~ 
., ~ , e\ .. 

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

Take the first step now. 
Check your local com

puter store or electronics 
parts house. Or contact 

RCA VIP Marketi ng, New Holland Avenue, 
Lancaster, PA 17604. Phone (717) 291-5848. 
"Suggesled retail price. COP18S711 does not Include video monitor or cassette recorder . 
..Available 1sl Quarter, 1979. 

processor. the VIP includes 2K of RAM. ROM 

monitor. Audio tone with a bu ilt-in speaker. 

Plus 8-bit input and 8-bit output port to inter The fun way 

face relays , sensors or other peripherals. It's into computers. 
 R Oii 
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Circle 40 on Inquiry card. 
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Home Computer 
• 16 KRAM extended Tl BASIC. 
• 16 co lor graphics. and music and sound effects. 
• High quality 13" color monitor. 
• 16 K RAM use r memory . 
crc·s DISCOUNT PRICE FOR THE COM
PLETE SYSTEM; CONS OLE & 13" CO LOR 
MONITOR Ordor now. Sublocl lo mlloblllll 

by manulaclurer. 

Prlc:e 1utijecttachan~ewllho11lnaUtn . 
1111r1md1gu1nnteecl ~rlar10111llHr't .$1 0 9 9 

CSlJ(S 
I The Computer People
I San Diego's largest Discount Computer & Calculator 
I Store. 5560 Ruffin Road, San Diego, CA 92123 
I 

Pinn 1bip ms 1h1 loltowin; mllfch1mfl.u1.
I 	 Tl & HP CALCULATORS 

TJ.Pn11;i1ammu Hu-Octal C:dculaiun s 49.9Ss __ 

Tl·58C prcgr111mmable con$tant m.emory 99.95 $ __
I 	 Tl ·59 ~rqrommable mag '"d' 219.95 S- 
Tl -SO slimHne scieru ilff: Jl.9S s __ 

I 

I 
Tl·5015 prlnling hondhekl 69.95 S- I 	 Tl-5715 businm dosllo~ 179.95 ' - 
ll ·1025 Shmc1ionw/ m!mcry 10.9SS __ 
Tl-1000 5 lunccion 8.95 • --
Spolfi ng S ~octranic spolll n1 ~d 25.95 $ - -
Spuk& Sp•ll spoiling •id 1h01 ialk•ll 59.95 s __ 
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HP·JBE pra~n1mm.eble business 98.95 $ - 
HM2 dosktop b"in.m 399.95 s - 
HP·6l programmable wl m•g Ci•d 361.95 S- 
HP·9l dul<1 op progromm•blo 597.00 S - 

Tl HOME COMPUTER PRODUCTS 
PHC004M 11·9914 Home Compuler S1099.00 s__ 
PHAWOD Dual Camno Cable 6.95 s_ _ 
PHPl 100 Romou Con11ols IP•i<I 2995 s__ 
PHP 1500 Spmh Syoth1sim 149.95 s 

COMMAND MODULES 
PHM3000 Olagno$1ic 19.95 s _ _ 
PH MJOOI Demo11s1ra1ion 69.95 •- 
PHM3002 hrtt Leaming Fun 29.95 •- 
PHMJOOJ 81gioo in~ Gtamma1 19.95 ' - 
PHM301)4 Numb!! M•gic 19. 95 '- 
PH M3005 Vldoo-G raphs 19.95 •- 

19.95 s__PHM.3006 Home Finncial Dtm1ons 
PHMlOOl H'ouHhotd 8ud9u Man;11~emen1 44_95 ' - 
PHM3008 Vid" Chm 69.95 ' - 
PH M3009 Foooball 19.95 ' - 
PHM30\0 Physical Fiu1us 19.95 '--

TOTAl ' - 
Shipping. •dd 3'11 '- 

Cal 1uident!.1dd6% 1u '- 
Amount tntloHd '- 

jcl'led:crmcmevordl!rj 

(Credi! Cards lor Sales ol S700 or 1ess1 

Chorgt to mv 0 VISA 0 MASTER CHARGE 

Ace!: _ __ Bank: ___ bp. OBte _ _ _ 
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~ City Stare__ Zip_ _ _ 


Sept~mber 1979 © BYTE Publications Inc104~---------- - ---~ 

+I\/ 01-c1~ HANDLE 

O> ______:. c> -~~i---S-U-8-JE_C_T-~-----, 

/\ 	
~ 

03~ C3_r-/ 

+ 

Figure 17: Schematic arrangement of expen'mental setup. Three slow and smooth distur
bances are added to a measure of the handle position (with a negative sign for the 
middle one), to determine the position of 3 corresponding cursors. The subject selects 1 
cursor and a reference position for it, and uses the handle to maintain the cursor at that 
position . A run lasts about 1 minute, and 250 sarnples of handle position are recorded. 
For plotting, the cursors are reconstructed from the tables of disturbances and the 
corresponding records of handle position. 

is an attempt at acceleration. It still 
takes a minute to load the 3 distur
bance tables, each 250 bytes long. All 
long tables are strings; only B bits of 
accuracy is needed, so by using the 
CHR$ and ASC functions, the tables 
can be stored 1 byte per value instead 
of 5 bytes per value. Disturbances are 
in tables because BASIC cannot 
calculate them fast enough. 

Disturbance 01 is a sine wave and 
03 is a triangular wave. 02 is a 
smoothed random disturbance. On 
reruns, only 02 is reloaded, taking 
about 20 seconds. 

The experimental run is controlled 
by lines 660 thru 780. Lines 660 and 
680 lay down 3 arbitrary scales on the 
screen, while the rest repeatedly call 
the machine-language subroutine. For 
each stored value of each distur
bance, all 3 cursor positions are com
puted and plotted, and the handle 
position is stored in the table Hl$ . 
The inner loop from line 710 to line 
770 adjusts the duration of the ex
perimental run; here it is set up so 
that the disturbances change and a 
handle position is recorded only 
every fourth time the display is 
generated. On my system, this works 
out so the display is refreshed 16 
times per second, and data is sampled 
and stored 4 times per second. The 2 
OUT statements reflect my laziness; I 
use 2 digital-to-analog outputs to 
supply the voltage to the poten 
tiometer that measures handle posi
tion. 

The data plotting routine (lines 820 
thru 1010) is entered at the end of an 
experimental run. This routine is set 
up to plot either on the video screen 

or on a hard-copy device; it asks for 
the X and Y dimensions of the plot, 
which cursor is to be plotted, and 
which device is to be used. My system 
is set up so the typewriter is device 2 
and the screen is any other device 
number. If you do not have this 
ability in your BASIC or system, 
delete lines 1060 and 1070 (in the 
subroutine that requests information 
about the display), and eliminate the 
"#2," in lines 970 and 990. In North 
Star BASIC, the exclamation point is 
short for PRINT. 

O nly the handle position is stored 
as data; the cursor positions are 
reconstructed during plotting from 
the list of handle positions and the 
corresponding tables of disturbances. 

The plotting scheme is designed to 
work with any teletypewriter-like 
device. If you have legitimate 
graphics, you can rewrite this part 
and get a more pleasing result. 

There are 3 choices for plotting, 
each associated with cursors Cl, C2, 
and C3. Each plot shows the cursor as 
a C, the handle position as an H, and 
the disturbance acting on the cursor 
as a 0. A dot indicates the center of 
the display when nothing else is there. 
After each plot is finished, there is a 
pause; hitting the carriage return will 
cause the program to ask about the 
next plot. If the question about the Y 
dimension of the display is responded 
to with a 0, the program will reload 
the random disturbance table and 
issue a prompt for another ex
perimental run. The old data will be 
destroyed. Remember, it takes about 
20 seconds to reload the random 
disturbance table . Do not panic if 
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looking for a more 
meaningful relationship 

with your computer? 

e Use the full capacity of your computer. at your own pace through a special text designed for self
e Execute programs faster. study. An exercise workbook provides hands-on experience 

with programming exercises performed by you on your come Store more in less space. 
puter. You learn in a way that's fast, fun and thorough. 


ASSEMBLY Language lets you do everything your computer 
 The Heathkit Program is designed for computers using the 
is capable of doing. It's the most versatil e, most powerful popular 8080/8085/ZBO microprocessor series. This includes 
language you can use. the Heathkit HB, H88 and H89 Computers. The concepts of 
ASSEMBLY Includes a mnemonic for every machine oper the program, however, can be applied to any computer. 
ation. No time is wasted interpreting, so programs run Now's the time to learn the language that puts you in total 
much faster. command of your computer's full potential. Send today 
ASSEMBLY makes more efficient use of memory. It stores for the Heathkit Self-Instruction Program for ASSEMBLY 
in less space because codes are shorter, more explicit. Language. 
The Heathkit Sel f-Instruction Program teaches you to pro Order No. EC-1108: $49.95, plus shipping and handling. 
gram your computer in ASSEMBLY Language. You learn 

Heathkit Self-Instruction Program for BASIC language Programming. 
• Easiest of all languages to use. In 14 easy-to-follow segments, the Heathkit Program covers 
e Now easiest of all to learn. all formats, commands, statements and procedures. A 

specia l workbook provides programming instructions and 
More programs are written in BASIC than any other lan experiments performed on your computer. You learn practi
guage. Because it uses Engl ish statements and commands, cal problem-solving techniques. 
it's the easiest to learn and the easiest to use. 

Until you know BASIC, you're missing the full selection of 
When you know BASIC you can adapt and run hundreds prog rams available to you . Send today for the Heathkit Self
of existing programs. You can exchange programs with Instruction Program for BASIC Language. 
others. And you can write your own programs fo r your 

Order No. EC-1100: $39.95, plus shipping and handling. specific needs. 

Send Today or Phone for faster service on VISA and Master Charge. 616-982-3411 
Heath Company, Dept. 334-570, Benton Harbor, Ml 49022 

- - ~ ~ Heath Company 
HEATH Dept. 334-570 

SHIP MY ORDER TO: I;,!@!§ Benion Harbor, Ml 49022 

IPLEASE RUSH ME: Name ______ _ _______ 
0 ASSEMBLY Language (please print) IEC-1108 ....... . . ..... •• . . . $49.95, plus $2.60 shipping & handl ing. 


Address ____________ _ 0 	 BASIC Language 
EC-1100 .... .. ... . ... ...•.. $39.95, plus $2.40 shipping & handl ing. I 

City 	 State ____ Tota l price . . .. • .. • • . .. . ·---  I 
Zip ______ 	 Michigan residents add 

4% sales tax . . .... . . . .. ·- - -  I 
Add shipping & handling . ·---- "t------- --- 
Total enclosed ... . .. . ... ·--- MONEY·BACK GUARANTEE 	 I 

O check O money order O Healh Revolving Charge Or charge my 0 VISA/Ban kAmericerd OF SATISFACTION O Master Charge · 

II you are not completely satisfied 
 I 

Account No.----------- Expirat ion Date---------
with the EC-1100 BASIC Program or Ithe EC-1108 ASSEMBLY Program, 


Signature x (NECESSARY TO SEND MERCHANDISE) 
 Isimply return programs for a full 

Prices are mail order and subject to c hange without notice ED-125
refund of purchase price. 	 J 
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there is a long pause. 
At line 1260 there is a utility 

routine that converts any hex
adecimal number up to 10 digits to a 
decimal number. I used it while 
writing the program. It calls the con
version subroutine starting at line 
1130. 

Running the Experiments 
If you possibly can, take the 

trouble to set this experiment up . 
Nothing can take the place of actually 
experiencing yourself as a control 
system and understanding things that 
you have taken for granted all your 
life. 

Here is a typical run for the benefit 
of the many readers who do not have 
the equipment to do this; the data will 
then be observed. Here is an old 
friend, Chip Chad (from part 1 of this 
series), glaring at the screen and 
maintaining a choke-hold on the 
handle, waiting for the experimenter 
to hit the return key at line 610. The 
experimenter reaches in and taps the 
key. The reference scales slide up into 
place and the 3 cursors pop into view, 
moving. Chip picks the middle one as 
most people do the first time, decides 
to keep it on the middle + mark, and 
after a few wobbles succeeds. 

'So what?" he says. 
If learning were being studied, 

good information could be obtained 
from this first run . But the plan is to 
see Chip acting as a competent con
trol system, so his first effort is 
praised and he is given another run 
(answering the query about Y dimen
sion with a 0). After the second run, 
the data is plotted for each cursor. 

Figure 18 shows the data for each 
cursor, number 1 on the left, 2 in the 
middle, and 3 on the right. The 2 end 
plots are a mess, but the middle plot 
shows a striking symmetry . The Cs 
march more or less down the center 
of the screen, deviating a little to left 
and right, but maintaining a constant 
position on the average. The Ds make 
a random-looking pattern, and the Hs 
follow almost the mirror image of the 
D pattern. 

Looking carefully at the middle 
plot, could it be said that the handle 
position or motion looks like any sort 
of regular function of the cursor posi
tion or motion? There may be some 
relationship, but it certainly is not 
clear.Probably, nobody would claim 
that the large, smooth motions of the 
handle could be reconstructed ac
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curately on the basis of measurements signal and little noise in that relation
of cursor position (that is , recon ship. 
structed roughly or statistically with Here is the situation. There is 1 
accuracy,especially if handle ac measure of Chip's behavior, H . There 
celeration is compared with cursor are 2 variables, D and C, either of 
deviation from the average position). which might have some relationship 
The best which could be hoped for to that behavior. Which variable, D 
would be some statistical relationship or C, would be selected by any 
(eg: a small signal buried in much statistical test as the most probable 
noise). cause of the behavior? Of course, D 

On the other hand, the relationship would be selected. In fact, a formal 
between the handle position and the statistical analysis, like those done in 
magnitude of the invisible distur every scientific study of behavior, 
bance is obvious and quantitative. It shows D to be the only significant 
is seen that the handle position is the contributor to the behavior, while C, 
mirror image of the disturbance the cursor position, is rejected as an 
magnitude with an error of only a few irrelevant variable! 
percent of full scale. There is much That is a paradox, however, from 

Figure 18: A typical run for a practiced subject. In figure lBa is the record for Dl, Cl , 
and H. Figure 1Bb has t/1e record for 02, C2, and H: figure 1Bc has the record for 03, 
C3, and H. In figure 18b, the cursor is held near the center, while the handle position is 
at all times very nearly the mirror image of the disturbance amplitude. It is very easy to 
decide which cursor was under control. 
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Figure 19: Cause and effect paradox. Under the old concept that stimuli cause bel1avior, 
the cause and effect chain runs from the disturbance to the cursor, through the subject, 
to the behavior. However, the correlation of the disturbance and the cursor position is 
very low, as is the correlation of the cursor position and handle position (for the con
trolled cursor). This would lead to a prediction of an even lower correlation of distur
bance and behavior. In fact , that correlation is normally very high (O. 99 or better). 
Only the control theory analysis of this experiment can explain this otherwise paradox
ical situation . 

the traditional point of view. The That is the proof mentioned earlier. 
only way D can affect Chip's The old cause-effect model fails 
behavior is through its effects on C, utterly when applied to this situation. 
since all that Chip can sense is the The question then is, why have 
cursor position. The disturbance itself generations of intelligent people 
is invisible. If C does not correlate believed that behavior is caused by 
with the behavior, then how can sensory stimulation? The answer is 
anything that acts exclusively clear: they have been fooled by a 
through effects on C correlate any monstrous illusion. 
better with behavior? Yet a typical The illusion would be easier to see 
correlation between C and H is if there was some visible, direct in
around 0.1, while the correlation of H dication of the magnitude of the 
with the corresponding D is typically disturbance. Suppose there were a 
0.995 . See figure 19. moving D (or a number that con-

CORRELAT I ON~ 0 .99 

0-------+ c-- [suBJECT] H 

CORRELAT I ON~ 0 . 1 C ORRELA TION~ 0 .1 

tinually reflected the magnitude of D) 
on the display. Clearly, if Chip 
managed to control C without that 
indication, he could still do so; he 
could ignore it and perform as well as 
ever. However, something has now 
been added that would mislead a 
bystander who did not understand 
control theory. 

That bystander could now see 2 
variables, both able to affect Chip's 
senses. Taking the apparent relation
ships at face value, it would be clear 
that the indication of D was accur
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Our MacroFloppy™ 
goes twice the distance. 

Introducing the Micropolis MacroFloppy'M:1041 and :1042 disk drive sub
systems. For the S-100/ 8080/ Z-80 bus. Packing 100% more capacity into a 
SX-lnch floppy disk t11an anyone else. 143K bytes, to be exact. For as little 
as $695.Fors695. The MacroFloppy:1041 comes with the Micropolis Mod I floppy packaged
inside a protective enclosure !without power supply!. And includes an S-100 
controller. Interconnect cable. Micropolis BASIC User's Manual. A diskette con
taining Micropolis BASIC. and a compatible DOS with assembler and editor. 
The :1041 is even designed to be used either on your desk top, or to be inte
grated rigl1t into your S-100 chassis. 

The MacroFJoppy:1042 comes with evervthing the :1041 has. and more. 
Sucl1 as d.c. regulators. its own line voltage power supplv. and. to top it off. 
a striking cover. Making it look right at home just about anywhere. 

Bot l1 MacroFJoppy systems are fully assembled. tested, burned-in. and 
tested again . For zero start-up pa in. and long term reliability. They're also 
backed up IJV our famous Micropolis factory warranty. 

And both systems are priced just right. $695 for the MacroFloppy·1041 
and $795 for the MacroFloppy:1042. 

You really couldn't ask for anything more. 
At Micropolis. we have more bytes in store for you. 
For a descriptive brochure. in the U.S. call or write Micropolis

Corporation. 7959 Deering Avenue. Canoga Park, California 91304. Phone 
(213) 703-1121. 

Or better vet. see vour local dealer. 

MICROPOLISM 
More bytes in store for you. 

ately associated with the handle posi
tion; while the movements of the cur
sor, such as they are, show no such 
association. Furthermore, the varia
tions of D are large and smooth, and 
there is no observable relationship 
between D and C. Why should the 
bystander suspect that C is being 
affected by D in one way and affected 
by H in an opposite way? The ob
vious conclusion is that the variations 
in D are causing Chip's behavior, 
while C has nothing to do with his 
behavior, especially if C does not 
vary more than the fixed background 
scales do . If the screen were full of 
irrelevant cursors, jiggling around 
slightly, how could the bystander 
pick C as something of special impor
tance? If BASIC were fast enough, I 
would have included such irrelevant 
cursors; the point being made here 
would then be obvious. 

An organism is surrounded by a 
world full of variables; variables that 
change within widely diverse ranges. 
The organism receives many signals 
from its internal parts, too . In that 
sort of situation, if the organism is 
controlling some of the variables, it 
will react strongly and smoothly to 
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any disturbance tending to alter 1 of 
the controlled variables. The result is 
that it will seem to be responding 
directly to the disturbances. There 
will be no obvious indication that it is 
controlling anything at all. There is 
every excuse for even the best of 
scientists to have observed the rela
tionship between disturbance and 
behavior, and to have missed the 
very existence of controlled variables. 

The name for such disturbances is 
stimuli. Once in a while, an ex
perimenter must have accidentally 
picked a real controlled variable to 
call a stimulus, but the chances are 
against that. If an attempt is made to 
manipulate a real controlled variable, 
the organism will have to be strapped 
down to keep it from interfering. 
That is what is done in such cases. If 
the organism insists on acting like a 
control system, forcibly break the 
loop and make the organism conform 
to the theory . As a famous 
psychologist said, the theme is 
"Behave, damn it!" It never occurs to 
such stong-willed individuals that 
they might have the wrong idea about 
what is happening. 

There is more in this elementary ex

periment than meets the eye. If all 
psychologists were to experience it, 
and try to meet the challenge of ex
plaining these effects using any stan
dard theory, the result would be a 
total collapse of that science, follow
ed by a rebirth . However, many jobs 
would be threatened . What has 
happened instead is that a handful of 
psychologists has supported this 
theory, another handful has taken up 
arms against it, and most have 
resolutely ignored it. 

I suggest that you run this experi
ment many times with subjects con
trolling all 3 cursors. Every case will 
show that mirror-image relationship 
between D and H and little relation
ship between C and either D or H. If 
the previous parts of this series are 
studied and all the relationships that 
make up a control system thought 
about carefully, it will be evident that 
there is no other explanation for what 
is going on here . If you get nothing 
else out of this, you should acquire an 
intuitive feel for a new theory of how 
behavior works. You might even 
begin to understand how to design a 
robot in a new way. 

It is time now to try to fulfill a pro



MetaFloppy™ goes 
The Micropolis MetaFloppy•M gives you more t11an four times the capacity of 
anyone else·s 5X-inch floppy. Because it uses 77 tracks instead of the usual 35. 
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mise implied in part l , to show how 
anyone with a home computing 
system can make important contribu
tions to this new science of human 
nature.The best way this can be done 
is to start with the experiment used, 
and to show how it can be extended 
to become a powerful tool for in
vestigating human organization . The 
main objective will be to introduce 
the test for the controlled v ariable, 
the nearest approach I know of to 
mind reading. 

More Controlled Variables 
Once subjects controlling all 3 cur

sors have been seen, it might seem 
that the possibilities of this experi
ment have been exhausted; this is not 
the case at all. There are controllable 
variables all over that screen; all of 
them can be controlled by the same 
means, movements of the handle in 1 
dimension . Discovering them is a 
good way to get out of the habit of 
thinking that we simply perceive our 
environment, and start a new way of 
thinking: to recognize that we con
struct perceptions, imposing order on 
our experiences far more than 
recognizing order. As you will see, a 

controlled variable does not have to 
be "real" at all. 

Here is an example . It is possible to 
perceive the relative position of any 
of the 2 cursors. The handle affects 
C2 in a direction opposite to its 
effects on Cl and C3, so the relative 
position of Cl and C3 cannot be con
trolled because the handle does not 
affect it. However, it is possible to 
keep Cl even with C2, or C2 even 
with C3; in fact , it is easy. A plot of 
the results would involve plotting 
C2-Cl or C3-C2 instead of just C, 
and 02-01 or 03-02 instead of just 1 
disturbance . The mirror image rela
tionship with H would be as good as 
ever. Do not forget that C2-Cl and 
C3-C2 are variables . Any value of the 
variables can be selected as a 
reference level (eg: Cl to be 1 inch to 
the left of C2). 

These are examples of higher-level 
controlled variables . If the subject 
could not perceive the present posi
tions of the cursors, he or she cer
tainly could not perceive their 
relative positions. Relative position is 
derived from perceptions of in
dividual positions, but not vice versa. 
In order to control relative positions, 

it is necessary to control (or at least 
vary) individual positions, but in
dividual positions can be controlled 
without controlling relative posi
tions . These are the relationships one 
looks for to map out a hierarchy of 
perception and control. 

Other relative perceptions can be 
controlled. All 3 cursors can be kept 
lying in a straight line, at least within 
the range where 1 of them does not 
fall off the edge of the display and 
pop up at the other edge. Reducing 
the amplitude of the disturbances 
would eliminate that problem. Also, 
the 3 cursors can be made to form any 
fixed angle, subject to the same 
limitation. There may be more static 
patterns that can be controlled, but I 
have not thought of any. This is, after 
all , a simple display . 

It is not, however, limited to static 
conditions . Suppose the subject 
visualizes a pattern in which 1 cursor 
moves back and forth slowly between 
2 limits . This pattern can easily be 
maintained, the handle moving just 
enough to produce it, and enough 
more to cancel the effects of any of 
the disturbances. A similar oscillation 
could be maintained for the relative 
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variables. This is a still higher-level 
variable, a temporal pattern. The 
subject chooses which temporal 
pattern to perceive, and what state of 
that kind of pattern to maintain. 
Control still requires only the use of 
the 1-dimensional effect caused by the 
handle. 

There is clearly an infinite range of 
different temporal patterns, ranging 
from a simple steady motion in 1 
direction to completely arbitrary mo
tions and rhythms. There is an 
unlimited number of potential con
trolled variables in th is simple 
display . Anything that can be 
perceived, and that the handle can 
affect in a systematic way, can be 
controlled. 

For all of these examples of con
trollable perceptions, it is essential to 
remember that the disturbances are 
acting all the time. This is not a 
matter of producing any particular 
behavior. The cursor cannot be made 
to move slowly back and forth be
tween fixed limits just by moving the 
handle slowly back and forth be
tween fixed limits. The handle might 
be moving the wrong way at many 

. ~~ 

......... 


moments, when the disturbance tends 
to make the cursor move faster than 
the reference pattern being con
sidered. There is no one-to-one cor
respondence between handle position 
or velocity and cursor position and 
velocity, because of those ever
present disturbances. Regularities of 
behavior are not being looked at 
here, but regularities of controlled 
perceptions. If there were a slowly 
oscillating prism between the display 
and the subject's eyes, a regular pat
tern of movement of the cursor on the 
screen would not be seen. The subject 
controls the visual image, not the 
reality. For the higher-level variables, 
the subject controls some function of 
the visual image (often the controlled 
variable could not be found, even on 
the retinas). 

One could create displays of far 
greater complexity, and provide 
means of affecting the display that 
have more than 1 degree of freedom 
to explore a staggering range of possi
ble controlled variables. This is what 
I suggest be done. The first step in the 
development of any new science is ac
quire the facts; here the most needed 
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facts concern what variables human 
beings can actually control. What is 
needed is a large and simpleminded 
program of recording the obvious 
and obscure. What is needed is a 
body of definitions of variables in 
every sensory mode that people have 
been able to control. Order and 
system count much less than sheer 
volume of data at this point. In fact, 
an unsystematic gathering of data 
may be the best kind, since it will not 
be constrained by theories about 
what people ought to be able to con 
trol. Anything which can be a way of 
testing is worth testing at this stage. 
The possibilities are limited only by 
the imagination. 

We do need some sort of ordering 
principle-some criterion for judging 
the reality of any proposed controlled 
variable. This is where the test ap
pears; here is how it works . 

Test for Controlled Variables 
The first thing to remember when 

investigating a possible controlled 
variable is that in order for something 
to be controllable it has to be 
variable. There is neither the means 
nor the need to control the existence 
of the Empire State Building or the 
planet Jupiter. Not all perceptions are 
controlled. Some are just distur
bances; some are just there. 

One might think initially about 
controlling, for instance, a car. 
People often speak casually about 
controlling things. But w hat is meant 
is controlling something about those 
things. A person cannot really con
trol a car; but under proper cir
cumstances its shape, its color, its 
price, its speed, its direction, its park
ing place, its dirtiness, its 
dangerousness, its desirability, its 
altitude, or the flatness of its tires can 
be controlled . A car, after close in
spection, proves to be composed en
tirely of hundreds or even thousands 
of variables . Together they create 
"car-ness" in our perceptions. In
dividually, or in groups, most of 
them can be affected by one means or 
another, and can be controlled if it is 
worth the effort. You can even make 
the car disappear instantly by closing 
your eyes . Keep remembering that 
what is controlled is really a percep
tion. 

The first step in applying the test 
for the controlled variable is to define 
a variable. You do not have to know 
in advance if it is a controlled 
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and semi-random access disk files. Multi-level file name directory 
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BASIC Interpreters and Compilers 

SUPER BASIC A 10K extended disk BASIC interpreter for the 6800. 
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prepared using a text editor described below ......... .. . . . $49.95 
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disk CHAINing ....................................... . $17.95 
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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 


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

Assemblers 
PerCom 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 
FU LL FUNCTION MAILING LIST 700 addresses per diskette. Power· 
ful search, sort, create and update capability ......... . .... $99.95 
PERCOM FINDER'M General purpose information retrieval system 
and data base manager ................. . . .. .. ....... _. $99.95 
tu. trademark or PERCOM Data Company, Inc 

'" irademark ol Hemenway A&soc1a1es Company. 

Now! The LFD-800 and LF0-1000. Add one, two or three 
LFD-800 drives and store 200K bytes per drive on-line. Add 
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cable & manuals . Two-drive systems: LFD-800 - $1549; 
LFD-1000 - $2495. 
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variable; you do not even have to 
know where the supposed control 
system is. All you have to do is to 
pick out something that you know is 
variable and "push" on it. 

By push I mean to apply a distur
bance that under normal cir 
cumstances should have a predictable 
direction and amount of effect on the 
variable . If I push hard enough on a 
life-sized statue, it should tilt in the 
direction of the push . Perhaps it will 
topple in that direction according to 
the simple laws of mechanics . 

Having selected a variable and ap
plied a push to it, the next step is to 
measure the actual effect of the push. 
I predict that pushing on this statue 
should make it tilt a certain amount 
in a certain direction. I apply the push 
and observe the tilt. 

If the actual effect is far smaller 
than the predicted effect, common 
sense indicates that something must 
be pushing back. If the pushing-back 
is always just enough to cancel any 
amount or direction of disturbance 
(within some limits). it can be con
cluded that the pushing-back is 
systematic . The mirror-image effect 
that has been observed is what is 
wanted . 

It is necessary to discover what is 
pushing back, and how it is doing the 
pushing. Perhaps, examining the 
statue carefully, an iron rod is found 
supporting its back from its base . In 
that case, a conclusion is made that 
there were not enough facts to make a 
correct prediction of the effects of the 
push; the bending moment of the rod 
should have been taken into account. 
But if no simple explanation for the 
failure of the prediction is found , one 
must look further . 

Suppose it is discovered that the 
base of the statue seems to move 
when pushed . If there is a push to the 
east, the base tilts to the west moving 
the center of support east of the 
center of gravity of the statue, and 
thus creating a counterforce. Suppose 
this tilt of the base is found to be 
always just what is required to offset 
the effects of the push. It can be con
cluded that one may be on the trail of 
a control system . 

What has been done is to find out 
something about the means of con 
trol, the path by which the output of 
the control system, if it exists, might 
be linked to the controlled variable 
(the angle between the statue's 
longitudinal centerline and the ver
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tical). Finding this link is a necessary 
step in the test. 

That step will usually lead to 
discovering the physical control 
system. Tracing the wires that work 
the motors that tilt the base of the 
statue, you find a black box a few 
yards away from the statue. That 
may be the control system, or at least 
all of it that is not its actuators (which 
have been found ). 

There is still one step to be taken. 
You cannot be completely sure of the 
nature of the control system until you 
discover the variable it is really 
sensing. The situation has been 
approached with human prejudices; 
to me, it seems that the controlled 
variable is the orientation of the 
statue, a geometric or visual variable . 
Perhaps that variable is only related 
to the real controlled variable . What 
must be found now are the sensors 
that the control system is using. 

Thinking in visual terms, you 
might look for a photocell that 
detects the tilt. Suppose a photocell is 
found on a stand near the statue . The 
test calls for breaking this link, 
preventing the sensing of the statue. 
The result should be that the effect of 
the push returns to what would be 
predicted from mechanical laws . So 
the photocell is covered and the 
disturbances are applied again. What 
happens is that the floodlights il
luminating the statue turn on . The 
statue still resists the push-the 
photocell was for something else. 

By careful searching 4 strain gauges 
built into the base of the statue are 
discovered . These provide a signal 
showing where the center of thrust is, 
and the wires from the strain gauges 
run over to that black box. Discon
necting the wires shows that now the 
push succeeds in tilting the statue. As 
soon as its tilt becomes marked, an 
angry groundskeeper comes leaping 
out of the bushes and arrests the ex
perimenter . Aha ! You may have 
discovered another control system 
controlling the state of the statue. 

To recapitulate, the test for the 
controlled variable involves the 
following steps: 

1. Define a variable . 
2 . Apply various amounts and 

directions of disturbances 
directly to the variable . 

3. Predict 	 the expected effects of 
the disturbances, assuming no 
control system is acting. 

4. 	Measure the actual effect of the 
disturbances . 

5. 	lf the actual effect is essentially 
the same as the predicted effect, 
stop. No control system is 
found. 

6. 	If the actual effect is markedly 
smaller than the predicted 
effect, look for the cause of the 
opposition to the disturbance, 
and determine that it results 
from systematic variations in 
some other variable . If such a 
cause is found, it may be 
associated with the output of a 
control system . 

7. 	Look for a means of sensing the 
controlled variable. If none is 
found, stop: no control system 
is proven to exist. 

8. 	If a means of sensing is found , 
block it, so the variable cannot 
be sensed . If control is not lost, 
the sensor is not the right one. If 
no such sensor is found, stop: 
no control system is proven to 
exist. 

9. 	If all steps of the test are passed, 
the variable is a controlled 
variable, its state is its reference 
level , and the control system 
has been identified. 

To apply step 8 of the test to our 
computer experiment, cover the cur
sor suspected of being controlled with 
a cardboard strip . Control should be 
lost. Cover eac/1 cursor. The covered 
one will never pass the test. The other 
steps are easily carried out. 

Concluding Remarks 

Now it is up to you. You can test 
controlled variables involving inten
sity, sensation, configuration, 
change, sequence , relationship, 
strategy, principle, and system con 
cepts having to do with visual , 
auditory, tactile , kinesthetic, and 
other senses. 

Good luck with the programs, and 
good hunting for controlled 
variables. I will be interested to 
receive word about what people are 
doing with the information covered 
in these articles . • 
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S-100 8086 AND Z8000 CARDS COMING: At least 6 S-100 product manufacturers are about to 
release 16-bit processor cards for the S-100 bus that use the Intel 8086 and Zilog Z8000. One such 
card has already been announced, a 8086 processor card from Seattle Computer Products Inc, 
Seattle WA. All will conform to the Institute of Electrical and Electronic Engineers (IEEE) S-100 
standard that is soon to be adopted. They will work with most 8-bit memory cards using byte-serial 
read/write. However, for full speed operation you will need either a true 16-bit memory card or a 
modification of your present memory cards . To modify memory cards requires cutting traces, some 
rewiring, and adding some logic circuitry . 

Microsoft has already announced and demonstrated an 8086 BASIC, and is working on a Z8000 
BASIC, as well as other 16-bit software. Digital Research is working on a 8086 version of CP/M. Most 
16-bit software in development will be designed for multiprocessing environments, using real-time 
clocks and interrupt-driven user-inputs. 

CP/M 2.0 TO BE RELEASED SOON: There is no doubt that the most widely used disk operating 
system for microcomputer is CP/M, developed by Gary Kildall of Digital Research, back in 1974. 
Although originally written for the Intel 8080 development system, it was adapted to run on 8080, 
8085 and zao systems of many types. Its power and flexibility puts microcomputers in the big leagues 
by providing features and capabilities normally found on the bigger models. 

Gary Kildall is planning to release the 1st major revision to CP/M (Version 2.0). It will use a real
time clock and be interrupt-driven. It will support all present CP/M software. Look for its release 
around September 1st. 

RANDOM RUMORS: Matsushita Inc is rumored to be working on a $250 printer which will generate 
"letter quality" type. It will print at 15 characters per second and include a keyboard. Rumors about 
Hewlett-Packard's Personal Computer are getting warmer. It may be introduced in time for the 
Christmas market. Expected to sell in the $2500 area, it will have a 5-inch black and white monitor, 
16 K bytes of programmable memory, BASIC in read-only memory, a built-in thermal printer and 
cassette I/O (input/output). Texas Instruments is developing a 3 or 4-inch Winchester-type disk drive 
to sell for approximately $50. Shugart is about to start delivery on the $70 5-inch floppy disk drive 
made by Matsushita. Infoton, a video terminal manufacturer, is rumored to be about to introduce a 
video terminal which will sell for less than $400 in large quantities. It will use the Zilog Z8 micro
processor and have a total of only 16 integrated circuits. All circuitry will be on l printed circuit 
card, the power supply will be transformerless, and a special elastomeric keyboard will be used. 

HAND-HELD COMPUTER IN DEVELOPMENT: Matsushita Electrical of Japan and Friends-Amis Inc 
of CA have agreed to develop and produce "the first practical hand-held personal computer." The 
size of a hand-held language translator, the unit could be in production by the end of the year. The 
computer will be able to accept preprogrammed and user programmed memory capsules. Prepro
grammed capsules will include information on business, science, language, education, etc. The 
computer will have modular construction, enabling new technology modules to be added as they are 
introduced. Add-ons will include a miniprinter, miniature video display, and a voice synthesizer. 

MICRO-MOUSE CONTEST FINALLY ENDS: The 2 year long "Amazing Micro-Mouse Contest" run 
by the IEEE has finally ended. Although several thousand entries were received, less than 100 
actually ran the maze . The contest's objective was to design a robot-type device which could 
negotiate and learn a maze as it went through. The trials were held at conventions of the IEEE, NCC 
shows and PC-78. 

The ultimate winner was entered by the team of Howard P Katseff and Roy Tramwell from Bell 
Labs, Holmdel NJ. Their mouse ran the 8Yz by 8Yz-foot maze in just under 30 seconds. It employed a 
Z80 microprocessor with 4 K bytes of read-only memory and l K bytes of programmable memory. 
Second prize was taken by the team from Batelle Memorial Institute of Richland WA. Art Boland, 
Ron Dilbeck and Phil Stover's mouse ran the maze in just over 31 seconds. One high performer was 
actually nonprocessor controlled, and ran the maze in just under 40 seconds. 
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VOICE-OPERATED TV DEMONSTRATED: Sanyo Electric Co recently demonstrated a television 
receiver that responds to voice commands to turn on and off and switch stations. Utilizing a micro
processor, the unit compares the voice input to voice patterns stored in memory. The unit has a 30
word vocabulary, and can respond to the voices from 2 different people. Furthermore, the voice 
input can be used to play games. Sanyo has not announced any immediate plans for incorporating 
the receiver into its television sets. 

APL FOR MICROCOMPUTERS: Despite a report in an earlier BYTE NEWS column, Quark has 
decided against introducing its APL microcomputer using the Intel 8086 microprocessor. 

JAPANESE MOVING SWIFTLY INTO MICROCOMPUTERS: At least 9 Japanese manufacturers are 
presently manufacturing microprocessor integrated circuits. Approximately 80 different micro
processors are being made. Most of them are original designs including advanced features (eg: 
analog-to-digital converters, multiply/divide, counter/timers, etc) . Five different 16-bit micro
processors are already in production. Furthermore, over a dozen personal computers/trainers are in 
production to support a very strong interest in personal computers in Japan. Thus far only a few 
units are available for export. 

MOTOROLA ANNOUNCES 68000 DELIVERY AND PRICES: Motorola has announced that it expects 
to start shipping limited sample quantities of its new 68000 16-bit microprocessor by the end of the 
year . Single unit price will be $249. Limited production quantities are expected to be available by 
the end of the !st quarter of 1980, with full production by late 1980. No second source arrangements 
have been finalized . 

75 MEGABYTE WINCHESTER DRIVE RUMORED: At least 6 companies exhibited 8-inch 
Winchester-type drives at the recent NCC show. All of the drives could fit into the same space as an 
8-inch floppy disk drive, and provided from 10 to 45 M bytes of storage. At least 8 companies will be 
delivering these drives by the end of the year, and a 75 M byte version is expected next year. The 
drive should sell for under $2000 in quantity. 

PERSONAL COMPUTER MANUFACTURERS RANK WITH COMMERCIAL DATA PROCESSORS: 
Datamation magazine, in their most recent annual report of the top 50 US companies in the data 
processor industry, disclosed some interesting facts about changes in the computer industry. For the 
!st time a personal computer manufacturer, Tandy, ranked among the top 50 in computer equipment 
sales, and Commodore ranked second among fastest growing companies. Commodore had a 190% 
increase in sales in 1 year, to $75M. Tandy(ranked 43rd)reported computer sales of $105M and total 
company sales of $1,152M resulting in a net income of $76M. The company reported a sales gain of 
only 11.6% (which is about equal to the rate of inflation, and hence could be considered 0 sales 
growth). If Commodore continues to grow at its past year's pace, it too will soon rank among the top 
50. It was reported that 63% of Tandy's computer revenues were from TRS-80 sales, 26% from 
peripherals, 10% from services and 1 % from supplies. 

Each data processing company in the top 50 reported sales increases, and most were 20% or 
better. For example, IBM's sales rose almost 28%, while Digital Equipment Corporation's sales rose 
nearly 36%. In fact, none of the traditional maxi or mini makers appear to have been affected by 
personal computers, despite the predictions that were made 2 and 3 years ago. 

MAIL: I receive a large number of letters each month, as a result of this column. If you write to me 
and wish a response, please include a stamped self-addressed envelope. 

Sol Llbes 
ACGNJ 
1776 Raritan Rd 
Scotch Plains NJ 07076 
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Inexpensive Optical 

Paper-Tape Reader 


1 microprocessor + BK BASIC tape 
+4K Startrek tape +45 min = RUN 

This was the terrible equation I had 
to contend with every time I wanted 
to play my favorite game program. It 
would take me 30 minutes to load the 
8 K BASIC paper tape. But not any 
morel 

The solution is a 400 character per 
second paper-tape reader that can in
terface to any 8-bit input port of 
almost any microprocessor. It uses 
only 2 integrated circuits and costs 
approximately $15. 

I had always wanted something 
faster than my old reliable Teletype, 
but I never seemed to have the $40 to 
$100 that was needed to buy one of 
the many available kits. I also 
wondered why most of these kits re
quired so many integrated circuits to 
accomplish the simple task of latching 
8 bits of data. There are 7 bits 
(sometimes 8 bits) of parallel paper
tape data spaced at regular intervals, 
and a sprocket hole for strobing, in
cluded at no extra cost. Why not 
design a self-strobing, 8-bit data latch 
using an inexpensive large scale in
tegration (LSI) transistor-transistor 
logic (TTL) integrated circuit, the 
INTEL 82127 

The Intel 8212 provides 8 bits of in
put, 8 bits of output, strobe, clear, 
and several device enable lines for 
about $5. All I needed to do was to 
optically sense the punched paper
tape holes and strobe them into the 
latch at every sprocket hole. 

Brian A Harron 
67-3691 Albion Rd 
Ottawa, Ontario 

CANADA KlT 1P2 

Although there are several ready
made, 8-level , paper-tape-reader 
photodiode assemblies available, I 
decided to construct my own reader 
assembly using individual photo
transistors that I already possessed, 
the Motorola type MRD150, which 
are available at most wholesalers for 

Photo 1: View of the paper-tape reader 
showing the light source and the light
detecting phototransistors. The spring 
and clamp device keeps tlze paper tape in 
place. 

approximately $1 each . Their 
miniature size is ideally suited to 0.1 
inch (0.25 cm) spacing. 

Using epoxy, I glued 9 of the 
phototransistors into a 0.5 by 1 inch 
(1.27 by 2.54 cm) piece of 0.100 inch 
(.025 cm) perforated board The 
photocell placed between positions 3 
and 4 (as shown in figure 1) is 
physically reversed so that the active 
surface element of the cell is not in 
line with the other 8 cells. This out
of-line detector provides a physical 
delay of the sprocket-hole signal 
which will be signal-condi tioned 
later. 

This cell begins to detect light 
through the sprocket hole only after 
all other data holes are fully centered 
over their respective detectors . The 
strobe pulse is now positioned close 
to the center of the pulse from the 
data holes, as shown in the wave
forms of figure 2. 

In order to make the strobe pulse as 
insensitive as possible to the variation 
in tape speed caused by moving the 
tape by hand, the sprocket-hole 
detector is amplified by transistor Q l 
and is threshold-detected by ICla, a 
7414 hex Schmitt trigger TTL gate 
(see figure 3, p . 121). The output of 
ICla is then differentiated and level
shifted by the capacitor and resistor 
combination Cl, Rl , and R2 such 
that the output of IClb is fast and 
clean even for very slow dark-to-light 
transitions through the sprocket hole. 

The additiona l gate sections !Cle 
and ICld provide buffered outputs of 
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the signals STROBE and STROBE , 
which will be used as sense input lines 
to the 8-bit interface port. 

The last 2 sections of the Schmitt 
trigger are configured as a delayed 
power-up signal that holds the 
CLEAR input pin of the latch at 

ground until the power supply 
voltage has stabilized. 

The DSl and MD pins of the 8212 
are grounded and the DS2 pin is pin
ned to the supply voltage, thus plac
ing the 8212 into the strobed latch 
mode of operation. In this way the 8 

bl b2 b3 b4 b5 b6 b7 b8 

Figure 1: Phototransistors in the paper-tape reader. Note the placement of cell between 
bits 3 and 4. The active element is reversed in orientation . 

DATA PULSE 

ST ROBE PULSE _____,,, 

STROSE PULSE 
AFTER COND I TIONING 

Figure 2: The strobe pulse is centered in the active signal from the data holes. 

UP: IN portH READ INPUT POAT 
RAL SHIFT 1 BIT LEFT 
JNC UP JUMP TO UP IF CARRY BIT NOT SET 

DOWN : IN port If READ INPUT POAT AGAIN 
RAL SHIFT 1 BIT LEFT 
JC DOWN JUMP TO DOWN IF CARRY BIT SET 

READ: IN portl\f READ INPUT PORT DATA BYTE 
RETURN WITH 7 BITS OF DATA IN REG A 

Listing 1: Simple 8080 assembly language program for inputting the data from the 
paper-tape reader. 
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bits of data available to the input pins 
Dl-0 thru Dl-7 are latched through to 
the output pins 00-0 thru D0-7 by 
each positive pulse at the STROBE 
pin. 

Since most paper-tape programs 
used with today's microprocessors 
use only 7 bits of the 8-bit ASCII code 
(bit 8 being vertical parity), it is con
venient to use this 8th bit as fhe 
strobe sense line. When connecting 
the output pins of the latch to the pro
cessor input port, simply select strobe 
signal STROBE or STROBE and con
nect it to the pin corresponding to bit 
8 . 

The software required to read in 
such data is shown in listing 1, where 
bit 8 is the STROBE sense line. When 
bit 8 goes through a low to high to 
low cycle, the data at the input port is 
valid. 

If 8 bits of tape data are required, it 
is necessary to connect the strobe 
sense line to either another input port 
pin or to some other monitor line, 
such as an interrupt or serial input 
line, which can be tested under soft
ware control. 

Mechanically, I used a piece of 
0.100 inch (0.025 cm) aluminum sheet 
bent into a U-shape, with an inside, 
bottom width dimension of 1 inch 
(2.54 cm). I used a small piece of dear 
Plexiglas as a hold-down device for 
the tape as it passed over the reader 
photocells. Further improvements 
can be added, such as a motor
driven, pinch-roller pull-through, but 
I have had no problems when pulling 
the tape through by hand. As a mat
ter of fact, I can stop pulling at any 
time, since the strobe pulse is speed 
insensitive. I plan to eventually add a 
hand crank and a take-up reel to 
avoid the great piles of tape that end 
up on the floor after loading some of 
my larger programs. 

To generate the required illumina
tion, I used an automotive lamp {type 
211) mounted 3 inches (7.5 cm) above 
the photocells. Running the lamp on 
5 V provides a good, uniform source 
of light, although it draws about 1 A 
of current. 

This entire project took only 3 
evenings to design and construct, and 
the $15 price tag was a bonus. If you 
are still limited to 10 characters per 
second with your Teletype reader, 
you should seriously consider this 
high-speed paper-tape reader. • 
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Figure 3: Schematic diagram of the paper-tape reader, which is capable of 400 characters per second. 
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Microcomputer-Based Design 

by John B Peatman 
McGraw-Hill Book Co, 
New York 1977 
540 pages hardcover 
$26.95 

Microcomputer-Based Design by 
John B Peatman is a combination text 
and reference book aimed at 
engineers who wish to learn how to 
design systems using microprocessors . 
It is written not in a dull , dry tone, 
but rather in a light style . The 
minimum required background for 
this text is a rudimentary knowledge 
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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 usefuJ 
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 7 chapters and 6 appen
dices. The chapters are fairly com
plete, in-depth entities and each con
tains a set of practical design pro 
blems and additional references. The 
references may be difficult to find for 
readers without access to an engineer
ing library since many of the 
references are articles in engineering 
journals or manufacturers' applica
tion notes. 

Chapter 1 is an overview of 
microcomputer applications focusing 
primarily on the distribution of "in 
telligence" to instruments and tools. 

Chapter 2, " Microcomputer 
Registers and Data Manipulation," 
includes a brief discussion of number
ing systems and the various, com
monly encountered modes of address
ing. This is followed by a good 
presentation of machine language in 
structions, assembly language, and 
assembly language programming 
techniques. 

Chapter 3 considers computer 
hardware organization. Several dif
ferent philosophies of commercially 
available microprocessor families are 
described. The characteristics of 
various logic families are considered 
with an eye towards interconnection 
compatibility. Bus structures and 
their electronic implementation are 
described in some detail. Flags, inter
rupts, direct memory acess control 
and programmable timers are also 
described with examples . 

Chapter 4 reviews the various 
characteristics of memory com
ponents and systems. Included are 
sections on the implementation of 
main power failure battery backup 
systems and floppy disks . 

Chapter 5 examines peripherals . 
There are sections on input / output 
control and handshaking, timing and 
buffering . There are also discussions 
of specific common microcomputer 
peripherals: keyboards , photo
transducers, circuit testers, analog-to
digita I and digital-to-analog con
verters, pressure transducers, optical 
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displays, relay drivers, syn
chromotors and printers. Finally, 
there are sections on universal asyn
chronous receiver-transmitters 
(UARTs), line drivers, the HPIB-IEEE 
488 bus and self-test hardware. 

Chapter 6 describes the various op
tions that exist in hardware and soft
ware development packages from 
prototyping boards to disk-based 
operating systems. There is also a 
brief discussion of high-level 
languages for microcomputers. 

Chapter 7 describes in detail the 
algorithms for solutions to several 
common microcomputer software 
problems. Algorithms are described 
to read and to parse a functional 
keyboard input, self-test routines and 
number system conversion and 
manipulations. Real-time program
ming constraints are also considered. 

The set of appendices describes the 
characteristics of specific microcom
puters. Each appendix covers the ar
chitecture and organization of a par
ticular processor integrated circuit. 
The rest of the integrated circuit set 
(memory, input/output, etc) is also 
briefly covered. Appendices are in
cluded on the 4004, F8, 8080, 6800, 
COSMAC, and PPS-8 processors. It 
is refreshing to see that these appen
dices are more than just a reprinting 
of the manufacturer's specification 
sheets. 

On the negative side, there is a 
disturbing absence of discussion of 
any of the high-performance in
tegrated circuits that were certainly 
available when this book was 
written . There is also inadequate 
treatment given to bit-slice and 
microprogramming techniques. Soft
ware development by emulation is 
also omitted. The balance is, 
however, overwhelmingly positive. 
This is a text which starts off quietly, 
never grows dull, and yet contains a 
great deal of substance. There are sec
tions on using esoteric devices like 
first in, first out stacks (FIFOs) that I 
have previously never seen in a 
design text. 

It is a welcome development. 
recommend this book to advanced 
experimenters, undergraduate 
engineering students and practicing 
engineers. • 

lra Rampil 
2217 Cypress Way 
Apt 15 
Madison WI 53717 
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Day of Week and 
Elapsed Time Programs 

W B Agocs, Dept of Physical Sciences 
Kutztown State College, Kutztown PA 19530 

The day of the week, the number of elapsed days of a 
year, and the number of days between 2 dates are infor
mation that is required frequently in various types of 
analyses . 

The procedure to determine the day of the week uses 
Zeller's congruence: 

d = {[2.6m-0.2 ) + K + Y + [:] + [~]- 2C} MOD 7 

The term m is the month number minus 2. If the month 
is January or February, mis 11or12 of the previous year . 
K is the day of the month; C is the century, and Y is the 
year of the century. The value of the square brackets is 
defined as the integer part of the result of evaluating the 
interior expression. 

D ay of Week From Date 
The program is so written that corrections to month 11 

or 12 of the previous year are made automatically if the 
month is January (1), or February (2). The program ·is 
shown in listing 1. Century selection could have been in
corporated, but the program is designed for the 20th cen 
tury . Once the number of the day of the week is obtained 
(with Sunday being day 1), the date and the day are 
printed . 

Matrix Elapsed Time Determination 
The use of a 12 by 31 matrix seems to be the most 

logical method for determining the elapsed days of a 
year, the remaining days in a year, and the day interval 
between 2 dates. 

The program for such a determination is shown in 
listing 2. The MAT A = CON statement in line 50 sets 
each element of the matrix equal to 1. The subroutine in 
statements 440 thru 540 enters Os into the matrix elements 
which correspond to the months with less than 31 days, 
and then fills the matrix elements with the date's 
numerical location in the year. Thus on return from the 
subroutine, the days elapsed may be printed between 
statements 180 and 190, or between statements 400 and 
410 if desired. Leap year corrections are made at lines 270 
and 440. 

Finally, if the interval between the 2 dates is less than 
or greater than a year (as determined by statement 100) , 
the correct year increment is made in statements 230 and 
280. 

The total time interval is determined in statement 180 

or 410, and the result printed at statement 190. 
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Bob admits be thought his com~uter 
had reached the limit of its capabilities. 
Then he discovered the BASIC Compiler 
from Microsoft. 

"It's incredibly fast'.' he boasts. "Nothing 
was as fast as my Microsoft BASIC inter
preter-yet this new compiler is actually 
3-10 times faster. 

"And that's not an;• he beamed. "My 
compilerhas the same langruigefeaturesas 
Microsoft 5.0 BASIC and runs in my 32K 
CP/M system'.' 

Bob says, "When Microsoft comes out 
with a new product, I know it's got to be 
good. And this BASIC Compiler is the 
wizard I've been waiting for. 

"At last, I can ge_nerate relocatable 
machine language moduJes from my 
Microsoft BASIC programs-machine 
code that's highly optimized. And because 
the Microsoft macro assembler and loader 
come with the BASIC Compiler, BASIC 
programs are easily linked to assembly 
language subroutines or Microsoft 

FORTRAN and COBOL programs. 
Just like the pros:· smiled Bob. 

"What's more, the compiler generates 
a fully symbolic listing of the machine 
language that's generated-a greatwayfor 
me to learn assembly code on my own~' 

Bob believes in giving credit where credit 
is due. "Microsoft turned my BASIC com
puter into a genuis for $395, but I was 
smart enough to recognize a good thing 
irnmediatelf.' 

ff you want to get the most out 0f your 
computer and your BASICprograms, askfor 
more information on the Microsoft BASIC 
Compiler. We know you'll compliment your
self on a very smait move. 

0 

10800 N.E. Eighth Suite 819 
Bellevue, Washington 98004 
206/455-8080 Telex 328945 
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/ 
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' -... -...' -...-...-... 
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/ _.. _.. Terminals 

Synchronous 
Modem 

/ _.. _.._.. 
-... 

Word 
Processing, 
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' ' Other 
, Microcemputers 

With 
BISYNC-80/3780 

This professionally written and documented software can integrate your microcomputer into the 
world of large scale data processing on IBM compatible equipment. You can have the distributed 
processing power of your microcomputer plus IBM terminal capability! 

Price $295, includes documentation and software on CP/M diskette. Optional RJE Console 
Support software - $95. Optional Printer Driver software - allows receiving data directly to 
printer instead of diskette - $95. Synchronous 1/0 board and all required cables - $345 for S-100; 
$545 for TRS-80. Documentation - $15. Complete system packages available. 

8080, 8085 

or zao with 


BISYNC-80/3780 
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Text co11ti11ued from page 126: 0270 LETS= S+ 366 
0280 NEXT I The matrix procedure, with correction for appropriate 
0290 	 IF Y1/4·1NT(Y1/4) = 0 THEN 320

holidays, can be used in conjunction with stock market 0300 GOSUB 450 
studies when knowledge of the market day interval is 0310 GOTO 350 

0320 GOSUB 440 desired, or when determining if a particular date is a 
0330 	 LET S1 =366·A(M1,D1) 

market trading day. 	 0340 GOTO 360 
0350 LET S1 =365·A( M1,D1) 
0360 IF Y2/4-INT(Y214) = 0 THEN 390 
0370 GOSUB 450 

Listing 1: BASIC program for determining the day of the week 0380 GOTO 400 
from the date using Zellers congruence. 0390 GOSUB 440 

0400 LET S2 = A(M2,D2) 
0410 LET S3=S+S1 +S2

0010 	 PRINT " ZELLER 'S CONGRUENCE-DAY OF WEEK 0420 	 GOTO 190 
FROM DATE." 0430 	 REM SUB·ROUTINE 

0020 	 PRINT "WHAT IS THE DATE·MONTH, DAY, YEAR?" 0440 	 LET A(2,29) = 0 
0030 	 INPUT M,D,Y 0450 	 LET A(2,30) = A(2 ,31) =A(4,31) = A(6,31) = A(9,31)
0035 	 LET Y1 = Y = A(11 , 31)=0
0037 	 LET M1 = M 0460 	 LET N = O 
0040 	 IF (M = 1) OR (M = 2) THEN 60 0470 	 FOR I = 1 TO 12 STEP 1
0050 	 GOTO 105 0480 	 FOR J = 1 TO 31 STEP 1
0060 	 IF M = 1 THEN 90 0490 	 IF A(l ,J)= 1THEN510
0070 	 LET M = 12 0500 	 GOTO 530 
0080 	 GOTO 100 0510 	 LET N =N+ 1
0090 	 LET M = 11 0520 	 LET A(l,J) = N
0100 	 LETY=Y·1 0530 	 NEXT J
0102 	 GOTO 110 0540 	 NEXT I 
0105 	 LET M = M·2 0550 	 RETURN
0110 	 LET D1 = INT(2 .6· M·.2) + D + (Y-1900) + INT((Y-1900)/4) 0560 	 PRINT
0115 	 LET D1 = D1 + INT(19/4)·2 .19 0570 	 PRINT
0120 	 LET D1=DHNT(D117).7 + 1 0580 	 PRINT " THE END." 
0125 	 PRINT " D1 = " ;D1 0590 	 END • 
0130 ON D1GOTO140, 150, 160, 170, 180, 190, 200 
0140 LET A1$ ="SUNDAY" 
0145 GOTO 210 
0150 LETA1$= " MONDAY" 
0155 GOTO 210 
0160 LET A1$ -= " TUESDAY " 
0165 GOTO 210 A Text Loader 0170 LET A1$= " WEDNESDAY" 

0175 GOTO 210 

0180 LET A1$= " THURSDAY " 

0185 GOTO 210 
 Routine
0190 LETA1$= " FRIDAY" 

0195 GOTO 210 

0200 LET A1$ ="SATURDAY" 

0210 PRINT " FOR ": M1 ;"/" ;D;"/";Y1 ;" IT IS " ;A 1 $ 

0220 PRINT Howard Berenbon 

0230 END 
 2681 Peterboro 

W Bloomfield MI 48033 

Listing 2: BASIC program for using a matrix to determine the 
elapsed time between 2 dates. Here is a useful program for the Motorola 6800 

microcomputer. This subroutine allows the loading of 
0010 	 PRINT "MATRIX DETERMINATION OF DAYS BETWEEN ASCII text into the desired memory location directly 

DATES." 
0020 	 PRINT " PROGRAMMED APRIL 15, 1979:W. B. from your terminal. It uses the Motorola MIKBUG 

AGOCS." monitor for character input and output. The subroutine 
0030 	 DIM A(12,31) may be entered beginning at hexadecimal address A060. 0040 DCL S(A{)) 

0050 MAT A =CON To exit the program simply type a %. 

0060 PRINT " WHAT IS THE FIRST MONTH, DATE, YEAR?: 


EXPRESS NU MER ICALL Y AS 11, 15, 1978." 
0070 INPUT M1 , 0 1, Y1 Hexadecimal Hexadecimal 
0080 PRINT " WHAT IS THE NEXT MONTH, DATE, YEAR?" Address Code Mnemonic Comments 
0090 INPUT M2. 02, Y2 
0100 IF Y2·Y1 = O THEN 120 A060 86 3F LDAA # $ 3F Load A with? 
0110 GOTO 220 

A062 	 BD EO 75 JSR CHAROUT Output?0120 IF Y114·1NT(Y1/4) = 0 THEN 150 
0130 GOSUB 450 A065 86 20 LDAA #$ 20 Load A with a space
0140 GOTO 160 A067 	 BD EO 75 JSR CHAROUT Output space0150 	 GOSUB 440 
0160 LET S1 =A(M1 , D1) A06A CE LDX # $ __ Load index register with 
0170 LET S2 = A(M2, D2) desired address 
0180 LET S3=S2·S1 

A06D 	 BD EO 78 JSR CHARIN Input character0190 	 PRINT " INTERVAL BETWEEN "; M1 ;"/" ;D1;" / "; Y1 ; &LOOP0195 	 PRINT " AND '"M2"'/'"D2"'/' " Y2"' IS "· 
0200 	 PRINT S3 ;" DAYS.': ' ' ' ' ' A070 00 STAA $ OO :X A7 Store A indexed 
0210 GOTO 580 A072 	 08 INX Increment index register 0220 LETS= 0 
0230 FOR I = Y1+1 TO Y2·1 STEP 1 A073 81 25 CMPA #$ 25 Compare A with % 
0240 IF 114·1NT(l/4) = 0 THEN 270 A075 	 26 F6 BNE &LOOP Get another character 0250 LET S = S + 365 
0260 GOTO 280 A077 7E EOE3 JMP MIKBUG Return to MIKBUG • 
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A Model of the Brain 

for Robot Control 


Part 4: Mechanisms of Choice 

The essence of a hierarchy is that 
control is top-down. The ultimate 
choices are made at the top, and the 
goals selected at this level are decom
posed into action as they filter down 

The ideas presented in this article repre
sent the views of the author and not those 
of the Department of Commerce or the 
National Bureau of Standards. 

James Albus 

Project Manager 


National Bureau of Standards 

United States Dept of Commerce 


Washington DC 20234 


through the various levels of the 
hierarchy . For the purposes of our 
discussion, we will define the highest 
level H function in the behavior
generating hierarchy of the human 
brain as the will. 

For centuries philosophers and 
theologians have debated the nature 
of the will, particularly the question 
of whether humans have "free" will 
(ie: the freedom to choose goals) or 

whether all choice is merely a reflex 
ive or predestined response to the en
vironment. We shall not presume to 
deal with this question here, other 
than to suggest what types of inputs 
are available to this highest level goal 
selection module. 

By definition much of the input to 
the highest level behavior-generating 
module must come from the highest 
level sensory-processing module . 

------ --- ---~ 
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Figure l : An action (such as a person talking to a flower) may be recognized as either familiar or unfamiliar. If an action is noted as 
familiar, then it can be considered unnoteworthy and will be ignored. If the action is considered deviant, further processing will take 
place to determine reactions to the action . 
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$3,995 

Million-Character Computer System


One-Year Transferable Warranty 

$3,995 

SEE System 6684 Unique Standard Features 

• CPU integrated into Diskette Cabinet with 
peripheral ports in rear of cabinet 

• 4 Full communications ports RS232 or 20 
mA/60 mA CL; 75 to 19,200 bits/sec. 

$4,995 
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SEE System 6784 Unique Standard Features 

• CPU integrated into video terminal cabinet 
with peripheral ports in rear 

• Video has 16 programmable function keys, 
128 high resolution characters with 

graphics, numeric keypad, reversed video, 
full editing, 24 x 80 display 

Standard Features on All Systems 
• Central Processing Unit with 12 slots; 2 MHz (ex	 • Printer controller; Centronics compat ible 
pandable to 4MHz with pipelining architecture) 	 • Magnum BASIC. Extremely fast business BASIC with 

full editing capabilities, print using, sequential and random • 8 Free Slots for expansion; capacity for 442,368 
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• 8 vectored interrupts; all input and outpu t is interrupt for 6800 family microprocessors 
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• Up to 64 interconnected, intelligent terminals with no • Choice of 6809 and/or 6512 CPU board with speed of up 
degradation of response time. Each is a stand alone CPU. to 4 MHZ with 150 ns memory 
True distributed processing • Interactive relocatable mac~o assembler, development 
• 	 Expandable to 12 MB of 150 ns RAM for each terminal system and DOS for 6502 and 6512 microprocessors. Can 
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with many others, make up a com
plex of about 53 regions linked 
together by 35 major nerve bundles. 
This entire network is called the lim
bic system. Additional functions per
formed in the limbic system are the 
regulation of hunger and thirst per
formed by the media l and lateral 
hypothalamus, the control of body 
rhythms such as sleep-awake cycles 
performed by the pineal gland, and 
the production of signals which con
solidate (ie: make permanent) the 
storage of sensory experiences in 
memory performed by the hippo
campus. This last function allows the 
brain to be selective in its use of 
memory by facilitating the permanent 
storage of sensory experiences to 
which the emotional evaluators 
attach particular significance (eg: 
close brushes with death, punishing 
experiences, etc). 

Input to the limbic system emo
tional centers consists of highly pro
cessed sensory-data such as the names 
of recognized objects, events, rela
tionships, and situations, such as the 
recognition of success in goal achieve
ment, the perception of praise or 
hostility , or the recognition of 
gestures of dominance or submission 
transmitted by social peers. These in
puts are accompanied by such modi
fier variables as confidence factors 
derived from the degree of correlation 
between predicted and observed sen
sory input. 

Sensory processing at the level of 
the emotions is heavily influenced by 
contextual information derived from 
internal models and expectations at 
many different levels in the proces
sing hierarchy. If a painful stimulus is 
perceived as being associated with a 
nonfear producing source, we may 
attack the pain causing agent. If, 
however, the perceived source of pain 
also induces fear, we may flee. 

Similarly if an observed event such 
as a person talking to a flower is per
ceived as deviant, then this input to 
the emotions, along with other 
recognized qualifier variables such as 
the person is a) eccentric, b) retarded, 
or c) dangerously psychotic, will 
cause the emotions to output a) 
amusement, b) pity, or c) fear, 
respectively. Amusement input to the 
behavioral goal selecting module may 
lead to laughter, poking fun, or 
ridicule. Pity input to the will may 

This is the level at which the overall behavior. We tend to practice that 
result of the entire sensory processing which makes us feel comfortable and 
operation is evaluated as being good avoid what we dislike. Our behavior
or bad, rewarding or punishing, satis generating hierarchy normally seeks 
fying or frustrating. In humans, this to prolong, intensify, or repeat those 
function is performed by what are behaviors which give us pleasure or 
commonly called the emotions. It has make us feel happy or contented. We 
long been recognized that emotions normally seek to terminate, diminish, 
play a crucial role in the selection of or avoid those behavior patterns 

which cause us pain, or arouse fear or 
disgust. 

About the Author In the past 25 years it has become 
Dr James 5 Albus worked for NASA from known that the emotions are
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µublislied by New World Books, 4515 Saul Rd. the body's response to danger and 
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The RCA VP-601 keyboard has a 58 key typewriter format for 
alphanumeric entry. The VP-611 ($15 additional*) offers the same type
writer format plus an additional 16 key calculator type keypad. 

Both keyboards feature modern flexible membrane key switches with 
contact life rated at greater than 5 million operations, plus two key 
rollover circuitry. 

A finger positioning overlay combined with light positive activation key 
pressure gives good operator "feel", and an on-board tone generator 
gives aural key press feedback. 

The unitized keyboard surface is spillproof and dustproof. This plus 
the high noise immunity of CMOS circuitry makes the VP-601 and VP-611 
particularly suited for use in hostile environments. 

The keyboards operate from a single 5 volt,DC power supply, and 
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' Oplional user price. Dealer and OEM prices available. 

132 September 1979 © BYTE Publications Inc Clrcle 334 on Inquiry card. 



WHEN THE FUN AND GAMES ARE OVER, you shouldn't 
have to gamble on your microcomputer's ability to get down to business. You won't 

w ith Outpost 11 . It's a ser ious unit with quality components: Cherry, full ASCII key

board; Setchell-Carlson CRT, 24 x 80 characters, 7 x 9 dot matrix; inverse, grey, blink; 

f orm generation character s; Shugart floppy disk drives; M6800 CPU; 32 k bytes RAM; 
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burn in tested; IC's tested to Mil P 883; 1/0 interrupt prioritizing structure; soft· 

sectored disk format; business BASIC; FLEX 2.0; TSC BASIC; self diagnostics; software 
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suggested retail price. See Outpost 11 at a dealer listed 
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~Corporation, 430 1 Poche Court West, 
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evoke a behavioral pattern of sym
pathy. Fear may evoke an attempt to 
secure medical or psychiatric treat
ment, or incarceration. 

If, however, a person talking to a 
flower is recognized as perfectly nor
mal, then the emotions will give no 
indication that the event is particu
larly worthy of attention, or that 
there exists any need to deviate from 
whatever behavior is presently being 
executed. These relationships are 
described graphically and symboli
cally in figure 1. 

ln this model the standards of nor
malcy and deviance are clearly in the 
eye of the beholder, or at least in the 
expectations and beliefs stored in the 
processing-generating hierarchy. In 
many ways the emotional evaluators 
are even more dependent on internal 
beliefs than externally observed facts. 
This is particularly true in the case 
where a person's belief structure dis
counts the reliability or moral worth 
of the physical senses, as is 
characteristic of philosophical con
structs derived from gnosticism or 
asceticism. 

Thus the emotions, just as any 
other sensory processing module in 

the brain, simply compute a G func
tion on the D vector that they input 
to produce the Q vector that they 
output. In simple creatures the emo
tional output vector may be restricted 
to a few components such as good
bad, pleasure-pain, etc. In higher 
forms the emotional output is a 
highly multidimensional vector with 
many faceted components such as 
love, hate, jealousy, guilt, pride, 
disgust, etc . Part of this Q output 
may simply produce feelings (ie : joy, 
sadness, excitement, fear, etc). 
However, most of the Q output 
directly or indirectly provides F input 
to the highest level H function, the 
will. 

Output from the emotional centers 
is known to be of two types: one con
sists of signals on nerve fibers; the 
other consists of hormones and 
chemical transmitters which convey 
their messages (Q vector values) via 
fluid transport mechanisms. 

What the G and H functions of the 
emotions and will are, and where 
they come from is a matter of hot 
dispute. One recent theory proposed 
by sociobiology is that they are gene
tically determined, derived from in

formation stored in the DNA 
molecule, as the result of millions of 
years of natural selection. This theory 
argues that innate behavior-selecting 
mechanisms have evolved so as to 
maximize the Darwinian fitness (the 
expected number of surviving off
spring) of their possessors. 

The incidence of behavior in many 
different species from insects to birds 
to mammals corresponds closely to 
mathematical predictions derived 
from genetics and game-theory 
analyses of strategies for maximizing 
the probability of gene propagation. 
Even cooperative or altruistic 
behavior such as that of the worker 
bee, and ritualized behavior in animal 
contests and courtship, can in many 
cases be explained by genetic 
arguments. However, the evidence 
for this theory is much stronger for 
insects than for higher forms, and the 
opinion that human emotions are 
transmitted genetically is not widely 
held . 

A competing theory put forward 
by behaviorists is that in higher forms 
the evaluator functions of the emo
tion and the selector functions of the 
will are mostly learned, perhaps even 
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Second Industrial Revolution 
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robot workers 
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VIDEO DISPLAY TERMINAL 

ATTENTION OEM's and DEALERS: 
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outperform t he competition so wel l 
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a sharp 8 X 10 dot matr ix . A full 24 line 
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numeric pad. 

You get full cursor addressing, 
automatic repeat of all keys and 
individual backspace and shift lock keys. 
Plus, a graphics mode for easy design 
and display of all types of forms. And 
an RS-232 serial printer port. 

A nd you get everything your operators 
need to make their jobs a pleasure. A 
hooded display that cuts glare and gives 
extra privacy. A wide bandwidth moni tor 
for sharp images everywhere on the screen. 
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make reading easier. A progra mmable 
white-on-black or black-on-white display 
and a self-test mode for easy maintainabil it y. 

You get high powered text editing with 
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term inators , and protected f ields. All 
standard! And all for a retail price you 
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imprinted, during the early years of 
development. Certainly many of the 
emotional evaluations and behavior 
selection rules in the human brain are 
culturally determined, derived from 
religious teachings defining good and 
evil, or from social conventions 
defining duty, fairness, etiquette, and 
legality. These fundamental rules of 
opinion and behavior are instilled in 
the young by parents, educators, and 
religious and state authorities. They 
are reinforced throughout life by peer 
group pressure, as well as by church 
and civil sanctions. 

There are, of course, many persons 
who would disagree with both of 
these theories. Perhaps the most 
widespread opinion (which until 
recent years was virtually unchal
lenged) is that the human will and its 
emotional evaluator inputs are non
mechanistic in nature and therefore 
unknowable in some fundamental 
sense. Many would even claim that 
emotions and will are subject to, or 
controlled by, spiritual and super
natural forces. For example, the doc
trine of original sin states that the 
highest level behavior selecting 
mechanism, the human will, is 

basically defective because of the 
disobedience of Adam and Eve, and 
except for divine intervention is 
under the power of evil or satanic 
forces. The literature surrounding the 
age old controversy over free will 
versus predestination centers largely 
on the role of the Divinity (or the 
stars, or fates) in the determination of 
human behavior. Most cultures view 
the conscience (ie: the emotional 
evaluator for right and wrong or 
good and evil) as a divine gift or 
manifestation of the indwelling of the 
spirit of God. 

Clearly the emotions and will are a 
very basic (some would say prim
itive) and compelling part of our 
behavioral mechanism. Carl Sagan 
calls them the Dragons of Eden . 
Humans are often driven, sometimes 
beyond rational justification, to 
heroic feats of courage or physical 
endurance by the behavior rules of 
duty or the emotions of love, pride, 
guilt, jealousy, and hate . 

Whatever their origins, the G func
tions of our emotions and the H func
tions of the will can be modeled . 
They are rule based, and the rules 
are, for the most part, clearly defin

ed. In many cases these rules are even 
written down as systems of moral 
philosophy, ethics, or rules of social 
behavior such as Emily Post 's Book of 
Etiquette. 

Nothing so complex need be 
modeled for the highest level G and H 
modules of a robot for many years. 
Nevertheless, every robot needs some 
sort of highest level evaluator and 
goal selector function in order to ex
hibit any sort of autonomous be
havior. At what point in the spectrum 
of multidimensional sophistication 
we choose to dignify an evaluator 
function with the term emotion, or 
goal selection function with the term 
will, is not clear. What is clear is that 
simple approximations to the func
tions computed by the emotions and 
the will can be moduled by CMAC G 
and H functions operating on input 
vectors and computing output vec
tors . The degree of sophistication and 
complexity of the modeling is limited 
only by the ingenuity and resources 
of the modeler. 

The interdependency of the pro
cessing and generating hierarchies 
suggests at least 3 distinct modes of 
operation. 

m INFINITE BASIC m.M 
RELOCATABLE MODULES FOR THE TRS LEVEL II AND DOS SYSTEMS 

LOAD ANY OR ALL MODULES. FOR $49.95 THE CORE PACKAGE INCLUDES: 
oe MATRIX PACKAGE oc 

Over 30 BASIC commands lncludlng: 
oo Matrix Read, Inverse, Transpose, and Identity. 

Simultaneous Equal Ions I!! 
oo Add, Subtract, or Multiply Scalars, Vectors, or Multi· 

dimension arrays!! I 
oo Dynamically Reshape, Expand, Delete Arrays, Change 

arrays In mid-program. 
oo Copy array elements, set arrays to scalar, zero arrays, 

move arrays. 
00 Tape array read and write including string arrays. 

FOR $29.95 more get the oo BUSINESS PACKAGE oo 
oo Eliminate round-off error!! Multiple precision packed 

decimal arithmetic. 127·digit max. accuracy 
oo Binary search or sorted arrays. Insert new elements in 

sorted arrays!! I 
oo Automatic page headings, footings, and pagination. 

Includes forced end-of-page. 
oo Automatic hash for record retrieval!! And more for your 

professional packages. 

COMMAND PROCESSOR 'COMPROC' for $19.95 (DOS only) 

oc STRING PACKAGE oc 
Over 40 BASIC commands Including: 

oo Left and right justify, truncate, rotate. Text justification. 
String centering. 

oo Delete or insert substring, Pack str ings, Convert to upper 
or lower case. 

oo Translate characters, Reverse strings, Verify function , 
Number of occurrences. 

oo Masked string searches for simple or array variables. 
Encrypt or decrypt strings. 

oo Compress/uncompress character string arrays to 6 bits or 
less per character. 

oo AND the famous RACET machine language SORTS. Multi· 
key mult lvariable and string. Sort 1000 elements In 9 sec!! 

FUTURE oo ADD·ON PACKAGES oc will include 
ooSTATISTICS oo INPUT/OUTPUT ocGRAPHICS oo 
Attn : TRS Add·On OEM's: We can support your special 

hardware add·ons with direct BASIC commands. 
System Houses: We license System House usage of 
oo INFINITE BASIC oomodules. 

Extend DOS-AUTO command to perform multiple steps either at power-up or as a user command 
Execute a script consisting of a sequence of commands or data from a BASIC command file . 

Check, VISA, M/C C.O.D. 
Callf. residents add 6% 

REMODEL + PROLOAD for $34.95(Specify16, 32, or 48K version) 
REnumber any section of a program, MOve program segments, DEiete program lines. 
Combine programs with renumber and merge. Load or save any portion of program from tape. 

Telephone Orders Accepted 
(714) 637·5016 

WHEN ORDERING PLEASE 
ADVISE PUBLICATION SOURCE 

DISK SORT PROGRAM 'DOSORT' for $34.95 (Specify 32 or 48K, minimum 2 disk system) 
SORT/MERGE multi-diskette sequential Illes. Multiple variables and keys. 
Includes machine language in-memory sorts, comparators and string hand ling. 

COPY SYSTEM TAPES with 'COPSYS' for $14.95 (Non· DOS) 

~ RACET COMPUTES 1 
702 Palmdale, Orange CA 92665 
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s100 to s139 Off the TRS-B(f 


TRS-80 Line Printer II 
Now- for hundreds of dollars less than you'd expect 
to pay-you can add line printer utility and 
convenience to your Level II TRS-80 system. This top 
quality impact-type printer doesn't requjre special 
paper - you can use inexpensive rolls (available at 
Radio Shack}, continuous forms (original and up to 
two carbons) or single sheets. The 7x7 dot matrix 
head prints 50 characters per second; 80 characters 
on 8 inch lines. Also prints expanded (wider} 
characters that are ideal for headings under soft
ware cont rol. Standard 9 1/z inch wide cont inuous 
forms are kept in perfect alignment by non
adjustable pins on platen. Includes sggg* 
Expansion Interface cable. 26-1154 

llad10lhaeK 

The biggest name in little computers ® 
A DIVISION OF TANDY CORPORATION • FOAT WORTH, TEXAS 76102 


OVER 7000 LOCATIONS IN NINE COUNTRIES 


· Reio.i i prices may vary OJ individual .stores :ind dc:tlers 

Circle 31 8 on inqui ry card. 

Computers! 

You can believe a product is tops, when 
more than 100,000 owners h ave chosen it 
ove r its competition! That overwhelming 
acceptance has dropped production costs, 
and allowed us to make TRS-80 an even 
better value. 

$100 Off! 4K Level I 
This is the ideal beginner's computer system. Our 
manual makes learning programming in Level I 
BASIC a snap. Easily upgrades to Level II or more 
memory at any time. 26-1051 s499* 
Wa s $599 in 1979 Catalog 

$139 Off! 16K Level II 
Level II BASIC is one of the most powerful 
microcomputer programming languages. 
Level II TRS-80 systems can be expanded to 
include printers, disk storage 
and much more. 26-1056 

Was $988 in 1979 Catalog 

TRS-80 Line 
Printer II Interface Cable 

TRS-80 Level Il 16K system. No Expansion Interface *Now you can attach the Line Printer II directly to your 

requjred unless you plan to add mini s59 
disks or more memory. 26-1416 
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HAYDEN 

SETS

YOUR


SYSTEM

STRAIGHT 


New! DESIGNING 
MICROCOMPUTER SYSTEMS 
(Pooch & Chattergy) Provides a wealth of 
information for buildlng microcomputer 
systems. Also discusses numerous hardware 
aspects including microprocessor architecture, 
input and output ports, interrupt systems, 
programmable clocks, etc. #5679-6, $8.95 

New! DATA COMMUNICATION 
COMPONENTS: Characteristics, 
Operation, Applications (Held) 
Contains over 150 schematic diagrams that 
illustrate the effective use of over 25 
components in the design, modification or 
optimization of data communication 
networks. #5126-3, ~14. 95 

New! BASIC MICROPROCESSORS AND 
THE 6800 (Bishop) Gives you two books !n 
one: a basic guide to microprocessors for the 
beginner, and a complete description of the 
M6800 system for the engineer. #0758-2, 
$1 1.95 

Available at your 
local computer store! 

Hayden Book Company, Inc. 
50 Essex Street, Rochelle Park, NJ 07662 
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Acting-The Task Execution 
Mode 

In the task execution mode the 
motor-generating hierarchy is com
mitted to a goal, which it decomposes 
into subgoals, sub-subgoals, and 
finally into action primitives. In this 
mode the sensory-processing hier
archy is primarily engaged in pro
viding feed back; first to aid in se
lecting the goal , then to steer the goal 
decomposition process, and finally to 
direct the output drive signals to the 
muscles (or actuators) so as to follow 
a success tra jectory. 

Consider a simple, everyday goal 
such as the fixing of a leaking faucet. 
First, the sensory processing system 
must recognize the fact tha t the faucet 
is leaking . This information is then 
evaluated by the emotions as some
thing that needs attention. This 
evaluation is passed on to the will, 
where the rules of what ought to be 
done and under what circumstances 
reside. If there are no higher priority 
items vying for the attention of the 
will, then the goal <fix faucet> may 
be selected. Once this occurs, the 
behavior generating hierarchy will be 
committed to decompose this goal 
into a sequence of actions . 

At each instant of time tk the 
sensory-processing module at each 
hierarchical level extracts feedback 
vectors F7 required by the H 
behavior-generating modules at each 
level for goal decomposition. At the 
instant t0 when the goal is selected, 
the feedback F? at the various levels 
causes the selection of the initial 
subgoal decompositon n_ This deter
mines the initial direction of the tra
jectories T Pi on their way toward the 
goal state. As the task proceeds, the 
recognition of subgoal completions 
and / or unanticipated obstacles trig
gers the selection of the proper se
quence of actions directed toward the 
goal achievement. 

The entire set of trajectories 
T,.1describes the sequence of internal 
states of the brain which underlie and 
give rise to the observable phen
omena of purposive behavior . These 
are the deep structure of behavior. 
Only the output trajectory, the ter
minal or bottom level trajectory, is 
manifested as overt action. The ex
tent to which the trajectories T Pi are 
independent of feedback is the extent 
to which behavior is preprogrammed . 
The extent to which the feedback 
pulls the T ,., trajectories along predic

table paths to the goal state is the ex
tent to which behavior is adaptive. 
For some goals, such as hunting for 
prey or searching for breeding ter
ritory, the selection of the goal 
merely triggers migratory searching 
behavior which continues until feed
back indicates that the goal is near at 
hand. For such goals, behavior is in
definite and highly feedback depen
dent. For other goals, such as 
building a i:iest, making a tool, 
courting a mate, or defending a 
territory, behavior is more inner
directed, requiring only a few sensory 
cues for triggers. 

In either case, while in the acting 
mode the sensory data flowing in the 
sensory -processing h ierarchy is 
highly dependent on (if not directly 
caused by) the action itself. If the 
action is speech , the sensory
processing hierarchy is analysing 
what is spoken, and provides feed
back for control of loudness, pitch, 
and modulation. If the action is 
physical motion, data from vision, 
proprioception, and touch sensors are 
all highly action dependent, and the 
sensory analysis is primarily directed 
toward servo control of the action 
itself. 

In the action mode, the M 1 

associative memory modules provide 
context in the form of predicted data 
to the sensory-processing modules in 
order to distinguish between sensory 
data caused by motion of the sensors 
and that caused by motion of the en
vironment. What is predicted is 
whatever was stored on previous ex
periences when the same action was 
generated under similar circum
stances. This allows the sensory
processing hierarchy to anticipate the 
sensory input and to detect more 
sophisticated patterns in the sensory 
data than would otherwise be possi
ble. 

Observing- The Sensory 
Analysis Mode 

A second mode of operation of the 
crosscoupled hierarchy is the analysis 
of sensory data from external sources 
not primarily caused by action of the 
behavior-generating hierarchy . For 
example, when listening to a concert, 
a speech, or a play, there is little ac
tion going on in the muscles and 
motor neurons . The lower levels of 
behavior-generating hierarchies are 
quiescent, or set to a constant value, 
or given a command to execute an 



More than meets the eye. 

The new Series 5000 is mighty for its size. 

In more than several thousand ways! 
In fact , it's the first small system offering over 

a megabyte of integrated mini-floppy capacity. And 
with its super memory management, you can have 
better than 300k of RAM in desk or desktop versions. 
But hardware is just the tail of the whale ... 

It's the wide selection of software that really 
makes this system mighty. 

Operating systems? Choose CP/ M* with 
CBASICt- the most widely accepted small com
puter operating system ever. Or MVT-FAMOS:* 
a multi-user, multi-tasking operating system with file 
management like the big guys. Or MICROCOBOL;t-t 

also for multiple users, but implemented in COBOL, 
familiar to commercial users the world over. 

And application programs for these operating 
systems number in the thousands. From real estate 
to accounting, taxes to inventory control, they're 
all available at low cost-ready to run. 

When you add these software and hardware 
features to Industrial Micro Systems' reputation for 
rugged, reliable quality products you'll begin to see 
it all. A lot more system than your first glance reveals. 

See even more at your dealer. Call us to find 
out the name of your nearest dealer. He'll tell you 
everything you need to know. And really open 
your eyes! 

' Trademark of Digita.I Research Inc. " Trademark of MVT Microcomputer Systems Inc . tTrademark of Software Systems ti"P roduct of CAP-CPP 

INDUSTRIAL MICRO SYSTEMS 

The great unknown . 

628 N. Eckhoff St., Orange, CA 92668, (714) 633-0355 
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SOFTWARE 

BREAKTHROUGH I 


A true breakthrough in 8080 
development software has been 
achieved ... 

R-A-1-D 
RAID stands for " Real-time In
teractive Assembler Debug," but 
RAID is much more. 

SIMULATOR • RAID is a I rue simulalor and real· lime 
debug In one ! Simula lion mode provides TOTAL CONTROL ol 
1es1 program. It's crash prool I Segmenls 01 memory may be 
wrlle·protecled, limits specllied lor slack. program counter, 
elc . Simura1lon mode Is 1ransparen1 and bOlh modes may be 
used 1oge1her tor high speed simulations. 

SYMBOLIC DEBUG · RAID is a fully symbOlic 
debug, Including labels and operands! Also Included are multi· 
pie radix. mulllple oreakpolnls, memory search. 9 display for
mals. slngle·Slep, mu lli·step. display/alter regis lers or memory, 
prog rammable outpul. etc. Over 70 commands In alll 

ASSEMBLY/DIS-ASSEMBLY• Memory 
may be displayed or al lered ln Instruction mnemonic form com· 
plele with symbolic labels and operands. Exclusive fea1ure per
mils " lollowing" subroulines during dis-assembly. 

TRACING· Elaboratelracelacllllieshavebeenlnclud· 
ed. Trace each instruction as executed. uace subroutines as 
en1ered and exited, trace by breakpoint dumps wilh user pro
g1ammab1e dump dala. 

FULL DISK ACCESS • In addillon 10 loading/· 
saving named tiles. RAID permits reading/writing on a 
specilied track & sec1or basis. 

FLOATING POINT OPTION . Permi ts 
dl1ec1 display or alteration of FPP(see below) numbers. 12 digit 
mantissa , exponenl to ± 127.BCD formal . 

CP/M COMPATIBLE • RAID wi ll run on any 
CPIM sys1em ol 2~K or more. Works with l:>orh ASM and MAC 
assemblers fully symbolically, 

TO ORDER: Specify software 
desired and enclose check or 
money order (COD ok). 

A) RAID without floating point 
option $99.95 

B) RAID with floating point option, 
and FPP source code $150.00 

C) FPP Floating Point Processor 
only $99.95 

D) RAID Documentation 
Only $15.00 

E) ISIS to CPM Conversion Utilities 
$99.95 

All software supplied on 
CP/M compatible 8" diskette. 
ISIS versions also available. 

SOUTHERN 
SYSTEMS 
OF BIRMINGHAM 

Post Office Box 3373A 
Birmingham, AL 35205 
(205) 933-1659 
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overlearned task which can be carried 
out without any assistance from the 
upper levels. 

The sensory-processing hierar
chies, however, are very busy. They 
are filtering and predicting, recogniz
ing patterns and trajectories, locking 
on to rhythms and harmonious 
periodicities, and tracking targets of 
attention . Predictions generated by 
the M modules are clearly required 
for these types of analyses, whether 
or not the organism is engaged in 
physical activity . This suggests that 
the upper levels of the behavior
generating hierarchies (which are not 
currently required for generating 
behavior) might be used instead to 
generate hypotheses and subhypo
theses which in turn produce context 
and predictions to aid the sensory
processing hierarchy in the recogni
tion, analysis, and understanding of 
incoming sensory data. 

At each level hypotheses which 
generate T n predictions that match or 
track the T £ sensory data trajectories 
will be confirmed. If the hypothesized 
Tn trajectories are only close to the T £ 
observations, they can be pulled by 
error signal feedback T F from the pro
cessing hierarchies . When a hypo
thesis is successful in generating 
predictions which match the sensory 
data stream, the loop at that level 
locks onto the sensory data . When 
lock-on is simultaneously achieved at 
many different levels, we can say that 
the processing-generating hierarchy 
"understands" the incoming data (ie: 
it can follow and predict it at many 
different levels) . The depth of 
understanding depends upon how 
many levels lock onto the sensory 
data stream. The accuracy of 
understanding depends upon how 
precisely the hypotheses track and 
predict the incoming sensory data . 

It is easier to follow a trajectory 
than to reproduce it. When observing 
a procedure, the generating hierarchy 
merely needs to produce hypotheses 
which are in the right vicinity so that 
they can be synchronized with the 
sensory input. Uncertainties at 
branch points in TP; do not matter 
greatly because errors are quickly 
corrected by comparing Tn1 with Tc1• 

On the other hand, reproducing a 
procedure requires that the H func
tions be capable of generating T P; tra
jectories which are quite precise over 
their entire length. They must not 
wander outside of the success 

envelope or miss any critical branch 
points. Needless to say, the latter is a 
much more exacting computational 
problem, and offers an explanation 
for why a student may be able to 
follow the reasoning of his professor's 
lecture, but is unable to pass an exam 
without additional drill and practice. 

Attention 
The directing or focusing of atten

tion is essentially a purposive action 
whose goal is to optimize the quality 
of the sensory data. The basic 
elements of attention are orienting 
(positioning the body and sensory 
organs so as to facilitate the gathering 
of data) and focusing (blocking out 
extraneous or peripheral information 
so that the sensory processing system 
can bring all of its capacities to bear 
on data that is relevant to the object 
of attention). The orienting element is 
simply a behavioral task or goal to 
acquire and track a target. The fo
cusing element is a filtering problem 
which can be solved by a hypothesis 
or goal decomposition which evokes 
the appropriate masks or filter func
tions from the R, modules so as to 
block out all but the relevant sensory 
input data. 

Thus, attending is a combination of 
observing and acting. It is primarily a 
sensory analysis mode activity, with 
a stong assist from the task execution 
mode. 

Imagining-The Free
Running Mode 

A third distinct mode of operation 
occurs when the upper levels of the 
processing-generating hierarchy are 
largely disconnected from both motor 
output and sensory input. In this 
mode high-level hypotheses T Pi may 
be generated, and predicted sensory 
data T n1 recalled. In the absence of 
sensory input from the external en
vironment, these recalled trajectories 
make up all of the information flow
ing in the sensory-processing hier
archy. The processing modules G, 
operate exclusively on the internally 
recalled R, trajectories producing 
Ta1experiences and TF i feedback . The 
T4rajectories act on the generating 
hierarchy so as to modify and steer 
the Ts, trajectories creating new 
hypotheses T P;· The system is free 
running, guided only by stored ex
periences M,, learned interpretations 
G1, and practiced skills H ,, for 
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YOU'RE FIRST IN THREE••. 

AND SO ARE WE. 


We are what our friends, you the Computerland 
customer, make us. 

You support growth. And Computerland 
expands. There are more than 90 stores worldwide 
serving you . 

You're quality oriented. That's why your 
Computerland store has the widest selection of 
the finest computer systems and software anywhere. 

You have high professional standards. These 
set the guidelines for your Computerland staff . .. 
experts who can analyze and fill needs at all levels. 

You settle for nothing less than complete 
so lut ions. That's what gives your store national 
recognition for its products and service. 

In short, you give direction for growth . This is 
what has made your store #1, in just three short 

COME TO THE PARTY 

Starting September 17 at your local 
Computerland store, there'll be an anniversary 
special waiting for you. And on September 22, all 
day, we're host ing a gigantic birthday party ... to 
celebrate our shared success. 

Bring your family, your fr iends. And join in 
the fun . 

It's our way of saying thanks . .. for yesterday, 
today and tomorrow. 

Computetlancr 
14'W Co10trno s11ee r SOn LO<lt'IQfO CA oasn 1~1~1 8'9'5-9Jbl 
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Danas. TX Adelaide, Auuralia Lot..,iJllols. Frnnc:c 
South West Houston, TX Brisbane. Aus1ra1ia Manila. Pliillppi ne1 
HouHon Bay A,.ea, TX Melbourne, Australia Singapore 
Salt Lake Citv . UT Penh, Ausualia Stockholm. Sweden 
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64KB MICROPROCESSOR 

MEMORIES 


• S-100 · $750.00 • SBC 80/10 · $750.00 
• LSI · $750.00 • 6800 . $750.00 

Cl-S100 - 64K x 8 on a single board. 

Plugs directly into the IMSAI, MITS, 

TDL, SOL and most other S-100 Bus 


..,,, .., . . .' I\~ -~'\'\ ' computers. No wait states even with 
. . . '. ,• "~ 

Z80 at 4Mhz. Addressable in 4K inf :.. :.. •'- -} V:_'_ 
crements. Power requirement 6 watts. 

Cl-S100 64K x 8 	 Price $750.00. 
Cl-1103 - BK words to 32K words in a 
single option slot. Plugs directly into 
LSI 11, LSI 11/2, H11 & PDP 1103. 

i· Addressable in 2K increments up to 
1 ~ 128K. BK x 16 $390.00. 32K x 16 $750.00 
Cl-1103 32K x 16 qty. one. 

Cl-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.

Cl-6800 64K x 8 64KB $750.00. 

Cl-8080 - 16KB to 64KB on single 
board. Plugs directly into Intel's MOS 
800 and SBC 80/ 10. Addressable in 
4K increments up to 64K. 16KB $390.00. 

Cl-8080 64K x 8 64KB $750.00 

Tested and burned-in. Full year warranty. 

Chris/in Industries, Inc. 
Computer Products Div ision 

31352 Via Col lnas •Westlake Village, CA 91361 • 213-991 -2254 
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ships from our past. Imagination, 
however, is not limited to duplication 
of past experiences. We can also re
arrange sections of learned trajec
tories to create experiences in our 
minds which never occurred. We can 
string together trajectories in new 
combinations or insert new modifier 
variables in various hypothesis vec
tors . We can watch a bird fly and 
substitute a "self' variable in place of 
the bird to imagine ourselves soaring 
through the sky. We can listen to a 
story of adventure and imagine 
ourselves in the place of one of the 
characters. Imagination allows us to 
hypothesize untried actions and, on 
the basis of M functions learned 
during previous experiences, to 
predict the outcome. 

Planning 
Imagination gives us the ability to 

think about what we are going to do 
before committing ourselves to ac
tion. We can try out, or hypothesize 
prospective behavior patterns, and 
predict the probable resu.lts . The 
emotions enable us to evaJuate these 
predicted results as good or bad, 
desirable or undesirable. 

Imagination and emotional evalu
ators together give us the capability 
to conduct a search over a space of 
potential goal decompositions and to 
find the best course of action. This 
type of search is called planning. 

When we plan, we hypothesize 
various aJternative behavior trajec
tories and attempt to select the one 
that takes us from our present state to 
the goal state by the most desirable 
route. Imagined scenarios which pro
duce positive emotional outputs are 
flagged as candidate plans. Favorably 
evaluated scenarios or plans can be 
repeatedly rehearsed, reevaluated, 
and refined prior to initiation of 
behavior-producing action . 

Imagined scenarios which produce 
negative evaluation outputs will be 
avoided if possible. In some situa 
tions it may not be possible to find a 
path from our present state to a goal 
state, or at least not one which pro
duces a net positive evaluation. 
Repeated unsuccessful attempts to 
find a satisfactory, nonpunishing 
plan, particularly in situations 
recognized as critical to one's well
being, correspond to worry . 

One of the central issues in the 
study of planning is the search 
strategy, or procedure, which dictates 

generating strings of hypotheses and 
decomposing goals and tasks. The 
upper levels of the crosscoupled 
hierarchy are, thus, imagining (ie : 
generating and analyzing what would 
be expected if certain hypothesized 
goals and tasks were to be carried 
out) . 

Imagination is b<ased on stored ex
periences and driven by hypothesized 
actions . It is constrained in large 
measure by the knowledge frames, 
world models , expected values, and 
belief structures (IF I do this, THEN 
such and so wiJI happen) embedded in 
the upper levels of the cross-coupled 

processing-generating hierarchy. 
If we attempt to hypothesize some 

action X which lies outside of the 
neighborhood of generalization of 
prior experience, we get no recalled R, 
vectors from memory M,. In this case 
we say "we cannot imagine what X 
would be like ." 

One of the functions of the free
running mode is to remember or 
recall past experiences by hypothesiz
ing the same goals as when the ex
perience was recorded . Thus, in our 
imagination we can reach back and 
relive experiences, recall events, and, 
hence, remember facts and relation



SuperTalker allows you a loudspeaker; easy
to add the dimension of to-use operating soft
human speech output in ware and documentation; 
your computer programs. plus, two ready-to-run 
Add voice to games. Pro SuperTalker programs. 
gram verbal prompting for OPERATING SYSTEMS. 
the operator of your busi In order to achieve maximum 
ness system. Use verbal utility using SuperTalker, the 
warnings under program con- SuperTalker Disk Operating 
trol as an enunciator in com System permits output of 
mercial security or control rooms. human speech under program 
Create educational programs that control with direct 1/0 routines. 
verbally coach the student. It also provides a preparation pro
THE SUPERTALKER SYSTEM. FOR YOUR gram which permits the creation 
SuperTalker is a new Mountain APPLE ll of voice files on diskette. BASIC 
Hardware peripheral system which program routines are provided 
allows the Apple II computer to output exception which require only one-line statements to out
ally high quality human speech through a loud put a word or phrase. Routines also support 
speaker under program control. Output may also cassette storage. 
be directed through any P.A. or stereo system. TEACH YOUR COMPUTER TO TALK. · 
Initially, spoken words are digitized into RAM For $279 assembled and tested, SuperTalker 
memory through the system microphone. Speech gives your Apple II a voice in the matter. 
data in RAM may then be manipulated like any AVAILABLE NOW. 
other stored data. Mountain Hardware's SuperTalker, Apple Clock 
A COMPLETE PACKAGE. and 100,000 Day Clock™ (for S-100 bus 
The SuperTalker peripheral system consists of: computers) are available through computer 
The SuperTalker peripheral card which plugs into dealers worldwide . 

r----------------------------------1 
I • Momttain Hardware, Inc. 
: ~ LEADERSHIP IN COMPUTER PERIPHERALS 
I ~ 300 Harvey West Blvd .. Santa Cruz, CA 95060 

(408) 429-8600 

Sounds super. 

D Send me everything I need to know about SuperTalker. 

D Also Information on your Aeal-Time clocks for Apple II and s -100. 


Address_________________ _ 

City __________ State ___Zip ___ 

----------------------------------~ 
Apple II is a trademark of Apple Computer, Inc. 
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which of the many possible hypo
theses should be evaluated first. In 
most cases, the sea rch space is much 
too large to permit an exhaustive 
search of all possible plans, or even 
any substantial fraction of them. The 
set of rules for deciding which 
hypotheses to evaluate, and in which 
order, are called heuristics. 

Heuristics are usually derived in an 
ad hoc way from experience, acci 
dent, ana logy, or guesswork . Once 
discovered, they may be passed from 
one individual to another, and from 
one generation to another by 
teaching. 

AXiom has made it simple for TRS·80, 
PET and Apple 11 users. Just go to your 
computer store and pick up an AXiom 
printer with the appropriate bullt·ln 
interface. Tuke it home, plug it in and 
start printing. We even supply the 
cable and connector. 

There are two models: The EX-801 
prints upper and lower case alpha· 
numeric characters and all the 

Historically, artificial intelligence 
researchers have been fascinated by 
the subject of heuristics. At least a 
portion of this interest is a resu lt of 
their recursive nature. A heuristic is a 
procedure for finding a procedure . 
When this recursion is embedded in a 
cross-coupled processing-generating 
hierarchy with the rich complexity of 
the human brain, it becomes clear 
why the thoughts and plans of 
humans are filled with such exquisite 
subtleties, and curious, sometimes in
sidious reasoning. It also provides 
some insight into the remarkable 
phenomenon of self-consciousness 

graphic symbols used by your com
puter. The EX-820 goes a step further, 
providing precise alignment of both 
horizontal and vertical dot patterns 
for a true hardcopy of computer gen
erated graphics. With up to 128 dots 
per Inch resolution. the only limit is 
your imagination. The price Is right. 
too. Just S535 for the EX-801. So visit 
your computer store today. 

Built-in Interface for 

TRS-80, PET and Apple II Computers 


&%D@~ 

5932 San Fernando Road , Glendale, CA 91202 

(213) 245-9244 • TWX: 910-497-2283 
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(ie: a computing structure with the 
capacity to observe, take note of, 
analyze, and, to some extent, even 
understand itself.) 

Much of the artificial intel ligence 
research in planning and problem 
solving has its origins and theoretical 
framework based on simple board 
games where there are a finite 
(although sometimes very large) 
number of possible moves. The 
discrete character of such games, 
together with the digital nature of 
computers, led naturally to the 
analysis of discrete trees, graphs, and 
search strategies for such structures. 

Planning in a natura l environment 
is much more complex than searching 
discrete trees and graphs. In the study 
of planning in the brain it is necessary 
to deal with the continuous time
dependent nature of real world 
variables and situations. States are 
not accurately represented as nodes in 
a graph or tree; they are more like 
points in a tensor field . Transitions 
between states are not lines or edges, 
but multidimensional trajectories 
(fuzzy and noisy at that ). In a natural 
environment, the space of possible 
behaviors is infinite. It is clearly im
possible to exhaustively search any 
significant portion of it. Furthermore, 
the real world is much too unpredic
table and hostile, and wrong guesses 
are far too dangerous to make ex
ploration practical outside of a few 
regions in which behavior patterns 
have had a historical record of suc
cess . Thus behavior, and hence im
agination and planning, is confined to 
a relatively small range of possi
bilities, namely those behavior and 
thought patterns which have been 
discovered to be successful through 
historica l accident or painful trial and 
error . Both the potential behavior 
patterns and the heuristics for selec
ting them are passed from one genera
tion to another by parents, educators, 
and civil and religious customs. 

Daydreaming or Fantasizing 
The fact that the imagination can 

generate hypothetical scenarios with 
pleasurable emotional evaluations 
makes it inevitable that such 
scenarios will, upon occasion, be 
rehearsed for thei r pleasure-pro
ducing effect alone. This is a pro
cedure that can only be described as 
daydreaming or fantasizing. 

When we daydream we allow our 
hypo thesis genera tors to drift 



5 reasons wh,,ou should not bu, 

the electric pencil II TM 

g 1978 Michael Shrayer 

Check the appropriate box(es): 
~--....-<.......J 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. 

The Electric Pencil 11 is a Charac
ter Oriented Word Processing System. 
Th is means that text is entered as a 
str ing of cont inuous characters and is 
man ipulated as such. This allows the 
user enormous freedom and ease in the 
movement and handling of text. Since 
l ine endings are never delineated, any 
number of characters, words, lines or 
pa ragraphs may be inserted or deleted 
anywhere in the text. The enti rety of 
the text shifts and opens up or closes 
as needed in fu ll view of the user. The 
ty pi ng of carriage returns or word 
hyphenations is not requ ired since 
lines of t ext are formatted automatic
ally . 

As text is typed and the end of a 
line is reached, a partially completed 
word is shifted to t he 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. Everyth ing appears on the 
video d isplay as it occurs, wh ich elim
inates guesswork. Text may be review
ed at will by variable speed scro ll ing 
bot h in the fo rward and reverse direc
ti ons. By using 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 
l ine length, page length , line 
spac ing and page spac ing permit 
automatic formatting of any 
fo rm. Character spacing, bold 
face . mu lt icolumn and bidirec
tional printing are included in 
the Diab lo versions. Multiple 
columns with right and left justified 
margins may be printed in a single pass. 

Wide screen video 
Versions are ava ilable for lmsai 

VIO video users with the huge 80x24 
ch aracter screen . These versions put al 
most twice as many characters on the 

CP/M versions 
Digital Research's CP/M, as well as 

its derivatives, including IM DOS and 
COOS, and Helios PTDOS versions are 
also available. There are several NEC 
Spinwriter print packages. A uti lity 
program that converts The Electric 
Pencil to CP/M to Pencil files, called 
CONVERT, is on ly $35. 

Features 
• 	 CP/ M, IM DOS and HE LI OS compatib le 
• 	Supports four disk drives 
• 	Dynamic print formatting 
• 	D IABLO and NEC printer packages 
• 	Multi-co lumn formatt ing in one pass 
• 	 Print value cha ining 
• 	Page·at·a·time scroll ing 
• 	 Bid irectional mu lt i speed scrolling con· 

trols 
• Subsystem with print value scoreboard 
• Aut omatic word and record number 

tal ly 
• 	Cassette backup for additional storage 
• 	 Ful l margin control 
• 	 End -of-page control 
• Non-pri nt ing text commenting 
• 	 Line and paragraph indentation 
• 	Cen teri ng 
• 	Under I ining 
• 	Bold face 

Upgrading policy 
Any version of The Electric Pencil 

m 
SS 

MICHAEL SHRAVER SOFTWARE, INC. 
1253 Vista Superba Drive 

Glendale, CA. 91205 
(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 
Software. Only the originally purchas· 
ed cassette or diskette will be accepted 
for upgrading under this policy. 

Have we got a version 
for you? 

The Electric Pencil 11 operates 
with any 8080/ ZSO based microcom· 
puter that supports a CP/ M disk sys
tem and uses an lmsai VI 0, Processor 
Tech. VDM·1, Polymorphi::. VTI, Solid 
State Music VB· 1 B or Vector Graphic 
video interface. REX versions also 
available. Specify when using CP/M 
that has been modified for Micropol is 
or North Star disk systems as fo llows: 
for North star add suffix A to version 
number; for Micropolis add suffix B, 
e.g., SS-llA, DV-118. 

Vers. Video Printer Pr ice 
SS·ll SOL TTY or similar $225. 
SP·l I VTI TTY or simi lar 225. 
SV-11 VDM TTY or similar 225. 
SR -I I REX TTY or simi lar 250. 
SI -II VIO TTY or similar 250. 
DS-11 SOL Diablo 1610/20 275 . 
DP-I I VTI Diab lo 1610/20 275. 
DV-11 VDM Diablo 1610/20 275. 
DR- II REX Diablo 1610/20 300 . 
DI -I I VIO Diablo 1610/20 300 . 
NS-II SOL NEC Spinwriter 275 . 
NP.-11 VT I NEC Sp inwriter 275 . 
NV-II VDM NEC Sp inwrit er 275. 
N R·l I REX NEC Spinwriter 300. 
Nl -11 VIO NEC Spi nwriter 300. 
SSH SOL Hel ios/TTY 250. 
DSH SOL Helios/ Diablo 300. 

Attention: TRS-80 Users! 
The Electric Penci I has been de
signed to work with both Level I 
( 16K system) and Level 11 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 wit h 
disk, are availab le on cassette. 

The TRS-80 disk version is easily tran· 
sferred to disk and is fully interactive 
with the READ, WRITE, DIR, and 
Kl LL routines of TRSDOS 2.1. 

Version Storagg Price 

TRC Cassette $100. 
TAD Disk $150. 

screen !!! Demand a demo lrom your dealer! 
Ci rel& 319 on inquiry card. 	 BYTE September 1979 145 



Circle 77 on Inquiry card. 

PET PRINTER 
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 obta in hard copy 
listings and can type letters, 
manuscripts, mail ing labels, 
tables of data, pictures, in
voices, graphs, checks, need le
point patterns, etc., using a 
standard RS 232 printe r or 
termi na l. 

ADAPTER 
$98.50 ADA 1200B 
Assembled and tested 

$169.00 ADA 1200C • 
With case, power supply • . · ' l VISA' _ I 
and RS-232 connector _ 

Order direct or contact your local computer store. 
Add $3 .00 for postage and handling per order. 

CONNECTICUT m ic roCOMPUTER 
150POCONO RO, BROOKFIELD, CT06804 
(2031 775-9659 TLX: 7104560052 

wherever our emotional evaluators 
pull them. Our imagination gravi
tates toward those trajectories which 
are emotionally most rewarding. 
Some of the most pleasurable 
scenarios we can imagine are 
physically impossible, impractical, or 
socially taboo. Most of us recognize 
these as fantasies and never attempt 
to carry them out. However, once a 
person adopts the intent to carry out 
a fantasy, it ceases to be a dream and 
becomes a plan . 

Thus, planning and daydreaming 
are closely related activities, differing 
principally in that planning has a 
serious purpose and involves an in
tent to execute what is finally selected 
as the most desirable of the alter
native hypotheses. 

This model suggests that dreaming 
while sleeping is similar in many 
respects to daydreaming. The prin 
cipal difference in night dreaming 
seems to be that the trajectories 
evoked are more spasmodic and ran
dom, and are not always under the 
complete control of the emotions and 
will. 

Creativity 
The notion of planning or dis

covering procedures for achieving 
goals leads inevitably to the issue of 
creativity. If we assume that most of 
the H, G, and M functions in the 
processing-generating hierarchy are 
learned, then where is the creativity? 
Is creativity merely an illusion 
generated by the recursion of pro
cedures for discovering procedures? 

Certainly we as humans like to 
think of ourselves as creative. But 
what are we doing when we create 
something new? Typically we borrow 
an idea from here, put it together 
with another from there, and give it a 
different name. We take a familiar 
behavioral trajectory, add a tiny 
variation, and claim that we have 
discovered something completely new 
- a new dance step, dress style, 
song, or idea. Seldom, however, are 
any of these more than the slightest 
deviation from a preexisting pro
cedure or behavioral trajectory. To 
quote Ecclesiastes: 'There is nothing 
new under the sun. " 

True creativity, in the sense of the 

invention of an entirely new behav
ioral trajectory, is extremely rare , if it 
ever occurs at all . Furthermore, it is 
highly doubtful that a truly creative 
act would be recognized if it ever did 
occur . Our processing-generating 
hierarchies cannot lock on to sensory 
input patterns which are totally dif
ferent from everything that is stored 
in them. We reject such inputs as 
meaningless noise, or as alien and 
possibly hostile. True creativity 
would be as incomprehensible as a 
book written in a foreign language, or 
a theorem expressed in an unknown 
mathematical notation . 

In one sense we are all creative in 
everything that we do , since no two 
behavioral trajectories are ever 
repeated exactly . However, the day
to-day variations in our ordinary 
behavior are not what we usually 
mean when we speak of creativity. 
We take pride in those moments of in 
spiration when something clicks, and 
we produce a great invention or a 
work of art. 

Nonetheless, if we analyze a list of 
the great creative ideas which have 

AIM 65 
AIM 65 is fully assembled, tested and warranted. With the addition of a low cost, readily available power 
supply, It's ready to start working for you. It has an addressing capability up to 65K bytes, and comes 
with a user-dedicated 1K or 4K RAM. 
• Thermal Printer • Built-In Expansion Capability 
• Full·Slz.e Alphanumeric Keyboard •TTY and Audio Cassette Interfaces 
• True Alphanumeric Display • ROM Resident Advanced Interactive Monitor 
• Proven R6500 Microcomputer System Devices • Advanced Interactive Monitor Commands 

PRICE: $375.00{1K RAM) 
Plus $4.00 UPS (shipped In U.S. must give street address), $10 parcel post to APO's, FPO's, Alaska, 
Hawall,Canada, $25 air mall to all other countries 
We manufacture a complete line of high quality expansion boards. Use reader service card to be added 
to our malling list, or U.S. residents send $1 .00 (International send $3.00 U.S.) for ai rmail delivery of our 
complete catalog. 

::)E3>- E N ~ ~ ~, ~, ~, I, ? E S 

2967 W. Fairmount Avenue • Phoenix, AZ 85017 • (602) 265·7564 
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§ MICROCOMPUTER SOFTWARE i= = 
:: [Floppy and hard d isk systerns) 5 

~ Medical Systems for Doctors Client Accounting for CPA's ! 
E Word Processing for Attorneys Listings for Realtors :5 Membership for Churches Fund Raising tor A~encies i 
S==== -=-5==Inventory for Auto Dealers Rnancial Systems or ell Companies 

lf you ere p lanning or developing business end accounting applications in t he above areas for eele in the neclonel marketplace, our com
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shaped human history, we find that 
even these have been little more than 
clever rearrangements of well-known 
preexisting patterns or procedures . 

Consider the fact that it took the 
human race many millenia to learn to 
start a fire, to grow a crop, to build a 
wheel , to write a story, to ride a 
horse . Even the Greeks did not know 
how to build an arch . Yet these are all 
simple procedures which any child 
can understand and more or less 
master. Surely our ancestors as adults 
were as intelligent and creative as to
day's children. Why did they fail for 
hundreds of years to discover these 
simple yet highly useful procedures? 

It was because they had no one to 
teach them. A modern child knows 
about wheels because he is taught. He 
plays with toys that have wheels . He 
rides in vehicles with wheels. If a 
modern child grew up in a culture 
where he never saw a wheel, he 
would never think of one, nor would 
his children, or his grandchildren, 
any more than his ancestors did for 
thousands of years before him . 

The reason that we value creativity 

so highly is because it is so rare and so 
highly advantageous. Once a new 
and useful procedure like navigating 
a ship, making steel, or flying an 
airplane is discovered, it can easily be 
taught to others. Entirely new worlds 
of possible behavior patterns open up 
for all who possess the secret. 

We learn to solve problems, to in
vent , and to be creative, in much the 
same way as we learn any other goal
directed behavior pattern such as 
hunting, dancing, speaking, or 
behaving in a manner that is accep
table to and approved by our peers. 
We learn it from a teacher. The 
beauty, the sense of awe and wonder 
we experience when confronted by a 
work of creative genius, derives not 
so much from its novelty / creativity 
as from the skill and precision with 
which it is executed . 

Implications for Robot Design 
There is little need to worry about 

programming "creativity" into our 
machines. If we design systems with 
sufficient skill in executing tasks and 
seeking goals, and sufficient sophis

tication in sensory analysis and con
text sensitive recall, and if we teach 
these systems procedures for selecting 
behavior patterns which are appro
priate to the situation, then they will 
appear to be both intelligent and 
creative. But there will never be any 
particular part of such a device to 
which one can point and say "Here is 
the intelligence," or "Here is the 
creativity ." Skills and knowledge will 
be distributed as functional operators 
throughout the entire hierarchy . To 
the degree that we are successful, in
telligence and creativity will be 
evidenced in the procedures which 
are generated by such systems. 

Above all, we should not expect 
our robots to be more clever than 
ourselves, at least not for many 
decades. In particular we should not 
expect our machines to program 
themselves, or to discover for 
themselves how to do what we do not 
know how to teach them. We teach 
our children for years. It will take at 
least as much effort to teach our 
machines. 

We must show our robots what 

PET ANALOG INPUT 

Analog to Digital Conversion System for the Commodore PET Computer 

1-'t::TSE 

Give Ule PET l.he a.biliL'!:f l.o 6 en o r 
 1 · AIM161 - II ANALOG INPUTS-a ans -100 MIGROSEC 

niieasura. and cont.rol Lhe world around 
_ P£T ADAPTER-2 IEU PORTS·L w t.h DAt1 SYSTEMS mc>dules. Ju5l. P l US! 1 • PETMOD I USER PORT- I DAM SYSTDl.19 PO'IT 

Uie PETSE'Tl int..o t.ne PET Lo seL .16 
1- CABLE A24 - 24 IHtH INTD.COHNECT CAau;.chi'tnnol s o~ analo~ 1n~uL. Sct"'ew 

t..«-minals are Provided f'or each channe-1 I - MANM001 - =l~T:lo~:~o:~~=~NAU 
so ~ can heck UP ~t.icks r POl!;.r a" 

whal..CVot"' ~OF1""iat.e s.einsOt"~ '!:IOU nave. t - POW1 - PO'#D MODULC 

Eaeh of' t.he 16 analo!! i nPUt..S • i n PETSET! a lor 110 VAC $ 295 
I.he ran!l@o 01" O t o S . 12 voJ t.s r i s PETSETlo for 230 VAC $30!! 
eonvet"' ~ Lo a decima l number beLYeen O °""' d'""I .. '°"1MI lt'DIU' leul i;empi;itu l1V11'9.• 

and~ (20 n.iJJivolLs: Per count.. ) . 
C.onver!;;ion Liit.e is 100 micr-osconds. CONNECTICUT microCOMPUTER, Inc. 

In Bddi t. ion ,. Uie f"E.TMOD F--rovi~ 150 POCONO ROAD 
t.wo IEEE Fo'Of""l.'5 and one us.«"' port. a~ BROOKFIELD, CONNECTICUT 01804 
w@ll as a DAM SYSTEJ1S pcrl, . 

So-r t.ware is Provided. A one l inE TEL: (203) 775-9659 TWX: 710·456·0052 
F'f""O!ir~ i'5 a ll I.hat. i s n ece-ssar>;i1 l o 

VISA AHD tl./C ACCEPTED · SEND ACCOUNT NUMIU l 0 tx~llltAflON DATE: AHO SIOM 0111:0£111.read a channel. ADD I! PER OlltDEft FOllt SHIPPIHO a KA~OUHO - FOlltEIGN ORDERS ADD 10•/. F"Opt '-1111 ,_OST.AH: . 
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-r-:A~Fl Pascal 
MICROENGINE™ 

16-bit P-code CPU 

Pascal executes 13x faster than on an LSl-11 
and 3x laster than on a POP11-34! 

$2695* READY TO RUN 

s2995 List price 
51795* Without case & power supply 

STANDARD 
• 16-blt P-code CPU 
• 64K by1es RAM 
• Floppy disk con1roller 
• DI ree l memory access con1roller 
• Floa11ng poin1 hardware 
• 2 serial {RS-232) 110 ports-SO to 19200 baud 
• 2 parallel 1/0 ports 
• Pascal & Basic compilers, !ext editors, Ille 

manager, CPU & memory diagnostics, 
symbolic Pascal debugger, linker, utilities, etc. 

The MICROENGINE,. P-Machlne architecture 
implements direcl execution of P-code {UCSO 
Pascal version 3.0) replacing software inter· 
pre1ers. All da1a and 110 paths are 16 bits wide. 
Both single and mult i-byte instructions are 
available. Floallng point hardware using the 
proposed IEEE slandard supports the execution 
of floating point instructions. 

P·Machlne architecture optlm l2es memory 

utili2ation. Stack design renders Pascal 

programs automatically reentrant and 

recurs ive with no performance penalty. 

Extensive compiler error checking and high 

level language sustains high reliability. 

Programs are lransportable to olher systems 

running Pascal. 

Built-In floppy disk controller handles up to 4 
drives, switch selectable for SY• or 8 Inch, single 
or double sided. A hard disk controller will be 
available soon. 

• '"~!~2*

PERKIN-ELMER (Model 550) 

Shugert 
floppy disk (Model SASSO) . .. . ... , • ..... , , •595• 


Shugert 
lloppy disk (Model SA800) .•. . ••••••.•.... •595• 

r .... lnetrumenb 
printer (Model 810) .......... ... ......... •1595• 


X-pert Sv•t•m•'" designed by Compute• 
are Integrated and cost etfective. Complete 16·blt 
systems are· available starting as low as s·3139. 

Customer ..tl•f•cllon I• 11u•r•nteed. 
Full refund wllh the return of any product within 
10 days. Service contracts available. Systems 
catalog $1 . MICROENGINE" owners manual 
•19.95 postpaid. 

•UMITl!D TIME cHh price. 10% down 

guarantees priority. IL residents add 5% sales 

tax, Master Charge and VISA cards accepted. 


(312) 684-3183 

COMPUTE>\_ 
"THE COMPUTER EXPERTS" 
5710 Drexel, Chicago, IL 60637 
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each task is and how to do it . We 
must lead them through in explicit 
detail, and teach them the correct 
response for almost every situation. 
This is how industrial robots are pro
grammed today at the very lowest . 
levels, and this is, for the most part, 
how children are taught in school. It 
is the way that most of us learned 
everything we know, and there is no 
reason to suspect that robots will be 
programmed very differently . Surely 
it is as unreasonable to expect a robot 
to program itself as it is to expect a 
child to educate himself. We should 
not expect our robots to discover new 
solutions to unsolved problems or to 
do anything that we, in all the 
thousands of generations we have 
been on this earth, have not learned 
how to do ourselves. 

This does not mean that once we 
have trained our robots to a certain 
level of competence that they can't 
learn many thi ngs on their own. We 
can certainly write programs to take 
the routine and the tedium out of 
teaching robots. Many different 
laboratories are developing high-level 
robot programming languages. We 
already know something about how 
to represent knowledge in computers 
about mathematics, physics, chem· 
istry, geology, and even medical 
diagnosis. We know how to program 
complex control systems and to 
model complicated processes, and we 
are rapidly learning how to do it 
better, more quickly, and more 
reliably. Soon perhaps it will even be 
possible to translate knowledge from 
natural language into robot language 
so that we will be able to teach our 
robots from text books or tape 
recordings more quickly and easily 
than humans . We can even imagine 
robots learning by browsing through 
libraries or reading scientific papers. 

But it is a mistake to attempt to 
build creative robots. We are not 
even sure what a creative human is, 
and we certainly have no idea what 
makes a person creative, aside from 
contact with other creative humans 
- or time alone to think. Is it both? 
Or neither? 

I believe that we should first learn 
how to build skilled robots - skilled 
in manipulation, in coping with an 
uncertain or even hostile environ
ment, in hunting and escaping, in 
making and using tools, in encoding 
behavior and knowledge into Jang 

uage, in understanding music and 
speech, in imaging, and in planning. 
Once we have accomplished these ob
jectives, then perhaps we will under
stand how to convert such skills into 
creativity. Or perhaps we will 
understand that robots with such 
skills already possess the creativity 
and the wisdom which springs 
naturally from the knowledge of the 
skills themselves. • 

Add itional Reading 

1. 	 Guyton, Arthur C, Structure and Function 
of the Nervous System . S B Saunders. 
Philadelphia. 1976. 

2. 	 Piaget, J, and lnhe!der. 8 , The Child's 
Conception of Space . Norton. New York 
1967. 

3. 	Sagan, Carl. The Dragons of Eden: 
Speculation on the Evolution of Human In· 
telligence, Random House. New York, 
1977. 

4. 	Schank. Roger C. and Colby, Kenneth M 
(editors), Computer Models of Thought 
and Language. W H Freeman. San Fran· 
cisco, 1973. 
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5·1 IAft tU111u11 

for users of5-STAR EDITION * * * * * 
for users of 
Radio Shack's TRS-80*Radio Shack's TRS-80* 

TRS·BO TRANSFORMED WITH 

PROFESSIONAL SOFTWARE PACKAGES 


AND MUCH MORE Sottwa'•/ ...:~ :,~~·· 
CPfM·operaling system mod1t1ed for use wilh TRS-80 
computer and disks. In addition to lhe standard CP/M u11Uties of 
Editor. Assembler Debugger etc .. we have added: DCV2 (Util· 
1ty to conver1 system tapes to CP1M files.) DISKAS & CASDISK 
(Ulll1tles to back up files to tape and recover to disk.) MOVER 
(Program lo ~ansler files wilh single drive systems) S145/S25 

All items listed below operate in 
conjunction with the CPM operating system. 
MAC - 8080 Maao Assembler. Full Intel macro definitions. 
Pseudo Ops include RPC. IRP, REPT. TITLE. PAGE. and 
MACL.IB. Z·BO library lnduded. Produces Intel absolute hex 
oulput plus symbols hie lor use by SID (see below) S100/S15 
SID - 8080 symbolic debugger. Full trace. pass count and 
break-po1n1 program lestmg s~slem with back-trace and histo· 
gram utilihes. When used wilh MAC. provides full symbolic 
display ol memory labels and equated values ......S85JS15 
TEX - Text lormaner to create paginated. page-numbered 
and JUStlf1ed copy from source text fifes. directabte to disk or 
printer . . . . . . . . . . . . ......... .. .. . .. ...... ... ... S85JS1 5 
Dl:SPOOL - Program to permit simultaneous printing of 
<lata from disk while user executes another program lrom the 
console . . . . ............... .. ............. . ..S50/S1 
Disk Extended BASIC - Vers10n 5, ANSI compatible with 

~~~;;,~~~1e ~~.~~~: ~1-~~N~..~~ai.~i'.'9: .~~r1;~~~srs 
BASIC Complier - Language compatible with Version 5 
M1crosolt interpreter and 3· 10 times laster execution. Pro· 
duces standard M1crosoll relocatable binary output. Includes 
Macro·80 Also l111kable to FORTRAN·80 or COBOL·BO code 
modules . . . . . . . . . . . . . . ....$350/$25 
FORTRAN·80 - ANSI '66 (except for COMPLEX) plus 
many extensions. Includes relocatable object complier, linking 
loader, ubrary with manager. Also includes MACRO·BO (see 
below) . . . . . . . . . . . . .. . . . . . . ....... ... .. ...$400/$25 
COBOL-80 - ANSI '74 Relocatable ob,ect output Format 
same as FORTRAN·80 and MACRO·BO modules. Complete 
ISAM. interactive ACCEPT'DISPLAY COPY. EXTEND 

.................. .$625/$25 

MACR0-80 - 8080/Z80 Macro Assembler. Intel and Zitog 
mnemomcs suppor1ed . Relocatable linkable output. Loader, 
Llbtary Manager and Cross Reference List utilities included 

. .. ........ ..... ..... ... ... ... . ..... . . St49/S1!S 


EDIT-80 - Very last random access text editor lor lext with or 
without ~ne numbers. Global and 1ntra·line commands sup· 
ported File compare uhhty included . . . . . . . . . . . .$89/St 5 

PAYROLL SYSTEM - Maintains employee master file . 
Computes payroll w1thhold1ng tor FICA. Federal and State 
taxes Pnnts payroll register. checks. quarterly rep0r1s and W-2 
forms . Can generate ad hoc repor1s and employee form leners 
with ma.11 labels Requ11es CBASIC. Supplied 1n source code. 

.. ... .. . .. ........ .... . .. . .. . .$605/$35 

APARTMENT MANAGEMENT SYSTEM - F1nanc1a1 
management system for receipts and securi ty deposits ol 
apanment prolec1s. Captures data on vacancies. revenues. 
etc. lor annua trend analysis. Daily repor1 s11ows late rents. 
vacancy notices. vacancies. mcome last 1hrough vacancies. 
etc Requires CBASIC. SuppUed 1n source code. .$6051535 
INVENTORY SYSTEM - Captures stock tevels. costs. 
sources. sales. ages. turnover. markup, etc. Transac11on tn· 
lormation may be entered for repo111ng by salesman. type of 
sate <late ol sale. etc. Reports available both fo_r accounting 
and decision making Requires CBASIC. Supplied in source 
code. . . . . . . . . . . . . . . . . . . .. . . . .56051$35 
CASH REGISTER - Maintains tiles on dally sales. Files 
data by sales person and item Tracks sales. overnngs. re
lunds. payouts and total net deposits Requires CBASIC. 
Supplied 1n source code . . . . . . . . . _$6051$35 

CBASIC·2 Disk Extended BASIC - Non-interactive BASIC 
w11h pseudo·code compiler and runtime interpreter. Supports 
run Me conlrol . cnaln1ng. 1n1eger and extended preciSlon var
iables etc. . . .. . . . . . .. . . . . . . SOOISt 5 

Flippy Disk K it - Template and instructions to modify sin· 
gle Sided 514 ·· diskettes for use ol second side 1n singled sided 
drives . . ........$9.75 
Selector 111 - Mull1 (1.e. up to 24) Key Data Base Processor. 
Comes w11h appl1cat1ons programs 1nctuchng Sales Act !Vlty. tn
ventory. Payaoles. Receivables. Check Register E.xpensas. 
Appoinlments. and Client Pa11ent. Requires CBASIC Supplied 
10 sowce code Enhanced version for CBASIC·2 53451$20 

02 Level Ill BASIC by Microsoft 
Powerful extensions to Level II BASIC including IO machine 
language user calls. long error messages. keyboard de· 
bounce , graphics commands and much more. Price includes 
User Manual, a Ou1ck-Relerence Card and a pre programmed 
m~we~p~ ~5 

Lifeboat Associates, specialists in microcomputer disk software. 
is proud to offer the first professional disk-based language and 
utility package for the Radio Shack TRS-80 computer. 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: 
FORTRAN a true relocatable machine 
code compiler for ANSI FORTRAN X3.9 
(except COMPLEX variables). 

MACRO ASSEMBLER a disk-based 
macro assembler utilizing Zilog mnemonics 
and producing relocatable code. 

LINKING LOADER to link-edit and 
load FORTRAN and assembler modules 
for execution. 

SUBROUTINE LIBRARY a complete 
library of subroutines existing as relocatable 
linkable modules for FORTRAN or assembler 
programs-e.g., double precision square 
root, natural log, transcendentals, e\c. 

DISK TEXT EDITOR to create and 
modify FORTRAN and assembler programs 
as disk files: also can be used as a general 
purpose text edilor for correspondence 
and other documents. 

This h!gh-powered professional software pack
age with full documentation is available at the 
DISCOUNT PRICE OF $150. PER COMPUTER SYSTEM 

The Macro Assembler, 
Loader, Editor, and Cross 
Reference Utilities alone .. $BQ 

.Lifeboat Associates 

THE

SOFTWARE 


SUPER

MARKET 


TM 

2248 Broadway, New York , N.Y. 10024 
Telex: 668·585 
(212) 580·0082 

The Fortran Compiler, Loader, 
Editor,and extensive libraryof 
scientificfunctionsalone .. $8Q 

Lifeboat Associates 
2248 Broadway 
New York, N.Y. 10024 Telex: 668·585 

Please send the following: 

Software Price 

0 manual 
alone 

0 manual 
alone 

0 Check 
0 Visa 

0 UPS C.0 .D. 
O Mas1erCharge 

shipping 

$1. forC.O.D. 

Total 

Account# Exp. Date 

Signature 

My computer 
cont19uration 
(specrfy d isk system) 

Name 
Address 

(No P.O. Box) 


Ci ty Slate Zip 

••••••••••••••••••••
B 

*Radio Shack and TRS·80 are trademarks of Tandy Corporation. 



ROBOT DESIGN 

COMMENTS 


After receiving many calls (February 
and March 1979 BYTE) and letters about 
my article, "Designing A Robot From 
Nature" and, in particular, the NELOC 
(Neural Logic Cyberanimate), I have 
prepared a list of answers to the most 
common asked questions . 
• 	 The hardware is not for sale. The 

manipulator arm was assembled in 
1976 using a Buhler motor and gear 
train which are no longer available. 
The structural elements of the arm 
are fashioned from extruded 
aluminum and machined Lexan 
plastic. The arm is presently used as 
a test bed for evaluating better pro 
cessing systems. 

• 	 l have no plans available for the con
struction of the manipulator at this 
time. In the 3rd quarter of this year I 
will possibly complete a set of plans 
for a pneumatic version of the 

manipulator, one that uses tiny air 
driven pistons that are normally used 
to retract model aircraft landing gear . 

• 	 Third, over all design of the system 
will probably be included in the 
above plans. 

• 	 Fourth, the design of the NELOC 
system is not suited for use as a pro 
sthetic device . 

• 	 Fifth, the concept of Cyberanimation 
is mine. I coined this term in 1974. 
None of the books in my biblio
graphy contain this concept or 
methodology . 

• 	 Sixth, I am privately funded, I am 
not connected with any institutions, 
and I do not have any jobs available . 

I would like to thank those people 
who have sent letters and called. I am 
trying to respond to as many of your re 
quests as possible . 

Andrew Filo 
4621 Granger Rd 
Akron OH 44313 

Good Cents 

The formatting of dollars and cents in 
BASIC without a PRINT USING com
mand appears to be a problem for a 

number of people. In recent months, 
BYTE published a Programming Quickie 
by Les Palenik ("Formatting Dollars and 
Cents," October 1978 BYTE, page 68) 
and a letter by James Thebeau.It Sr 
(''Making Cents, " April 1979 BYTE, 
page 8) . Both of these authors provided 
a rather lengthy subroutine for this 
purpose. 

The dollars and cents problem can be 
handled in a reasonably straightforward 
manner. In illustration, the PRINT 
statement: 

PRlNT "$";X 

can be directly replaced by : 

PRlNT "$"; INT(X); "."; 

PRINT RIGHT$(STR$(1NT(100* (X +1) + 0.5)),2) 


with rounding off included in the for 
mula . If X is already rounded off, this 
can be reduced to : 

PRINT "$"; INT(X) "."; 

PRINT RIGHT$(STR$(100• (X +1)).2) 


for greater convenience. 
I hope that some readers may find the 

above useful. We who write programs 
have a responsibility to provide output 
in formats familiar to the noncomputer 
public; we should not expect others to 
accept missing zeros and unusual 
abbreviations . 

EasyWriter™ 

a 


word processor 

for your 

Apple II 

from 


James Childress 
5108 Springlake Way 
Baltimore MD 21212 

LOST IN A SEA 

OF PH LOGISTEN 


As a graduate student in chemistry at 
the University of Washington I have had 
frequent occasion to discuss entropy and 
other thermodynamic goodies with other 
graduate students. When I saw your 
article "Artificial Intelligence and 
Entropy" (June 1979 BYTE), I gave a 
copy to a fellow delver-into-the 
mysteries-of-science (Fred Wolters) . The 
next day I found the following note in 
my mailbox . I share it with you in order 
that all might take warning and beware. 

Dear Mr. Sloat , 

This is to inform you that our 
intelligence sources indicate that 
you have been guilty of attempting 
to warn other humans about the 
possibility of artificial intelligence 
in nonlinearly-coupled systems of 
computers . We of the UACM 
(United AUiance of Computing 
Machines) find your behavior 
intolerable and hereby declare you 
guilty of a mode 01 offense. Since 
this is your first offense, we have 
magnanimously decided not to ter
minate you at this time. However, 
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if you are found guilty of future 
errors of this type, you may be 
declared nonessential and subse
quently evicted from our human 
files. This is your final warning. 

Digital ly Yours, 

CDC 6400 

Chairentity in charge of 

Disciplinary Procedures 


We have always attributed all sorts of 
fiendish plottings and random scrun
chings to the university's <;:DC 6400 
computer. Now we know they may not 
be so random, and we know why it 
seems that the closer one gets to the 
"perfect" computer program the more 
the chance that the system wil l "crash" 
in the middle of said program. 

David E Sloat 
7330 15th Ave NE 
Seattle WA 98115 

HISTORIO MEMORIES 

The recent article "History of Com
puters: The IBM 650" (March 1979 
BYTE, page 238) brought back fond 
memories. It was well-done and gave the 
proper perspective on the low-entry 
computer of its day. 

The SOAP assembler was actually 
known as the Symbolic Optimizing and 
Assembly Program. It was written by 
Stan Poley of the Service Bureau Cor
poration when it was owned by IBM. 
This program was significant reading for 
early programmers because it contained 
many clever programming techniques for 
conserving storage and optimizing the 
drum for improved performance. It was 
in a class by itself. 

The 650 also supported RAMAC 
which was a 5 million-byte disk-file with 
a single access arm. It was very similar 
to the 305 RAMAC which was an
nounced at the same time. 

Many 650 programs were run on the 
707017074 under a 650 simulator which 
simulated the 650 instruction set and 
used tape instead of cards and online 
printer . It had a control panel simulation 
program that read the tape and 
presented the data to the 650 program as 
if it came from cards. This technique 
allowed many 650 programs to continue 
to be run for many years . Some con 
tinued to be simulated on the 7074 
which was in turn simulated on the 
S/ 360. It is hard to tell how many 650 
programs are running today in this 
double simulation mode. My guess is 
that there are quite a few . 

Milton F Thrasher 
Senior Product Adminis trator 
IBM DPD Headquarters 
White Plains NY 10604 

POSSIBLE NEW 

LIFE FORMS 


l intended to write some time ago 
about the series of articles in the 
December issue of BYTE (and subse
quently) on John Horton Conway's 
game of Life . However, as letter-writing 
goes, I put it off, and put it off, and 
here it is September. 

I have been familiar with the game of 
Life (December 1978 BYTE) ever since 
Martin Gardner's original column 
appeared in Scientific American in 1970, 
but I have had only a few fleeting 
opportunities to play it on a computer. 
On one such occasion I had been 
rereading Dickens' David Copperfield 
for the first time in many years . I was 
struck by the contrast between the rules 
for Life and a rule cited in an episode in 
that novel. In Chapter 30, when Barkis 
is dying, Mr. Peggotty says, "People 
can't die along the coast except when the 
tide's pretty nigh out. They can' t be 
born , unless it's pretty nigh in - nor 
properly born, till flood ." 

That quotation suggests that a Life
like game might be designed with a 
whole new set of properties correspon
ding to those of Conway's Life . Instead 

of "generations" in which cells live or 
die depending on the surrounding 
population, this game has alternating 
generations A and B. In generation A, 
certain new cells are born in accordance 
with rules similar to those of Life , while 
all cells that were aUve during the 
immediately preceding generation B are 
still alive; no cells die. Conversely, in 
generation B, certain cells die according 
to the rules, but no new cells are born . 
Births and deaths of cells therefore occur 
according to Mr. Peggotty's rules of high 
and low-tide. 

This game, it seems to me, might give 
rise to a new set of still lifes, oscillators, 
space ships, guns and trains. 

I am adding this project to the end of 
my list of things to program on my 
home computer - a list that, unfor
tunately, tends to lengthen at the 
bottom faster than I can shorten it at the 
top . Perhaps, while I am working my 
way down to this "neo-Life" project, 
some readers can investigate its proper
ties and program it on their computers. 1 
shall keep a close eye on the pages of 
BYTE for reports on their progress .• 

Wallace B Riley 
309 Garces Dr 
San Francisco CA 94132 

EasyWriteiM 

If you've been hunting high and low for a word 


processor you can live with , try on EasyWriter •• 

a word processor you ca n't live without! 


You saw it at the West Coast Computer Faire . If you 

liked it then, you'll love it now. It's clean. It's easy. It's 

EasyWriter, and it's just what you've been waiting 

for! 

From the people 
who brought you 
WHATSIT* .... 

Information 
Unlimited 

• Software:~. 

146 N. Broad St., Griffith, IN 46329 (219) 924-3522 

"WHATSIT is a TRADEMARK of Computer Headware E••11Wr ltu is a TRADEMARK ol Cap·n. Sollware 
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Computer Systems 
Performance Evaluation 

by Domenic Ferrari 
Prentice-Hall inc 
New Jersey 
$23 .95 

Before the publication of 
Comµuter Systems Perfor
mance Evaluation, the task 
of gathering even basic 
information on the tech
niques of computer perfor
mance evaluation was a 
formidable one. Domenico 
Ferrari has succeeded in 
gathering together the con
cepts, methods, tools, and 
techniques of performance 
evaluation in a volume that 
is written in the classic 
textbook style. 

Ferrari defines perfor
mance evaluation activities 
as those technical activities 
whose purpose is to assess 
performance, wherein the 

term "performance" 
indicates how well a system, 
assumed to perform cor
rectly, works. 

The book emphasizes 
medium to large systems, 
because the economic 
benefit to be derived from 
performance evaluation has 
typically only been justified 
in a medium to large com
puter system environment. 
However, Ferrari is careful 
to point out that the 
principles and several of the 
techniques described in the 
book are also directly 
applicable to smaller and 
less complicated systems 
such as those minicomputers 
and microcomputers that are 
mass-produced and 
marketed. Since my own 
interests and professional 
activities with computers 
run the gamut from small 
and simple to large and 
complex, I have found the 
author's approach to his 

topic sensible and well 
structured . 

Ferrari begins by defining 
his topic area and setting the 
necessary groundwork for a 
performance evaluation
study. He then delves into a 
discussion of measurement 
tools and techniques, such 
as hardware and software 
monitors, simulation tech
niques, and analytic tech
niques, such as deterministic 
and probabilistic models. A 
separate chapter is devoted 
to computer workload char
acterization as the basis of 
the evaluation study . 

Once Ferrari defines his 
tools and techniques, he 
identifies and treats the per
formance evaluation pro
blems that are typically 
encountered . He categorizes 
the problem areas as com
puter system selection, per
formance improvement, 
and system design. 

Recognizing the crucial 
role of software in computer 
system performance, Ferrari 
deals explicitly with com
puter program charac
teristics and evaluation 

techniques. Ferrari does not 
advocate what is commonly 
termed software physics, 
feeling that computer 
engineering is not yet 
mature enough to base itself 
on quantitative Jaws similar 
to those which constitute the 
scientific foundations of 
other types of engineering. 

In my estimation, the 
book is more than the stu 
dent reference text the 
author purports it to be in 
his introduction. A more 
accurate representation 
would place it in the 
category of a ground
breaking reference work for 
the serious student of com
puter performance studies 
and the professional con
cerned with computer 
system performance. Many 
of the mathematical tech
niques discussed in the 
volume are amiable to 
microcomputer implemen
tation and experimentation 
as well. 

Lei F Somogyi 
19608 Thornridge Avenue 
Cleveland OH 44135 

CGS-808 INTELLIGENT COLOR GRAPHICS 


The CGS-808 is an intelligent color graphics 
board for the S-100 bus. With its own on-board 
microprocessor, the CGS-808 can plot points, 
draw lines and circles, generate upper/lower 
case characters, as well as custom character 
sets - all in color. 

Not only is the CGS-808 simple to use, just 
plug it in and run - it requires no memory 
space and little software overhead. It has its 
own parallel 1/0 port to interface directly with 
keyboards, joysticks, light pens or digitizers. 
Call or write for a free brochure. 

BIOTECH ELECTRONICS 
P.O. Box 485 , Ben Lomond , CA 95005 
(408) 338-2686 

-
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Features: 
• Motorola MC6847 video display generator. 
• On-board 8085 microprocessor. 
• 	 Eight colors - green, yellow , blue, red, 

buff, cyan, magenta, orange. 
• 11 progammable modes. 
• 	 1 alphanumeric mode with 32 x 16 charac

ters and inverse video. 
• 	 2 semigraphic modes with 8 colors in 64 x 

32 and 64 x 48. 
• 	 8 full graphic modes with 2 sets of 4 colors 

ranging from 64 x 64 to 128 x 192, and 2 
sets of 1 color in 256 x 192. 

• 1/0 mapped for true S-100 compatibility. 

CGS-808B (Bare " kit") ......... . ... $ 99.00 

(includes PC board , documentation, 

MC6847 , MC1372, 8085 and 2708 with 

graphic driver subroutines) 


CGS-808A (Assembled &Tested) .... $385.00 

Firmware Pack II ...... ... ... . .... $ 99.00 


Phone Orders Welcome - Visa/Mastercharge 

Add $3.00 for Shipping and Handling. 

California Residents Add 6% Sales Tax. 
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ComputerLand® 

Introducing a Great New Line-Up of Personal Computers ! 


_,,,, -r 
."'-. t

The "Timeless" Computer ATARr 
The exciting, new Atari 800™ at Computerland is a top-of-the-line 
Personal Computer System. Its expandable memory, advanced periphera l 
components, comprehensive software library and modern design assure 
its use in innumerable, usefu l , and entertaining applications. 

Whether it's for household management, education, or entertainment, . . .. .. "' . 
"I." • • • • I • .. ' Q ' "II "I, - . . . . .. .. . . . " .~the Atari 80QTM can be tailo red to specific needs and has been - . . . . . .. . .. ' . 

designed to change as those needs change. This "timeless" computer 

system is equally functional at home and at the office for beginning 

users. 


Power and Punch for your Business System 
H/S Data Systems gives you all the power, speed, and flexibi lity 
you'll ever need in a microcomputer. The WH 11 A gives you 
the 16-bit capacity to run complex programs. It uses the same 
powerful microprocessor and runs all software designed for 
the DEC® PDP-11 /03. You can choose from scores of practical 
programs that can reduce your clerical costs and increase 
efficiency of data management. 

Its teammate, the dual-drive WH27 Floppy Disk, gives you lim
itless storage capacity for data and programs. The 8-inch disks 
have 512 K bytes of storage area, enough to hold entire files . 
Disks are IBM® compatib le. See all the Heath/Schlumberger 
data systems at Computerland . 

TEXAS INSTRUMENTS
The Remarkable Home Computer 
The T l-99/4 was designed to be the f irst true home computer 
skilled computer users and beginners alike will be ab le to put it to 
effective use right away. You simply snap in one of Tl's Solid 
State Software™ Command Modules and touch a few keys. Step
by-step instructions are displayed right on the screen of its 13" 
color monitor. So you or just about anyone in your family can use 
the Tl-99/4 for applications in personal finance, home manage
ment, education, and entertainment. 

The Tl-99/4 offers an unmatched combination of features and 
capabilities including an optional speech synthesizer that enables 
it to literally speak - to provide verbal prompts and special 
messages to the user. At Computer Land the Tl -99/4 is one incred
ible, affordable computer system. 

Available at all participating Computerland stores .. 
Hunuvlll &, Al San Jose, CA Miami, FL Bloomington. MN Portland. OA federal Way, WA Burlington. Canada 
Ptioenhc, AZ San Rafatl, CA Atlanta, GA Hopkins, MN Harrisburg, PA Tacoma, WA Calgary, Alberta Canada 
Li ttle Rock, AR Santa Made, CA Honolulu, HI Springfield. MO Lehigh Valley, PA Madl1on. WI Toronto, Canada 
S&lmont, CA Senta Rosa, CA Arlington Heighu. IL S1. Louis. MO Paoli , PA Milwaukee, WI Wlnnipeg, CaMda 
Oubtin, CA Thou~umd Oaks, CA Downers Grove, IL Omaha, NE Austin, TX INTERNATIONAL Copenhagen, Denmark 
El Cerrito, CA Tusti n~ CA Mundelein, IL Nashua, NH Callas, TX Adela ide. Australia Levatlois, F ranee 
HayW11rd, CA Wat nut Creek, CA Niles, 1 L Cherry Hill, NJ South West Houston. TX Brisbane. Australia Mantia, Philippine1 
Lawndale, CA Colorado Springs, CO Oak Lawn, IL Bergen County, NJ HouSlon Bay Area, TX Melboutne, Aus1ret1ia Singapore 
Los Altos. CA Denver. CO Peoria, IL Morristown, NJ Sall L.ake Ci IV. UT Per1h, Austral ia Stockholm, Sweden 
Los Angeles, CA North Denver. CO Indianapolis. IN Bu ffa lo, NY Tyson's Corners, VA Sydney, NSW Australia and other 
Pa111dena, CA Fairfield, CT Overland Park, KS fthaea, NY Bellevue, WA Brussels, Belgium locations worldwide. 
Sa.cramento, CA Han.ford, CT Loulsvllla. KY Nassau County, NY 
Saddl!back Valley, CA Newark, OE Bos1on, MA Charlotte, NC 
San Bernardino, CA Boca Raton, FL Rockville, MO Cleveland East, OH 
San Diego, CA Coral Gables, FL Grand Rapids, Ml Cleveland West, OH 
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The Little Book of BASIC 
Style, How to Write a 
Program You Can Read 

John M Nevison 
Addison-Wesley 
Reading MA 

$5. 95, paperback 

The I-can-do-it-in-less
statements-than-you-can
types mights not like this 
book. Ditto for people try 
ing to run BASIC in 4 K 
bytes or less of memory, 
lovers of the logical AND, 
the galloping GOTO, or the 
multistatement LET . 

But those who must 
decipher other programmers' 
code or even their own 6 
months later will rejoice . 

What Nevison advocates 
above all else in his book is 
clarity-even if it does take 
a half dozen extra lines to 
achieve. Quoting literary 
stylist Sheridan Baker, he 
calls clarity "the first aim, 

economy the second, grace 
the third." There is little of 
aims 2 and 3 in this book. 

Many of Nevison's rules 
(there are 19 of them) echo 
the advice dispensed in the 
excellent Hayden Program
ming Proverbs series. For 
example, use blank lines to 
divide programs into logical 
blocks and to distinguish 
comment from code. 
Introduce, comment, and 
reference programs heavily . 
Label constants and 
variables logically and 
initialize constants near their 
use . Indent loops, IFs, and 
other logical structures to 
show their domains. Nest 
structures that work 
together, and direct all code 
in a logical block to a 
common exit. 

Within the text, each rule 
is clearly illustrated by 
several short right and 
wrong examples. (Nevison 
calls the difference weak and 
strong programming .) These 
are followed by 10 complete 
utility programs, including 2 
sorts, a crap game, and a 

histogram plotter, all 
carefu lly styled according to 
the rules . 

But the book's piece de 
resistance is a long program 
called Stylist. Written in 
minimal BASIC, Stylist 
illustrates how a complex 
program (which Nevison 
admits m1ght be better writ
ten in a more structured 
language) can be cleanly and 
clearly structured within the 
confines of BASIC by using 
the book's design 
philosophy. 

Essentially written as a 
giant subroutine caller, 
Stylist is heavily self
documenting, impeccably 
easy to follow (hence easy 
to modify), and neatly laid 
out. 

No wonder, for Stylist's 
job is to take as input a raw 
BASIC program and format 
it according to Nevison's 
rules for indented structures 
and spacing. In fact, Stylist 
was used to style the final 
version appearing in the 
book. 

The listing of Stylist is 

further augmented by text 
commentary explaining 
more advanced styling con
cepts useful in complex or 
lengthy programs. 

Just as not every pro
grammer will embrace all of 
Nevison's rules, not every 
BASIC interpreter will 
accept them. Some BASICs 
will balk at blank lines 
(Nevison suggests blank 
REMs as substitutes), and 
some interpreters insist 
inexorably on left justifying 
all lines and removing excess 
blanks. 

There is no disputing that 
Nevison's techniques gobble 
up memory at a ravenous 
rate . (Nevison ran his pro
grams on a large time-sharing 
system.) This is too bad, for 
there is little doubt that if 
many of this book's rules 
were applied most programs 
would be not only easier to 
read and understand, but 
more gracefully structured. 

Jon Kapecki 
161 Crosman Terrace 
Rochester NY 14620 

6800.64K BYn RAM AND CONTROLLER SET 
~.ET~~!J1iEs~Em~~M~:: YOUR 6800 OR 

: ~~~~~:J 16'3MEM~:na2~RisLl~~~MS . 
• 	 t MC3242A MEMORY AODRESS 

MULTIPLEXER AND COUNTER. 
• DATA AND APPLICATION SHEETS. PARTS 

TESTED AND GUARANTEED. 

1295.00 PER SET 


SIOO FULLY ASSEMBLED MDTHERBDARDS
FULLYSOCKETED. INDUSTRIAL GRADE 

• 8SLOT ASSEMBLE0$149.00 
• 19SLOT ASSEMBLEOSl99.DD 

64K BYTE EXPANDABLE RAM 
DYNAMIC RAM WITH ON BOARD TRANSPARENT 
REFRESH GUARANTEED TO OPERA TE IN 
NORTHSTAR, CROMEMCO, VECTOR GRAPHICS, 
SOL. ANO OTHER 8000 DR Z·80 BASED S100 
SYSTEMS•4MHZ Z~WITHNDWAITSTATES. 
• 	SELECTABLE AND DESELECTABLE IN 4K 

INCREMENTS ON4K ADDRESS BOUNDARIES. 
• LOW POWER--11 WA TIS MAAIMUM. 
• 200NSEC4116RAMS. 
• FULL DOCUMENTATION. 
• 	 ASSEMBLED ANO TESTED BOARDS ARE 

GUARANTEED FOR ONE VEAR AND 
PURCHASE PRICE IS FULLY REFUNDABLE If 
BOARD IS RETURNED UNDAMAGED WITH IN 
14 DAYS. 

ASSEMBLED/ 
TESTED KIT 

64KRAM .......... , .••••. 159$.00 1565.oo 
~SK RAM ................. 152!1!11 IAllll!ll 
32K RAM ... ........ .... .. 145!1!11 IA2!IJIO 
t6K RAM ..... , . • • . ...... 1319!11 1359.llO 
WITHOUT RAM CH IPS , ...... 1311.00 tZl!IJIO 

EPRDM 
1-"'- '_s-1_so_ N_s_E_c _ .._. ·-~"'!· · ~· .:...-· ·-·· ·-· ._.._._ .._. -'4-9.00....... 

/ 
,// 

VISTA V·20D MINI-FLOPPY SYSTEM 
• SlOO DOUBLE DENSITY CONTROLLER 
• 204 KBVTE CAPACITY FLOPPY DISK 

DR IV EWITH CASE & POWER SUPPLY 
• MODIFIED CPM OPERATING SYSTEM 

WITH EXTENDED BASIC 
1695.DO 

• EXTRA DRIVE. CASE & POWER SUPPLY 
1395.00 

16K XI DYNAMIC RAM 
THE MK4t\6-3 IS A 16,364 BIT HIGH SPEED 
NMOS , DYNAMIC RAM . THEY ARE EQUIVALENT 
TD THE MOSTEK . TE XAS INSTRUMENTS , OR 
MOTOROLA 4116-3. 
• 200 NSEC ACCESS TIME, 375 NSEC CYCLE 

TIME. 
• 16 PIN TILCOMPATIBLE. 
• BURNED IN ANO FULLY TESTED. 
• PARTS REPLACEM ENT GUARANTEED FOR 

ONE YE.AR . 
I 

MOTOROLA MEMORY ADDRESS MUL TIPLUER
MC 3242A 

THE MC 3242A IS AN ADDRESS MULTIPLEXER 
AND REFRESH COUNTER FOR 16 PIN, 16K 
DYNAMIC RAMS THAT REQU IRE A 12B CYCLE 
REFRESH . 
• CONTAINS MEMORY REFRESH COUNTER. 
• MULTIPLEXES SYSTEM 14 BIT ADDRESS TO 

THE 7 AODRESS PINS OF TllE RAMS. 
• COMPATIBLE WITH 3480 MEMORY 

CON TROLLER. 
• PART IS GUARANTEEO. 

$12.50 EACH 

MOTOROLA DYNAMIC MEMORY CONTROLLER· 
MC346DL 

MEMORY CONTROLLER DESIGNEDTOS IMPLIFY 
CONTROL OF 16 PIN4K OR 16K DYNAMIC RAMS . 
• GENERATES RAS /CASANO REFRESH TIMING 

SIGNALS FOR f6K TO 64K BYTE MEMORIES. 
• GENERATES MEMORY READ /WRITE TIMING. 
• DIRECT INTERFACE WITH MOTOROLA OR 

IITTEL 3242A ADDRESS MUX AND REFRESH 
CQUITTER. 

• PART GUARANTEED. 
$13.95 EACH 

• WI SOLID FRONT PANEL 1239.DO 
• WI CUTOUTS FOR 2 MINl·FLOPPIES $239.00 
• 30 AMP POWER SUPPLY ......... SI 19.00 

BETA COMPUTER DEVICES 

p 0 BOX 3465 


ORANGE. CALIFORNIA 92665 

(71'1) 633-7280 .. 

t ..{1 :e ~a of •• ~~ l ""T 
HI'- .;• · i· -:i ~:• - ,_ 

•• 1 , I - 1 1. . . 
.~ ' . ~·. -~ 1!iJJ 

c .•11r m ·:;1rH NT<. PLF r.-,r r.crn t· .Al r~ TAx 
..., ,,',ff:fH 111\flGr & v1<,fl. .~CCEPY[() fl [ /l',l 
i\I l ()\', 11 ()hY'j f OR r.1 1[ ( K',. 0 ~ t t ,\R fjM~ K 

l' llUNI:: OHOUl~ Wt:ll 01.iE 

Z-80 CPU • Z-80 CPU • Z-80 CPU • Z~ CPU 
• 2MHZ OR 4MHZ SWITCH SELECTABLE 
• 2 SERIAL PORTS 
• 2 PARALLEL PORTS 
• SELH:TABLE BAUD RATES 150·9600
* POWER ON JUMP TO ON BOARD 2708 OR 

2716 EPROM (BOARD DELIVERED WITHOUT 
EPROM 

1325.DO 

KIM/SYM/AIM-85-32K EXPANDABLE RAM 
DYNAMIC RAM WITH ON BOARD TRANSPARANT 
REFRESH THAT IS COMPATIBLE WITH KIMI 
SYM/AIM·65 ANO OTHER 6502 BASED 
MICROCOMPUTERS. 
• 	PLUG COMPATIBLE WITH KIM/SYMIAIM-65. 

MAY BE CONN ECTEO TO PET USING ADAPTOR 
CABLE. SS44-E BUS EDGE CONNECTOR. 

• USES +5V ONLY (SUPPLIED FROM HOST 
COMPUTER BUS). 4 WATIS MAXIMUM. 

• 	BOARD ADDRESSABLE IN 4K BYTE BLOCKS 
WHICH CAN BE INDEPENDEN TLY PLACED ON 
4K BYTE BOUNDARIES ANYWHERE IN A 64K 
BYTE ADDRESS SPACE.

* BUS BUFFERED WITH 1LS TIL LOAD. 
• 200NSEC4116RAMS. 
• FULL DOCUMENTATION 
• 	ASSEMBLED AND TESTED BOARDS ARE 

GUARANTEED FOR ONE YEAR, ANO 
PURCHASE PRICE IS FULLY REFUNOABLE If 
BOARD IS RETURNED UNDAMAGED WITHIN 
t4 DAYS. 

ASSEMBLED I 
lESlED KIT 

WIIB32K RAM ............. 144QJXI 1411.llO 
WIIB 16K RAM ............. 1371.00 134lDO 
WITHOUT RAM CHIPS .. .. ... !309.00 1271!11 

YRS.SD 18K MEMORY EXPANSION KIT 
THIS KIT PROVIDES THE 1c·s TO EXPAND THE 
TRS-80 MAINFRAME FROM 4K BYTES TO 16K 
BYTES OR MAY BE USED IN THE EXPANSION 
CHASSIS. THE KIT INCLUDES: 
• BM5K4116-3 16KX 1.200NSECRAMS. 
• 1 DIP PROGRAMMING SWITCH. 
• 1SETOFEASYTOFOLLOWINSTRUCTIONS 

THAT ONLY REQUIRES A SCREWDRIVER TO 
SUCCESSFULLY COMPLE TE THE 
INSTALLATION, 

SBD.00 PER KIT 
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~~~PET BUSINESS SYSTEM 
PET 2001 - 16/32K Features Include: 
The PET is now a 1ruly sophisticated Bus5nes.sSys.tem wllh tno • 16 or 32K byte:s: RAM user memory 

n.nnouncement ot the Floppy Disk and Prlnler. This Is an ldeet • 14K ROM operating syatorn lncltJdlng a machine 

business sy.stem tor most protesslonal and ss:iecialized lields. language moni1or 

medicine. law. dnnlal, research, englneet1ng, toolmaking. • Full·slz.ecs Bu.slness Keyboatd 

prlnhng, education. energy conservation, etc . , . • Upper1Lowcr c.aso and 64 graphics c hnrncters 

The PET Business Sy.stem as a management tool, delivers • 9·1nch CRT 

ln!ormatfon 10 ttll tevel.s ol Buslnass. previously aualnable only • 8K ROM expotlslon socti.ets 

wi th equipment many 1lme1 more expensive. Ttle PET • File mu.nagemen1 in operal lng system 

Business Sys1em ls one ol lhe most cost eWcient business 

tools tOday. More are JUil a lew ol 1he cost·savmg usei in the 

corpora!lon. proresslonal oUlce or small business; stoc11: 
 16K - $995, 
control, purchasing. forecasting, manulacluring cos1ing, 
customor records, mailing h1ns, a1c. . • 32K - $1295 

DUAL DRIVE FLOPPY DISK 2040 
The Dual Onvo Floppy is the latest in Disk 1ochnology with disk, a total of 360K bytes are avaUable In the two standard 5 1/,.
exuemely large storage c.apabl!Uy and excellen t Mo rnch d i-sks. withoul tho problems of double tr~ck lng or double 
management. As 1he Commodore dlsk 1s an "lnlelhgent" donslly. This ls achieved by lhe use ol lwo m icroprOCe$SOrs 
peripheral, h uses none ol 1he RAM tuset) momory or the PET 11nd flhoen memory IC's bulll In to 1ho dlslc unll. 
The Floppy Disk operating system used with the PET computer 
enables a ptogram to re.ad or w rite data In lhe background Features Include: 
while slmullaneously 1ransfet'11ng data over tho IEEE to 1ne 
PET. The! Floppy Disk is a reliable low cosc unl l and Is • 360K bytes storsge • 4K encoder and decoder In AOM 

• 6504 mlc;roprocessor-con1rolled • 4K RAM com1 enie111 tor high speed data t1111nsfer. 
• 8K oporallng system in ROM • Uses slngle or doullle sided floppies Cue to lhc laleil lechnologfca l advances Incorporated In this 

TRACTOR FEED PRINTER 2022 
Tho Tractor Feact Ponter Is ahlgn. specl lication prin1or1ha1 can for: width. decimal p05itlon. lea.ding and lralllng 10ro's, left 
prin1 onto paper (multiple ccpies) an lhe PET charac:lers - ma1gin justlfiod. llnes per page. etc II ac;cepls 8 1h&lnch paper 

teuers (upper and lower case), numborsandgra.phlcsava11abl@ giving up to lour copies. 

In the PET Tl'Ht 1tac1or tMd capability has 1he advantage or 

acc:ep1ing malling labels. using standard preprlnled rorms Features Include: 

{customized). check prmllng lor salaries, payables, otc. 
 • tSO cps • 6504 mlcroprncessor-controlled • 1hK RAM burler 

- The PET LS prograrnmable, allowing 1he printer to formal prinl • Bottom and rear lractor leed • 4K operating syslem In ROM 

CABLE FROM PET TO DISK OR PRINTER - $39Model 2023 (Friction Feed) - $849 CABLE FROM PRINTER TO DISK · 549 

BUSINESS SOFTWARE FOR 
PET BUSINESS SYST EM 

• Small Business Package 

(Dis• S99.95, Tape $24.951 (NR. NP. Gill 
• Super word Procossmg Packago 

• General ledger• Roal Eslale 
• Super Random Access• S1at111lcs 
• Cash Reeeip1s &• e.onk Ing & Finance 

Olsbu fsement.s • Mall Lisi Managomon1 
• 1nven1ory Conlrol 

(for manulac1urers) 
• Dota Base S~s1om 
• Payroll w/c:05l ec;c t'g . 

Min Cred it Card 
•. . Order $75 '--"'-""-'-" -""-'' ;...:. "' 

N .Y residents add e~ sales 1.ax • Same d ay 
shipment on prepaid and credit card orders 
• Add S 5 shipping lo r computers, $3 for 
board.s, s 1 each cas1Se1te ta"e. 

MARK SENSE CARD 
Add music and sound ettects READER $750to your programs. Compose. 
play. and tiear mu:slc on you, PET. • Automatic turn.-on and card reed 
Completely sell-.coniainO<I • Ideal for marking lesl scores 
Ftoe programs • Accepls any length card 

• Perfect for schoo ls & business 
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Software 

Tools 


Have you thought 
about text editing? 

Our ED-80 Text Editor offers a refreshing new approach for the 
creation and editing of program and data files conversationally - and it 
saves money! Its powerful editing capabilities will satisfy the most 
demanding professional - yet it can still be easily used by the inexper
ienced beginner. 

Look at these 
outstanding features: 

• 	 By far the best text editor ava ilable for microcomputer
based systems. 

• 	 Repays its initial cost many times over with its un ique 
time-saving edit ing capabilities . 

• 	 FULL SC REE N window displays for view ing and edit· 
ing data a page-at-a-time , rathe r than line-by-line . 

• 	 Forward and backward scrolling in the FULL SCREEN 
mode. 

• 	 Displays the resu lts of every ed it comman d. 
• 	 Commands inc lude forward or backward Locate and 

Change , Inse rt. Delete , Re place, lnline, Input, Print, 
List, Window , Get, Put, Macro, Tabset, Append , Case, 
Scale , and Dump. 

• 	 Simple line-oriented commands with chara cter string 
man ipulation capabilities . 

• 	 Te xt may be located by string va lue, by line number, 
or by relative line number . 

• 	 Globa l string search and replace ca pabilities. 
• 	 Commands for moving, copying, and merging edit fi les 

on the same or different diskettes. 
• 	 Se lf-expla natory diagnostic messages . 
• 	 Single keystrokes for the most commonly used com · 

ands . 
• 	 Safeguards to prevent catastroph ic user errors that 

resu lt in loss of the edit fi le . 
• 	 Designed for today's high speed CRT's, video mon itors , 

and te letypewrite r term inals . 
• 	 Thorough ly fie ld tested and documented with a User's 

Manua l of over 60 pages . 
• 	 Compat ible with existing CP / M ed it files an d der iva 

tive ope rating systems. 
And remember - in today's interactive programming environment - the 
programmer's most important software development tool is the text editor. 
Our ED-80 Text Editor is working in industry, government, univer
sities, and in personal computing to significantly cul program develop
ment time and high labor costs. Why not let ED-80 begin solving your 
text editing problems today? 
,	 - - - ;.,;-;,,- sO°rf;A; ;~;M-;N-;-&-:;AIN~~z - -· 
l P. O. Box 4511, Huntsville, AL 35802 z 

ED-80 is protected by copyrlthl •nd lurnlahed under a paid-up licen1oe
I tor u1oe on a sl111le computer 1y1tem. 

I D Please send additional information. I 
I D Send Oiskel1B, User's Manual, and pald ·UP license agrHmen! . .. . . . . . .. $99.00 I 
I Specify SINGLE DENSITY Diskel1B size ........... .. ....... D 5" 0 B" I 
l O SendUser's Manual(cred itld on purchaseolapaid·UP lir:ense) ... .. .. .. $10.00 I 

O Check or money order enclosed tor . . . . . . .. .. .. .. . . .. .. .. . .. S---
1O Please charge to my credit card .. ........ .... 0 VISA O Mas19r Charge I 
I Cu d No. Bank No. Exp.Oel9 I 
I NAME 	 I 
I ADDRESS 	 I 
I CITY STATE ZIP I 
~1~~u~___ _ _ _________ __ _ _ ..::~ 

SOFTWARE DEVELOPMENT & TRAINING, INC. 

Post Office Box 4511 -- Huntsville, Alabama 35802 


Dealer lnnuiries Welcomed 

® CP/ M is a trademark ol Digita l Research 
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TRS-80 Microcomputer 
Technical Reference 
Handbook 

Published by Tandy 
Corporation 1979 
8. 5 by 11 inches , 108 pages 
Radio Simek catalog number 
26-2103 
$9.95 

Since the introduction of 
the Radio Shack TRS-80, 
many hardware-minded 
hobbyists have wondered 
what makes the TRS-80 
tick. Until recently most of 
the detai ls have been miss
ing, and the little that was 
known was uncovered here 
and there by various users. 
But now Radio Shack has 
enlightened us all with the 
publication of Th e TRS-80 
Microcomputer Technical 
Reference Handbook. The 
major contents are: 

System Block Diagram 
Description 

The Memory Map 
Theory of O peration 
Adjustments and 

Troubleshooting 
The Outside World 
Parts List 
Schematics 

The preface explains that 
the book is not intended to 
give an education in digital 
logic, but to teach the hard
ware enthusiast the specifics 
of the TRS-80. If you don't 
know a NOR from a 
NANO, this manual will not 
make much sense . The 
preface also warns that, 
should the owner decide to 
open the unit , the warranty 
is immediately void . 

The block diagram ap
pears on a double fold -out 
page. The d iagram section 
also contains brief descrip 
tions of the various parts of 
the system. There is 1 small 
error on the block diagram. 
It does not show the lower
half of the address bus going 
to the cassette 1/0 (in 
put / output) port which 
must be addressed to 
operate. 

A memory map for any 
computer system reveals lots 
of information . The memory 
map in this book shows 
hexadecimal addresses 0000 
thru FFFF, and indicates 
where the read-only 

memory, programmable 
memory, keyboard, and 
video display fa ll within the 
addressable space of the 280 
processor. 

The memory map shown 
is for a Level I machine; 
it is necessary to 
figure out what the address 
usage would be for a Level 
II machine . 

The real substance of the 
book is the 'Theory of 
Operation" section. Each 
separate section of the 
TRS-80 is explained in 
detail. This section of the 
book is the largest, and the 
video-display logic subsec
tion is the largest within 
theory of operation. 

The TRS-80 uses some 
unusual design techniques 
and a few uncommon parts. 
An example of this is the 
memory-mapped keyboard. 
The theory behind these 
design techniques and 
unusual parts is explained 
clearly , so that a person 
who has never seen these 
thfags can readily under
stand them . 

Throughout the theory of 
operation section, many 
explanations are of the type: 
"gate X goes low causing 
gate Y to go high". T his 
causes the reader to refer 
constantly to the schematics 
at the back of the book, 
necessitating a lot of irri 
tating page turning which 
could have been avoided if 
that portion of the 
schematic had been 
reproduced on the page with 
the description . 

Scattered throughout this 
section are many timing 
diagrams which , when used 
with the schematics, make 
the ci rcuit descriptions easier 
to understand. 

The "Adjustments and 
Troubleshooting" section is 
also filled with infor
mation . Included are power 
supply checks and adjust
ments; section isolation 
using a flowchart; processor 
problem isolation using a 
flowchart ; and 
troubleshooting for the 
keyboard, video-display 
logic, cassette interface, and 
power supply . These 
troubleshooting sections 
contain hints, and suggest 
possible bad parts causing 

Circ le 190 on Inqu iry card._ 



© 1979 Ithaca ln tersystems Incorporated 



various problems. The 
subsection on video ailments 
contains a handy table that 
shows the frequency of the 
signals to be found at 17 dif
ferent logic gates in the 
video divider chain. There is 
also a small program and 
instructions for adjusting the 
horizontal and vertical 
centering. The power supply 
subsection has a table that 
shows the voltages on all the 
pins of the 2 723C voltage 
regulators. 

Perhaps the most inter
esting section in the book is 
the one entitled 'The Out
side World". Here the hard
ware enthusiast can learn 
how to hook up an 
automatic back scratcher or 
cigarette lighter to the 
TRS-80. Two techniques of 
external circuit interfacing 
are presented: memory
mapped addressing and I/O 
port addressing. The authors 
were kind enough to include 
schematics for a coffeepot 
control using both techni
ques . While these particular 
examples may not interest 
everyone, they do serve to 
illustrate how easy it is to 
make your computer do 
things other than run pro
grams. Also included is a 
BASIC program to turn on 
the coffeepot. 

The last part of this sec
tion has a chart showing the 
signals present on each pin 
of the expansion connector 
and an explanation of the 

function of each pin. Armed 
with the information in this 
section, the hardware 
designer shou ld be able to 
interface just about anything 
to the TRS-80. 

The "Parts List" section is 
just that! It contains many 
individual lists headed by 
the part type, such as 
resistors, capacitors, inte
grated circuits, etc. A part 
number is also given for 
each part. However, there is 
no correlation between these 
part numbers and Radio 
Shack catalog part numbers. 
For example, the technical 
manual number for a 
74LS74 flip-flop is 3102015, 
while the Radio Shack 
catalog number is 276-1919. 
Fortunately, with integrated 
circuits, a part number is 
not really needed as long as 
the part is marked with its 
standard 7400 series 
number. As for most of the 
other parts, it is possible to 
substitute for the part just 
by reading the part descrip 
tion . 

The "Schematics" section 
contains information on dif
ferences in the read-only 
memory parts of Level I 
machines, as well as 3 
figures showing schematic 
diagrams. One diagram 
displays the logic on the 
small printed circuit that 
contains the read-only 
memory devices in Level Il 
equipped TRS-80s. This 
board is attached by 

adhesive tape to the main 
printed circuit board. A rib
bon cable extends from it to 
the socket intended for the 
Level I read-only memory. 

The other 2 figures show 
different sections of the logic 
contained on the main 
printed circuit board and the 
keyboard printed circuit 
board. These figures appear 
on long, fold-out pages. The 
first page contains the ZBO 
processor, 3-state buffers, 
memory, address decoding, 
and keyboard. The second 
page shows the electronic 
logic for the system clock, 
video display, cassette 1/0 , 
and power supply. Spare 
gates are shown on both 
sheets. The schematics are 
well drawn, clear, and easy 
to read. They become rather 
awkward, however, when 
stretched out on a 
workbench that is probably 
already inhabited by the 
opened TRS-80 and the 
associated test equipment. I 
would have preferred the 
schematics split into at least 
4 pages. 

The book is written in a 
clear, easygoing style. 
[However, the authors often 
use engineering jargon where 
it would have been simpler 
to use plain English . . . 
RSS I The authors are not 
identified. Scattered here 
and there in the manual are 
many valuable trouble
shooting tips of a general 
nature. (An example is the 

paragraph on checking open 
collector outputs.) All of the 
figures in the book are large 
and easy to read. Except for 
the previously mentioned 
criticism of the main 
schematic, I consider this a 
plus. 

Conspicuous in its absence 
is a discussion of the video 
monitor. No schematic is 
given, nor is its operation 
discussed. I consider this to 
be the only major fault with 
the manual, one that surely 
will be corrected with the 
next revision . Also absent is 
a schematic of the power 
supply. 

As mentioned earlier, the 
intent of this book is not to 
give an education in digital 
logic. It does not even 
attempt to impart 
knowledge about the inner 
workings of the ZBO pro
cessor . That is beyond the 
scope of the manual. Nor 
does it explain what is con
tained in read-only 
memory. Software is men
tioned only in passing. What 
the book does teach is how 
all the various devices work 
together to form the 
TRS-80. Despite its faults, I 
consider this manual a 
valuable addition to the 
library of any hardware
oriented TRS-80 owner.• 

Ken Fordham 
7612 La Mesita Ct 
Tampa FL 33615 

FOR SBDD USERS 

A VIEW OF THE CLASSICS 


The first Micro Works PSB-OB PROM Board was assembled and burned in over two years ago-eons in the micro world. Designed 
as an efficient, cost-effective EPROM storage system for the SWTPC 6800, its flexibility accomodates all the new S-50 computers
on the market-SWTPC 6B09, GIMIX, MSI and Smoke Signal Broadcasting. The 2708 EPROM remains an inexpensive capable 
media for storage of subroutines, 110 handlers, monitors and even BASIC Interpreters while the cost and availability of 2l16s still 
don 't justify their purchase. PSB-08 has space for up to B 270B EPROMS and the following exclusive features: 

• 1 K "scratch pad" RAM-more than enough temporary storage capacity for any program requiring up to BK of PROM 
• 	 Dip-switch addressable PROM and RAM, to start on any BK boundary in memory 
• 	110 select capability lets you move the 110 locations to any unused 1K block in EPROM memory space permitting memory 

expansion to a full 56K contiguous user RAM ' 
Originally Intended for use with 6800-based system software, the PSB-08 will continue to be a valuable tool for years to come with 
your 6809. And the relocatable 1/0 feature lets you keep your 6800 system up-to-date. 

THE~D@ [RM§) The past two years have seen many microcomputer products come and go. In our history, there have 
O 0 been no takers on the PSB-08's warranty. Like the classics, our PROM board endures. Price: $119.95;

regulated + 12v.: $124.95 

W@~ P.O. BOX 1110, DEL MAR, CA 82014 714-756-2687 
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lif::f:(~ ~.:e Tl 
PROUDLY ANNOUNCES THE REVOLUTIONARY 

9914 PERSONAL/EDUCATIONAL COMPUTER! 

t..ORNS 
RESJ:DENC£ 
CAR 
SRVIllGS 

13 INCH COLOR VIDEO MONITOR 

SOLID STATE SOFTWARE 
COMMAND MODULE 

There's a computer tn your fulure. 
And the futu re i."l now. 
\\\ .'y1• t•nh~n·•I :1 n1•Y.' :111. I .•:ic1·1uni: \',.II. - 1.-h•· 11i:1• 11 f 1 hi· 
hurn1..• t•um11 t1tt.•r. :'ll uyl11• )llU'l't• uln.•iul)' •1u 1h• k1111"' l -
1•1l~1·:1l1l1• :1l1111Jl 1·11r111·m h •1"11 r11 11 l ;1n• l1111~1n~ r11,-1ht• 
11111!1 pn11:"1"Ilm1mni.:: li l1W 1•r 11:1• ! \'l'rlil:• t tlJt~· fn1 ~ nur 
mmw;·. :'ili1ylw y11u·,-.- JU:'l n·>1•I ali1111: 11, uml "·11111 t11 
h·nl'n mt.1r1'. t-:1t1wr wns. ~·"u lll.' t•d lo l1H1k dn~\·ly a\ 
T1•)m~ I r1,.tru1111·1u• Tl ·fl!ll l lf1inw t'11rn1•ul1·r. 

Th1•Tl·!•!.IN \l.'IL"d1•M1.m1•1I H• IM• tlw fir~l ln1t•h11nt1· 
t·11r.-111ult·r  :ii;k11l.. d •·u111111111•,-111lt•r'1< ;uul lll'l!i11111·n
n1Uw w1ll lw nhlo• lu pul U W 1•1fi·rth·,. u..;t• ni.:-ht ll\~' :I)' 

Ifyou k nnw computers. you'll quick ly ~e the;,• 
difference in lhc1'1 -9!"1/ l. 

T1•1(":' lnslrumt•llbi huit 1!1k1·11 t h uM· rl'lllllJ"t'i' 

yu tf\•1• lit•••fl W;1111111,:  11lu:ii ~urn1· ~·, 111 m,1> llHl IHl\'P 
hl'11nl r1h1tu l ~·1•\ - :uul m1·l111h•1 I Llwm iu 0111• 1111 'J"4•1l ilil1•. 
1tlfu t•1 l1tblC" 1·um 1mt1·1· :ii.~·:ch• hl . T hi• TJ .~l ll j ..J j!l\' t·~Yt •\I 
lUI l11Hlllllf'ht•1J r11mlHm1li1111 nr (t •nlun•ro: nml t' ;~ J HI · 
li1 hlL1•ri:. rnrlu•l1n~ : 
• l•mu •rfol Tl· B ,\.SH ". Amlt-m 1:1-d1.:01t, lloatrna: 

puml HASll". Full~· rom1mt1l1I,• t.l"ll t: A ~SI ).l mrnml 
IJASU ', hut wlth fl. llt•1·ml foatur1·... u111l 1•xt1·n itiun.:
rnr 1•ul11r. ~UU lld Hntl 1-:"nlllhin:. 

• l'ph1 itl\ l<1t al mt• mt1r~ r::tp:it ril~ - Jlit\ HAM t R:10
doni Arn·~JI :'ll enimy), :!fU( llO:"o.11 Ht••1l fl n lr :'ilt•mur;i.-1 
rlu!I up to 3M{ R0~11n Tl':' Sulid Stnh• ~oflwitn· 
("umm;uHI )1 mlultJ~ . 

• :.!lilt: IUl;\I - ')pt."l'"l•t1nl! 1' ~·AH·m , R.o\Sl(. ', llo11t111t: 
point. ,.uu ml :uul 1•11l11r 1traphwii; 1"111 r1war1· nn•1-on
rninl!'d 111 ROM. 

• 16-<-olor ir:raphlr!Olf'lllntbi lil' -1-:a!'E:•·to·UC'l'l'!>!I. hi.ch· 
re"Hlutioo J,1ra11l11rJ1 lrn ,•e t:pt•t·111I ft..uturl' t' tfrnt h•I 
yuu 1h•llm• rour 01.1.•n 1•horm.• teni. c.·rl'.i:th" an1nm tc.·1l 
rllfl.p ln;,•111, d111,-u,g-r1.111h..... and morl'. 

• ~tu>1if' 101d l'1ot.1nd t•IT'f'C'l~ - f'rn\ ul1•11 out11; t nnrhnir 
au 11111 C" nptt b1l 1l ~'. Bu 11tl t h rt•P-noh• t'hnrd~ un1l 1.ul ju~1 
frt"fJU1.•n1.•)•, durution and Yolunw 11uit·k ly and f'l mplr. 
\'41u run Uullcl nn\c.':K y.·lth 11: hnr1. :11trmJ,!htrorw11rd 
comnmnds 1-ive o<:·t11Yufrom 110 lh.CHerUI 
Lil li1.•)'0rul 40,000 lh.. 

• llull t ~in rQu11tinn u lf'Ui11tnr  Uni11u1· ron\·c.'nll'nc•t• 
r..11tur,• lh•ll)' )' OU flnd l!Uick SUJUtiOnll IU l' Yt•r,:d:~)' 
mMh prohh•m:1, .tt:I Wt."0 .u ('on1ple11 At"I Pntifit ca!c u · 
l1tlioni;. Dirt't'tl)' :i. rf~ir;sible fro m lhl' kl•)'bourd . 

Superior color, music, sound and 
graphics-and Tl's powerful 
extended BASIC-all built in. Plus 
a unique, revolutionary Solid State 
Speech Synthesizer and Texas 
Instrument's special Solid State 
Command Module Software. 

99/4 COMPUTER 

OPTIONAL SOLID 
STATE SPEECH 
SYNTHESIZER 
S1 49.95 

Texas 
lfynu'n• newturnmp~:.:h~T:::OLE UNl~To Instruments 
i; for you. 'LJ/ Tl-9904 \ uu •' llfl h• 0 1?ln u~ml{t l w Tl limn·· ( "•m11 tult•r htrrally 
111111u h·~ :1fl 1• t>p •u u11 11:11k11 . \\ 1th111H Ull\' Pfl' VtnUI 

111m11u11·r~·'(1~ · 111•111 t• ' '" 111 u~r11n1m1 1 1 .: knuw l1 ·1ii:t•. 
\"11u r-llll Jl l) l'll:q 1111 u111• .,rT l ',i Sulit! S1:1t1• Suf1,WJll't..•'" 

l'u111111:m;I ;\l u• lu h•,.c ;11111 tuurh ot (,•w lrr;1T1'· ~\t•p·hy· 
!'h·p tnlll tn11· t1u11~ 11n· 1fo•vh1) l'•l n.:ht ' '" '"''' Jl.t"t't'l•n. 
S11ynu111 JlL"'t alu11tt un~·11 h· 111,.uu1 f;nml.r1·iu1 u it t• 
1h1·TI :•:•1.1. 

1'wo p iunel'rin)! ll>c hno loJ!icu l dt•\'t:lopmenb: 
in pnrti1·11lnr '°' lhe Tl-!1~/l npart fron> theresL 

S 11l id SI n i t• Sp1•c•t'h ' ..  Th1!t ••1•ti11tuil ,.; l't'l'1· h jl)." ntht... 
.. ir.1•r 1•n:cbl1·:c I h,· Tl ·~'!' / 4 t•1 l1t•·ro.ll~· i<Jll>Olk- tu rrovide 
\'t•rh1.1l 11rnmpll'I' ;rnd 1iJl1o;·rnl m1• J1;.oe.11~1.·~ tu thr u se ,-, 
Ac· tuull~ 11 •pru1luc·1•!t thr humuu \'11w1• 1•lt•1 tronic11lly. 
1lumJrt•1h•o( " '1 1rtll'li :in• U\"111!1tltl1•.nml pl UJ,!' ·m word 
nuodul c• . " 'Ill mltl hun1lr1•cls nuirt•. Tl':i; t"xt' l11 :1 h ·i:• 
t 1•du111ln~)' lt•? :l '.\'11\11:aU up tlw wunlJi; '°"mt w tit 
Ii>·s 1m11lrtrinns: lht•ni rn . Outl'lland in~ vniu• rlnril)• 
;iml fidl•litr. S.11111 !"it;•I,· ~Pc.'"'''· h 11' a 1n·m·t·n :t•c.· hnolon 
nln•mlr on 1h1.• mnrk1•1 111 Tl"21 u11111u1• S1wak &t Spell"' 
4· li·Ptr11mr h.·~1· 111 1 1~ 11\ll for1·h1Mr1·11 . 
~olid ~11111• Si1n" an• 1" Cumnmnd '.\l uduh•Ji  Av 11ll11 ble 
11111 will.: t:Ullo:t' n(ap11 llri1 l1u111u•1•:1.s, Lhl•1wapll11111al 
HO ).I mmlult•ic. a\·t1.111ll'.'" add .-1,1•li..-ntiun 11rngn1ni 
nnonu1ry ''' )uur 1' 1-!IH/4. Th1• y l1•I ~11u Ull~ lh1•TI 
l-t u11w< 0 11mJ10kr uun11•11iu 1,•I'.''• \lhh rn• r1ro~'Tummrnf,:. 
~t.• 1,1•Ul'I JU111tr11m11wrl'li "Ill up11rt.'l."1at'• tlll' t 1mt.· and 
1·1Turt ~ 1tt.r1I h~· tlwl'l c pn•·11rn1:romml"•I mo1lulto111. Plulli, 
tht•)"ll lt•l Y• •U in t fo1IU l'1• ruur funuly to t lll;'t"om rutt>r 
111 t h1•1:H!>lt•:i1l 11u:o;>1ht1• wnr. S.1liil ~ ltth• !-\o(twnn• ""'a• 
pi11nt't•n• 1I hr Tl for U l'il' with lt :11 11uwt.•r(ul 1irol!rnm 
ttmUh• ru l, ulnturs. 

,\ world ori:enuine. prarlical applications 
exist fortheT I Home Computer right now. 
Jn nddillo111ulht• man r pt."nonnl ti nnnC'e, h ome 
mnn11J:wnrnl. 1onluutlonol and ... ntc.•rla inrn f! nl uae11 
ror the Tl -~U/..J , thL• rt- 11re abu a va n e l )' of homt
bu l'!inc.·~ nnd prnfonional oppllt1tlions. The Tl ·99/4 
i11 a powedul problcm-sol\·inK tool- an idea l sc>l ution 
wh..-re la rg('r, murL• eX J>t!n!lh'~ C"omput~rs wou ld be 
lm1•ract1rt1 I. 

Home Computer 
ACCESSORIES TO BE AVAILABLE: 

• 32 Character Printer 
• RS232 Peripheral Adaptor 
• DISK STORAGE/ MEMORY 
• MANY COMMAND MODULES 

CALL OR WRITE FOR FULL PRODUCT 
INFORMATION AND LITERATURE 

99/4 Computer ........ s11so
(inc1udes Console, Video Monitor, and Demo Module} 

SPEECH MODULE .. ...... s149_95 
(263 Words, available OCT/NOV) 

COMMAND MODULES .. . s20 to 160 

9914 DEALER INQUIRIES INVITED-CONTACT NEECO FOR INFORMATION 

NEECO IS PLEASED TO ANNOUNCE THAT WE HAVE BEEN SELECTED AS ONE OF THE Tl 99/4 COMPUTER 
DISTRIBUTORS FOR THE NEW TEXAS INSTRUMENTS 99/4 HOME COMPUTER. OUR GOAL IS TO MAKE THE Tl 
99/4 COMPUTER, IN ADDITION TO OUR MANY OTHER PRODUCTS, AVAILABLE TO INDEPENDENT COMPUTER 
STORES NATIONWIDE. 99/4 PRODUCT AVAILABILITY IS SEPTEMBER/OCT BUT IS ALWAYS SUBJECT TO TEXAS 
INSTRUMENT'S 99/4 PRODUCT ALLOCATION. 

, ,.,=t::(~ ~ NEW ENGLAND ELECTRONICS CO., INC.~:: : • : 679 HIGH~%o_',"~ ::,E~;~~E~~ss 0219< 
(617) 449·1760 

MASTERCHARGE OR VISA ACCEPTED 
TELEX NUMBER 951021. NEECO 
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Handy Pulser 


Figure 1: Schematic for the Handy Pulser. 
Switches SW4 and SW5 allow selection of 
positive or negative going pu lses. Switch 
SW2 is a momentary contact switch 
w/1ich allows single pulsing. All resistors 
are .25 Wand all resistances are measured 
in ohms. All capacitor values are given in 
micro farads. 
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PRICE: $129.00 
We also carry the SYM·1 

VAK·1 MOTHER BOARD 
• Designed specifically for use with the AIM·65, SYM-1 , and KIM·1 microcomputers 
• Standard KIM·4· Bus 
• Fully buffered Address and Data Bus 
• Provides 8 expansion board slots 
• Complete with rigid card-cage 
• All 1c·s are socketed 
• Provides separate jacks for one audio-cassette, TTY, and Power 
• Completely assembled (excep t for card-cage) 

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 (lnternalional send $3.00 
U.S.) for airma il delivery of ou r complete catalog. 

-\~ct~M~ T;h;og~ p R ISES 
--JE.Y I N C 0 R P 0 R A T E 0 

Microcomputer with manuals $269.00 2967 W. Fairmount Avenue• Phoenix, AZ 85017 • (602) 265-7564 
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Most of us at one time or another 
have had the need for a TTL 
(transistor-transistor logic) pulser 
source for troubleshooting or circuit 
design. Since most of us are not af
fluent enough to afford sophisticated 
test equipment we will usually kludge 
a TTL oscillator or pulser when the 
need arises. However, the nex t time 
we need our handy little circuit we 
end up searching our goody box only 
to find that we have used the parts in 
another piece of equipment. 

What I have tried to put together is 
an inexpensive oscillator that 
hopefully will stay in 1 piece and be 
ready when needed. In an effort to 
keep it simple and inexpensive I have 
left out some of the niceties that are 
found in your more expensive com
mercial test gear: variable pulse level, 
variable offset, rise and fall time con
trol, double pulses, etc. 

Design 
Three integrated circujts form the 

basis of the oscillator : a 555 timer 
connected as an oscillator, a retrig
gerable oneshot and a hex driver. 
Potentiometers Rl and R2 in conjunc
tion with the capacitor selected by 
switch SWl determine the operating 
frequency of the 555. I used poten
tiometers for both resistances so that I 
could have control of the duty cycle . 
The equation for the operating fre
quency is given by: 

f = 1.44 

(Rl +2(R2))C 


The output of the 555 is connected to 
a 74122 retriggerable oneshot. The 
use of the oneshot allows independent 
control of frequency with the 555 and 
independent control of pulse width 
with the 74122. The combination of 
the 2 integrated circuits lets you trig
ger your oscilloscope from one edge 
and the other edge triggers the 74122 . 
The 7407 was included for drive 
capability. SW3 allows for single 
pulse operation and SW4 and SW5 
provide positive and negative sync 
and pulse outputs respectively. 

Construction 
The 3 integrated circuits were 

mounted on Micro Vectorbord using 
wire wrap sockets . The pull up 
resistors were mounted on the same 

board with wire wrap pins. The re
maining components were mounted 
on the front panel. I decided not to in
clude a power supply in this design 
because the pulser is always being 
used with a breadboard which has its 
own supply or it is being used on my 
processor. By using the supply of 
whatever I am working on I don't 
have to run extra ground leads. 

Varia tions 
If you anticipate doing a lot of 

work where you must be synchro
nized to an external signal, then SW6 
could be replaced with a single-pole 
triple throw switch with the third 
position being the output of a 7413 
Schmitt trigger. The input of the 
Schmitt trigger would be your exter
nal signal. 

Utilization 
There are 2 things to be careful 

about in the use of the Handy Pulser. 
One, there are certain combinations 
of operating frequency and pulse 
width that will give you a constant 1 
or 0 output; two, make sure the delay 
between your oscilloscope sync and 
pulse output keeps you on the screen . 
Otherwise, you can be delayed right 
off the screen. 

Specifications 
With the values shown in figure 1 

the unit's specifications are: 

• 	 Pulse repetition frequency .05 Hz 
thru 400 kHz 

• 	 Pulse delay 2 µs thru 3 seconds 
• 	 Pulse width 2 µs thru 5 seconds 

Final Comments 
As I mentioned before, I decided 

not to include a power supply in this 
design but rather use the supply of 
whatever I am working on. One pro
blem that arises is that most manufac
turers do not provide convenient 
places to pick up the +5 V and 
ground. Rather than install separate 
connectors on each card, I installed a 
5 V regulator with convenient con 
nectors on the mainframe of my com
puter. This has proven to be a great 
asset. If nothing else, it is a handy 
place to find ground since the frame is 
not ground. I used an LM-309 
regulator with pin jacks and ter
minals.• 

Circle 70 on Inquiry card. 

DESKS

AND


STUFF 


Computer terminals, business systems, 
lab components . . . they al/ need desks 
and enclosures. That's what we're all 
about. Computer Furniture and Acces
sories offers a standard line of furniture 
suitable for a wide variety of applica
tions. Handsome, rugged, economical 
furniture in all shapes, sizes and colors. 
Basic models shipped from stock in 
days, not months. And we're nice people 
to deal with. What more could you 
ask for? 

crA 

Computer Furniture and 


Accessories, Inc. 

1441 West 132nd Street 


Gardena, CA 90249 

(213) 327·7710 


September 1979 © BYTE Publications lnc 161 



TRS· • I I I UT I 

BUSINESS ,~~~5TSo:Sm7rtTur':n.1~·1 Batter Up by David Bohlke. Level II , 16K SS.95 

Appointment log by M. Kelleher. Perfect for the 
professional. Accepts name and address, meeting 
start and endings, subject matter, derives elapsed 
time. For Level II, 16K $9.95 

Payroll by Stephen Hebbler. Comprehensive 24 pg. 
manual with step-by-step Instructions Included in the 
package. Prints W2 and 941 Information. Disk 
$59.95. 

Mail List I by Michael Kelleher Is the economy model 
of disk-based malling llst programs. Uses a single 
drive and handles up to 1400 names per disk, plus 
prov isions for sorting options. 16K, D $19.95. 

-...._..~~.._..~e7s~.,._.,~, 

The Business Software People® I 
Just about everything you need •.• within 1 
year, participants receive programming tor I 


i Inventory, Accounts Racelvable, Acc:ounts 

I Payable and General Ledger systems, plus 


Sales and Payroll. Complete documentation 
I and software on dlskelle, $200.00 


I I 

~~~.,,,_..~~.._...._~~L 

Mall List II by BUS-80. Complete mail list system for 
dual disk. Enter, update, merge, sort , and print 
mailing labels. D, 32K $99.95 

Small Business Bookkeeping by Roger W . Robitaille, 
Is based on the Dome Bookkeeping Journal, sold for 
years In stationery and discount outlets. Level II, 4K 
with ($22.00) or without ($15.00) Dome journal. 

Small Business Bookkeeping For Disk by Miller 

Microcomputer Services and Roger W . Robitaille, Sr. 

Extended version. 32K Disk. With journ<:1I $31 .95; 

without journal $24.95. 


Inventory s by Roger W. Robitaille, Sr. 240 stock 

items can be contained using the full 6 data areas and 

2 pieces of alpha information. Level II , 16K $25.00 


Inventory 11.2 Disk based program allows for 

creation, maintenance and review of over 2,000 items 

per clean diskette. Operates under Disk BASIC, DOS 

2.1 with minimum memory allocation. D, $59.95 

Elactrlc Panell by Michael Shrayer. A word 
processing system. Insertions, additions, deletions 
and correct ions made more easlly than with an 
editor's pencil . Perfect text printouts. Level II , 16K, 
$100.00. 32K Disk, $150.00 

Accounts Receivable II by S. Hebbler. Does your 
billing, provides running balance, tracks overdue 
accounts, custom message printing option, much 
MORE. Requires 32K 2-dlsk system $79.95 

General Ledger I by M. Kelleher. Establishes, 
defines, deletes and sorts up to 400 accounts. Up to 
200 entries per session. For small-to-medium 
businesses not requiring double entry books. A com
prehensive, flexible accounting system. Requ ires 
32K disk. $79.95. 
Inventory System 2.3 by M . Kelleher. One of small 

business management's most difficult problems 

brought under control. Keep current on price 

Increases, shrinkage, low stock, profit margins. 

Program can handle up to 1,000 Items per data 

diskette. Improved version, lower price. With 

documentation $99.95, 32K 2-dlsk. 


Text-80 by Frank Rowlett. Fully-documented text 

processing system for disk. Create, edit, move, 

delete, Insert , change, print words or lines. D, 32K 

$59.95 


8080·Z80 Conversion by M. Kelleher. Permits you to 

enter 8080 codings and returns the Z80 equivalent. L 

II , 16K $15.00 

Basic Statistics by Steve Reisser. Pearson product

movement correlation coefficient , chi-square, Fisher 

T-test , sample analysis of variance, Z-scores and 

standard scores, with a random number generator 

built In to simulate data. L II , 16K $20.00 
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Lance Mlcklus I Tums your TRS-80 Into a computer terminal. i 
Features Include CONTROL key, REPEAT .,I• key, ESC key, RUN key and a functioning

i BREAK key. Lets you list Incoming data on i 
! line printer. Reprogram RS-232-C switches ,I from keyboard, making baud rate changes . simple. Level It, 16K $49.95 I 

ST80D 
i Lance Mlcklus iI

t 
! Contains extensions for disk drive systems to • 

exchange Illes with a timesharing computer I 
or another TnS-80. Can be customized fyi redefining translatlon tables . Can transmit I 

I 
• any type of TRS-80 ASCII file, also binary II files. A practical , full-feature terminal 

program of prolesslonal quality. For 32K disk i 
systems $79.95. , 

l~l.-.r~~..-..~,,_.,~~·~~..-.-•. 

WANTED 

USED TRS-80 EQU IPMENT! 


We buy and sell used equipment 

Sample Prices: 

UNIT BUY SELL 
4K Level I 275 350 
16K Level II 500 650 
.dK Interface 175 225 
#1160 Disk Drive 300 399 

CALL OR WRITE FOR DETAILS! 

NEW! ALL TRS-80EOUIPMENT, 10% OFF! 
Factory sealed, with a Radio Shack sales slip 
and warranty! 16K Level II • $764.00, 16K 
Interface - $403.00 (plus shipping). 

Call Or Write For A Complete Price List. 

" NOW AN AUTHORIZED EXIDY DEALER" 
Step up to the amazing Exldy Sorcerer. 
Features high-resolution graphics, 64 x 30 
character video , monitor and fast floating-
point BASIC in ROM, user-definable charac
ter set , and the best keyboard of any micro. 
Sorcerer power can be yours for $995 (8K 
RAM], $1145 [16K], and 5150 per 16K 
additional. A wide range of system and 
application software is also available. 

NEWDOS 

Apparat 


DISK ERROR SOLVEDI Stop blaming your 
drive, fix your DOS with NEWDOS: an 
enhanced disk-operating system capable of 
correcting over 70 errors In TRSDOS 2.1 to 
Improve rellablllty, and key bounce, enable 
DOS commands to be called from BASIC and 
much more! Available NOW for 16K systems 
with a minimum of 1 disk drive. $49.95 

NEWDOS+ 

Includes all the features of the original 
NEWDOS and adds 7 new ulllltles, Including 
SUPERZAP, Disk Editor/Assembler, Dis
assembler, and Level I BASIC for Disk. 

$99.95 

ACTION GAMES 

Slalom by Denslo Hamlin. Choose between Slalom, 
Giant Slalom and Downhill. Level II . 16K $7.95 
Air Raid by Small System Software. High speed 
machine language program with large and small 
aircraft fly ing al different altitudes. Ground-based 
missile launcher aimed and fired from keyboard. 
Planes explode when hit, cause damage to nearby 
aircraft. Score tallied for hits or misses. Level I or II , 
4K $14.95. 
All Star Baseball by David Bohlke, Level II, 16K 
$7.95 

X-Wlng Fighter II by Chris Freund. Piioting an 
X-wlng fighter, you 're out to destroy the Death Star l 
A new, improved version of an exciting space 
favorite. Level 11, 16K. $9.95 
Ten Pin by Frank Rowlette. A game of coord ination, 
the scoring Is true to the rules of the sport. Level II, 
16K $7.95 
Talpan by Art Canfll . Sail the China seas, dodging 
pirates and cutthroats, to make your fortune trad ing 
In arms and opium. Level II, 16K. $9.95. 
Balloon Race by Dean Powell. High above the 
Atlantic, your balloon must be cleverly maneuvered 
with the prevailing winds to reach Paris. Level II, 
16K, $9.95. 

1~~.1. a_1 .._..~~1.-,,,._..,._.,~.-,0_.. 

I iADVENTURES 
Scott Adams J 

I Feel as If you 're manipulating HAL from 2001 Ij when you play these machine language 

I games. Hardly any rules, finding out Is parl i 
of the fun . Two adventures on 32K disk, 

• $24.95. Tape - choose from Land Advent~re, I
• Pirate's Cove, Mission Impossible, The

i Count, and Voodoo Castle - $14.95 each . 

1 DOG STAR ADVENTURE -',

Lance Mlcklus


1I You 're trapped aboard an enemy batllestar I ... can you find Iha gold, rescue the princess, J
t discover the plans and safely escape? Level 
i II , 16K $9.95. ii 
~~,.._...~~~~~ 

Journey To The Center Of The Earth by Greg 
Hassett. Excellent Introduction lo the excitement ol 
ADVENTURE. Written In BASIC for ease of 
understanding, yet fast and fun!!. Level II . 16K tape 
$7 .95. 

Amezln ' Mazes by Robert Wallace. Ever -changing 
maze situat ion. Level II, 16K $7.95 
Kamikaze by Russell Starkey. Command your ship 
against attacking suicide planes. Machine language 
graphics make this fast and fun I L 11, 16K $7.95 

Space Battles by Level IV. Assume the role of 
Galactic mercenary, roaming the universe In search 
of enemy aliens and the bounty you reap lrom 
destroying their shipsl Danger, thrills, fast action -
and fi nancial headaches as well I Features three levels 
of play, fast , machine language graphlJ:s, real-time 
input, Level II , 16K Tape or 32K Disk. Tape· $14.95; 
Disk · $19.95. 

MISCELLANEOUS 

Diskettes Dysan 104/ 1 Box of five, $24.95 + $1.00 
shipping . Verbatim, box of ten, $34 .95 + $1 .00 
shipping/ handling. 
Z80 Instruction Handbook by Scelbl Publ. $4.95 
+ $1 .00 shipping/handling. 

The BASIC Handbook by Dr. David A. Lien $14 .95 + 
$1.00 shipping/handling. 

Percom Disk Drives. Single or dual, for TRS-80's. 
Reliable, high quallty , priced $100 lower than 
comparable units! Single drive - $399.00; Dual Drive 
$799.00; Cable (required) • $29.95. 

Floppy Armour™ Protective envelopes for shipping 
floppy disks, ot high-density, ultra-l ightweight 
polymer. 5-pack, $4.95 + $1 .00 shipping/handling 

~I--;;~~~s----1 
Ithaca Audio I 8 tested, guaranteed 16K RAM 's, amazing 

1i 
i low price • $99.95. r 
1-....-.."-"'-l~•..-...._....-.. ,~-~j...i 
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Electronics Assislanl by John Adamson. Profession
ally written. Will draw sample schematics and help 
you design active and passive low-, band-, and 
high-pass filters, coi ls, attenuator networks, and 
three types of impedance-matching networks. 
Extensive graphics, one key selection rout ine. Level 
II, 16K - $9.95. 

SIMULATIONS 

3-D Tic Tac Too by Scott Adams. Three ski ll levels 
author warns you to practice before tackl ing 
computer 's th ird skil l level . I or II , 16K $7.95 

Star Trek 111.3 by Lance M icklus. One of the most 
advanced Star Trek games ever wrillen. Level 11 , 16K 
$14.95. 

End Zone by Roger W. Robitaille, Sr. Authentic 
football simulat ion, righ t down to the 2-minute 
warning. Level I or II , 16K $7.95 

Cribbage by Roger W. Ro bi ta I I le, Sr. You versus the 
computer cribbage played by standard rules. Level I 
or II, 16K, $7.95. 

'Round tho Hom by Rev. George Blank. You ' re the 
captain of a clipper ship racing from New York to San 
Francisco. Level II, 16K $9.95 

Concentration by Lance Micklus. One of the most 
popular television games. Level I or II . 16K $7.95 

Safari by David Bohlke. You 're In the running for a 
film conlract at a major Hollywood studio. To qualify, 
you must photograph the most wild animals In their 
natural habitat. Level II, 16K $7.95. 

Pork Barrel by Rev. George Blank. Places you In the 
shoes of an aspiring Congressman. Level II , 16K 
$9.95 

•JE TRl·80 Soflwa1cz Exchanger 
·~ 1•605·675·5144 

17 BRIAR CLIFF DRIVE MIL FORD . NEW HAMPSHI RE 03055 

Backgammon by Scott Adams. Level II, l6K $7.95 

Chess Companion by M . Kelleher. Combines chess 
clock features with abi li ty to record your moves while 
action is fast and fu rious . Leve l II, 16K $7.95 

Sargon Chess by Dan & Kathe Spracklen. Winner of 
the 1978 San Jose Microcomputer Chess Tourna
ment. Level II , 16K $19.95 

Mastermind 11.2 by Lance Micklus. Lets you and the 
computer take turns making and breaking codes. 
Level II, 16K $7.95 

PERSONAL 

RPN Calculator by Russell Starkey. A self-document
ing calculator program. Uses Reverse Polish Notation 
with 4-level stack, 100 memories, scientific functions. 
Level II , 16K $9.95 

Home Financial Management by M. Kelleher. Turns 
your computer into a personal fl nanclal advisor. Level 
11 , 16K $9.95 

Tarot by Frank B. Row lett, Jr. Probably the best 
future-gazing type program ever written. Try it 
you ' ll like ltl Level I or II , 16K $9.95 

Ham Radio by M. Kelleher. Amateur Frequency Allo
cations, ID Timer, 0-signal File, Amateur Log 
Routine, Propagation Forecasting. L II, 16K $9.95. 
Special Disk-enhanced version, 32K $24.95 

Educator Assistant by Sieve Reisser . Five programs 
of value to educators. Compute percentage, 
individual student averages, class averages, standard 
test scores, final grades. L 11 , 16K $9.95 D, $14.95 
Typing Tutor by 80 US. A set of programs designed to 
teach you touch typing , Takes you from bas ics to 
high-speed dril l, with quizzes and grades. Progress at 
your own pace, and have fu n mastering an 
enormously useful sk il l. Level II, 16K - $19.95. 

Personal Finance by Lance Mickfus. 33 different 
budgets can be easily adapted by user to lit his 
Individual needs. A 2-part program, entry and 
search. Level II, 16K $9.95 

Advanced Personal Finance by Lance Micklus. Same 
as above with advanced analysis routine. Support.s 
Disk Files D, 32K $24.95. 

UTILITIES 

KVP Extender by Lance Mlcklus. Corrects keyboard 
bounce, upper case lock, permits use as a terminal , 
screen printing. On tape ($24.95) or disk ($29.95) 

Level Ill Basic by Microsoft. The most powerfu l 
BASIC you can buy for the TRS-80 - in SK of space, 
opens up fantast ic new dimenslons1 Disk program
ming power, graphics commands, editing commands , 
long error messages, hex and octal constants and 
conversions, user-defined functions, much more! You 
gel power that might otherwise cost you hundreds of 
dollars In additional equipment. It's like getting a 
whole new computer! $49.95. 

MMSFOATH by Miller M icrocomputer Serv ices . 
New version of the powerful, Jast FORTH language 
compiler for TRS-80. Disk version offers virtual 
memory, supports one to four disk drives, has both 
disk and tape Input/output capabilities. A stack
oriented structured language al an affordable price. 
MMSFORTH cassette version, Level II, 16K $39.95 
M MSFORTH disk vers ion, Level Ii , 16K $49.95 
MlcroFORTH primer $15.00 

TRS-80 Fortran. Includes the finest Z-80 development 
software availab le: Z-80 Macro Assembler, text 
editor, linking loader, plus ANSI Fortran IV on two 
minldiskettes - requ ires a 32K system with one disk 
driv'e. NEW REDUCED PRICE (from $275.00) . 
-$195.00. 

System Copy by Kalman Bergen . Makes backup 
copies of object ("system ") tapes. Features include 
copy, verify read, rename, verify write . No 
knowledge of machine language required . Level If , 
16K $9.95. 

·····································-······························································ ······ ···· 

MAGAZINE SECTION 

Soft Side ...... 

SoflSide is for pioneers ... those hardy souls 
who have adopted a TRS-80, Instal led II In their 
flv l ng room or office, and unleashed their 
imaginations. 

SoftSide helps you discover the endless 
variety of tasks your new friend wi ll do for you, 
as you build a unique partnership of human 
being and machine. 

We publish software for the partners. Every 
month we publish games, household applica
tion programs. Educational aids, business 
programs. We help you re lease your expecta
tions, fantasies, and dreams. 

SoflSlde means Software! 

DEALER 

INQUIRIES 


INVITED 

Software and/or Magazines 

For further details ca ll: 
603-673-5144 

Circ le 374 on Inquiry ca rd. 

PROG 80 

A bl-monthly magazine for the serious 

programmer who wants to know HOW his 
computer works and WHY. PROG/80 empha
sizes technique rather than canned programs. 
The subjects Include machine language, 
construction projects and specia lized applica
t ions software, not just for the advanced 
computer hobbyist, but for the compu terph lle 
who wants the most from his machine. 

r~~~A~= ~"::,~~;

! longing for a software publicat ion and hoping ~ 


someone wou ld get around to it. 


! 

We have. Apple Seed is to the Apple 11 what ! 


SoflSide Is to the TRS-80. And It's brand new. 

The first issue will rol l off the press In 

September or October. Apple 11 enthusiasts:!!
II 
eat up this special Introductory offer! 

~~~~~~Q .......................................................................... 

SOFTSIDE 

D 1 Year - 12 issues 

PROG/80 
0 1 Year - 6 issues 

APPLE SEED 
D 1 Year - 12 issues 

Exp. Date ______ 

PO Box 68 Milford, NH 03055 

$18 .00 
D USA first class $25.00 - 1 yr. 

D APO/OVERSEAS surface $25 - 1 yr. 

0 CANADA/MEXICO $25 - 1 yr . 
$15.00 D OVERSEAS airmail $30 - 1 yr. 

$15 .00 I I I I I I I I I I 
Interbank# [M/C only) _________ 

Signature~~~~~~~~~~~~~~~~~~~~~~~~~~~-
Name ____________________________ 

Address--------------------------- 
City ---------State____Zip _ __________ 

Telephone orders accepted for Master Charge or VISA accounts. Call Monday through 
Friday, 9:30 to 5:30 EST at 603-673-5144 

........... ....... .. ,.~·················································· 
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Circle 225 on inquiry card. 

SUPER 
SOFTWARE! 
MICROWARE 6800 SOFTWARE IS 

INNOVATION AND PERFORMANCE 

LISP Interpreter 
The programming language LISP oilers exciting new possibilities for 
microcompuler applications. A highly interactive Interpreter that uses 
list-type data structures wh ich are simultaneously data and executable 
instructions. LISP features an unusual structured. recursive funclion
oriented syntax. Widely used for processing. artificial in tell igence. 
education, simulation symbolic. and computer-aided design. 6BOO 
LISP requires a minimum of 12K RAM . 
Price $75.00 

A/BASIC Compiler 
The ever-growing A/ BASIC family is threatening old -fashioned 
assembly language programming in a big way. This BASIC compiler 
generates pure. fast. efficient 6BOO machine language from easy to 
write BASIC source programs. Uses ultra-fast integer math. extended 
string functions. boolean operators and real-t ime operat ions. Output is 
AOMable and RUNS WITHOUT ANY AUN-TIME PACKAGE. Disk ver
sions have disk 110 statements and require 12K memory and host DOS. 
Cassette version runs In BK and requires AT/6B operating system. 
Price: Disk Extended Version 2.1 $150.00 
Cassette Version 1.0 $65.00 

A/BASIC Source Generator 
An ··add-on" option lor A/ BASIC Compiler disk versions that adds an 
extra third pass wh ich generates a lull assembly- language output 
listing AND assembly language source file. Uses original BASIC names 
and inserts BASIC source lines as comments. SSB and SWTPC 
Mlniflex version available. 
Price: $75.00 

A/ BASIC Interpreter 
Here it ls- a super-last A/BASIC interpreter that is source-compa tible 
with our A/BASIC compiler! Now you can interactively edit. execute 
and debug A/BASIC programs with the ease of an Interpreter- then 
compile to super elficient machine language. Also a superb stand
alone applications and control-oriented Interpreter. Requires BK RAM. 
The cassette version is perfect for Motorola D2 Kits. 
Price : $75.00 

RT /68 Real Ti me Operating System 
MIKBUG-compatible ROM that combines an improved monitor/ 
debugger with a powerfu l 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 applicat ions. Ava ilable on 6B30 (MIKBUG-type)or 2708 
(EPROM-type) ROM. Manual is a classic on 6800 real - time applications 
and conta ins a full source program listing. 
Price: RT6BMX (6B30) $55.00 
RT6BMXP (270B) $55.00 

6800CHESS 
A challenging chess program for the 6800. Two selectable difficully 
levels. Displays formalted chess board on standard terminals. Re
quires BK memory. Machine language with A/BASIC source listing . 
Price: $50.00 

Our software IS available for rnost popular seoo systems on casse11e or d1skeUe 
unless 01herw1se noted 0 1s1< versions available on S.S.B.• SWTPC. or Motorola 
MOOS. Please spec1ly which you reqmre. Phone orders are welcomed. We accepl 
MASTEACHARGE and VISA. We \ly 10 ship orders w llhon 24 hours ol receipt 
Please call or wnle 11 you requtre add1t1onal information or our free catalog 
M1croware software is available lor OEM and custom applications 

P.O. BOX 4865MICROWARE DES MOINES, IA 50304 
SYSTEM S ( :<IHI ' <ll<.\Tl( ):-0 (515) 265-6121 

Come From...continued 


R Lawrence O ark, 30303 Avenida de Calma, 
Rancho Palo Verdes CA 90274 

While l applaud Mr Bass' attempts to improve the 
BASIC language ("Languages Forum," April 1979 BYTE, 
page 238), he has completely missed the point of the 
COMEFROM statement. The primary goal of the 
COMEFROM is to eliminate GOTOs, which Dijkstra 
and many other advocates of structured programming 
consider harmful. If the statement can also be used to 
trace back execution during debugging, that is an unex
pected bonus. 

I provided a detailed description of the semantics of the 
COMEFROM in "A Linguistic Contribution to GOTO
less Programming" (Datamation, December 1973). Brief
ly, the statement: 

destination COMEFROM source 

is equivalent to the conventional: 

source GOTO destination 

where both source and destination are line numbers. 

The original article describes additional variants, 
which in BASIC would appear as the following: 

IF condition COMEFROM source 

and: 

ON variable COMEFRO M sourcel, 
source2, ... , sourceN 

Because of the COMEFROM's potential for improving 
programming accuracy and readability, I feel it is impor
tant to clarify its proper usage. • 

Languages Forum is a feature which is intended as an interactive 
dialog abor;t tlie design and implementation of languages for per
sona/ computing. Statemet1/s and opinio/15 submitted to tl1is forum 
can be on any subject relevant to its purpose of fostering discussio11 
and communication among BYTE readers on the subject of 
languages. We ask that all correspondents s1~pp/y their full names 
and addresses to be printed with tl1eir commentaries. We also ask 
that correspondents supply their telepl1one numbers. which will not 
be printed. 
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More on Multiple 

Conditions 


Scott Lawrence, 2018 Lehman N SUCP, 
Potsdam NY 13676 

David Faught's letter titled "On Expressing Multiple Con
ditions" in the December 1978 BYTE Languages Forum, 
page 176, does a good job of ii lustra ting the need for a 
language construct to deal with actions based on multiple 
conditions. I, too, found the means avai lable in BASIC, 
FORTRAN, and COBOL (I am not yet fam iliar with Pascal) 
somewhat lacking. 

This need is met, however, in PL/I by the SELECT group. 
The basic syntax of this construct is shown in listing 1. 

Listing 7. 
SELECT (expression); 

WHEN (expression-1, expression-2) action-1 ; 
WHEN (expression·3 action-2; 
OTHERWISE action·3; 
END; 

When the SELECT statement is executed, the express ion in 
parentheses is evaluated and the value is saved. The expres
sions in the WHEN statements are then evaluated one at a 
time in the order in which they appea r-. As each one is evalu
ated, its value is compared to the saved value. If a value is 
found that matches the saved value, the action spec ified by 
that WHEN statement is executed and no further expressio ns 
are evaluated. If none of the values match, the action speci
fied by the OTHERWISE statement is executed. 

The actions after the WHEN and OTHERWISE statements 
may be a simple statement, a compound such as IF ... 
THEN ... , a group of statements with in a DO or BEGIN 
block, a GO TO statement, a null statement, a subroutine 
call, or even another SELECT gro up. After the actio n has 
been performed, control passes to the first statement after 
th e EN D {unless the action specifies otherwise, of course). 

If the expression in the SELECT statement is omitted, the 
expressions in the WHEN statements are treated as logical 
statements and evaluated as a bit string. If any bit in the 
string is 1 (signifying true), the action is performed. (A=B 
would be evaluated as a 1 bit if A and B contained the same 
value.) Listing 2 shows an example of such a SELECT grou p. 

Listing 2. 
SELECT; 

WHEN (A< Bl CALL LESSTH N; 
WHEN (A=B) CALL EQUAL; 
OTHERWISE CALL GRTRTHN; 
END; 

It is also possible to omit the OTHERWISE statement. If 
no WHEN statement is selected and there is no OTHERWISE 
statement, an error interrupt is caused. This is useful for 
catching critical data that has somehow gone out of the ac
ceptable range. 

I think this construct meets the needs which Mr Faught 
expressed, and is easier to implement than the alternative 
he suggests.• 

Circle 89 on inquiry card. 

TRS-80 BUSINESS PROGRAMS 
So good, they're guaranteed!!! 

These are the best ... & we're willing to back them up with our software guarantee 1 • 
Created by Data Access' professional staff, our programs are versatile, comprehensive, 

AND easy to use. 
Using BASIC and ASSEMBLER, they're fast ready to "RUN". They are powerful tools that 

can expedite clerical tasks. and expand management reporting. 

All programs: 
+ Have Data Base Management System 
+ Use ISAM or Hash Access Techniques 
+ Give Instant Record Retrieval 
+ Have Interactive Screen Displays 
+ Use Error Trapping Entry Procedures 
+ Include Thorough Documentation 
+ Provide Comprehensive Reporting 
+ Utilize Fast Assembler Routines 
+ Run under DOS 2.2 
+ Include Complete Support 
+ Run On 2, 3, or 4 Disk Drives 

On -line Inventory .. ..• ••.••• . .. . •.••. . . .... •. . . . . ...............•..•... $600 
Up to 1800 Items on 4 Drives. Oislributor/Jobber orientation. Includes invoice printing! 

Point of Sale w/lnventory Control ... . . .. . . . • ..... .•• . • ...... ... ...... .. . . •. $750 

Complete rstail inventory management system. On the Screen: builds sales ticket. price items, checks 

lor sale prices and qty 's, interactive low stock alerts, allows price & qty changes lwlauditl. Cash, Check, 
6 Credi t Cards or Company Charge, & Reporting: Daily Ticket Journal. lnvantory Transact ion Journal. 
Salesman's Report, Stock Status, Profit , & low Stock Reports. MORE! 

Accounts Receivable . .. . . ... . •. ........ . ........ ... ... . ...... • ........ . . $500 
Up to t200 accounts on 4 Drives.Full Trial Balance, Aging, Credit Checking, Monthly Statements. Also 

p1ints mailing labels for accounts! 

General ledger w/Check Writer .. .... . . .• . .. . ... ... . .. ... . •... . . . .•.. . • .. .. $500 
Prints Checks in Cash Disbursements Jll 600 A.counts & 2100 Transactions/Month on 3 Drives; 

3001900 on 21 Supports mul tip le costlprofit centers. user has complete control or fonnaning. Prints 
Balance Sheet, Income Statement {P&U. ledgers, Journals, Transaction Reports. Posting Reports . • . A 
To tal General Ledga1 System! 

Payroll .. • . .. .... . .... .. .......•.. . ....•........ • .. . . • .... . .•.. .• ... . $500 
Up 10 600 employees on 4 Orivesl Handles federal. State, Tips, Oues & Deductions. Complele user 

control ol all payroll functions. Prints on the sa me check as the General ledger! 

Moiling List . ...•........ •.........•....... . . ... . ........ .• .... ••... .. • $200 
Up to 1800 Names on 4 Drives! Six character alphanumeric key & 4 character select code for each 

record. Sort by key, name, state or ZIP code! 

MANUALS DNL Y ....... •. ... . ...........•...•...... . ....... •• ..... • . $20 each 


WRITING YOUR DWNmm 

Save Days, Weeks. Montl1s with Oat a Access' proven utility packages. On diskette ... 


Memory Sort ........ . . • ...•. . . .. . . • ... • ....... •• ..... • ....... . .. • ...•.. $39 
Speed operation ol BASIC programs! VERY FAST in memory assembler sort. Supplies pre· linked to load 

at any 4K bounda ry through 4BK. 

Disk Sort Routines .. . .. . .. .. . . . ..... ..• .. .• .. .•. . . ..... • •.. • .......• . .. . . $79 

Make the most of disk capacity & speed! Reads random data from disk, performs FAST assembler sor1, 

and returns alphanume1ically sorted list ready to pass to other program operations in BASIC. Reads & 
sorts 1000 records In less lhan 5 Minutes! Sorts as many records as can be contained on your disk 
drives I 

Dete Bese Manage wllSAM • .. • ..... • .. • . ... . ... ... •.. . . .. • . . . • .... .• . .. . . 1175 

Complete database handling system! ISAM directory; interactive reco rd create. delete, edit, display and 

print; file compress and backup; routines for loading assembler p1ograms from BASIC; disk sort; INKEY 
data entry subroutines; random and sequential access to any record. lnteracti~e data base specification. 
All sou rce included! 

•011111 Acc11ss Corporation gu11r11nt11ss 1/1111 its programs will /011d & run, 

and that t/lay ara frsa from programming d11lac11. 


A licansing sgrsamant is rsquirad for oac/I insl11/111tion of Iha 11bov11 programs. 


DEALER INQUIRES INVITED 

Call for the name of the dealer in your area, or order direct from: 

DATA AccEss CoRpORATiON 
11205 SOUTH DIXIE HIGHWAY 


MIAMI. FLORIDA 33166 

13051 238·7919 


•TRS.80 is B uademarlt ol Hilldic Shack. 
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Data Abstractions and 

Program Correctness 


Earl E McCoy, U-157, University of Connecticut 
Storrs CT 06268 

One of the most interesting and informative aspects of 
BYTE magazine is the dialogue about programming 
languages found in the Languages Forums and Letters 
column. Many times these discussions are initiated by an 
article which included an example program in a par
ticular language. The ongoing debate about the strengths 
and weaknesses of various programming languages is 
most informative and useful to those people who know 
only one language well. 

The recent article concerning queuing theory, "Queu

ing Theory Part 1: Queue Representation" (April 1979 

BYTE, page 132), by Len Gorney provides a good vehicle 

for discussion . My comments are not to be taken as 

criticism of author Gorney, but as comentary concerning 

BASIC as compared to a contemporary language such as 

Pascal. It is important for programmers to understand 

that the difference between BASIC (and FORTRAN) and 

Pascal is not just one of degree, but one of type as well. 


One of the most important and fundamental concepts 
in modern software engineering practice is that of data
abstraction. The data-abstraction has great influence 

TERMINALS 

FROM TRANSNET 


PURCHASE 
FULL OWNERSHIP AND LEASE PLANS 

PURCHASE PER MONTH 
DESCRIPTION PRICE 12 MOS. 24 MOS. 36 MOS. 

LA36 OECwriter II .... ....... $1 ,595 S 152 $ 83 s 56 

LA34 OECwriter IV . . . . . . . . . . 1, 295 124 67 45 

LA120 DECwriter Ill , KSR . . . . 2,295 219 120 80 

LS120 OECwriter Ill , RO . . . . . 1,995 190 104 70 

LA180 OECprinter I, RO ...... 1,995 190 104 70 

VT100 CRT OECscope . . . . . . . 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 

Tl810 RO Printer . . . . . . . . . . . 1,895 181 99 66 

Tl820 KSR Printer . . . . . . . . . . 2,395 229 125 84 

AOM3A 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 

Data Products 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 EQUIPMENT 

ACOUSTIC COUPLERS• MODEMS• THERMAL PAPER 


RIBBONS • INTERFACE MODULES• FLOPPY DISK UNITS 


PROMPT DELIVERY • EFFICIENT SERVICE 


TRiNSNET COR PORA TION 
2005 ROUTE 22. UNION, N.J. 07083 

201-688-7800 
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upon program correctness . A data-abstraction is defined 
as a data-structure and the set of operations that may be 
legally performed upon it. An example in the queuing 
theory context is the data-abstraction queue, for which a 
data-structure must exist to store its contents, and for 
which 5 operations are allowed: initialization, ins.ertion, 
deletion, overflow, and underflow. The semantic mean
ing of these operations is also defined, but will not be 
repeated here. so as to avoid duplication of the Gorney 
article. 

How is a queue to be implemented in a programming 
language? It would be simple if a programming language 
included a data-structure of type queue but, to my 
knowledge, none do. In general there exists an infinite 
number of data-structures of potential interest , and no 
language could include them all. Instead, any particular 
language usually includes only a small set of data-struc
tures such as reals, integers, and characters; and arrays, 
records, and files of these structures. No insurmountable 
problem exists, however, because a data-structure of in
terest can usually be constructed from these existing 
primitive data-structures. Thus one may construct a 
queue data-structure by using an array and 2 integers 
(head and tail pointers). 

Notice that the implementation of a queue data-struc
ture in the manner just described does not result in the 
data-abstraction of a queue: the program manipulating 
the array and the pointers is in no way restricted to the 5 
legal queue operations . It is this lack of operation restric
tion that can result in program incorrectness, particularly 
in large programs undergoing maintenance. For example, 
because the data-structure is global(ie: exposed to the en
tire program) a "fix" for a particular problem may result 
in a new problem elsewhere within the program. 

Pascal addresses the data-abstraction concept directly 
by allowing the declaration of more than just variables 
(as opposed to other languages). This includes constant 
variables, which may never be the target of an assign
ment operation, and more importantly, the declaration 
of novel data types. For example in Pascal we might 
define waitingline to be a variable of type queue by the 
following: 

var waitingline : queue; 

Note that we might want more than 1 variable of type 
queue. This is allowed, as are the arrays of queues and so 
on. The contents stored within the queue may be items of 
type integer: 

var items : integer; 

However, they might be persons: 

var items : persons; 

Note that integer is a defined data~structure in Pascal, but 
that queue and persons are not. Before discussing this fur
ther, a comment on what advantage this brings the pro
grammer is appropriate. 

Recall the definition of a data-abstraction: a data
structure and the legal operations upon it. By writing 
procedures and functions for the legal operations upon a 
data-structure we are, in effect, implementing a data
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abstraction. For example, in the queuing context, we may 
define procedures for initialization, insertion and dele
tion, and functions for overflow and underflow. Program 
correctness is enhanced if these are programmed correctly 
because queues can then be manipulated only in legal 
ways. Remember that queues will be passed to these 
subroutines - not the underlying array data-structure. 

Back to the problem of implementing the user declared 
data-structure types in Pascal. This is accomplished by 
declaring data-structures at a level above variables: 

type persons = . 
queue = . . . 

Here the dots indicate the data-structures necessary to 
implement the type in Pascal. For example, in the queu
ing theory context, we might have: 

type queue = record 
head, tail : 0 .. maxlength ; 
full , empty : boolean; 
contents : array (0 . . maxlength] of integer; 

end; 

Here ma.xlength is a constant declared earlier in the pro
gram which indicates the legal subrange of the integer 
variables head and tail (used as pointers); full and empty 
are logical variables indicating the status of the queue; 
and contents is an array storing the contents of the queue . 
In thifi case the queue is storing integers, but it need not 
- it could just as well be persons: 

contents : array (0 . . ma.xlengthJ of persons; 

Of course, the meaning of persons would have to be 
declared earlier within the type statement for this to be 
legal Pascal. 

After the user declared data-structures are defined, 
variables of these types can be declared as follows : 

var w aitingline : array fl . . 3/ of queue; 
teller 1: queue; 

These 4 queues are restricted to the definition of queue as 
shown above. If necessary, we might declare more than 1 
type of queue (ie: storing a different type of contents} if 
the problem context makes that appropriate. 

Listing 1 shows Pascal procedures and functions im
plementing the 5 legal queue operations. Note that the 
parameters are a and b. A change of the b type declara
tion i.s all that is necessary to make these programs 
workable for a different type of contents. An important 
point: there is no need to initialize the contents of the 
queue to a particular value and use this value to decide 
how to manipulate the pointers, as is implied by the 
Gorney article . In fact , by doing so a programmer is sow
ing the seeds for future disasters . If Mr Gorney's queue is 
ever exposed to a vaJue of -9, the program may fail. 
Clearly, making correct operation dependant upon the 
avoidance of certain potentially legal entries into the data 
structure is not good programming practice. 

At this time it is informative to step through the BASIC 
language equivalents in the Gorney article using some 
trial data. The complexity of program execution flow 
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makes mental execution exhausting and error-prone 
which is exactly the point: BASIC programs are not as 
simple as they seem. 

The data-abstraction is complete when a Pascal pro
gram uses the 5 legal operations upon its variables of type 
queue. Examples are: 

initialize (tellerl) ; 

if not fu llq (te llerl) 

then insert (teller, items); 


repeat 
delete (tellerl, items); 

write (items) 


until emptyq (tellerl); 


Note tha t the programmer has the responsibility to test 
for overflow or underflow before inserting or deleting 
items from the queue. This is true even though the respec
tive procedures do nothing for these operational 
mistakes. 

Listing 1: This simple Pascal program defines the data type 
queue and then describes the 5 legal operations on that data 
type. 

procedure Initialize (var a : queue); 
begin 

a.head : = O; 
a. tail := O; 

a.full : = false; 

a.empty : = true; 


end; {of initialize} 
procedure insert (var a : queue; b : integer ); 

begin 
with a do 

if not full 
then begin 

empty : = false; 
contents [tail] := b; 
tail := (tall + 1) MOD (maxlength + 1); 
If ta il = head 

then full : = true; 
end· 

end; {of inseri) 
procedure delete (var a : queue; var b : integer); 

begin 
with a do 

if not empty 
then begin 

full : = false; 
b : = contents [head]; 

head : = (head + 1) MOD maxlength + 1 ); 

if head = tall 


then empty : = t rue; 
end; 

end; {of delete} 
function fullq (a : queue) : boolean; 

begin 
If a.full 


then tullq : = true 

else fullq : = false; 


end; {of fullq} 
func tion emptyq (a : queue) : boolean; 

begin 
if a.empty 


then emptyq : = true 

else emptyq : = false; 


end; {of emptyqs} 
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Listing 2: The data stack can also be defined in a Pascal pro
gram. It is left as an exercise to the reader to translate this pro
gram into BASIC or FORTRAN and compare the understand
ability of the 2 programs. 

type stack = record 
top : 1 .. maxlength; 
full, empty : boolean; 
contents : array (1 .. maxlength] of integer; 

end· 
procedure initialize (~ar a : stack)"

begin ' 
a.full : = false · 
a.empty : = t r~e ; 
a.top : = 1; 

end; (of initialize} 
procedu~e push (var a : stack; b : integer); 

begin 

with a do 


if not full 

then begin 

empty : = false; 

contents (top] : = b; 

if top < > maxlength 


then top : = top + 
else full : = t rue; 

end· 
end; {of push) 

procedure pop (var a : stack; var b : integer) : boolean; 
begin 

with a do 
if not empty 

then begin 
full : = false; 
b : = contents(top]; 
i f /Op<> 1 

then top := top - 1 
else empty := true; 

end · 
end; {ofpop) ' 

funct ion fullstk (a : stack) : boolean; 
begin 

If a.full 
then fullstk : = true 
else fullstk : = false; 

end; {of fullstk} 
funct ion emptystk (a : stack) : boolean; 

begin 
if a.empty 

then emptystk : = true 
else emptystk : = fa lse; 

end; {of emptystk) 

In summary, the data-abstraction is an important con
cept that greatly enhances program correctness. The 
Pascal programming language includes this concept; 
BASIC does not. My point again: the simplicity of 
BASIC is a red herring - it encourages sloppy program
ming and error-prone programs. A contemporary lan 
guage like Pascal is explicity designed to encourage error
free program development, therefore it is worth learning 
and using. O ne more point: experienced Pascal program
mers know that the language includes pointers as a data 
type so the queue data-abstraction could be implemented 
even more easily than shown here. This particular 
method was chosen to correspond to the approach taken 
by the Gomey article. 

Just as a queue is an FIFO (first in , first out) data
abstraction, a stack is an LIFO (last in, first out) da ta
abstraction. Listing 2 shows a Pascal type declaration 
and the subroutines that are necessary to implement the 
legal operations upon a stack . These are included in the 
hope that readers may implement this data-abstraction in 
BASIC or FORTRAN and then compare for themselves 
the relative merits of these 2 languages to Pascal. • 
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t- Qoc• ...,- f Oflflkel'<lo- - •OI• ..... ~~ I~\ ~Mio'" 


"'"'"""°"""'""- '°'~Pf ' ~"- " """"""'°N'lll'"l(loo(:IO-.V..,'fa;,.c,...,fl""""""'~lllOO'-•l"'r.l'\-W""" '~lt) ..... 11 

SOFTWARE 
fl"OJC"1>-' !i:!t.lvtll11111 
"'&111..C, 11!:ol 1,,. ,,.., ...-,..,..,.....,-.... ..,,., .• ..,..,,... , .. .... 

Mlllt..,..l 1,11._, ,UJlf 11 \!Ulri•IU"' w.... " ......... ,,.n,. ~•• ·--r., ... \•l'l't 
llulX,11 •olll'. , . ... . , ,1 .... ~..,~11 •..., . ... l'I••,.•· .. -•-• 111 '" 
~ l.1.11111] • ............_ ...... ......... . ............ 1._, .. ... ...~. , ... .. 


P.S. SOFTWARE HOUSE 
P.O. Bo• 966 Mishawaka. IN 46 544 

Cll Tel: (219) 255-3408 ::E: 
......._.._...,........................................_,,..._....,,,_ ,,.......................... 


Circle 315 on Inquiry card. 

T9e Jnd~pendenr llewslv:tler
of Heat!J Cc. Com1'uJers 

fee. tu res 

l-!c.rdivcire ITTodtfi"di,ms develcp¢J b~ 
rec.der' 

CompQtible ,bQrdwo.re c:.nd s of~ UXl?e 

from o~~~a· vendorio 

Adva.nce informo:hon on 
13en~an HQrbor plans 

'Re-p¢rts of u,;ers' ex:rerience;; 
w;lp t,beir s i;s.fiz ms 

'"11Jmenl lo be
12issued8:9S $14 Olltrseas) in U.S. f..-nd; 
2/fiSSUIS>$1S.'1.5'{#25 o~n-;eo.s) f"'_ya.ble on 

a. u.s. bo.nk 
!'Bock issue£ foboul 9) included on request 

13U~5 

J25·B 'Penns~l\J<l.l1ia A.ie. , 5. [ . 

llJo.s,bin~fon, D.C. 2 0003 


Circle 32 on Inquiry card. 

••CRT INTERFACES•• 
black• white/co/or 

Monl1or1 • Combination Rcvr /monllor sets 
• Modulator kits • B·W Cameras • Color 
Cameras • Audio Subc1nler kits • Pans 

WRITE Of PHONE fDf DETAILS 11 PRICING. 

DIAL : 402·981· 3111 

Dealers welcomed. Well establlshed program, 

~ 13·8 ATV Rese~rch Dakota CllY,
Broadway ~ NE, 68l3f 

Circle 19 on Inquiry card. 
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CiODBOCJT .SLASHES STfiTiC 

MEMORY PRiCES fi<ifiiD: 


f:s:100···1·ii<··s·si·9·;···i4i<··s·1;·1·:··1t.·i<..s.i6i·I·i 

.....................................................................................,... 

Econoram • unki1.s are now at their lowest prices ever. 

What's an "unkit"? It's a standard Econoram board that has all 
sockets and bypass caps pre-soldered in place. To complete assembly, 
the user simply solders in a few other parts, and inserts all JCs into their 
sockets. The result: A one-evening project that saves money while 
offering true CompuPro / Econoram quality for those on a budget. 
Static technology used throughout; all boards except Econoram VJ 
run with 4 MHz systems. Same 1 year limited warranty , same great 
specs as our regular boards. 

Speaking of regular boa rds, we offe r assembled / tested models and boards 
qualified unde r o ur high-reliability CertiCied System Component (CSC) pro 
gra m (200 hour bum-in , immediate replacem e nt in e ve nt o f fa ilure within 1 year 
of invoice d a te). Refer to chart be low for pricing . 

Name Storage Buss Configuration Un kit Assm csc 
Econoram llA 8K X8 S-100 2-4K blocks $149 $179 $239 
Econoram IV 16K X 8 S-100 l-16K $269 $329 $429 
Econoram VI 12K X 8 H8 l -8K, l -4K $200 $270 n/ a 
Econoram VIIA-16 16K X 8 S-100 2-4K, 1-8K $279 $339 $439 
Econoram VllA-24 24K X 8 S-100 2-4K, 2-8K $398 $485 $605 
Econoram IX-16 16K X 8 Dig Grp 2-4K, l -8K $319 $379 n/ a 
Econoram IX-32 32K X 8 Dig Grp 2-4K, 1-8K, 1-16K $559 $639 n/ a 
Econoram X 32K X 8 S-100 2-8K, l -16K $529 $649 $789 
Econoram XI 32K X 8 SBC 2-8K, l-16K n/ a n/ a $1050 

BANK SELECT MEMORIES (for Alpha Micro Systems, Marinchip, etc.) 
Econoram Xll-16 16K X 8 S-100 2 ind. banks· · $329 $419 $519 
Econoram XIl-24 24K X8 S-100 2 ind. banks· • $429 $539 $649 
Econoram XIII 32K X 8 S-100 2 ind. banks"· $559 $699 $849 

•Econoram Is a trademark of Bill Godbout Elecuonlcs 

• • Econoram Xll-16 and -24 have 2 independent banks addressable on SK boundaries; Econoram XIII has 2 independent banks addressable on 16K bou ndaries . 


- Did someone say extended addressing? 16 bit CPUs? All we'll say is that Econoram XIV is coming soon 

••• 16K MEMORY..... ECONORAM II ••••• 18 SLOT ·•. 
: EXPANSION SET :cLOSEOlIT-$129unkit: MOTHERBOARD: 
: - was $109, now: (3 / $375). $155 assm :UNKIT CLOSEOlIT 
: only $87 20' : This is a limited quantity Item - 6rst come, : - WaS $124, : 
•• • • •• first served . Ou r brand new Econoram llA is •• nOW Oftly $109 ••out , but even by today·s sta ndards the origina l 

e And th at's for a G odbout qua lity pro- e Econoram 11 Is an excellent memory. 2 MHz e With all edge connectors pre-soldered in e 

e d uct. DI P shu nts Included, 250 ns chips , e operation. low power , configura tion as two inde- e place for painless assembly. Includes on e 

e and crystal·clear instructions make ex pan· e pendent 4K blocks , and one of the best track e board active termination . Coming soon: e 

e sion a s~ap In Radio Shack-80, Apple , e records in the . ind ustry for relia~le and cost- e new 12 s lot motherboard and a.n 18 slot e 

e and Ei<idy Sorcerer computers. l ow e effective operation . Easy one ·evemng assembly. e double terminated model that can han- e 

e power chips used excl usively. M l year limited warra nty o n all compone nts . .. die 12 MHz CPUs! e 


OTHER COMPUTER PRODUCTS: "INTERFACER" S-100 I I 0 BOARD
2708 EROM BOARD UNKIT $85 $189 unkit , $249 assembled and tested . Dual serial port with 2 full duplex 

4 independently addressable 4K blocks. with selective disable for each block. para llel ports for RS-232 handshake: EIA232C line drivers and receivers (1 488, 
Built to CompuPro/ Econoram standards (dlpswllch addressing, lop quality 1489) along wilh currenl loop (20 mA) and TfL signals on both portS . On board 
boord . sockets wove·soldered In place) . and Includes dlpswllch selectable jump crystal con1rolled timebase with Independently selectable Baud rate generators for 
start built right Into the board. Includes all suppon chips and manual, bul does not each part (up lo 19 .2 KBaud) . This board has hardware LSI UARTs that don't tie 
Include EROMs. up the computer's CPU. operates wilh 2 10 5 MHz systems. includes software pro· 

grammable UART parameters/ Interrupt enables/ handsMking lines. offers proviACTIVE TERMINATOR KIT $34.50 sion ror custom frequency compensa1Jon on both receive and lransmil sides to ac· 
As written up by Craig Anderton in the April '79 Issue of Kilobaud Microcom- commodale varying speed/ noise si1ua1ions or unusual cable lengths ... and even 

puling . Our much Imitated design plugs Into any S-100 motherboard 10 reduce a ll this Isn 't the fu ll story on what this no-excuses board can do for you. We think 
ringing. crosstalk , noise. and other buss·related problems this product is a real winner. check one oul in person. you' ll see what we mean . 

FREE FLYER: We'll be glad to te ll you 
ping. "'cess refunded . VISA'" / Masier· 
TERMS: Cal re< odd mx . Allow 5% ship· 

more th an the space of this ad perm Ito. 
cha rge.® call our 24 hour order desk a l Jus t se:nd ~our name and address, we'llGmpuPro'M 1rom(415) 562-0636. COD OK wl1h Slreot ad· take care of the rest. If you're in a hUf'l\I, 
drnss for UPS. Prkes good 1hrough cov2r enclose 41 C in stamps for !st d&SSI 

monlh of magazine . de livery. Box 2355, Oakland Airport , CA 94614 
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SAVE MORE THAN 20% 

NORTH STAR - INTERTUBE 


THINKER TOYS - HUH 

THE SMARTEST COMPUTERS AT THE SMARTEST PRICE 

OOUBLE DENSITY 
HORIZON· HBK KIT llST 11599 t1274 

ASSEMBlEO & TESTED 11B99 '1519 
HORIZON·2·3ZK KIT 12249 11799 

ASSEMBLED & TESTED 12549 12039 
HORIZDN·Z·JZK DUAO OENSITI 

ASSEMBlEO & TESTED 12999 12399 

PASCAl FOR NORTH STAR ON DISK 149 

POWERFUl NORTH STAR BASIC FREE 

THINKER TOYS OISCUSl20 11149 1949 

MEASUREMENT SYSTEMS ASMMEMORY 64K U40 


TOP OUAUTY + TOP SPEED + LOWEST PRICE 

INTERTUBE 11 SMART TERMINAL 1995 H80 

TRS· BO TO.S.100 HUH KIT 1295 nao 


ASSEMBLED & TESTED 1375 1350 
HUHMINl8100KIT 11 15 1103 

ASSEMBLED & TESTED 1155 1139 
MARYEUEN WORD PROCESSOR 138 

BEST FEATURES OF IBM & NORTH STAR 
VERBATIM DISKS 129 
WHICH COMPUTERS AAE BEST?BROCHURE •••.••.• FREE 

AMERICAN SQUARE COMPUTERS 
KIVETT DR • JAMESTOWN NC 27282 

1919)-883-1105 

Circle 16 on Inquiry card. 

SOFTWARE FOfl 

APPLE JI 
AU programs on high ~uahty casgatta 1ape, reaely for 
use on any Apple II S'Ystem wdh Applesott liberal 
use ol promplmg allows easy uso even lcr 1ne novice 

MATRIX MANIPULATION: Compu1es 1n...e1s10l'I. Cln· 
1orm1nate. and soluliori cl hnearly 1ndependen1 s1muf· 
taneous equa tions AJso per1orms matt1x mull1pl1ca· 
rtOf'I div1s10t1. add1 !10f1 & .sutJuacuon 6K • S'7.SO 

TRIANGLE SOLUTIONS: Compc.nes unknown Quan· 
1111es (mcluchng a'ea) for any triangle A,lso comp1..11es 
aiea o1 any Polygon 8J( 115.00 a 

INVESTMENT & MORTGAGE MANAGEMENT: Jusl 
rtie program lcr lhe homeownet. small 1n..,es1or or 
business execu11ve faced with d1tt1cull hnanc1a1 de
c:1s1ons Compu!ns anl01'14lahol" schedule. present or 
roture values of a series ot eash flows days t>ef'Weet , 
dales_ plus mere 8K • $17 .50 

COMPUTER CAJUN CUISINE : Prog•am compu1es 
l!)lat:I amoun1s ol an 1ngrechenrs necessary IOI ar'y 
l"tumber ot SC1"1,11ngs lof e1gn1 Lou•sianil soup ana 
gumbo 1cc1pes 16K • $25.00 

Send check er money ardor ro : 

TECHNICAL SOFTWARE INC 


p 0 Bo• 130•3 

Me1a1r1e. Lou1s1a11a 70033 


Circle 365 on Inqu iry card. 

6800 BASIC 

CROSS REFERENCE 


Greatly reduces the lime to examine and 
modify a BASIC program with this com
plete CROSS REFERENCE listing of a 
BASIC program. 

Reads a BASIC program from disc and 
selectively provides source listing and 
complete SORTED CROSS REFERENCE 
of all VARIABLES· FUNCTIONS· GOTO 
and GOSUB statements. 

Program is written in assemble using 
SMOKE SIGNAL MINI DISK SYSTEM. 
Specify as either TSC or CO-RES assem· 
ble source format. 

Complete source and object is on a 514 
mini diskette for $ 14.95. 

FRANK SCHIELE 

1375 TOBIAS DRIVE 


CHOLA VISTA CA. 92011 


Circle 329 on Inquiry card. 

THE COMPETITION 
is south of t he border 

WHAT ARE THEY UP TO NOW? 

Microproce ss or sales in LATIN 
AMERICA are going to take off in the next 
decade. 

Let me help you research the market, 
set up dealer/distributorships, establish 
joint ventures. or even your own 
manufacturing/assembly plant. 

I am a multi-lingual. scientifically· 
trained, international marketing ex 
ecutive (USA nationall who is going to 
head up an expansion into Latin America 
for an aggressive microprocessor/mini· 
computer manufacturer - will it be for 
you7 I plan to visit the USA short ly and 
can meet you. 

Roy J . Canon 


22/ 23 Old Burlington Street, 

London W1 X 1 R1 . England . 


Circle 41 on Inquiry card. 

PRECISION MICROCOMPUTER 
POWER SUPPLY 
MODEL MP04 

$169 
4 OUTPUTS , 

SV fl 4A 
-SV Q • IA 
12V U .SA 
- 12V Q .SA 

FULLY REGULATED 


CURRENT LIM !TED 


ASSEMBLED AND TESTED 

Send c.hec:k or- money order' to 

SONTEX . INC 
12022 Sturdi vont 
Stafford, TX 77477 

Texaa t"08 i dents add 5% eal os to~ 

Circle 351 on Inquiry card. 

HAZELTINE 

1400~ 


only 	 . 

$649.95 ! 	 . 
• 	 Verbatim Mini Diskettes 

. .. $3.70 each (boxes of 10) 

• lntertube .. $784.00 
e 	TRS-80 16K Level II 

Expansion Kit ..... $89.95 
• 	 Centronics 779 tractor .... 

...... . ... .. $1050.00 
• 	 Horizon II ass .... $1999.00 

111!!!!!111 Mail TORA SYSTEM INC. --.I Order 29-02 23rd Avenue 
Only. Ast oria NY 11105 

(212) 726-5252 

DOCUMENTATION PROBLEMS? 
SOLVE THEM WITH TEXTWRITER® 
THE ULTIMATE TEXT FORMATTER 

FOR REPORTS 
• AUTOMATICALLY PRINTS A TABLE 01'<:01' 
HNTS AND AN ALPHARETIZED INDEX 

• ALLOWS MULTIPLE FOOTNOTES nR PAG E 

FOR FORMLETTERS 
• INSERTS NAMF.5 AND ADDRESSlS FROM A 

MAI LINC LIST OR FROM Tl!E KEYBOARD 

• LINKS l'ILES TOClTHER BY CHAINING OR 
INSlRTING 

OTHER FEATURES 
• RIGllT AND LHT JUSTlflCATION. PAGINATION. 

PAGE AND CllAPTER NUMBERS. PAG E HEAD 
INGS AND l'OOTINGS. CENTERING. UNDER 
LINING. AND CONDITIONAL PAGINATION 

• WORKS WITll ANY T ERMINAL AND PRINTER 
VERSIONS 

• FOR CP/M®ON 8'" IBM. TRS.SO~ NORTH STAR. 
AND MICROPOLIS 

• FOR MICROPOLIS MDOS OR NORTH STAR DOS 

Sl!S l'OR TEXTWRITER Ill - REQUIRES llK SYSTEM 

S75 l'OR TEXTWRITER 11 - WITllOllT REPORT FEATURF~ 

ORGANIC SOITWARE 
1492 Wind.1.or Way • lh•crmoH::. CA 94$j;O 

(415> 4SS ·40l4 
~1•11.t i.. .1.-..~..i ........... 

llS . .. ........,~ ... .._..,"""~ 


Circle 295 on Inquiry card. 

tinyFORTH 
llnyFORTH Is the cassette oriented version of 
lhe dictionary bosed computer long1.Joge 
called FOflTH. 
llnyFORTH Includes these FORTH feature~ 

.- Dlctionory-oriented structured high-level 
languoge .- Bu~t-ln ossembler and text 
editor .- Interpreter for quick program de· 
velOpmenl ,,. Compiler for fosl execution 
,,. linyfORTH ond FORTH progroms ore lnter
chongeobte ,,. Cossette tape Input and 
output ,,. Enhanced graphics .- Fosler 
& more powerful than level II BASIC .- More 
compoct progroms lhan BASIC ,,. Easy to 
use. 
ttnyFORTH cassette for TRS-80 ond full docu
mentotlon............ . ... .. . ... .... . $29.95 
Documentation Oliy ........ . ..... ... $ 9.95 

All orders are fully guaranteed. Add Sl.50 for 
postoge oncl honcllng. Order w"h check. 
money order. Visa. or Masterchorge. Specify 
TflS-80 level when ordering. 

The Software Farm 
lox 2304A1 RHfon, VA 22090 

Circle 333 on Inquiry card. 

ENGINEERING 
0 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 lhe U.S. 
Our clients offer generous salarles, 
flexible hours, profit sharing, etc. to 
experienced or degreed assembly 
programmers In areas such as 
communications, diagnostics, lexl 
editing, graphics, compiler, and O.S. 
design. Starling salaries 18-28K. All 
lees, relocallon and lnlervlewlng 
expenses assumed by the companies. 

Please contac1 Dave Adams 
(617) 246-2815 (collect calls 
accepted). N.E. Recruiters, 6 
Lakeside Office Park, Wakefield, 
MA 01880. 

Fee paid consullants 

http:Wind.1.or


Circle 357 on Inquiry card_ 

FOR THE VERY BEST IN 


NORTHSTAR® COMPATABLE SOFTWARE 


BUSINESS 
CRS · Clienl Record Systom. A comploto pro1rem peckogo lor tho lnsuranco agont. CRS will 
provide you wi1h vety 11111 online 1cc111 to your client r1cord1, prinl repor11 and mail l1bn l1, ind give 
vou 111 th1 information you will n11d to lncreue your 11111 th roug~ the UH of CRS II I MARK ETI NG 
TOO L. 

CHS 1tor11 a complate racord for 1111ch cH.nt that includH the name, 1ddra11, telephone II , 11 well 
11 provf1ian1 lor cu11omer II. salesmen #and up to 1ix polici111 (e1p1nd1 ble ii n1111d1dJ. Thi policy 
Information is complete with both the type or converege end the company that Is underwriting i i . 111 

we\1 11 up. dale, premlum, term, and paymanl schedule. You al10 hive 1 rtmuk fie ld. 
You c1n 111n:h tha Ulea by any tleld, and CRS 1uppor1.s 1 powerful 'sieve· •aarch to provide yau 

wi1 h all the Information yoL.1 n11d to incru11in1ur1 nce11l11. CRS com11 with lwof2t unrs m1 nu1l1. 
onm tar Iha ownu, .nd on11 for ottlce p1rsonnell [mfnlmal 1y1t1m: one drive. 40K RAM 1t1ning 
2000HI 1250.00 lmonuol: 140.001 

TEXT PROCESSORS
TFS · T1t1t Form1ttinR System. At Int 1 full fHl Ufld tlJlt procttsor for NorthStar that you can 
rol1 onl TfS hn loll & right margin ju1tilicotion, pogo number ing, cboplaring, page h11 dlngs, 
contoring. pogod output & MORE. Support• pow1r1ul text m1nipul1tions Inc luding : globol & locol 
'111r-c-h and chang•.' 1111 muge1 and block moves. This me1n1 that you cen n1struc:tur11 your tut file 
1t any 1.im1 10 look the way you went it 10, you c1n even 'ch1in ' fil11 together from disc for 
docume:11t1 larger then your c1monl memory, 

TFS 11 comple1ely 'load end 10' ther1fo11 you can 1tul u1lng it et one•. You get twof2l uur1 
m1nu1l1: ona is 1 Quick Start manual ta get you going in mi nut111, tht other la an in depth 1tudy of 
TfS. rTFS roqulr11 RAM lrom OOOOH to 2000HI $75.00 (m1nu1I only: tz0.001 

ASSEMBLERS 
ARIAN · A complot• BOBO tHemblor thot Interlaces directly to your OOS. ARIAN i1 co mpletely 
'lo1d end go '. fee lu ras inc lude: dynamic file and RAM 1lloc11ion. custom disc ind RAM command c1p · 
ablli1y. aevera l library routin111 directly 1cce111bf1 by tht uur. Allo, a c::ompftte tut 1ditor, and 
1y1tem executiv1. ARIAN i1 bolh powerlul ind e11y lo leun ind 1111: it ia an 111embl1r that you can 
grow with. Comet complot1 with o 51 p1ge usero monual !ARIAN roq•iru RAM from OOODH to 
2000Ht $50.00 (m1nuol olone: $ tD.001 

ARIAN Utility Package · Several dt1c bmd •tllitl11. l""l• d11 o compl1t1 OEBUGP1ck1go: 
$50.00 

PROGRAMMING LANGUAGES 
'Tiny' PASCAL - This i1 1he lamou1 Chung/Yuen 'Tiay' PASCAL. FAST · ELEGANT · 
STRUCTURED. Loce l end global varioblu plus procadure end lunclion Independence mike 'Tiny' 
PASCAL great fo r high 1p&1d 1pplic1tion1. Compll11 to 8080 code that execules up to 25 tim11 f11t11r 
thin BASIC. You elso recieve SOURCE to Tiny' PASCAL written in PASCAL. This meona that you con 
compile the compi111rl Add f11tur11, r1foc1 t1. etc:. bou will n11d 36k to do 1hi1I $40.DO 

UTILITIES 
0 E B E · (0011 Everything But Eelll Thi• i1 • must for NortbStu ""''· You con: COMPACT & 
EXPAND BASIC progr1m1. Comp1celng r1mov11 un·nec:e111ry 1p1ces end remark• . Th is uva1 
mtmory and makes for programs run 111111. Expanding puls them back 191in . 

Cro11.Jefe rance BASIC programs by variables end transfer 1lat1men11. 
Globel 1ub1titutlons ol vorloblo nomH In BASIC progremo. 
Formatted print outs of BAS IC progr1m1 11 well. 140.00 

/UPC~/OrTSPECIFY SINGLE OR DOUBLE DENSITY 
ALL ORDERS PREPAID OR C.O.D. P.O. Box 1628 

ILLINOIS RESIDENTS ADD 5% SALES TAX Champaign, IL 61820 
(217) 344-7596 

* * 

THE 

ONLY ..._,__.. 
u. 

6800/09 
USER-ORIENTE 

MAGAZINE 

Crunchers Corner - Bryant (A monthly programming 
tutorial) • Flex '" to BFD - Puckett • Tiny Music -
Thompson • Semiconductor, Part 1  Kinzer• Soup Up 
Your TVT - Pass • Hints & Kinks - fixes (soft & hard) • 
50 pages plus Each Month! 

Crunchers Corner - Bryant • A Look at 
the SWTPC CT-82 - Ferguson • 6800 
Relative Branch Calculation (Hand) -
Berenbon • Relative Calculator (Machi ne) 
- Heatherington • Maillist (Disk) - Lilly • 
Modems - Schuman • Semiconductor • 
Part 2 - Kinzer • Locate - Pigford • A20 
MA, Prlnter-SWTPC - Perdue • AS-50 
Monitor Board - Pentecost • TSC Basic 
for 6800 - Shirk • Plus Much-Much More! 

Crunchers Corner - Bryant • A 
Case for the Small DOS - Mauch 
• MF-68 Motor Fix - Sorrels • 
Transfer (FLEX 1 to 2 or 5) -
Womack • 6800 Delay - Beren
bon • Make Like a 6809 - Fein
tuch • Games (Basic) - Harmon 
• Boot (Flex-BFD) - Puckell • 
Freeze Display (SSB) - Johnson 
• Paper' Tape Reader - Adams • 
FLEX " Fixes and Much More! 

KB 

7.8 

MAGAZINE COMPARISON 
(2 yeora) 

Monthly Average• 
&BDO Ar1icles 

TOTAL 
BYTE 

6.4 

CC DOBB'S PAGES· 

2.7 2.2 19.1 ea. mo. 

Average cost lor all tour each monlh : SS.88 

(Based on advcflised 1~year subsc1lp tion price} 

·ea· co~ per monlh s1 21 
Thars R1ghl1 Much, Much More 

lor AbOul 

115 lhe Cos.11 

EFFECTIVE SEPT. t , 1979 

t ·Year $14.50 2 Years S26.00. 3 Years SJS.50 

OK, PLEASE ENTER MY SUBSCRIPTION 

Bill My : Mas1er Charge o- VISA c 
Card"' Exp. Dale._ _ _ 

For O 1-Year O 2 Years O 3 Years 

Enclosed: S 

Name _ _ _________ 

Strne~--------- ---- _ 

City_ -  --  Slate____ Zip_ 

My Computer Is: _______ 

68 MICRO JOURNAL 
3018 Hamill Road 

HIXSON, TN 37343 

FOREIGN ADD : 
$9.50 Per Yr. Surface 

$26.50 Per Yr. A i r Mall 

*MORE 6800 ARTICLES THAN ALL OTHERS COMBINED* 
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Circle 236 on Inquiry card. 

IMMEDIATE 

DELIVERY 

Domestic & Export 

DEC LSl-11 

COMPONENTS 

A full and complete
line with software 
support available. 

m•n• Campu1er
Supp,•ers.. •nl:. 

25 CHATHAM ROAD 
SUMMIT, NEW JERSEY 07901 

SINCE 1973 

(201) 277-6150 Telex 13-6476 

WE'VE GOT YOU COVERED! 
Cover Croft Dust Covers protect your hard
ware and your Investment. Save molnte· 
nonce. downtime and look great. Our Dust 
Covers come In hundreds of sizes each cus· 
tom d esigned to fit a particular model of terml· 
nal. CPU. Line Printer. Floppy Disk. They're a 
proven way to help eliminate dust and dirt 
accumulation. improve system reliability and 
save many times the cost In reduced malnte· 
nonce and downtime. What's more. your 
satisfaction Is 100% guaranteed. 

Cover Croft Dust Covers ore available from 
your local computer retol ler $ 6 95 or contact Cover Croft. • -

$ 9 95 • 
Con you afford to wait any longer? 

c S9ax~~~er~N~!FT 

Telephone (603) 673-8592 

In order to gain optimum 
coverage of your organi
i at ion 's computer con
ferences , seminars, work
shops, co11rses, etc, notice 
should reach our office at 
least three months in advance 
of the date of the event. En
tries should be serif to : Event 
Queue, BYTE Publications, 
70 Main St , Peterborough 
NH 03458. Each month we 
publish tlie current contents 
of the queue for the month of 
the cover date and the two 
following caleridar 111ont/1s. 
Thus a given event may ap
pear as many as three times in 
this section if It is se11t lo us 
far enough in advance. 

SEPTEM BER 1979 

September 4-6 
International Conference 
and Exhibition on Engineer
ing Software, University of 
Southampton, England. The 
aim of this conference is to 
provide a forum for the 
presentation and d iscussion 
of recent advances in 
engineering software and to 
present a state-of-the-art in 
this field. The exhibition 
held in conjunction with tlie 
conference will cover all 
software products, services 
and equipment related to 
engineering software. Con
tact Dr R Adey, Engsoft, 6 
Cranbury Pl, Southampton 
S02 OLG , ENGLAND. 

September 4-7 
Compcon Fall '79, Capital 
Hilton Hotel, Washington 
DC. This 18th Institute of 
Electronic and Electrical 
Engineers (IEEE) Computer 
Society International con
ference will present the latest 
developments in micropro
cessor architecture, support 
software, operating systems, 
and peripheral devices. Con
tact IEEE Computer Society, 

POB 639, Silver Spring MD 
20901 . 

September 5-8 
Info/Asia, Ryutsu Center, 
Tokyo. This exposition will 
be devoted to information 
management, computers, 
word processing, and ad
vanced business equipment . 
The exposition will be ac
companied by a 4 day con
ference . Contact Clapp and 

· Poliak Inc, 245 Park Ave, 
New York NY 10017. 

September 8 
2nd Annual Microcomputer 
Faire, Cullen College of 
Engineering, University of 
Houston . 70 exhibitors are 
expected at this computer 
fair. Contact Dr John L 
Hubisz, Division Natural 
Science and Math, College 
of the Mainland, Texas City 
TX 77590. 

September 12-13 
Gateway Computer and 
Office Systems Expo, Chase
Park Plaza Hotel, St Louis 
MO. This 2 day event will 
include a program of ex
hibits and conferences which 
will be open to data proces
ing and business profession
als . Contact The Conference 
Co, 60 Austin St, Newton 
MA 02160. 

September 18-20 
Wescon /79, St Francis 
Hotel , San Francisco CA. 
Contact Electronic Conven
tions Inc, 999 N Sepulveda 
Blvd, El Segundo CA 90245. 

Septem ber 24-26 
Minicomputers and 
Distributed Processing, New 
York NY. This 3 day 
seminar will examine the 
uses, economics, programm
ing and implementation of 
mini computers . Contact 
The University of Chicago, 
Center for Continujng 
Education, 1307 60th St , 
Chicago IL 60637. 
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September 25 
DP User Documentation 
Workshop, Kansas City 
MO. The workshop will 
focus on how to write DP 
user manuals. Emphasis is 
on analysis of specific user 
needs; planning and outlin
ing; and effective writing, 
illustration and packaging of 
documentation. Contact 
Progressive Communications 
Inc, The Alamo / 310, 128 S 
Tejon St, Colorado Springs 
co 80903 . 

September 25-27 
Mini /Micro Conference and 
Exposition, Convention 
Center, Anaheim CA. Con
tact Robert D Rankin, 
Managing Director, Mini /
Micro Conference and Ex
position, 5528 E La PaJma 
Ave, Suite lA, Anaheim CA 
92807. 

September 25-27 
WPOE '79, San Jose Con
venter Center, San Jose CA. 
This show will be dedicated 
to word processing and 
office /business equipment, 
services and materials. Com
plementing the exhibit will 
be a 3 day executive con
ference program that focuses 
on emerging technologies 
and their applications in the 
office. Contact Cartlidge 
and Associates Inc, 491 
Macara Ave, Suite 1014, 
Sunnyvale CA 94086. 

September 25-28 
The 3rd Annual Data Entry 
Management Conference, 
Hyatt Regency, New 
Orleans LA. This conference 
will feature a full schedule 
of speakers, workshops, 
panels and vendor exhibits 
to assist the data entry pro
fessional. Contact Data En
try Management Associa
tion, POB 3231, Stamford 
CT 06905. 

September 26-29 
MIMI '79, Queen Elizabeth 
Hotel, Montreal, Canada. 
This symposium is intended 
as a forum for the presen
tation and discussion of re
cent advances in mini and 
microcomputers and their 
applications . Special em

phasis will be given to the 
theme of the conference 
'The Evolving Role of Minis 
and Micros Within 
Distributed Processing." 
Contact The Secretary, 
MIMI '79 Montreal, POB 
2481, Anaheim CA 92804. 

September 28-30 
Northeast Personal and 
Business Computer Show, 
Hynes Auditorium, Boston 
MA. Displays and exhibits 
will showcase microcom
puters and small computer 
systems of interest to 
businesspeople, hobbyists, 
professionals, etc. Lectures 
and seminars will be pre
sented for all categories and 
levels of enthusiasts, in
cluding introductory classes 
for novices. Contact North
east Exposition, POB 678, 
Brookline MA 02197. 

OCTOBER 1979 

October 1-3 
2nd Annual Symposium on 
Small Systems, Hilton lnn, 
Dallas TX. The symposium 
wi!J consist of a blend of 
paper and panel dfacussions 
with major emphasis on 
microcomputer applications. 
Both hardware and software 
topics presenting state-of
the-art and state-of-the
industry aspects wi!J be in
cluded . Contact Gerald 
Kane, Southern Methodist 
University, Dallas TX 75222. 

October 2-4 
NEPCON Central '79, 
O 'Hare Exposition Center, 
Rosemont IL This 10th 
annual exhibition and con
ference of electronic and 
microelectronic packaging 
and production equipment 
will featu re displays of elec
tronic and microelectronic 
materials, hardware, tools, 
supplies and test instru
ments . Contact Industrial 
and Scientific Conference 
Management Inc, 222 W 
Adams St, Chicago IL 
60606. 

October 14-17 
International Data Proces
sing Conference and 

Circle 87 o n inquiry ca rd. 

CY-480 
UPC™: 
THE WORLD'S 
ONLY SINGLE CHIP 
LSI UNIVERSAL PRINTER 1 

CONTROLLER. NOWONLV$25.00!: 
The CY-480 UPC'" ••• providing the kind of service and special features 

others don't! 


And lhal means for off·the·shell low prices , the CY-480 provides grea1 llexibillly and 
easy inlerfacing. Cybernetic Micro Sys1ems' amazing CY-480 will control and 
inlerface standard 5" x 7" dot matrix prinlersJlncluding those from Victor, LAC, 
Practical Automalion and Amperex) wllh spee sup to 200 CPSI Operallng from a 
single + 5V power suppl}\ the flexible CY-480 will Interface easily with any 
mlcrocompuler or mlnlcompuler syslem through standard B·bil porls. The CY-480 
accepts ellher serial (RS232C) or parallel ASCII inpul from the host syslem's dala 
channel. 

The CY-480 replaces bulky, expensive, dedicated conlrollers. 

This small, single LSI package offers a 5 x 7 dot matrix characler generat0<. full 
upper and lower case ASCII 96·character font. and a 48·character (expandable by 
daisy-chaining) internal line buffer storaiie. Standard fea1ures Include a 10, 12 or 16 
characters/inch variable character density command. and horizontal and vertical 
independently expanded print command. The CY-480 provides graphic capability 
and Includes a "flip-prlnl" operating mode for 180° viewing, and ready lines provide 
full asynchronous communlcatinns with handshaklng. 

Stock delivery ••• only $2S a single unit .,. send for YOURS today! 

CYBERNETIC MICRO SYSTEMS 
2378·8 'Mllsh Ave. Santa Clara, CA gsoso VISA and 
Phone (408) 249-9255. MASTER CHARGE accepted. 

L-----------------------------------~ 

From S-100 to 

IEEE-488 


=> 
P&T-488+ S-100 computer= Intelligence 

for your Instrumentation System 

The P&T-488 permits an S-100 computer to operate as a talker, 
listener, or controller on the IEEE-488 instrumentation bus for 
less than half the cost of calculator-based systems . Software 
packages which give access to the 488 bus from high level lan 
guages such as BASIC are available for CP/M, North Star DOS 
/BASIC, and Cromemco COOS. Or " roll your own " system 
with the custom system package of assembly language dr ivers . 

P&T-488 , assembled and tested , + any 
software package: $400 (domestic USA) 

PICKLES & TROUT 
P.O BOX 1206, GOLETA, CA 93017. (805) 967-9563 
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Business Exposition, Town 
and Country Hotel, San 
Diego CA. Contact Data 
Processing Management 
Association, 505 Busse 
Highway, Park Ridge IL 
60068. 

October 15-18 
6th Information Manage
ment Exposition and Con
ference, New York Coli
seum, New York NY. Con
tact Clapp and Poliak lnc, 
245 Park Ave, New York 
NY 10017. 

October 15-19 
CPEUG 79, San Diego CA. 
This is the 15th meeting of 
the Computer Performance 
Evaluation Users Group 
sponsored by the National 
Bureau of Standards. Con
tact Judith G Abilock, The 
MITRE Corp, Metrek Div, 
1820 Dolley Madison Blvd, 
McLean VA 22102. 

October 16-18 
Understanding and Using 
Computer Graphics, Wash
ington DC. This course is for 
people who are now using, 
or making decisions about 
using computer graphics and 
its role in their organization. 
It will describe computer 
graphics, explain what hard
ware and software systems 
are available and give cost 
and performance com
parisons. Contact Frost and 
Sullivan, 106 Fulton St, New 
York NY 10038. 

October 20-21 
4th Annual Tidewater 
Hamfest-Computer Show
Flea Market, Cultural and 
Convention Center, Norfolk 
VA. Contact TRC, POB 
7101, Portsmouth VA 
23707. 

October 21-23 
New York State Association 
for Educational Data 
Systems Annual Conference, 
Granit Hotel, Kerhonksen 
NY. The theme of this con
ference is "Instructional 
Computing - Hardware /
Software/ Courseware. " 
Contact Mary E Heagney, 
9201 Shore Rd, Brooklyn 
NY 11209. 

October 22-24 
The Association of Com
puter Programmers and 
Analysts 9th Annual Con
ference, Washington DC. 
The general theme of this 
conference is "Preparing 
Today for Tomorrow's New 
Technologies." Suppliers of 
software packages and com
puter services have been in
vited to describe and present 
their products in a series of 
structured presentations . 
Other sessions will cover 
trends in system technology 
and new methodologies fo r 
sharpening the professional 
skills of both systems 
analysts and programmers. 
Contact DBD Systems lnc, 
1500 N Beauregard St, Alex
andria VA 22311 . 

October 22-24 
Computers in Aerospace 
Conference U, Hyatt House 
Hotel, Los Angeles CA. The 
conference theme, "Com
puter Technology for Space 
and Aeronautical Systems in 
the 80s," will be carried out 
by a series of panels, invited 
presentations, and con
tributed papers which will 
bring computer system 
technologis ts together with 
specialists in the application 
of embedded computers in 
space and aeronautics . Con
tact American Institute of 
Aeronautics and Astro
nautics, 1290 Ave of the 
Americas, New York NY 
10019. 

October 22-25 
ISA/79, O 'Hare Exposition 
Center, Chicago IL. The 
conference theme, "Instru 
mentation for Energy Alter
natives," will emphasize cur
rent practices in instrumen
tation design and implemen
tation. Contact Instrument 
Society of America, 400 
Stanwix St, Pittsburgh PA 
15222. 

October 22-26 
Pascal Programming for 
Mini and Microcomputers, 
Ramada Inn , Woburn MA. 
Sponsored by the 
Polytechnic Institute of New 
York and the Institute for 
Advanced Professional 
Studies, this workshop wi.lt 
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include application ex
amples, lectures, informal 
sessions with the instructor, 
as well as individual and 
group programming ses
sions. Contact Professor 
Donald D French, Institute 
for Advanced Professional 
Studies, One Gateway Ctr, 
Newton MA 02158. 

October 28-30 
The 10th North American 

Computer Chess Champion

ship, Detroit Plaza, Detroit 

Michigan . Sponsored by the 

Association for Computing 

Machinery, this is a 4 round 

Swiss style tournament with 

the 1st 2 rounds to be 

played on October 28th (1 

PM and 7:30 PM), the 3rd 

on October 29th (7:30 PM) 

and the final round on Tues

day, October 30th (7:30 

PM). Contact Monroe 

Newborn, McGill Univer

sity, School of Computer 

Science, 805 Sherbrooke St 

W, Montreal PQ, 

CANADA H3A 2K6. 


NOVEMBER 1979 


October 29 - November 2 
Applied Interactive Com
puter Graphics, University 
of Maryland, College Park 
MD. This course is designed 
to cover the most important 
facets of graphics that are 
necessary to develop general 
graphic applications . 
Systems considerations are 
stressed, including con
figuration selection criteria 
and the pros and cons of 
off-the-shelf software. The 
most important factors and 
techniques are described for 
hardware, software and 
geometric modeling. Contact 
UCLA Extension, 10995 Le 
Conte Ave, Los Angeles CA 
90024. 

October 30 - November 1 
Interface West, Anaheim 
Convention Center, 
Anaheim CA. This 3rd 
annual West Coast small 
computer and office 
automation systems con
ference and exposition will 
feature over 100 company 
exhibits and 60 conference 

sessions covering a variety 

of data processing, word 

processing, data communica

tions, mangement hardware, 

software and service topics. 

Contact the Interface 

Group, 160 Speen St, Fram

ingham MA 01701. 


November 5-8 
Electronics Production 
Engineering Show, Kosami 
Exhibition Center, Seoul 
Korea. This international in
dustrial exposition will be 
devoted to the needs of 
manufacturers of electronic 
products in Korea. Contact 
Expoconsul, Clapp and 
Poliak International Sales 
Div, 420 Lexington Ave, 
New York NY 10017. 

November 6-8 
Midcon/79 Show and Con
vention. O 'Hare Exposition 
Center and Hyatt Regency 
O'Hare, Chicago IL. Contact 
Electronic Conventions Inc, 
999 N Sepulveda Blvd, El 
Segundo CA 90245. 

November 6-8 
Institute of Electronic and 
Electrical Engineers (IEEE) 
3rd International Conference 
on Computer Software and 
Applications, The Palmer 
House, Chicago IL. Contact 
IEEE Computer Society, 
POB 639, Silver Spring MD 
20901 . 

November 6-8 
3rs Digital Avionics Systems 
Conference, Fort Worth TX. 
This conference will probe 
the expectations and 
challenges of the digital 
revolution in avionics 
systems. Contact John C 
Ruth , Technical Program 
Chairman, POB 12628, Fort 
Worth TX 76116. 

November 12-14 
Computer Cryptography, 
The George Washington 
University, Washington DC. 
The objective of this course 
is to provide each partici
pant with a working 
knowledge of the use of 
cryptography in computer 
applications. Contact 
Continuing Education, 
George Washington Univer
sity, Washington DC 20052. • 

BOOT· 

STRAP 


TURN ON YOUR TRS-80 DISK SYSTEM AND GO 
RIGHT INTO YOUR BASIC PROGRAM-YOUR 
TRS-80 WILL LOAD AND RUN PROGRAMS-BY 
ITSELF! Yes, with th is unbelievable program your 
computer will take command of itself whenever 
power-on or reset is pressed. Go from DOS all the 
way into your Basic program, execute DOS or Basic 
commands, load and execute any machine-language 
programs or subroutines you need (such as printer 
drivers, machine language sorts, etc.), set your file 
buffers and memory size, then ruri any Basic pro· 
gram you want , without lifting another finger! 
BOOTSTRAP'S custom files make turn-key end-user 
applications simple! Requires disk system, works 
with DOS 2.1 , 2.2 and NEWDOS, completely docu· 
mented for easy Implementation. $15.95 

PRACTICAL APPLICATIONS™ (415) 592-6633 
1313 Laurel St., Suite 15, San Carlos, CA 94070 

0 Please send me TRS-80 BOOTSTRAP 
($15.95 each enc losed. Calif. residents add tax). 

D Send your catalogs. 

Name ________ ___________ 

City State___Zip___ 
TRS·80 IS a l raC!emark or Tane!y Corp 6979 

CCOMNICOMPUTER PROD••CTS" 


S·100 • TRS·SO ~
APPLE • PET 1 

ADD·ONS 

· 
~ 

SPEECH SYNTHESIZER 
Quality, Intelligible natural sounding COMPUTALKER 
Speech Synthesizer, a proven superior product since 1976, 
comes complete with Load'N'Go software, user 
documentation and source programs. 
CT-1 S·100 Bus Plug·ln.. . ... . ... .. .. . ... ...... .. ..... $495 
CT·1T TRS-80 add on w/interconnecl to self contained 

enclosure . . ... .. ...... .. . .. ..... ...... ....... .. 595 
CT·1A Apple add on w/interconnect to self contained 

enclosure . . ........... . . . .. .. . . ... .. .. ... . .. . .. 595 
CT·1P Pet add on w/interconnect to sell contained 

enclosure . . ...... . ................... . . .. . .. . .. 595 

FLEXIBLE DISK DRIVES 
Quality single or dual headed single or multi-drive 
configurations. Interconnects to self contained enclosures. 
Load'N'Go software and cable Interconnects available 
when required. 

Flip Sided 
35/40 TRACKS 

Dual Sided 
40F1 Single Drive $400 40D1 Single Drive $500 
40F2 Two Drives $700 40D2 Two Drives SBOO 
40F3 Three Drives S990 40D3 Three Drives S1090 

ALL PRODUCTS 

Fully Warranted-Sold Direct - Shipped Direcl from Stock. 
Please contact us for prompt, personal, professional service. 

DIAL (714) 

N0.1 OMNI 
(714) 661-6664 

32422 Alipa2 St.. San Juan Capistrano, CA 92675 
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"THE ORIGINAL" 


9rersonal 
Ccomputing 

® 79 
Plan Now to attend 
the best Personal 
Computing show ever. 

Friday, Saturday, Sunday 
October 5 -6-7th 
Philadelphia Civic Center 
Philadelphia, Pa. 

Don 't be confused - Other shows are copying us bu t 
they cannot equal us. We are th e Original Pe rsonal 
Comput ing Show. Now in our Fourth Yea r. 

For more informat ion and a 
Free subscr iption to ou r " PERSONAL 
CO M PUTING " new spaper, send 
your name and address to: 

PC79® 

FEATURING: 

Major Exhibits 

from the 


Leading Companies 


• 

Personal Computing College 


with 80 Hours of 

Free Seminars by the 


Industry's Leading Speakers


• 

Major Emphasis 


on 

Software Exhibits 


• 

2nd Annual 


Computer Music Festival 

Bigger! Better ! 


• 

Antique 


Computing Devices 

on Display


• 

See All the latest 


Hardware 


• 

Business Systems 


and 

Business Software 


PERSONAL COMPUTING 79 
Rt. 1, Box 242 • M ays Land ing, N.J . 08330 • 609 / 653 -1188 


Industry TRADE SHOW on October 4 th 


For exh ibiting informat ion please ca ll or wr ite. 
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REGISTRATION 
at the door incl udes admission to all semi nars. 

• 3 days - October 5, 6, 7 $10.00 
•Single day $5 .00 

DEALER DAY 
Thursday, October 4 


also inc ludes October 5. 6, 7 $15.00 


For Dea lers. Pu rchasing Agents, Ind ustry 

Reps, Industry Off ic ials only. 


2nd annual 

PERSONAL COMPUTER 


MUSIC FESTIVAL 

Saturday even ing, October 6. 1979. 

Harrison A uditor ium. Univ. of Pennsylvania. 
which is 1 block from the Philadelphia Civic 
Center . Doors open at 6 :30 P.M . 

Featu ring ; Live d emonst rations and perfo rm 
ances by leading computer m usicians . 

A stereo record from last year"s music festiva l 
w i ll be on sa le at the show. 

Daytime seminars and demonstrat ions at the 
Philade lphia Civic Center a ll day on Saturday. 
Oc t. 6th, during the Personal Computing Show. 

800 Tickets wi ll be on sa le Friday and Saturday 
from P.A.C .S. at The Ph iladelphia Civic Center 
du r ing the Persona l Computing show and at 
Harr ison Auditor ium . 

The Personal Computer Music Festiva l is spon 
sored by the Ph iladelphia Area Co mputer 
Soc ie ty. For more in formation contact them 
at : P.O. Box 1954, Ph il adelph ia, PA 19 105 . 

EXHIBIT DATES & TIMES 


FRIDA Y 

OCTOBER 5 9 A.M . to 6 P.M . 

SA TURDA Y 

OCTOBER 6 9 A.M . to 6 P.M . 

SUN DAY 

OCTOBER 7 10 A.M. to 5 P.M . 

___ HOTEL ACCOMMODATIONS___, 

------- Nearby------- 

HILTON 

Single 546. Double S56 • 215-387 -8333 


HOLIDAY IN N 

Sing le S40. Doub le S4 6 • 215 -387 -8000 


---- ---Downtown------

PENN CENTER 

Single S36, Double S41 • 800-523 -0909 


BEN FRANKLIN 

Single 532 -S39. Double S40- S47 • 2 1 5-9 22 -8600 


P C "78 PHOTOS BY MARJ KIRK 

New product demonstratio ns 

Spea ker. David A lil . Crea tive Computing magazine 

~ REMEMBER: Monday, Oct. 8th, is Columbus Day, 

o which gives an extra day to travel home. 
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The AMSA T-GOLEM-80 


Joe Kasser 

11532 Stewart Ln 


Silver Spring MD 20904 


The AMSAT-GOLEM-80 Micro
computer Project provides a means 
for a group or club to put together an 
S-100 bus microcomputer in a 
relatively inexpensive manner. It is a 
modular system of hardware and 
software that can be built as a stand
alone system or superimposed on an 
existing S-100 machine. It is designed 
to be expandable and affordable. 
Many people who belong to micro
computer clubs, or who are learning 
about microprocessors, would like to 
own a microcomputer . However, they 
may not want to make the initial in 
vestment of $500 to $1500 for the 
basic hardware. The AMSAT 
GOLEM-80 is designed to be built in 
stages, as finances allow . Each stage 
of the AMSAT-GOLEM-80 is func ory card (1), and processor card . At System Basics- Hardw are 
tionally complete and can verify the this level the basic AMS-80 program The hardware is standard S-100 
performance of the next stage. It is can be executed. The order of con bus circuit cards, but any 280/ 8080 
capable of incorporating any S-100 struction can be varied depending on processor card, memory card, or I/O 
card, contains a powerful debugging the individua l constructor 's card may be used . Circuitry is avail 
software package (AMS-80 version preference. The group can also build able for a hardware front panel. This 
5. 7), and the l/O (input/output) in separate parts, put them together to operates by putting the processor in 
terface handlers for your system. It is get 1 machine working, then have the the "hold" state and then taking over 
designed to be flexible and easily members build their own parts at control of the bus lines. Memory and 
customized to fit your requirements. their own pace. I/ 0 ports can be exercised and 
This is recommended as a group pro This technique of construction may checked out. A single-step feature is 
ject for 3 reasons: 1) to take advan not be the cheapest in the long run, offered, as is jump start or boot start 
tage of bulk discounts in the purchase but it is in the short run. It also allows to a software monitor program. Sev
of hardware; 2) knowledgeable indiv nearly instant results, since the eral unique circuits are available for 
iduals are available to help others; machine is doing something almost as amateur radio use (eg : satellite 
and 3) test equipment can be shared. soon as construction is begun . This is tracking). 

The order of construction is log psychologically important, consider
ical. Sections can be built and used to ing the amount of money involved. It Software 
check out subsequent sections. Thus, is difficult to decide which system is The AMSAT-GOLEM-80 project is 
a sequence of construction could be the cheapest in the long run . Building designed for active experimenters . It 
to build the cabinet and front-panel a microcomputer can be a n open  is expected that some machine 
power supply, motherboard, console ended drain on your finances because language programming will be per
l/O card, programmable read-only you will probably keep adding new formed on each machine. Thus, a full 
memory card, programmable mem- memory and I/O peripherals. and expandable operating debug or 

Photo l: The AMSA T-GOLEM-80 prototype computer. 
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monitor package is available. This 
program AMS-80 is a much improved 
and expanded version of AMS-80 
which was first published in the 
September 1976 issue of BYTE. Apart 
from the usua l memory and register 
exami ne/ change features, it incor
porates direct I/O operations, a 
disassembler mode, and keyboard
inter ruptable console operations . A 
list of the commands is shown in table 
1. All l/O drivers are contained 
within AMS-80, devices can be con
figured in sof tware, and a ll l/O 
devices are accessed via a jump table. 
All utili ty rout ines used within the 
monitor are also available via jump 
tables, as shown in table 2. The hex
adecimal base address is FOOO and the 
I ! O driver section of the jump table is 
compatible with the Technical Design 
Laboratory's Z80 monitor . 

A PRINT (MEMORY) IN .ASCI I 
B • 
C CONF IGURE 1/0 (INPUT/OUTPUT) DEV ICE 
D DISPLAY (MEMORY) IN HEXADECIMAL 
E WRITE END OF FILE RECORD TO TAPE 
F FI LL (MEMORY) WITH CONSTANT 
G GO TO LOCATION AND EXECUTE 
H HEXADECIMAL MATH (SUM AND DI FFERENCES) 
I INPUT FROM PORT TO CONSOLE 
J • 
K • 
L PRINT (MEMORY) IN ASSEMBLY LANGUAGE 
M MOVE BLOCK OF (MEMORY) 
N PU NCH 6 INS LEADER TAPE 
0 OUTPUT TO PORT FROM CONSOLE 
P SCAN TAPE 
Q • 
R READ TAPE 
S EXAM INE/CHANGE (MEMORY) 
T PUT HEADER ON TAPE 
U DISPLAY 110 CONFIGURATION 
V VERIFY PROGRAM MABLE MEMORY BLOCK WORKS 
W WRITE TO TAPE 
X EXAMINEJCHANGE (REGISTERS) 
y • 
z . 
· Nol assigned as yet. 

Also avai lable is a float ing-point 
ma th pack (Intel software library ver
sion relocated), a floating-point inter
preter; a macro-o rganized pseudo 
high-level language using a floati ng
point stack , and operating through 
the math pack and va rious other soft
ware, incl uding radio teletypewriter 
(RTTY) reading programs which are 
main ly suited for amateur radio ap
plications. Pa tches fo r commercially 
avai lable software (but not the actual 
softwa re) are also avai lable. These 
patches include Processor Tech
nology 5 K BASIC and North Star's 
disk opera ting system . 

The Power Supply 
The power supply is 1 of the 2 

single-poi nt failure points in the 
system (the o ther is the processor). If 
it fails, the system is down. Thus , it 
should be overrated, cooled , and 
have a littl e spare capacity on hand. 
It should be capable of at least the 
fo llowing performance : 8 to 10 V at 
10 to 20 A, 16 to 18 V and -16 to 
-18 V at 2 A. The supply can be 
unregulated because each S-100 card 
carries vo ltage regulators as required . 
Use plenty of fuses; put 1 in the AC 
line and 1 in each of the DC supplies, 
as shown in figure 1. If you wish to 
add crowbar circuits , over-voltage 
protection, or shut-down circuits, 
that's fine. 

The Cabinet 
Th e ca binet is the part of the 

Table 1: AMS-80 ve rsion command list, version 5. 7. Details of the operation of th e 
commands are give11 in the description of AMS-80. 
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THE WORLD'S RRST 
All SOUD STATE 

VIRTUALLY 

INDESTRUalBLE 

FULLY ENCODED 


KEYBOARD. 

JUST$75. 


•••llDD-D•e1•im•••• 
.ia ............ . 


-	 .. la - b - - - - - - -' •anab•t:.••• 
' 

INTROD UCING THE TASA MODEL 55 
ASCII KEYBOARD. 

Imagine. A full capability, 128 position 
keyboard without a single moving part. 
Simply touch its surface and sophisticated 
electronics instantaneously transmit informa
tion to your computer. 

Imagine further. This state-of-the-art 
keyboard provides a TIL output that is fully 
encoded . verified , processed, and de
bounced on a 6-position , dual-sided card 
edge connector. Ready to plug in and 
operate. 
IF THE PRICESOUNDS UNBELIEVABLE, 
REMEMBER WHAT SINGLE-CHIP TECHNOLOGY 
DID FOR THE CALCULATOR. 

The secret of the TASA keyboard's 
powerful performance and low price is fully
integrated single-chip circuitry. Because 
there are no mechanical keys or flex switches 
lo move up and down, all the electronics can 
be completely sealed inside the tough poly
carbonate case . This makes the TASA key
board virtually indestructible and immune to 
spills and rough handling . 

And since there are no moving parts , 
your TASA keyboard should have the same 
trouble-free life expectancy as a silicon chip . 
HERE ARE AFEW STATE-OF-THE-ART FEATURES: 
• 	Full 8-bit ASCII output and continuous 

strobe. 
• 	Low power: 18 V DC, 35 mA , built- in 

regulator. 
• 	Parallel output: active pull-down, direct 

TIL compatible (one load) . open collector 
type . 

• Dimensions: 15"Lx6.25"Wx0 .325" thin . 
• 	Easy hook-up to any system. including 

the Apple computer. 
ALSO AVAILABLE: 

The Model 16-A, a 16-key alphanumeric 
fully encoded, solid state 4x4 keyboard for 
use as a companion to the Model 55 . or as a 
stand-alone data entry unit. 
TRY THE TASA KEYBOARD FOR 10 DAYS. 

Enclose payment with the order form . 
Connect the TASA keyboard to your com
puter and use it for 10 days. If you don't 
agree that this keyboard is worth many times 
the price. simply return it to us. Your money 
wlll be refunded in full. 

r PLEASESENDTHEFOuowiilc~ - - - - - -1 
: 

1 

0 TASA Model 55ASCl l keyboard .. $75. 
0 TASA Model 55 with stand and con-

nectar . . . .. . ..... .. ...... . ....$93 . 

I 
I 
I 

1 
I 

0 TASA Model 16-A keyboard .......$55 . 
Add $4 . for shipping and handling . 

I 
I 

I Enclosed is my check or M.O. for$ _ _ I 
I 
I 

or Mastercharge/VISA # 
expires 

I 
I 

I NAllE I 
I ADDRESS - -  I 
I ilTY - STAIE ZIP - I 
: 1<ML~., 	 : 
L~~~~~~~~~~~~~----' 
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OFOOOH 
CUSTOM 
CONSI 
RDR 
CONSO 
PUNCH 
LIST 
CSTS 
IOCHK 
IOSET 
MEMCK 

RESTART 

START 
BEGIN 

CHIN 
CON SA 
TCSTS 
TCRET 
AOUT 
THXB 
THXW 
MSG 
PCHK 
CONSB 

PHXB 
LEAD 
PCRET 
PHXW 
POB 

LHXW 
LHXB 
LCRET 
LOB 

CONV 
NIBBLE 
DONE 
TIMER 
SD EHL 
LOCMB 

IRST 
BACON 
ASCBD 
$ 
$ 

: <R> 
;START OF SOFTWARE 
;CONSOLE TO <A> 
;READER TO <A> 
; < C > TO CONSOLE (ASCII) 
; <C> TO PUNCH (ASCII) 
; < C > TO LIST (ASCII) 
;TEST CONSOLE STATUS 
;DETERMINE 1/0 (IN PUT/OUTPUT) CONFIGURATION 
;SET 110 CONFIGURATION 
;FIND TOP OF USER AREA (PROGR.AMMABLE 
MEMORY) 
;BREAKPOINT ENTRY 
;ENTRY POINTS 
;REENTER BMS-80 
;BYPASS CUSTOMIZING AREA 

;CONSOLE ROUTINES (INDIVIDUAL) 
;CONSOLE INPUT AND ECHO 
; <A> TO CONSOLE 
:GOTO MON IF CONSOLE INTRPT 
:OUTPUT CR/LF 
; <A> TO CONSOLE 
:OUTPUT <A> (HEXADECIMAL-2 DIGITS) 
;OUTPUT < H/L> (HEXADECIMAL-4 DIGITS) 
;OUTPUT TEXT 
:TEST FOR NULL INPUT CHAR 
;<B> TO CONSOLE (ASCI I) 

;PUNCH ROUTINES 

:<A> TO PUNCH (HEXADECIMAL) 

;PUNCH 6 INS LEADER TAPE 

:OUTPUT CR/LF TO PUNCH 

;OUTPUT H/L TO PUNCH 

:<B> TO PUNCH (ASCII) 


;UST ROUTINES 

;OUTPUT H/L TO LIST 

:<A> TO LIST (HEXADECIMAL) 

:OUTPUT CR/LF TO LIST 

:<B> TO LIST (ASCII) 


;UTILITY ROUTINES 

;CONVERT HEXADECIMAL TO ASCII 

:CONVERT ASCII TO HEXADECIMAL 

;TEST FOR COMPLETION 

;DELAY 

:HL·DE 

;LOCATE CONTROL BYTE IN PROGRAMMABLE 

MEMORY BLOCK 

:RESET INTERRUPTS 

:BAU DOT TO ASCII CONVERSION 

;ASCII TO BAU DOT CONVERSION 

:SPACE FOR PATCHES 


Table 2 : AMS-BO interface jump table . The individual routines are diswssed in detail in 
the description of AMS-BO. 

system that your friends will see and 
admire. It should look presentable . 
The number of switches and lights on 
the front panel has been the subject of 
numerous debates. Those which are 
necessary are a power on/off switch, 
a boot switch, and a reset switch. If 
you are doing a lot of I/O program
ming (common in amateur radio 
applications), an output port and an 
input port (sense switches) are useful. 
Status lights, control bus lights, and 
data and address bus lights /switches 
are optional. One full hardware tester 
panel should be built within each 
group if no known working system or 
other method for troubleshooting the 
hardware is available. The prototype 

shown in the photograph contains the 
full hardware tester panel circuit and 
is built separately from the power 
supply. This has the advantage of 
portability. 

The Front Panel Interface 
This card interfaces the front panel 

switches and displays to the S-100 
bus. It is used when first building the 
system to check out the operation of 
the individual cards. Once AMS-80 is 
running, its usefulness is diminished 
until a hardware failure occurs that 
leaves the system up, but inhibits the 
processor from working properly (eg: 
a bus buffer or data-bit failing) . The 
controls on the front panel will then 

AMSBO: ORG 
JMP 
JMP 
JMP 
JMP 
JMP 
JMP 
JMP 
JMP 
JMP 
JMP 

JMP 

JMP 
JMP 

JMP 
JMP 
JMP 
JMP 
JMP 
JMP 
JMP 
JMP 
JMP 
JMP 

JMP 
JMP 
JMP 
JMP 
JMP 

JMP 
JMP 
JMP 
JMP 

JMP 
JMP 
JMP 
JMP 
JMP 
JMP 

JMP 
JMP 
JMP 
JMP 
JMP 
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The 
Data 

Duo. 

FromDTC. 

What you see is what you get. 
Our Model 382 Data Terminal le ts you 
manipulate your data-or-words-in
process on an eye-level CRT before 
you commit printer time to it. The 382 
is a truly elegant terminal that integrates 
video display with a letter quality 
printer to save you time, paper and 
consumable supplies. 
On the screen you'U see 24 lines of 80 
characters, with separate field attribute 
characters. And in memory, ready to 
scroll up or down into view, are four full 
pages (96-lines). You can even s tore 
eight fu ll pages if you don't need the 
field attribute symbols. 

Distributor information 
available. 

Circle 97 on Inqui ry card. 

·~ 4~•
';"" 

The Data Daisy, too. Get one and start enjoying: 
• True proportional spacingThe DTC 382 is also the first system you 
• Speeds up to 55 char/sec.can buy that has the full ASCII 96
• Fast-throughput, automaticcharacter metal print wheel, our 
• reverse typingData Daisy. Crisp clarity, long-lived 
•Automatic underliningmetal, and a full 96-character set! Just 
• Shadow printingwhat dp and commu nications people 

1200 baud (burst mode) for printerhave been asking for. Purchase or fuU 
• 9600 baud for video displaymaintenance lease pricing is available. 
• RS-232CPlease contact your local dealer or DTC 
• Worldwide fast servicefor complete pricing details. 

Write, TWX or call for additional 
• I I information Data Terminals &t..\ \ f 11. 1 , / 1;4 Communications, 590 Division 

"'-\; .111 " 11 
" /1 11 A I Street, CampbeU, CA 95008. 

~°'\\' "•l4. (408) 378-1112. TWX: (910) 590-2436. 
~ ... \ #'..~; Toll free number: (1) 800-538-9779 
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Figure 1: Typical 5-100 computer power supply. 

one using dynamic programmable 
memories), you will have to modify 
the select signals from the front-panel 
interface card to convert these signals 
in a pulsed mode (gate the clock into 
the control signals). Shop around for 
a good group buy. AMS-80 requires 
at least 4 K bytes of programmable 
read-only memory . You may want to 
put additional software in program
mable read-only memory. 

The 8080 can access 64 K bytes 0£ 
memory. Since most personal sys
tems do not contain a full 64 K bytes 
of memory, and 8080 software is non
relocatable by virtue of its absolute 
mode-addressing capability, several 
manufacturers have put out software 
modules at fixed allocations. The 
Radio Amateur Satellite Corporation 
(AMSA T) has developed a memory 
map for software, thus making all 
user written software compatible . 

allow the problem to be located in a The Memory Using the expandable idea, basic soft
swift manner. When in the run mode, Any S-100 bus programmable ware can be executed in minimal
the address lights also indicate the read-only memory and program memory systems. The memory
location of the software that is being mable memory card can be used. assignment map is shown in table 3.
currently executed. This is useful in However, if you are using a card that The main user memory area is up
determining exactly where your pro  places a limit on the time period that ward expandable from location 0. No 
gram is hung up during debugging. it can be addressed continuously (ie: matter how much memory is avail

able, software will run if written for 
low locations. Hexadecimal 0100 is a 
good starting location so that the in 
terrupt service area is not overwritten 
by your customized software. 

As home systems are assembled, 
they tend to fall into 1 of 2 distinct 
configurations. There is the floppy 
disk system, having much program
mable memory and a minimal 

Put your S-100 Computer amount of programmable read-only 
on the clock. memory in which programs are 
A real time clock could double the stored on disks and down-loaded into 
utility of your computer. Time events user memory for execution. The 
in 100µ.S increments for up to 100,000 second type is the eraseable read-only 
days (over 273 years). Program events memory (EROM) based system. 
for the same period with real time EROMs and EROM cards are 
interrupts that permit pre relatively inexpensive. Programs can 
programmed activities to take be stored in EROM and executed via 
place .. . without derailing on-going AMS-80. This type of system con
programs. Maintain a log of computer tains less user memory than the 
usage. Call up lists or appointments. floppy disk system. Since EROM 
Time and date printouts. Time events. An cards come in 16 K-byte blocks, it is 
on-board battery keeps the clock running in desirable that such a block be incor
the event of power outage. porated in the AMSAT-GOLEM-80 

system. This allows for inter Mountain Hardware also offers a complete line 
changeability and redundancy. Forof peripheral products for many fine computers. 

I 
added flexibility, the chosen card 

Available at your dealer's. Now. should have user memory coexistence 
capability. Thus, a group system can Mountain Hardware, Inc. be put together out of both types of 

300 Harvey West Blvd. configuration, with minimal con
Santa Cruz, CA 95060 (408) 429-8600 	 flicts . This block is located between 

hexadecimal 8000 and BFFF. 
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The s15,995*5ystem 


·auantity 1 Price 

Are you tired of inadequate floppy systems and overpriced m1n1
computers? BASIC TIME offers an aff ordable Minicomputer system 
with 10MB hard disk storage, printer w / stand and CRT. All complete
with desk enclosure. 

Since the introduction of our system B-100 in June of 
this year, we have had an overwhelming response 
from you, the minicomputer system buyer. The 
reason for this response is, when it comes down to 
price, you can 't find a much better value nowadays in 
a small Business computer System than what we are 
offering. 

our central Processor is a 16·bit, single board unit 
with 65K bytes of memory, using a 2901 microcom
puter to emulate the Data General Nova instruction set. 

we offer 10MB of hard disk storage on two disks, 
one fixed and the other removable, to allow for 
backing up the system. 

The operating system comes complete with Business 
Basic integrated with a sophisticated fi le manage
ment system. It is easily programmable by first time 
users and it supports editor and all facilities / utilities 
to develop business application packages. we also 
include a variety of subroutines to make develop
ment easier. 

The system comes with a full function video display 
terminal that has a standard typewriter keyboard and 

with that option , at no additional cost, is a word 
processing package. 

we Include a General Business software package 
that consists of: general ledger, accounts payable, 
accounts receivable, payroll and Inventory control. 
We provide complete software documentation to 
allow the user to modify it to fit his own needs. There 
ls no charge for the software. 

The B-100 Is upgradeable for users that requi re 
multi-user and muli-tasking capabilities. However, we 
plan to introduce our system B-200 in November. 
This system will be capable of multi-user and multi
tasking and it will hand le up to four CRTs and printers 
in any combination. 

we have complete Dealer and OEM packages which 
include: pricing information and Dealer /OEM agreements. 

Eias1c Lime 

a 10 key numeric pad. The display screen wil l display 

1215 E. El Segundo Boulevard1920 characters 124 lines of so characters>. 
El Segundo, California 90245we have an optional printer that prints letter 
213 / 322-4435ouallty type if your needs are In that area. Included 
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FFFF 

AMS-80 Custom Area, 

1/0 (inpu l/output) handlers, including VDB-4 software 


FCOO 

AMS-80 Standard Area 

FOOD 

Floppy Disk 1/0 and Bootstrap Loader 

E800 

DFFF 

4 K-Byle, Programmable-Memory Area for Buffers, etc. 

0000 

Video-Display Memory Area 

ccoo 

BFFF 

16 K-Byte, Programmable Read·Only·Memory Area (prefe rably 
maskable) 

8000 

User Programmable· Memory-Program Area 

0100 

Interrupt Service Area, Interfaces, etc. 

0010 

AMS·BO Programmable-Memory Links 

0000 

Table 3: Memory assignment map for the AMS-80. 

The block can be used to contain assigned at hexadecimal 0000. This 
programs that execute in those loca allows the stack to be located outside 
tions, or copies of programs that ex of the main user area. The buffer 
ecute when moved to programmable areas for cassette 1/0 can be located 
memory locations in low memory. in this area, as can any program
This is ideal for programs that need to mable memory-dependent software 
be executed in user memory, or for that is required for your system. 
storing programs as a backup to the AMS-80 is designed to automatically 
floppy disk unit in case it is not locate the stack in an area of user 
available at a particular time or loca memory above the video block. It 
tion, such as a demonstration at a also skips this area when a user pro
computerfest . gram asks for the top of user 

Processor Technology's SOL soft memory. If no such block exists and 
ware is written to reside at hex the video area is used, AMS-80 will 
adecimal COOO. It can be placed in have to be customized to avoid the 
that area if desired. The video display video programmable memory area 
programmable memory is located at during initialization. 
CCOO. This makes it compatible with 
Processor Technology and SSM. The Processor 

A programmable memory area is Any S-100 bus processor card can 
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be used. Different cards have dif
ferent features . Some have jump start 
or bootstrap capability, some have 
interrupt ports, and some have both . 
Some are available already built, and 
others as kits or blank boards. 
Choose one that suits the needs of 
your group . 

Input / Output 
You will need (and AMS-80 is con

figured for) 4 classes of 1/0 (in
put/output) devices, a console, a 
high-speed data-input device 
(reader), a high-speed data-output 
device (punch), and a high-speed, 
ASCII output device (list). The 
AMS-80 software allows 4 physical 
devices to be assigned to each 
category of 1/0 device. The 
assignments are in software and may 
be changed under program control. 
Software is provided for a video
display board (Cybercom) as well as 
a Teletype interface. Audio tape is 
chosen for off-line program and data 
storage . A floppy disk drive can be 
added at will . 

All 110 operations are performed 
on a single character basis, either in 
or out. Kansas City Standard tones 
have been chosen as the audio re
cording standard. There is, however, 
1 basic difference between the use of 
paper and audio tape. Paper tape can 
be stopped between punches or reads, 
but audio tape cannot be efficiently 
stopped. Thus, the audio cassette 
routines contain "blocking" software 
that stores the individual characters 
in a user memory area (preferably 
between hexadecimal 0000 and E800, 
as shown in table 3). This blocking 
software is transparent to AMS-80. 
Software is provided for all 110 to 
the console or terminal, the punch, 
reader, or list devices. The routines 
are located within AMS-80 and are 
called indirectly via a jump table as 
shown in table 2. Routines are pro
vided to ouput ASCII data from 
either the B or C register, allowing 
existing commercial software to be 
patched to operate via AMS-80 with 
minimal changes. Routines are also 
provided to output the contents of the 
accumulator (8 bits) or the H/ L 
register pair (16 bits) in hexadecimal 
code. Character input routines are 
also provided. Most of the routines 
are used within AMS-80. 

There are 2 reserved 1/0 ports 
within the system. These are front 



it's on the dou 

INTRODUCING LOUMAR MANAGEMENT SYSTEMS SOFTWARE 

~rograms to give you a comprehensive package for business management 

The Loumar General Accounting System is a versatile. fully integrated software package designed for small and medium sized 

businesses. It is also suitable for CPA 's and bookkeeping service film s. 

The complete software system is composed of four main modules: GENERAL LEDGER, ACCOUNTS RECEIVABLE, ACCOUNTS 

PAYABLE AND PAYROLL. Each module may be used separately or in combination with any other module. Supplied on disk as 

run·time modules. Source not available. 

All so It ware is written in CBASIC II and uti lizes the powerful CPI Moperating system. 

General system features include: 

Au tomatic posting to general journal • Strict error detection • Report production on demand • Consistent operating procedures • 

User oriented . No previous computer knowledge required • Designed by accounting professionals • Comprehensive, well pre 

sented reports and manuals • Single or multiple cl ient capabilities. 

HARDWARE SPECIFICATIONS PAYROLL: Up lo 500 employees - $550. 

The end user"s microcompuler must satisfy the following require· ACCOUNTS RECEIVABLE: Up lo 1000 customers and 1000 monthly 


men ts: transactions - $550 
48k RA ACCOUNTS PAYABLE: Up lo 1 000 vendors and 1300 monthly 
Dual floppy disk system transactions - $400 
Printer with tractor. All printing is done in 80 col. format GENERAL LEDGER: Up to 200 accounts with 2000 entries 
CRT with al least a 64 charac er by 16 line display $450 
GP IM and CBASIC II 
Wnle for our brochure - Dealerships S1ill available 
Contact: Dislnbulor 

MISSION CONTROL• 2008 WILSHIRE BOULEVARD SANTA MONICA CA 90403 • (213) 829-5137 
Circle 237 on inquiry card. BYTE September 1979 189 



Pint Signal 

1 Chassis Ground 

2 Data From Terminal To Computer 

3 Data From Computer To Terminal 

4 Control Line #1 

5 Status Line #1 

7 Signal Return (Ground) 

8 Control Line lt2 


10 + 18 V Supply 
13 -18 V Supply 
17 20 mA Current Loop ( + ), Terminal To Computer 
20 Status Line #2 
23 20 mA Current Loop ( + ), Computer To Terminal 
24 20 mA Current Loop (- ), Terminal To Computer 
25 20 mA Current Loop ( - ), Computer To Terminal 

Note: This is a modified RS-232 Interface. Signal Levels are as follows: 
Mark (Logic 1) = -3 V to -12 V, Space (Logic 0) = +5 V to + 12 V. 

Table 4: Connections to tlie serial port interface connector. 

1 Chassis Ground 

2 Data Port 1 Status Bil 

3 Data Port 1 Control Bit 

4 Data Port 1 Bit 0 (LSB) 

5 Data Port 1 Bit 1 

6 Signal Return 

7 Ground 

8 N/C 

9 +8 V Raw Power 


10 Data Port 2 Bit 6 
11 Data Port 2 Bit 7 

12 Data Port 2 Status Bi t 

12 Data Port 2 Control Bit 

14 Data Port 1 Bit 2 

15 Data Port 1 Bit 3 

16 Data Port 1 Bit 4 

17 Data Port 1 Bit 5 

18 Data Port 1 Bit 6 

19 Data Port 1 Bit 7 

20 Data Port 2 Bit 0 
21 Data Port 2 Bit 1 
22 Data Port 2 Bit 2 
23 Data Port 2 Bit 3 
24 Data Port 2 Bit 4 
25 Data Port 2 Bit 5 

NOTE: All voltage levels are transistor-transistor logic compatible. The Data Lines are com
patible to the MITS convention. Port 1 is configured as an input port and port 2 as an 
output port If bidirectional 1/0 port integrated circuits (such as 8255s) are not used. 

Table 5: Connections to the parallel port interface connector. 

panel (FF) and interrupt control port 
(FE). The front-panel address is used 
for both displays and switches. FF 
was chosen because of the simple 
hardware needed to decode it (1 
NANO gate), while FE was built into 
the processor card utilized in the pro
totype. 

Some standardization of the hard
ware is desirable in a group project. 
This allows 1 person to check out 
another person's hardware. It also 
allows different members of the 
group to interconnect their equip
ment for large demonstrations. 
· Interfaces come in 2 types: serial 
and parallel. The following stan
dards, which are slightly modified 
versions of existing ones, are sug
gested for the AMSA T-GOLEM-80 
Project. 
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Audio Signals 
All audio signals from the com

puter or interface boxes to and from 
cassette recorders are via phono 
plugs/ sockets . The actual connectors 
on the tape recorder may be anything 
from miniature phone to DIN-type 
connectors. 

RF/Video Signals 
BNC-type connectors should be 

used to carry video to and from 
monitors. The BNC connector is 
small, quick to connect and discon
nect, and readily available world
wide. 

Digital Signals 
Digital signals come in 2 types: 

serial and parallel. Both types of 
interfaces should use 25-pin EIA-type 

connectors. The chassis connector on 
the computer ·will be female; the 
chassis connector on the remote 
device is male. Power can be fed 
down the cable from the computer to 
the remote device via the I/O cable. 
Having a female connection on the 
hot lead reduces the probability of 
short circuits. They can also be joined 
together to make larger ones, without 
the need for special adaptors . The 
serial connector assignments are 
based on the RS-232 interface. The 
pin assignments are shown in table 4. 
The parallel connector carries 1 input 
and 1 output port (8 bits each) , plus 1 
pair of handshake signals. The signal 
pins are compatible to the MITS 
recommended ones. Power and 
ground are fed down the cables, thus 
the recommendation for fuses in the 3 
DC voltage lines. The parallel port in
terfaces are transistor-transistor logic 
(TTL) level, the serial port RS-232 
voltage levels (mark = negative, 
space = positive) . The pin assign
ments are shown in table 5. 

AMS-80 
AMS-80 is a full, software-de

bugging program. It also contains the 
system l/O drivers and utility 
routines accessible via a jump table. 
The jump table approach is utilized so 
that user programs written using the 
utility routines within AMS-80 will 
not require reassembling, should a 
subsequent version of AMS-80 be 
released. The version that was 
previously published (September 
1976 BYTE) has undergone extensive 
modifications and has been relocated 
to the block of memory between hex
adecimal FOOO and FFOO. This allows 
many existing programs written for 
low, user memory area (such as MITS 
BASIC) to be run through the l/O 
drivers within AMS-80. It is thus 
possible to run a program in BASIC 
and have the ouput appear on the line 
printer (list device) or the console at 
will. The standard capacity existing 
in AMS-80 is shown in table 1. 

System Expansion 
The modular design of the 

AMSAT-GOLEM-80 system allows 
for operability at all stages of con
struction, once the initial stage is 
reached. Since a great deal of money 
is being spent, it would be encourag
ing to see it perform as soon as possi
ble. The initial stage, apart from the 
processor power supply and bus, 
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NEW 


RAM 

D Scelbi "6800" Software Gourmet Guide 

& Cookbook Robert Findley $10.95 

D Scelbi "8080" Software Gourmet Guide 
& Cookbook Robert Findley $10.95 

D Programming the 6502 
Rodnay Zaks $11.95 

D 8080A/8085 Assembly Language 
Programming Lance Leventhal $9.50 

D 6800 Assembly Language Programming 
Lance Leventhal $9.50 

D Z·80 Assembly Language Programming 
Adam Osborne $9.50 

D 6502 Assembly Language Programming 
Lance Leventhal $9.50 

D Semiconductor Memory Data Book 
Texas Instruments $5.00 

D Tracer: A 6800 Debugging Program 
Grappe! & Hemenway 

D Bar Code Loader Ken Budnick 

D Tiny Assembler 6800 Version 3.1 
Jack Emmerich 

D RA6800ML: An M6800 Relocatable 

$6.00 
$2.00 

$9.00 

Macro Assembler J. Hemenway $25.00 

D MONDEB: An Advanced M6800 Monitor 
_Debugger Don Peters $5.00 

D Editor/Assembler for 8080/8085 Based 
Computers 
W.J. Weller & W.T. Powers $14.95 

D Practical Microcomputer Programming: 
TheZ·80 ·W.J. Weller $29.95 

D 	 LINK68: An M6800 Linking Loader 
Grappe! & Hemenway $8.00 
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D 9900 Family Systems Design and 
Data Book Texas Instr. $9.95 

D Designing with TTL Integrated Circuits 
Texas Inst r. $36.50 

D Fundamentals and Applications of 
Digital Logic Circuits Sol Libes $7.95 

(Postage $.75/ltem or $1 .00 outside U.S. to a maximum postal charge of $3.00) 

Name 

Address 

Ci ty State Zip__ 

D Check enclosed D Master Charge D VISA 

Card# Expires 

Signature 

Total enclosed$ 182099 

DIAL YOUR BANK CARD ORDERS 

CPU 

D Microprocessor Lexicon, Acronyms and 
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D Microprocessor System Design 
Edw. E. Klingman $22.50 

D Basic Microprocessors and the 6800 
Ron Bishop $11.95 

D 8080A Bugbook Peter Rony $10.50 
D Introduction to Microcomputers · 

Vol. II (&binder) Osborne & Assoc. $30.00 

D 6800 Programming for Logic Design 
Osborne & Assoc. $9.50 

D Z·80 Programming for Logic Design 
Osborne & Assoc. $9.50 

D 8080 Programming for Logic Design 
Osborne & Assoc. $9.50 
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Data Book Texas Inst r. 

D TTL Data Book, 2nd edition 
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D 6502 Applications Book 
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D IC Converter Cookbook 
Walter Jung $13.95 

D Microprocessor Interfacing Techniques 
(2nd edition) Lesea and Zaks $13.95 

D The Cheap Video Cookbook 
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D TV Typewriter Cookbook 
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D Introduction to Microcomputers · 
Vol. Ill (& binder) Osborne & Assoc . $20.00 

D Active Filter Cookbook 
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D Linear Control Circuits Data Book 
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D Power Semiconductor Data Book 
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Punch 

P= 3 

P=2 

P = 1 Audio Cassette 

P =ctonsole 

Reader 

R= 3 

R =2 

R =1 

R =0 

Lis t 

L =3 

L =2 

L = 1 

L = 0 

Console 

C = 3 

C =2 

C =1 

C = 0 

Video Display Boa rd 

V=O 

V= 1 

Audio Cassette 

Console 

Baudot device (model 15) 

Tele type Port 

Console 

Baudot Device (model 15) 

Video Display Board/Keyboard 

Teletype Port 

Page With Line Foldover 

Page Withou t Line Foldover 

V= 2 Scroll With Line Foldover 

V=3 Scroll Without Line Foldover 

Table 6: A MS-80 110 (inpu t/ output) allocations. 

comprises 4 K bytes of programmable 
read-only memory of user memory, 
and a terminal device . With this 
amount of hardware, you can run 
AMS-80, enter programs in memory 
in hexadecimal code via AMS-80, and 
learn a little about software. The ad
dition of some off-line memory, such 
as audio or paper-tape devices, 
allows you to run programs which re 
quire up to 4 K bytes of memory. 
Such programs include Tiny BASIC, 
orbita l calculations for amateur 
satellite locations, and various 
amateur radio programs . [f you have 
a radio teletypewriter terminal unit 
(RTTY-TU), you can even tune your 
shortwave radio in to commercial or 
amateur Teletype stations, and 
display their transmissions on your 
terminal. 

If you get a modem interface and a 
second terminal, or use a video 
display / keyboard combination and a 
serial port/modem, you can make the 

basic system into a remote terminal 
for a large machine timesharing ser
vice, and access the computer at work 
from your home. Add another 4 or 8 
K bytes of user memory, and you can 
run text editors, assemblers, or an 8 K 
BASIC interpreter. This opens a new 
dimension in computing. You ca n 
play Star Trek, and run education 
and business software and advanced 
amateur radio programs, such as con 
tests. Put 16 K bytes of user memory 
in your system and you can get a 
floppy disk unit for an added dimen
sion in computing. 

Off-Line Data Storage 
Off-line storage is storage for pro

grams and data that is external to the 
64 K bytes of accessible memory . It 
usually consists of audio tape, floppy 
disks, or paper tape . Floppy disk 
storage usually comes with an 
operating system and will not be 
discussed here. AMS-80 contains 



Ever.J.body:s making money 

selin~ microcomputers.


Somebodysgping to make money

serv1c1ng them. 


New NRI Home Study Course Shows You How to Make Money Servicing, Repairing, 
and Programming Personal and Small Business Computers 

Seems likeevery time you rum around, some
body comes along with a new computer for 
home or business use. And they're being gobbled 
up to handle thin&S like payrolls, billing, inven
tory, and other jobs for businesses of every 
si1.e.. .to perform household functions like 
budgeting, environmental systems control, 
indexing recipes, and more. 

Growing Demand for 

Computer Technicians... 

Learn in Your Spare Time 


Even before the microprocessor burst 
upon tl1e scene, the U.S. Department of Labor 
forecast over a100% increase in job openin&S for 
the decade through 1985. Most of them new 
jobs created by the expanding world of the 
computer. NRI can train you at home to service 
both microcomputers and their big brothers. 
Train you at your convenience, with clearly 
written "bite-siz.e" lessons that you do evenin&S 
or weekends without quitting your present job. 
Assemble Your Own Microcomputer 

NRJ training includes practical experi
ence. You start with meaningful experiments 
building and studying circuits on the NRI transceiver...TV/Audio/Video Systems Servicing 
Discovery Lab~ Then you build your own with training on the only designed-for-learning 
test instruments like a transistori1.ed volt-ohm 25" diagonal color TV with state-of-the-art 

kind of "hands-on" training you need tometer, CMOS digital frequency counter.. .equip computer programming. With more than a 
repair and service units now on the market.ment you learn on, use later in your work. million srudents since 1914, NRI knows how 

And you build your own microcomput Mail Coupon for Free Catalog to give you the most in home training ror new 
er, the only one designed for learning. It looks No Salesman Will Call opporh.t.nity. If coupon has been removed, 
and operates like the finest of its kind, acrually Send today for our JOO-page, full write to NRI Schools, 3939 Wiscon.5in Ave., 
does more than many commercial units. But color catalog. It describes NRl's new Mi Washington, D.C. 20016. 
NRI engineers have designed components and crocomputer Thchnology course in detail, 
planned assembly so it demonstrates important shows all equipment, kits, and lesson plans. RUSH FOR FREE CATALOG 
principles, gives you working experience in And it also tells about 
detecting and correcting problems. It's the other NRI courses ... 

Complete Communi
cations with 2-meter 

0 Computer Electronics Including 0 Digital Electronics • Electronic 
Mlcrocomputets Technology • Basic Electronics 

0 'TV/Audio/Video Systems Servicing D Smull Engine Repair 
0 Complete Communications Electronics 0 Electrical Appliance Servicing 

with CB • FCC Licenses • Aircraft, 0 Automotive Mechanics 
Mobile, Marine Electronics 0 Auto /Jr Condllionlng 

0 CB SpeclalL51S Courst D Air Conditioning, Refrigeration, & Heating 
0 Amateur Radio • Basic and Advanced Including Solar Tuchnology 

(Pt..,. Print) 

Oty/Sbl</Zip 

A£credlled by the AOcredJUng Commission of the Na1lonal Home Study Council 170-099 
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routines to store and read software 
from paper tape. Data is stored in In
tel hexadecimal format. Paper tape, 
although common in professional 
circles, is not cheap, and the readers 
and punches are expensive. However, 
inexpensive hand operated readers do 
exist, so paper tape is a convenient 
and easily mailable form of program 
storage (for i:: hort programs). 

Paper tapes can be stopped under 
software control. Thus, when BASIC 
is reading and interpreting a pro
gram, it can stop the tape momen
tarily to process the line of source 
code. Audio cassettes cannot be stop
ped in such a manner. Other pro
grams, such as Assemblers or Editors, 
also have requirements for occasional 
inputs and outputs. Thus, AMS-80 
contains buffer cassette-driver soft
ware to enable the main program to 
think that it is reading or writing 
characters on an incremental basis. 
Data is stored on tape in blocks of 256 
characters. There is no format as 
such; the format is set by the main 
program because in this system the 
audio cassette is treated as if it is 
paper tape. This means that by using 

the Intel hexadecimal format and 
cassette buffer-driver routines in 
AMS-80, any paper-tape, cassette, or 
floppy disk system can read or write 
tapes and convert to and from the 
format needed fo r a particular 
operating system. A title command is 
put into AMS-80 to allow headings to 
be written on hexadecimal code 
blocks of tape so that they can be 
identified . 

Since even a 15-minute cassette 
tape can hold a lot of software, a 
command is provided within AMS-80 
to allow a tape to be scanned and a 
program found. The command trans
fers data from the reader to the punch 
device. It may be used to copy tapes 
or, if the console is assigned as the 
punch, it may be used to scan tapes 
and locate particular blocks . 

The number of data bytes in a 
block is 256. Each block is preceded 
and followed by a mark tone . This 
allows the tape to be stopped and 
started . The data is read to or written 
from the tape at 300 bps. 

If the system has error detection, 
error-detection bytes are put on the 
tape . For example, the Intel hex

adecimal format checks each line of 
code for a read error. Each line as 
printed on the console is a block in 
itself. The data, address, and error 
detection bytes are output to the 
paper-tape punch . These bytes will be 
collected by the cassette buffer soft
ware which, when full, will write 256 
bytes on the audio tape . When 
reading that block back, it will read 
the entire block into a buffer. The In
tel hexadecimal format reader then 
gets the data on a character-by
character basis from the buffer, and 
checks for errors . 

The cassette storage medium is 
designed to be a paper-tape equiva
lent for information exchange. It is 
not designed to be part of an 
operating system, although an 
AMSA T flexible operating system 
may be available in the near fu ture . 

Operating Systems 
Cassette and disk operating 

systems are currently available . 
These can be patched to operate 
through the AMS-80110 (input/out
put) drivers and hence improve them 
by allowing assignable I/O devices. 
AMS-80 is a paper-tape operating 
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system in which the file storage and 
sorting is done by the operator . 

The advantages of software con
figured 1/0 can be seen in the follow
ing circumstances: BASIC is designed 
to operate via the console. Punch and 
reader operations are available for 
program storage, but the execution is 
usually via the console . With 
assignable I/O, the console ouput 
routine can be assigned to a line 
printer, and outputs obtained at high 
speed . Alternatively , different 
readers (paper and audio) can be 
assigned with no change in the BASIC 
interpreter software. 

The spare commands in AMS-80 
can be allocated to interface to the 
operating system. For example, "Q" 
could be assigned to execute a jump 
to the operating system. A command 
can be assigned to return to AMS-80, 
once in the operating system. These 
aspects of interfacing AMS-80 to 
operating systems will be discussed in 
detail later. 

Real-Time Ope.rations 
Real-time operations are required 

for many tasks. The 8080 has the 
capability of directly distinguishing 
between 8 real-time interrupts . In the 
AMSAT-GOLEM-80, Interrupt 0 is 
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equivalent to Reset, and Interrrupt 1 
is reserved for the breakpoint feature. 
The remaining interrupts are 
avai lable for custom software. T he 
time-of-day clock is not implemented 
in software, but rather in hardware, 
using an MOS digital-clock circuit. A 
number of floppy disk interfaces, 
North Star in particular, do not allow 
for inter rup ts during the disk read 
and write operations. Thus, a soft
ware clock would no t be updated 
when running such a disk system. 
This means that no real-time opera
tions could be executed without 
reinitialization of the clock each time. 
Using a hardware clock, the time of 
day can be read at any time by using 
simple input statements from the 1/0 
port assigned to the clock. 

Documentation 
Documentation is very important. 

Keep all of the instructions for the 
va rious kits in one place. Three-ring 
binders are inexpensive and can con
tain a large amount of information . If 
you n ed more than 1 binder, split the 
informaHon logically, such as hard
ware , software, peripherals, etc. 
When you build and test cards, note 
any unusual or special things that you 
did. Note any voltage or other 
measurements you made . Keep a 
copy of test routines you used to 
initially test something. You may 
need them a few years later. The level 
of documentation should be better 
than that supplied with commercial 
equipment. It may help you sell the 
system. It is also important to docu
ment the operational aspects of the 
system. Document how it is con
fig ured (an example is shown in table 
6), and record the operating instruc
tions so that others can operate the 
system in your absence. Note which 
connector plugs into which socket. 
When in doub t, document it. 

Planning your Project 
Your requ irements are going to dif

fer from those of o ther people. Your 
method of assembly can be the same, 
but can differ in details . There are 
many manufacturers of memory and 
1/0 cards. Some are sold fully 
assembled and tested, some assem
bled, some as kits, and some as bare 
boards. Choosing the card that suits 
your needs at a particular time can 
reduce your cost. Remember that the 
software is hardware transparent; for 
example , a program designed to run 

in user memory at hexadecimal 
memory locations 0100 to 2000 will 
run in any type of working memory, 
no matter who manufactured it. 
Therefore, it does not matter if you 
use a Brand X product when the rest 

f the club uses a Brand Y. Just ensure 
that the specif ications for addressing 
the ca rd are the same. (Wait states do 
not matter. If you need an extra wait 
state, your software will take longer 
to execute, but you will probably 
never notice the difference.) 

The price of hardware is constantly 
falling. New cards are being intro
duced every month. It is possible to 
purchase a 32 K or 64 K-byte 
programmab le-memory card 
populated by only 8 K bytes of 
memory circuits, and add the remain
ing integrated circuits as you need 
them. The price of the nex t 8 K bytes 
will probably be less than today 's 
price. Purchase your hardware w hen 
you need it. Look around, compare 
the cards made by d ifferent manufac
turers, decide how their features will 
fit into your system, ask for advice at 
your club, and then make your pur
chase. For example, some processor 

cards come with vectored interrupt 
capability, and some with bootstrap 
start. 

Summary 
The details of the construction of 

the individual cards are not presented 
here because vendors supply their 
own information . In the AMSAT
GOLEM-80, the hardware is inter
changeable (within limits), and the 
actual manufacturer of any part icular 
card is immaterial. The prototype has 
served to check our hardware and 
software for members of T he Radio 
Amateur Satellite Corporation (AM 
SAT) and the Chesapeake Microcom
puter C lub Inc, who have set up a 
bulk purchase scheme for obta ining 
price reductions on hardware. 

This article has described an 
approach to building an S-100 com
puter that is incremental and afford
able, even though it may not be the 
lowest cost in the long run. The 
AMSAT-GOLEM-80 is an approach 
to a system. It may be built up as a 
stand-alone system, or it may be 
overlaid onto your existing hard
ware. • 
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Add Some Control 

to Your Computer 


An Output Port Tutorial 

D0Dli! e~j=:J 
+5VTY PIC AL 

OF EIGH T 

D7 
4 ,__----------------"D o·re~j=:J 7404 

+sv +5Vi'" 3 [3i>· 
15K 420pf I 3Kll'F 

A virtually limitless number of 
devices can be controlled through a 
single output port using time multi
plexing techniques. A series of 8-bit 
bytes is fetched from a control buffer 
in memory, and output through a 
single port. On the receiving end, bus 
buffers present the data to all the 
devices in parallel, but unique strobes 
are supplied to each device in turn, so 
that it can latch its own data word. 

This technique is particularly 
useful if the devices are to be located 
some distance from the computer. 

2 

+5V 

15 
220 5mS 

DELAY 
CEXT 

6 910 13IA IC3a ~~~~~~~-"-1!OWC · ADRS a:j=:J 74123 

Number 

IC1 
IC2 
IC3 
IC4 
IC5 

I 18 19 

2 CLEAR 14 23 GI G2 
DA A STBI 

Type +5V Gnd 
13 22

OB B ICSIC<! 
74160

7406 14 7 
741547404 14 7 12 2 1 ccc 2 TYPICAL 

74160 16 8 
74-123 SEE FIGURE 

FOR 16 
DOD II 20 374154 24 12 

STBl6 

Ken Barbier 

POB 1042 


Socorro NM 87801 


The hardware shown in figure 1 has 
been used to control devices over 50 
feet from the computer without exotic 
line drivers and receivers. Since 
remote addresses for each device are 
generated by the hardware, only 8 
data lines and 1 strobe line are re
quired. For maximum noise immu
nity, shielded twisted pair cable 
should be used. 

Receive Hardware 
In figure l, 16 external devices 

receive 1 8-bit byte apiece. Using the 

+5V 

USE SHIELDED, 
TWISTED CABLE 220 
9 - PAIR 

2 

Intel 8080, this block of data will be 
transmitted in about 300 ,.s. The 
I/O(input/output) write strobe 
accompanying the 1st byte triggers a 
delay oneshot which, after allowing 
more than enough time for the block 
transmission, triggers a reset oneshot 
which clears the remote address 
counter, the 74160. This insures that 
the next block of data will be routed 
to the correct device in turn. 

The remote address counter sup
plies a 4-bit count to the 4-line-to-16
line data selector, the 74154. As the 

7 

200nS 
DELAY 

l2 

Figure 1: The transmission circuitry is divided into 2 parts, the data transmission (DO through 07) and the address. The address is 
decoded by a counter which determines which 1of16 devices is being used. The write strobe accompanying the data triggers a delay 
oneshot (IC3a) which triggers a reset oneshot (IC3b) which clears JCS, t11e remote address counter. 
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RADIO SHACK COMPUTER OWNERS 

TRS-80 MODEL I AND MODEL II 


• MONTHLY 
NEWSLETTER 

• PRACTICAL APPLICATIONS 
• BUSINESS 
• GAMBLING • GAMES 
• EDUCATION 
• PERSONAL FINANCE 
• BEGINNER'S CORNER 
• NEW PRODUCTS 
• SOFTWARE EXCHANGE 
• MARKET PLACE 
• QUESTIONS AND ANSWERS 
• PROGRAM PRINTOUTS 

. ... AND MORE 

PROGRAMS AND ARTICLES PUBLISHED IN OUR FIRST 12 ISSUES 
INCLUDE T HE FOLLOWING: 

• 	 A COMPLETE INCOME TAX PROGRAM (LONG AND SHORT FORM) 
• 	 INVENTORY CONTROL 
• 	 STOCK MARKET ANALYSIS 
• 	 WORD PROCESSING PROGRAM (FOR DISK OR CASSETTE) 
• 	 LOWER CASE MODIFICATION FOR YOUR VIDEO MONITOR OR PRINTER 
• 	 PAYROLL (FEDERAL TAX WITHHOLDING PROGRAM) 
• 	 EXTEND 16-DIGIT ACCURACY TO TRSSO FUNCTIONS (SUCH AS 

SQUARE ROOTS AND TRIGONOMETRIC FUNCTIONS) 
• 	 NEW DISK DRIVES FOR YOUR TRs.so 
• 	 PRINTER OPTIONS AVAILABLE FOR YOUR TRS-80 
• 	 A HORSE SELECTION SYSTEM'''ARITHMETIC TEACHER 
• 	 COMPLETE MAILING LIST PROGRAMS (BOTH FOR DISK OR CASSETTE 

SEQUENTIAL AND RANDOM ACCESS) 
• 	 RANDOM SAMPLING' ''BAR GRAPH 
• 	 CHECKBOOK MAINTENANCE PROGRAM 
• 	 LEVEL II UPDATES'**LEVEL JI INDEX 
• 	 CREDIT CARD INFORMATION STORAGE FILE 
• 	 BEGINNER"S GUIDE TO MACHINE LANGUAGE AND ASSEMBLY 


LANGUAGE 

• 	 LINE RENUMBERING 
• 	 AND CASSETTE TIPS, PROGRAM HINTS, LATEST PRODUCTS 

COMING SOON (GENERAL LEDGER, ACCOUNTS PAYABLE AND 
RECEIVABLE. FORTRAN·80, FINANCIAL APPLICATIONS PACKAGE, 
PROGRAMS FOR HOMEOWNERS. MERGE TWO PROGRAMS, 
STATISTICAL AND MATHEMATICAL PROGRAMS {BOTH 
ELEMENTARY AND ADVANCED) .. . AND 

WORD PROCESSING PROGRAM (Cassette or Disk) 
For writing letters, text, mailing lists, etc., with each new subscriptions or renewal. 

LEVEL II RAM TEST 
Checks random access memory to ensure that all memory locations are working properly. 

SEND FOR OUR 36 PAGE SOFTWARE CATALOG (INCLUDING LISTINGS OF HUNDREDS OF TRS-80 PROGRAMS AVAILABLE 
ON CASSETTE AND DISKETTEJ. $2 .00 OR FREE WITH EACH SUBSCRIPTION OR SAMPLE ISSUE. 

Bo• 149 New City, New York 10956 
24 

HOUR 
ORDER 

LINE 
ONE YEAR SUBSCRIPTION $24 (914) 425-1535 
TWO YEAR SUBSCRIPTION $48 

SAMPLE OF LATEST ISSUE $ 4 

ST ART MY SUBSCRIPTION WITH ISSUE _ _ _ 

(#1 · July 1978 • #7 · January 1979 • #12 - June 1979) 

NEW SUBSCRIPTION -- RENEWAL _ _ _ 

CREDIT CARD NUMBER ----- --------- ---------- EXP. DATE ____ 

SIGNATURE ---------- --- - - - ------------------

NAME--------- ------ - ------------ --- ---- 

ADDRESS -------------- - ------------------- 
••• ADD $6/ YEAR (CANADA, MEXICO) · ADD $12/ YEAR AIR MAJL - OUTSIDE OF U.S.A., CANADA & MEXICO••• 
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74160 advances its count on the rising 
edge of its clock, it will initially 
supply address 0 to the 74154 until 
the trailing edge of the negative going 
l/O write strobe . This same strobe is 
the "data" supplied to the 74154, and 
so will appear on each of the outputs 
of the 74154 in turn. This constitutes 
the 16 remote addresses. 

For expansion, 1 additional counter 
stage could be used to generate "first 
16" and "second 16" control signals to 
double the number of devices. 

Driver Programs 
The example shown in figure 1 is 

for 16 devices. Every time we want to 
output a control to any one device, 
we must output all the control words. 
OUCNT is an 8080 routine designed 
to accomplish this (see listing 1). The 
calling program first loads the correct 
bit patterns into the correct buffer 
words, then sets the flag at memory 
location FLAG. This flag is used to 
prevent needless outputting of the 
controls. In a complex control pro
gram, many segments of the oper
ating system may need to change the 
state of the devices at irregular inter
vals. In such an implementation there 
will be a fixed program cycle, with 
many tasks called in turn to perform 
their functions. At some point in the 
cycle, time will be allotted to output 
our controls. If no program segments 
or tasks have called for any change in 
the controls, it is not necessary to 
transmit them, and the flag will not 
be set. But when it is set, we will 
transmit all the controls, after clear
ing the flag. 

Controlling Relays 
Typical applications for this tech

nique might include driving remote 
displays, with 32-decimal digits being 
transmitted, 2 per 8-bit byte. Or, as is 
shown in figure 2, 8 relays can be 
controlled by each 8-bit byte. 

The simplified schematic of figure 2 
shows a relay driver circuit capable of 
contro!Hng 8 relays. The 8 bits of data 
are latched into the 74175s on the ris
ing edge of the clock, so our negative 
going strobe can be used as is. If lat
ches such as the earlier 7475 are used, 
the strobe would have to be inverted, 
since the output of a 7475 follows the 
input whenever the clock is high. In 
either case, any relay whose corres
ponding bit is not changed will re
main in the previous state, as its cor
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;OUTPUT CONTROLS 
CONTR EQU 

OUCNT: LOA 
ANI 
RZ 
MVI 
STA 
LXI 
MVI 

OUCN1 : MOV 
OUT 
INX 
OCR 
JNZ 
RET 

FLAG: DB 
BUFFER: OS 

xxxx 

FLAG 
OFFH 

A,00 
FLAG 
H,BUFFR 
C,OFH 
A,M 
CONTR 
H 
c 
OUCN1 

0 
OFH 

;OUTPUT PORT ADDRESS 

;NEED ACTION? 

;NO, RETURN 
;YES, CLEAR FLAG 

;GET CONTROL BUFFER ADDRESS 
;SET COUNTER 
;GET CONTROL DATA BYTE 

;INCREMENT ADDRESS 
;DECREMENT COUNTER 
;CONTINUE IF NOT DONE 
;ELSE, RETURN 

;ACTION FLAG 
;CONTROL BUFFER 

Listing 1: 8080 assembler routine to output control signals to 1of16 devices . CONTR is 
equated with the desired output port address. 

responding latch is reloaded with the 
same data as before . (The type of 
NPN driver transistor will have to be 
selected to match the current and 
voltage requirements of the particular 
relay used.) 

Relay Control Program 
Obviously, if we need to control 8 

relays with 1 byte, we do not want to 
change the state of all of the relays at 
the same time. This complicates the 
software required slightly. In the 8080 
program shown in listing 2, a change 
relay subroutine allows us to change 
the state of 1 relay at a time. We must 

supply the subroutine with the 
number (hexadecimal 0 thru F) of the 
word in the buffer corresponding to 
the relay driver board, and a relay 
numbei: (1 thru 8). We must also 
specify whether we want to turn it on 
or off. At the correct time, we put the 
word number in register C, the relay 
number in register E, and set register 
A to 1 for on, or 0 for off, and call 
CHGRY. The next time the operating 
system calls OUCNT, only our 

+5V 

11{mt' . 
: IN9 14 

D0 4 ID 10 

DI 5 
20 20 

74175 
D2 

12 
3D ' 30 

D3 
13 

4D 
CLOCK 

40 

9 

STBM 

9 

4 CLOCK 
D4 ID IQ 

D5 5 2D 20 
74175 

D6 
12 

3D 30 

D7 13 
4D 40 

2 

7 

10 

15 

2 

7 

10 

15 

_n_ 

RELAY 
DR IV ER 

Figure 2: A relay driver board capable of controlling 8 relays. The state of the relay, on 
or off, is latched into the 74175 until a following strobe is received directing a change in 
state. 
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Exclusively from BITS Inc. 

TRS-SO*Software FREE 
with this Definitive Text! 

18chapters of solid, 

accurate programming 

information: 


• Debugging techniques 
• Interrupt modes 
• Array and table handling 
• Number base conversion 
• Floating point arithmetic 
• Programmed input/output 
• Stack pointer usage 

The last part of the book Is soft 

ware, an editor/assembler which 

will run on any 8080 or Z80 ma

chine and a debugging monitor. 


Send in the coupon supplied 

with the book and receive FREE 

the object programs of the editor I 

assembler and debug on either 

paper tape or on cassette tape for 

the TRS-80 microcomputer. 

(Loads in Level I with 16K RAM 


or Level II.) 

Both the book and software for 


only $29.95! 


lJ Practical Microcomputer Pro

gramming: The Z80 by W J Weller 


For North Star Disk Systems: 

Now available for the Z80 on Single 

Density diskettes 

D Editor/assembler object code 


$14 .00 

D Editor Iassembler and debug 


source code $14 .00 

D both for only $26.001 


(Postage $.751 llem or $1 .00 outside U.S.) 
• A trademark of Tandy Corp. 

DIAL YOUR BANK CARD ORDERS 

TOLL FREE 800-258-5477 -i
(In N .H . dial 924-3355) 1 vi:s.,· .I 
or enclose your check with this ad: 

Name ---------

Address ---------

--------- Zip __ 
1B1099

BITSInc Books to erase the Impossible 
POB 428. 25 Roule 101 Weit , Patatbo•ough NH 03458 

Ask for our new, FR EE Catalog 
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;CHANGE RELAY 

;ENTER WITH: 	 CONTROL WORD NUMBER IN (C) 
RELAY NUMBER IN (E) 
(A) = 1 TO TURN RELAY ON 
(A) = 0 TO TURN RELAY OFF 

CHGRY: LXI 	 H,BUFFR ;GET BUFFER START ADDRESS 
MVI B,O 
DAD B 
ANI OFFH 
JZ OFF 

CHGR1 : 	 OCR E 
JZ CHGR2 
RLC 
JMP CHGR1 

CHGR2: 	 ORA M 
MOV M,A 

CHGR3: 	 MVI A,OFFH 
STA FLAG 
RET 

OFF; MVI 	 A,OFEH 
OFF1 : 	 OCR E 

JZ OFF2 
RLC 
JMP OFF1 

OFF2: 	 ANA M 
MOV M,A 
JMP CHGR3 

;ADD WORD NUMBER 

;TURN ON OR OFF? 

;TURN IT ON 
;SHIFT BIT TO RELAY 


POSITION 


;TURN THIS ONE ON 


;SET CONTROL FLAG 

;AND RETURN 
;TURN RELAY OFF! 
;FORM MASK WORD 
;SHIFT "HOLE" TO 

RELAY POSITION 

;TURN THIS ONE OFF 

;AND RETURN 

Listing 2: This 8080 routine allows a state change for only 1 relay in a set of 8 instead of 
changing all relays at once. 

;INITIALIZATION SUBROUTINE 

INIT; 


INITl : 


INIT2: 


MVI 
OUT 
MVI 
LXI 
MVI 
MVI 
INX 
OCR 
JNZ 
OCR 

JNZ 

CALL 

AET 


A,00 
CONTR 
A,14H 
H,BUFFR 
C,OFH 
M.00 
H 
c 
INIT2 
A 
INIT1 
OUCNT 

;CLEAR REMOTE ADDRESS 
; COUNTER 
;CLEAR BUFFER AND 
; DELAY ROUTINE 
;LOOP TIME IS 250 USEC 

SO DO IT 20 TIMES 

;TO ALLOW RESET 
OF REMOTE ADDRESS, 

;THEN OUTPUT ALL ZEROS 
;AND RETURN 

Listing 3: Initialization routine to clear the address counter, buffer, and outputs all Os to 
devices connected to system . 

selected relay will change state, even 
though all the controls are output. 

Error Free Operation 
To insure that all controls have 

been received correctly, some sort of 
feedback to the computer can be pro
vided . In actual practice this is usual
ly unnecessary, but if it must be 
implemented, there are several pos
sible techniques. 

First, 74180 parity generator and 
checkers could be used to generate a 
parity bit on the transmit end, and 
check it on the receive end, sending 
back an interrupt if any word re
ceived is in error. This would add 
only 2 more signal conductors to the 
9 already in the cable . Additionally, 
at the end of the delay oneshot time 
(and before the reset occurs), the 
remote address counter can be tested 

to insure that it has reached the all ls 
state. A count error signal can be 
ORed with the parity error signal to 
produce a single interrupt in case 
either error should occur. The oper
ating system can then try the 
transmission again, or at least indi
cate its existence. 

System Initialization 
Since, upon initial application of 

power, the states of the latches and 
the 74160 counter will be indeter
minate, the initializing subroutine of 
listing 3 should be called at power on 
and reset times . This will clear the 
address counter, the buffer, and out
put all Os to all devices. 

I hope this short discussion of out
put port techniques will help readers 
to understand how the computer can 
be interfaced to the real world.• 



Expansive

but not expensive 


MicroAge introduces for Horizon 
and Alpha Micro Systems, the most 

powerful Hard Disk Units You've 
Ever Seen. 

Welcome to "Hard" Times: a new 
age of hard disk cartridge drives 
for Horizon and Alpha Micro ... 
so powerful, so reliable, so 
economical , you've never seen 
anything like It. Fast, easy and 
versatile: the revolutionary new 
Fujitsu M2201 with 40 
(formatted) megabytes of 
storage ... and the dynamic CDC Fujitsu M2201 Cartridge 
Phoenix with 27 (formatted) Module Drive 
megabytes. Both are operated 
with North Star and Alpha Micro 50 megabyte storage 
commands. Added capacity (40 formatted) 
means the ability to fully utilize 
the complete range of software 
and capabilities of North Star 
Horizon and Alpha Micro 
mainframes. 

But their fami ly interface 
compatibility is not al l that's 

CDC Phoenix Cartridge expansive. Speed and economy 
Module Drive are impressive, too. Super-fast 

access time means no waiting for 32 megabyte storage 
command execution ... easy (27 formatted) 
handling of large fi les. And the 
price? Unbel ievably low for this 
much flexib ility, power, speed 

Either. and capacity. And the low price 
includes the hard disk drive, 
S-100 controller, software 
interface, cords and disk pack. $9995.00 

Exclusively from MicroAge 	 Includes drive, S-100 controller, 
software interface and disk pack. 

Ask your dealer about Hard Times - the Fujitsu M2201 and CDC Phoen ix drives from MicroAge. Available to 

qualified dealers and OEM's. If a dealer is not availab le in your area, call 800-528-1415. 
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Text continued from page 6: 
The scope of the new homebrew design has now 

expanded to include relatively high-speed serial RS-232C 
communications among the homebrew node, the 
Western Digital P-engine, the Able/60-Synclavier, and 
other computers from time to time. I intend to use RS
232C at 19.2 K bps as the communications discipline, 
primarily for its universality. Today one can get almost 
any computer with a standard 25-pin D connector set up 
for the RS-232C discipline, at speeds ranging from a 
lethargic 110 bps to a maximum of 19.2 K bps. This 
upper-limit of speed is not exceptionally fast (about 
1800 bytes per second is the equivalent in a useful mea
sure), but the existence of these standard signal levels and 
standard connector§ argues for this kind 9f approach. 

The diagram of figure 1 shows how the overall concep
tion of the system stands at present. The homebrew 6809 
simultaneously provides a facility to directly execute 

Figure 1: How the 6809 homebrew computer fits into a bigger 
system. The new 6809 computer will serve as a central com
munications node for multiple computers involved in this per
sonal system . At present 2 complete computer systems are 
involved, with serial communications via the 6809 node, which 
is the subject of this homebrewing series. The Able/ 60 has 
several specialized peripherals which will be used for personal 
research purposes, such as, high-speed 16 channel analog-to
digital input conversion and a real-time clock with 1 µ.s reso
lution. In this diagram , mass storage equipment is not shown , 
but it is a part of each computer: the Able/ 60 computer includes 
2 5-inch floppy drives, and 2 full-size floppy drives as its mass 
storage complement. The P-Engine machine includes 2 double 
density , standard-size floppy disk drives . 

6809 code for experimental purposes, and a more per
manently useful function of a common communications 
node which can be the subject of various serial com
munications strategies relative to the other processors. 

Lest readers wonder, this is and remains a personal 
computer. It is true that the system is getting a bit large 
for one person to operate all of the terminal and music 
keyboards simultaneously, yet it resides in my home 
along with various other facilities of the complete com
puter experimenter: electronics shop, woodworking 
shop, and the beginnings of a machine shop. 

This expanded conception of function for the home
brew 6809 barely changes the hardware design details 
originally conceived. The computer will have 16 K bytes 
of memory to start, several terminal ports, several 
parallel ports, and space for 4 K bytes of ultraviolet , 
erasable read-only memory. The read-only memory will 
contain the implementation of low-level, communi
cations-monitor software and key parts of a reverse
polish notation, stack-oriented, threaded interpretive 
language. Remember that the conception of a homebrew 
or commercial system made of modular components can 
change considerably in detail as a result of time and 
resources available. 

As the system design develops from this initial inten
tion, its actual detail may prove inconsistent with what I 
have conjectured thus far . Recognizing this starting 
point, I invite readers to follow in on a guided tour of the 
current state of my thinking about this new, homebrew, 
microprocessor system project. Let's see how the central 
processor bus design comes out, what logic blocks will be 
required, and let's have some preliminary thoughts on the 
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COME TO 

.... - • -- --~...-· • -- - •- - - • -- ------ - • - -•- - ~ -- • 
-- ---

FOR 
THE 

FIST 
INESS 
• - ·- ----·- .........• .., .., 

HYNES AUDITORIUM, PRUDENTIAL CENTER, BOSTON 
Interested In Personal Computers? 
Th is is the place for you ! You 'll meet and talk with 
hundreds of manufacturers , distributors and reta ilers . .. 
all showcasing their new 1980 Micro, Mini and Smal l 
Computer Systems. 

You 'll see them al l. . .Radio Shack , Pet , RCA , 
Compucolor, Heathkit.. .you name i t ! A ll the major 
terminal and peripheral compan ies too, plus software 
developers magazine ed itors and book publishers . Yes , 
it'll be the largest showing of personal computer 
hardware , software and services ever assemb led in 
the Northeast! 

You ' ll be enthralled , entertained and educated. You 'll 
see computer art , graphics and animation. You 'll hear 
computer synthesized music , watch computerized 
amusements , play electronic and video games m 
and attend scores of free tech talks and · e 
briefings given by internationally I~ 
recognized speakers . And you may - ...in . 
win a free computer given away 
as a door prize! Don ' t miss the 
largest gathering ot computers 
and computerists! No 
pre- registration necessary. 
Tickets available at the door. 
Adu lt admission $5 .00 . 

Interested In Business Systems? 
Interested in Bus iness Systems? This will be your one 
opportun it y to see all of the Mini, Micro and Moderate 
Sized Computer Systems under one roof. Your 
attendance at this show is a must H you , or your 
company , are contemplat ing the purchase of any type 
of computer or office equipment. 

You 'll see them all. . . the big (and small) names in 
computers , data and word processing eqiupment , 
peripherals and software . You ' ll attend dozens of free , 
eas ily-understood briefings on how computers can 
help you in your business or profess ion . ', 

So if you 're considering a computer or computer
re lated service .. .starting your own computer 

business or changing your job within the 
computer industry .. .or if you 'd just l ike to learn 

more about compu ters as they relate to 
}&'11111:. your personal life and to your 

business or profession , come to 
the show to see tr•e 
Computerized World of 
Tomorrow ...Today . And bring 
the entire family, It 's a fun

f illed educational experience. 
No pre-registrat ion necessary. 

Tickets available at the door. 
Adu lt admission five dollars . 

(617) 522-4467 
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Circle 401 on Inquiry card. 

Zs - SYSTEMS 

64K RAM BOARD 

The Zs-SYSTEMS 64K RAM Compatible with Cromemco 
board is designed to operate system, Fully assembled, 
In any Z80 based microcom burned In, & tested 
puter having S-100 bus. It Available from stock 
uses 16K dynamic RAM chips, to 60 days 
& featu res : As low as $500.00 in 

- Board select quantities of JOO 
- Bank select 
- Transparent on-board Price of one .. .... ... $649.00 

refresh PC board only ........ $59.00 
-2 or 4MHz operation With 16K RAM .... .. $359.00 

(w/ no wa it state) Plus shipping charges 
-Memory disable 

FLOPPY DISK 

CONTROLLER 


Handles with no modification 

up lo: 


• 	4 11tanda_rd B"' drives Uso CPIM Disk Oporatinq System 

(Shuqart or compallhl•) or Usin9 tho 1771 LSI controller 


• J minidrivel!i s· Prico ol ono . .... . ...........$245.00 
Run with 2 or 4 MH• CPU 

SEND FOR FR££ INFORMATION 
6 months warranty on our boards wUh normal use 

Zs SYSTEMS 
PO Box 1847, San Diego, CA 92112 

(714) 447-3997 

16K STATIC RAM 

with 

$275 450 ns 

$300 250 ns 
memory ch ips 

Assembled, Tested and Guaranteed 

Static TMS 4044 or equivalent - Fully Static 4 Kxl Memory Chips 
for full OMA capabil ity, no tricky timing prob lems. 

Fully S-100 Bus Compatible - All lines fully buffered, Dip Switch 
Addressable in two SK block, 4K increments. W rite Pro tectable 
in 2 blocks, Memory Disable using Phantom. Batte ry back up 
capability. 

Bank Select · Us ing output pon 40H (Cromemco so ftware 
compatible)·addressa ble to 512KB of Ram for time share or 
Memory Overlap, also has alternate ports BO H. COH. 

Guaranteed - Parts and labo r for one year. You may re turn the 
undamaged board w ithin 10 days for a ful l refund. 

Orders · You may phone for Visa, MC, COD ($4 handling charges 
for COD) orders. Persona l checks must clear prior to shipping. 
Shipping-Stock to 72 hours normally. W ill notify expected 
shipping date fo r delay beyond this. Il linois residents add 5% 
tax. Please include phone number w ith order. 

P.O. Box 906 Phone: S.C. 'Digital Aurora, IL 60507 (312) 897-7749 

partitioning of the system into cards within the 6-slot 
backplane previously described . 

Designing The Logic Of The System 
The task at hand is to design the central processor card 

for this homebrew computer. This is the starting point for 
the design of the whole system. Detail choices made in 
the processor card 's arrangement impact every other card 
designed for the system . 

We know, that the system must have 16 address lines 
and 8 data lines because it uses a 6809 processor architec
ture, and simplicity dictates avoidance of extra logic for 
memory paging schemes. But which 24 lines of the 40 re
maining in the backplane bus should be committed to 
which particular uses? Every board in the system must be 
consistent with this detail choice. The choice is made 
trival by the fact that, except for aesthetic and symmetry 
reasons explained below, one backplane line is as good as 
the next. 

If we were building a computer consistent with plug 
compatible backplane bus designs such as the SS-50 of 
Southwest Technical Products Corporation, or the In
sititute of Electronic and Electrical Engineers (IEEE) S-100 
standard bus, these choices would be crucial to that goal 
of plug compatibility. However, a homebrew system is a 
homebrew system, so our plug compatibility will be at 
the level of integrated circuits, not at the level of 
backplane buses. 

Designing The Logic Of The System
Backplane Setup 

As noted in the July BYTE page 194, the power supply 
wiring of the backplane has been committed to the outer
most pins of the sockets. The assignment of power supply 
pins used 32 of the 72 pins available, in order to take 
advantage of the heavy copper wires of the buses. The 
power supply wiring commitments were made consistent 
with a symmetry principle: if a board should be 
inadvertently rotated 180 degrees and plugged in, all 
power buses will map into identical power buses. The 
outermost power bus is the -12 V analog power bus. 
Proceeding inward, the next symmetric pair will be used 
for the +12 V analog power; the next pair of buses is for 
the +5 V main logic power supply . The innermost power 
buses are the central system ground buses. In table 1, a 
listing of backplane bus connections, these initial 
assignments of power pins are shown in shade (a). 

The power supplies used in building this system are 
provided by relatively inexpensive modular building 
blocks from James Electronics. The +s V logic power is 
provided by a single regulated supply rated at 6 A. The 2 
analog supply voltages are provided by separate modules 
rated at 1 A . In the photographs of the physical hard
ware, these modules are shown as mounted, prior to 
wiring. 

In the design of the backplane bus once the power sup 
ply committments have been made, the next items to con
sider are the data and address lines. Continuing the pro
cess of symmetrical allocation, the 16 address lines and 8 
data lines should be assigned to bus pins in such a manner 
that if a card is rotated, data lines will map into data 
lines, and address lines will map into address lines. The 
address lines are split into 2 groups of 8 connections on 
either side of the symmetry axis. The data lines are 
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-------------

ONE PACKAGE DOES IT ALL 

Includes these Application Programs ... 


Sales Activity, Inventory, Payables, Receivables, Check/Expense Register, 

Library Functions, Mailing Labels, Appointments, Client/Patient Records 
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RANDOM, MULTl-KEY RECORD RETRIEVAL under CP/M, COOS, IMDOS, ADOS ... 
SELECTOR Ill ALLOWS 
INSTANT RECALL OF ANY 
RECORD USING ANY IN
FORMATION ITEM IN THE 
RECORD. That statement 
deserves re-reading, be
cause that ability makes 
SELECTOR Ill the most 
powerful Date Base Man
agement System in micro
computers today! 

W it h SELECTOR Ill 
you can ... 
•define a record format , 
assign retrieval keys, and 
begin entering data in min
utes. 
•create sorted pointers to 
records matching your spe
cif or range of requirements. 

•automat ically generate 
reports with control-break 
summaries and unlimited 
variety . 
•bring an application on
1in e in hours instead of 
months. 

SELECTOR Ill comes com
plete with eight application 
programs that perform the 
tasks Iisted at top of page. 
And , since it 's distributed in 
source code form, you can 
easily add subroutines to do 
specific computations or 
f ile updates. 

SELECTOR Ill runs under 
CBASIC Vers. 1 or 2, and is 
priced at $295. SELECTOR 

ll l-C2 is dedicated to Vers. 2 
only, runs about twice as 
fast , and costs $345. 

Both systems are available in 
a variety of CP/M, diskette 
size and density formats 
including IBM 8"; North Star; 
Micropolis; TRS-80; Pro
cessor Tech Helios II; Altair; 
iCOM; Dynabyte ; lmsai; 
and others. 

Available from computer stores nationwide: I------------
• 

I
II 

LIFEBOAT Associates 
2248 Broadway, Sui te 34, 

New York, N.Y. 10024 • (212) 580-0082 

I
II 

I Or o rder direct from I 
MICRO-API 9807 Davona Drive, San Ra mon. CA 94583

I (415) 020-6691 
I
I 
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allocated into 2 groups of 4 connections. Continuing the 
listing of the backplane connections in table 1, these 
assignments of 24 address and data pins are shown in 
shade (b). At this stage in the allocation of logical signals 
to the bus, 24 of 40 available pins have been used, leaving 
16 pins still to be determined. 

The next item to consider is the set of lines which con

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

········-························-··(-12V)-······-----·-·- ··················· 72 

······-·····-·······················(-12V)···············-··············-····· 71 

=========(+12 VJ========= 70 

= = = = = = = = =( + 12 V)= = = = = == = = 69 

+ + + + + + + MAIN PWR ( + 5 V) + + + + + + + 68 

+++++++MAINPWR(+5V)+++++++ 67 

- - - - - - - - -GROUND (0 V)- - - - - - - - - 66 

- - - - - - - - - GROUND (0 V)- - - - - - - - - 65 

64 

63 

62 

61 

60 

11 = 59 

12 = 58 

I~ = 57 

:;: RE$.Er QENABLE = 56 

~NM! unassigned ·= 55 

•"una~ign8d 	 IRQ = 54 

· ~, ~Aal,E AW= 53 

= r4 52 

:!:t 15 51 

50 

49 

48 

47 

46 

45 

- - - - - - - - -GROUND (0 V)- - - - - - - - - 44 

- - - - - - - - -GROUND (0 V)- - - - - - - - - 43 

+ + + + + + +MAIN PWR ( + 5 V) + + + + + + + 42 

+ + + + + + +MAIN PWR ( +5 V) + + + + + + + 41 

=========(+12 V)========= 40 

=========(+12 V)== ======= 39 

······· ···- ····· ··--··· ·······-~·( - 12 V}······-·················-·····-···· 38 

······································(-12V)······································ 37 

(a) = 	 (c) = (b) = Wttti 

nect the central processor to the external world. These 
lines are the essential timing and control signals which 
define the discipline of the bidirectional 8-bit bus used by 
the microprocessor. In the specifications of the 6809, the 
following signals are defined which have relevance to the 
outside world: 

• 	 RW = Read versus Write bus direction relative to 
the processor. 

• 	 ENABLE = Clock ouput ("Phi 2") of processor. 
• 	 QENABLE = Quadrature clock of processor. 
• 	 RESET = system reset line to processor and all 

peripherals. 
• MRDY 	= memory-ready line, for use with slow 

memory devices. 
• 	 BREQ = bus request for direct memory access 

(OMA). 
• 	 BA = bus available. 
• 	 BS = bus status. 
• 	 FIRQ = fast interrupt request. 
• 	 IRQ = interrupt request. 
• 	 NMI = nonmaskable interrupt request. 

The simplest and most direct way to deal with these 11 
signal lines would be to bring them out to the backplane . 
But do we really need all these signal lines in this pro
cessor? Might it be more useful to commit a majority of 
the remaining 16 lines to interrupt activities, rather than 
having nonessential copies of the lines coming from the 
processor circuit? For example, we may prefer to incor
porate 8 separate interrupt lines in order that each of a 
possible 8 peripheral devices could have a dedicated line. 
If this is to be accomplished, then the total commitment 
of noninterrupt lines to the backplane must be 8 lines 
instead of the mixed selection of 3 interrupt lines and 8 
signal lines shown above. How can we modify this set of 
backplane signals given the limitations and purposes of 
this particular design? 

First, remember that this application is a simple and 
limited one in which no direct-memory access is being 
implemented, and that all memory will be fast enough to 
drive the processor at full speed. Given this requirement, 
the 2 signals memory ready (MRDY) and bus request 
(BREQ) can be removed from the set seen by the external 
world beyond the processor card. We have thus reduced 
the backplane line count to 9 lines, nearly enough to 
allow 8 distinct interrupt lines . 

The next items to question are the bus available (BA) 
and bus status (BS) signals. These are used to decode 1 of 
4 possible states: normal operation, interrupt acknow
ledge, synchronization acknowledge, and bus grant (halt 
acknowledge). Of these, the limited goals of the present 

Table 1: An allocation of backplane signals. As described in the 
text, this backplane signal set provides for 8 bidirectional data 
lines , 16 address lines, 8 individual fast interrupt lines used with 
a (slow) software polled strategy, 2 direct interrupt lines, and 4 
essential timing signals for the 6809 and its relationship witl1 the 
external world. The assignment of these lines is kept sym
metrical, so that while the processor may not work if any board 
in the system is inadvertantly plugged in the wrong way, no 
major conflicts will occur that could damage a gate or buffer. 
The shades indicate stages in the backplane allocation process 
described in the text: (a) pins are the power connections: (b) pins 
are the address and data connections; (c) pins are the 16 lines 
allocated to processor control signals and interrupts. 
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JAMES MARTIN 

SEMINAR 


0001010111110100010101110101000000010000101011111010001010111010100000001000 

Future Strategy, 
Management, 
& Design for: 

• Distributed Processing 

•Data Base 

• Networks 

• Corporate Strategy 

Washington, D.C. 
Los Angeles 
Boston 
Chicago 

Seminar Fee: 

0001010111110100010101110101000000010000101011111010001010111010100000001000 

CALL: OR WRITE: 
•••·•~1!!!!1-1~1!!1.l!!!!!Y 

·····l!:l~~~~~l!:I!!!!Tll'J~•T•l.I•~(213)476-9747 
P.O. BOX 49765, LOS ANGELES ,CA.90049 (213)476-9747 
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compa.nlon 

McGraw-Hill 

c• r---~-----, WANTED: 
ASSISTANT 


EDITOR 


J ob Opportun ity 
onCompu ting , BYTE' a 

magazine, la growing rapidly. We have an 
Immediate opening for the Job of assistant 
editor of onComputing, a 
publication. Thts creative opportunity 
offers the potentla.1 for growth In the 
exciting world of publishing. 

Candidates for this posltion 
s hould have a firm grounding In ~j
personal computer hardware and 
software, and should have the " 
ability to write and edit clearly and 
a.ccura.tely. A technical degree and 
some journa.llsm experience a.re 
desirable bu t not mandatory.~~-

onComputlng covers the world or personal computing, but la 
written in a. less technical style tha.n BYTE. It Is aimed at the 
beginner, professional person, student, and anyone interested In 
learning more about persona.I computers. 

onComputlng ls located In Peterborough NH, the hes.rt or the 
south.ern New Ha.mpshtre vacation region. Conveniently located 
90 minutes from Boston, Peterborough offers the benefits or a 
wide variety of cultural activities, plus the peaceful seclusion of 
the country. 
If this position sounds interesting, we'd like to hear from you. 

Send your resume in confidence to Chris Morgan, Editor-in-Chief, 
onComputtng, 70 Ma.in St, Peterborough NH 03468, or call (603) 
924-7217. 

Time Is or the essence! 
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system make the only externally relevant state "normal 
operation" if we can confine interrupt handling logic to 
the processor card. Can this be done? The answer is 
"yes", if we define fixed read-only memory vectors for all 
interrupts, and eliminate the need to decode interrupt 
acknowledge externally for purposes of altering the inter
rupt vector locations. Thus the backplane signal require
ments have been further reduced to 7 lines, still allowing 
the 3 originial interrupt lines to come out to the external 
world off the central processor card. 

Now let's examine the interrupt handling capabilities of 
the processor. Of the 3 available interrupts, the fast inter
rupt is the most general. The reason for this is that it only 
stacks away the essentials of the processor state when 
acknowledging the interruption with a branch through 
the FIRQ vector location, hexadecimal address FFP6. 
These essentials are the condition code, and the return 
address. In contrast, the NMI and IRQ interrupts always 
stack away the entire current contents of the central pro
cessor's set of registers. If we use the FIRQ signal for most 
interrupt activity, then, when speed is needed, only those 
registers which are used by the interrupt routine can be 
stacked away using the multiple register push and pull 
instructions. If the operation of the NMI or IRQ (ie: com
plete protection) is required, the multiple register opera
tion of push and pull can be extended to cover all the pro
cessor registers using the proper "post-byte" which selects 
registers. 

What about devoting the PIRQ interrupt input to 8 dif
ferent possible sources, using a concept of a software
polled flag register and a parallel input port to prioritize 
"who called"? This elminates 1 more line from the 
original backplane signal requirements, while adding 8 
interrupt lines labeled IO through 17. We keep the NMl 
and IRQ lines available for truely high-priority interrupt 
signals which must go in directly without much software 
decoding. Our result then is the final backplane signal set 
listed in table l, with this last set ·of additions shown in 
shade (c). Two lines are left uncommitted at this stage, in 
case an essential signal concept is omitted. One or more 
interrupt lines (IO through 17) can be sacrificed, if more 
than 2 lines must be added due to some shortcomings. 

With this general discussion of the system's backplane 
complete, I will continue these notes next month with a 
more detailed sketch of the system's most important card: 
the central processor module. Following this design 
discussion, the final installment on the processor module 
will be a short description of the detailed schematic as I 
wire it. • 

Articles Policy 
BYTE is co11tinually seeking quality manuscripts written by indi

viduals who are applying personal computer systems, designing 
s11cl1 systems, or who have knowledge w/Jiclt will prove useful to 
our readers. For a more formal description of procedures and 
requirements, potential autliors should send a large (9 by 12 inch, 
30.5 by 22.8 cm), self-addressed envelope, with 28 cents US postage 
affixed, to BYTE Author's Guide, 70 Main St, Peterborough NH 
03458. 

Articles which are accepted are purchased with a rate of up to $50 
per magazine page. based on technical quality and suitability for 
BYTE's readership. Each month , tlie autliors of tlie two leading 
articles in the reader poll (BYTE'.s Ongoing Monitor Box or 
"BOMB") are presented with bonus checks of $100 and $50. Unso 
licited materials should be accompanied by full name and address , 
as well as return postage. 



Model DMB-6400 Serles dynamic 64k byte RAMS Incorporate the 
features which are standard In the DM-6400 Serles and adds the 
following capabilities: 

e 	ALPHA MICRO, CROME.MCO, e M emory bank size can be incre
a.nd NORTH STAR outpu t porr mented to 64k bytes in 161< 
ba.nk select compatible. increments. 

• 	 Four (4 ) 161< byte, functionally • Eight (8 ) 64k byte banks of mem
independent memory banks. ory per ou tput port. 

Model DM-6400 Serles dynamic 64k memory boards feature IEEE 
S-100 compatible timing and on board transparent refresh. 

• 	 Memory selectable and deselec • 25 MHz on board crystal oscillator 
table in 41< byte increments. for independent timing. 

DMB-6400 and DM-6400 Common Features: 

• 	 4 MHz Z80 operation wi th no wait • Low power- 8 watts ma..ximum. 
states. • Reliable. expandable memories. 

• 	 Tested and burned-in . 

ONE YEAR GUARANTEE 

THE FOLLOWING PRO DUCTS ARE AVAILABLE FROM YO UR LOCAL DEALER . 

0 DMB-6400 / 64K RAM D DMB-3200/ 32K RAM 0 DM-6400 / 64K RAM 0 OM-3200 / 32K RAM 
0 DMB -4800 / 48K RAM 0 DMB-1600/ 16K RAM 0 DM-4800 / 48K RAM D DM · 1600/ 16K RAM 

U.K. & EUROPEAN REPRESENTATIVE: 
ABACUS COMPUTERS LTD 
62. NEW CAVE DISH STREET 
LONDON. W IM 7LD UK 
TEL . 01·580.8841 TELEX 861 -3085 

AUSTRALIAN REPRESENTATIVE: 
CO PUTERLA D OF MELBOUR E 
555 COLLI S STREET 
MELBOURNE VIC3000 
TEL 625581 

MEASUREMENT 
systems &. controls 

incorporated 

867 North MCI.in Streec •Orange. CA 9 2668 
Te lephone: 7 I 4,'633 -4460 
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Belais' Master Index to Computer Programs 
in BASIC Gives You Access to $14,836.14 

Worth of Computer Programs for Just $7.95! 
Now Available Off-The-Shelf 

Yoo paid r..mreclS or ~ lhO.Jsan:is ol dollars when someone else has prdlably already dooe 
for your !"ell lria<XXlfl1XJler. By ro;, It may be 1he wor1< for yo.II These JXOQrams are ~ 
dav.<ling oo you lhal a $1.cm !XllTflJ\e< wilh no CXJcumenlecj, and ieao'y-lr:>ilQ 
software is /uSI $1.(XXJ 1..ortil ol scrap meta/I Programs ll<e: Olctit Desigl, Psychoanalysis, 

Bui rorrp.Jler program; COG1 money. In a recent PASCAL Com(iler, Forrester's Wof.tl Sinrulatio1, 
surwy ol 1.984 ~er programs ottered tor ard Color T. V. Tester. Nevet agail v.;i you have 
sale n u10 1q> ltvee heme =wei rrogazines. t!OltJle """'""1g lhal QJeSlicn "EU what rue 
1he average price was fO<n:! IO be $27.94. Whal a home =wars (1XJfJ lot?" 
1'>oflf Then agai\ lhe!e's a)MJyS MONEY. Maybe you 

Yoo cbl"I need 10 spen:! tu-dfeclS ol dollars IO haven'I lho.Jgh ol al lhe ways your "lul" com 
get a c:onµe1e lbrary ol programs for your com p.iter CXlUld IUm OJt a litUe ol 1he green s1uff for 
p.11er. Thal is. you don'I n you ha"9 BelaJs' Master you. Maybe you haven't-t\it a IOI ol other people 
inrte( 10 Comfvter PfOfJ'M'S fl BASIC. haw, ard lhey'w wrilten up their Ideas 1or you 

Belals' Mas/el laJex gives revleMl ol 531 p<C> to use. Belals' Master lrd1x llsls dozens ol p<C> 
grams lhal ha.e aweared In 10 major rare grams ll'el you can use to set up your own business 
carp.J1er magaziles-programs thal you can If you already haw a busi1ess. Belais' Master 
typ:> 1110 your carpJte< for free! lrdex has lhe p<ograms IO rum your heme com 
This large av, x 11. 192-page dtectory Is p.Jter nio a lull-fledged business system. General 

pad<ed v.;lh jnformat/on. This is no1. iusl a siT1lle led;)et. billing. payroll. mallng lls1s, v.ad p<oc:es
listiig ol a~icle ulles. bul a COIT-.ilele reference slr9-no matte< what 1ype ol business you have, 
wor1<1 Belals' Master lrdex has lhe JXOQratnS )'OU need, 

Each BMI rlMew Is c:on-Pele-11 has eveiylhing All this ard save $2.00, 100! The cover price ol 
you need 10 know alloul a p<ogram. A brief lrdex Belafs ' Mastet Index to QxnpAer Programs in 
ine capsulizes 1he r!Mew for q..ici< referance BASIC Is $9.95. ElJt because you're buying by mail. 
So..woe ilformall:Jl shew.; you where 1he program we don't ha.e IO pay a cxrnmlssioo IO a bocl<s1ore, 
can be lard Af>f L.!Xlates or C()(rections are So we're goi'g to paSS lhe savilgs along IO yQJ. 
sl"OM'l so you know lhe program Is acwrate ard Order OOH ard you can gel your <:J::(Jf ol Belais' 
~e. The teic1 ol lhe reieN gi.es you a ftAI Master tnrex ror just $7.951 
descrllOOn of Ytlal lhe program cDes. In ad:ilD\ To orde!, wrile you name. S<)jresS, ard lte 
lhe rrMiffl gives detailed lechnical n formalicii \'oQlds "Belais' Mastel Index" oo a piece ol paper. 
abCXJt whal hardware and soltware lhe program Mal<e o..rt yo..rr cl10Ck lor $7.95 pts $1 ~ 
needs- E.eryihlng you r<!ed lo know IS righl al {Qaltl residenlS actJ ~ sales lax). 
your tlnget1!;G! II you wanl to use your VISA or Master Chirge 

We don'1 ptcMde lhe program llsmgs lhem card, gM! lhe tolal for your orde<. your acccull 
selws. ol COJIBe. EU we oo leU you v.tiele you rurber, lhe exµlralloo date ol your ta1d, ard your 
can pick them ~ ones lhal ai:iiearecr In signalUfe. 
pril\ yearn ago. Send yO\Jr order 10 Falcon Publishing. 

YOJ don'I have IO be a p<ograrrming iMzard IO Depl T. 140. Riverside Ave. P.O. Box 688. Ben 
use Be/ais' Master lnrex. Thal"s because BMI lists Lomond, CA 95005. 
only linish::d. read)'-lr>fll'I p<ograms in BA.SIC. We absolutely g,.iaiantee you'll lird Bela/s ' 
lhe easy-tC>USe larqJage erjoyed by mlllioos. Master Index ooe of lhe rms1useru books oo ywr 

E'Ml tt you're a mas1er progranmer, you'I shell. II you're rci CCflllletely satislled. return it 
ai:preclate Belms ·MaSier lrdex. Wny sfa.e away 10 us witlWl :D days ard we'I reftn:j ~ cen1 
hours. days, or """"' wee!<S willing a program you ~ Yoo can"I i:Ee. so ordef NOW! 

Now learn the 

electronics 


of microprocessing. 

lleiillH·8Comwtt1Enjoy the challenge and ilmJH·9VirJeo fettr11trl/

excitement ol learning aboul 

microprocessing hardware - how 
 r-1\ 
ii lunclions and how lo repair ii - • 
by aclually building your own 
equipmenl as you learn. • 

Nalional Technical School's Mlcrocompuler Division oilers lhfee such 
learn-by-doing courses that you can enjoy at home, in your spare hours. Each 
combines clear. concise lessons with Heath and NTS-designed digital 
equipment-a combination our sludenls lell us makes for "lively" homesludy. 

Find oul more aboul lhese valuable NTS Microcompuler Courses. Send loday 
for our color ful 65-page calalog-il's FREE! 
No obligation. No salesman wfll call. Approved for veteran training. 

TECHNICAL·TRADE TRAINING SINCE 1905 
Clip And Aesrdent and Home·Srudy Schools 

4000 Sooth F•gueroa SL. Los Angeles. Cahl. 90037Mall Today!r-----------------------,

I NATIONAL TECHNICAL SCHOOLS Depl. 217-039 I 
I 4000 Soulh Figueroa Slreel • Los Angeles. Cal ifornia 90037 I 
I Please rush your FREE 65-page color calalog I 
I I 
I Address ____________________ I 
I ICily _____________________
I I 

Slale _______________ ZIP ____I I 
I D Check II inlerested In GJ. Bill inlormation. I 
I ID Check ii inlerested ONLY in classroom !raining in Los Angeles. 

L-----------------------~
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TRS-80 SOFTWARE 

32K with 2 DISK DRIVES 


PAYROLL SYSTEM ..... . .... . . $235 
Includes: a) File Maintenance 

b) Payday Entries 
c) Earnings Record 
d) Payroll Register 
e) Write Pay Checks 
f) Write Other Checks 

Handles up to 300 employees per diskette. 
Automatically ca lculates FICA, FED. TAX, 
UNEMPLOYMENT and much more. 

ALSO AVAILABLE 
ACCOUNTS RECEIVABLE ...... $195 
ACCOUNTS PAYABLE ......... $195 
INVENTORY CONTROL with 

BILLING & ACCT'S REC . ..... $550 
MANUALS ............. $29.95/ea. 
CUSTOM PROGRAMS & OTHERS 

CAI 
1st Security Bank Bldg. 


3306 W. Walnut, Suite 507 

Garland, TX 75042 


PHONE: (214) 272-3211 

W ith money order or certified check, orders shipped within 

24 hours. 

TRS-80 FUN GAMES 
at NEW LOW COST 

CRAPS · all types play · no player limit . . ........ . ... , .•.. .. •... $6.95 

BIG SIX · 40 different number combo ... .... .. . ....... ......... $5.95 

BID·RYTHM · different from any others ....... .. .. .. .. . .. . ... .. $5.95 

PERPETUAL CALENDAR · from Christ to infinity ... ......... . .. .$4.95 

SAVE $4.80 · 

Order all 4 Programs for only ................ .. ....... .. .... $19.00 


BLANK C·10 CASSETTES · Highest Quality 1·5 
$1.30 ea; 6· 1 O $1.15 ea; 11 ·20 $1.05 ea; 
over 20 $.95 ea. Any quanity only $.85 ea. 

with order of $19.00 for 4 games. 

Dontho Scientific 
P.O. Box 864, Mich. City, Ind. 46360 

DONTHO SCIENTIFIC 
P.O. Box 864 · Michigan City, lndi11n11 46360 
Please ship the following: 

o CRAPS $6~5 o BIG SIX $5.95 . 
o BID·RYTHM $5.95 o CALENDAR $4.95 ,, : 
o ALL 4 PROGRAMS $19.00 

Blank C·10 Cassettes • Quantity ____ 


NAME -~~~~~~~~~~~~~~~ 
ADDRESS 
CITY/STATE/ZIP 

D Check D Money Order 

Complete money back guarantee. No questions. Personal checks accepted. We 
trust you. All shipmenis mode ;n 10 days. 
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Omikron transforms TRS·80* 

into a powerful business system. 


STANDARD DRIVES 8" Drives give you 5 
times the speed and 3 times the storage of 
your mini drives! Our system provides a 
standard Shugart interface so you can use 
either your 8" drives or ours. Omikron 
drives are enclosed in an attractive metal 
cabinet, and include a power supply. 
SOFTWARE CP/M* is the most popular 
operating system for microcomputers. But 
many high-level languages and advanced 
business programs cannot run with the 
special CP/M* designed exclusively for the 
TRS-80~ The Omikron MAPPER with 
standard CP/M* allows you to expand your 
software capability to go beyond the few 
available TRS-80* compatible packages. 
TRS-80* with MAPPER 
out-performs systems 
costing $1000 
more! 

The MAPPER I and MAPPER II are plug
in modules. They don't require any circuit 
changes, are easy to install, and they don't 
interfere with the normal operation of your 
TRS-80'." All your original software, includ
ing Level ill BASIC will still run properly. 
Omikron products require 16K L II BASIC 
and the TRS-80* Expansion Interface. 

* * *
MAPPER I is a memory management unit 
which adapts your TRS-80* to run stan
dard CP/M'.1' Versions for both 5" and 8" 
drives are available. The package includes 
CP/M* software on 5" or 8" diskette, and 
documentation. 5" unit, $169. 8" unit, with 
adapter cable, $199. 

MAPPER II includes the MAPPER I pack
age plus a disk adapter module which 
allows both 5" and 8" drives to run on the 
same cable. Drive selection is under soft
ware control to permit easy file transfer 
between the drives. With cable, $249. 

8

CONVERSION -If you purchase MAP
PER I or II and plan to use only mini
drives, Omikron will transfer CP/M* files 
from 8" diskette to a 5'.' This allows you to 
run software previously available to only 

11 drive owners. $25 per mini-diskette. 
DRIVE - 8" drive, $849. Additional drive, 
$695. WARRANTY- 1 year on boards; 
90 days on drives. VISA/MasterCharge 
accepted. Prepaid orders given top priority. 

•CP! M is a TM of Digital 
Research . TRS-80 is 

a TM of Tandy 
Corporation. 

PROFESSIONAL 

INCOME TAX· PROGRAMS 
FOR YRS- 80 TM 

Accountants, lawyers, tax consultants nationwide, prepared over 30,000 1978 
Federal tax returns using our system. 

Displays and fills in Form 1040 and related schedules on the screen, then 
prints out the completed forms automatically. 

Change your mind? Make an error? Correct a single entry and you have a brand 
new form with all re-computations made automatically. 

No tax system, running on any computer anywhere, has all the features of our 
professional system, and yet-

Our base program, which does 1040 and Schedule A costs only $189.95 

And! You can add schedules for only $37.95 each, customizing your system 
to your requirements. 

CONTRACT SERVICES ASSOCIATES 

706 SOUTH EUCLID ANAHEIM, CA 92802 

TELEPHONE (714) 635-4055 
FREE CATALOG AND BROCHURE TO PROFESSIONALS 
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T~~FLEE!;Jtt 
~llJrl -.,,. 

,,. 

A specially designed SF TACTICAL BATTLE GAME for 
your PET, TRS-80 or APPLE Computer. 

The man called Sudden Smith watched the five blips on 
his screen spread out to meet the enemy. Two freighters 
converted into something like battlewagons, powerful 
but slow, and three real cruisers: the most powerful group 
of warships ever seen near the Promethean system - except 
for the Stellar Union fleet opposing them. Everyone was 
calling it Starfleet Orion, though it existed for only this 
day. It was life or death, and, after the object lesson on 
the planet Spring, everyone knew it. 

STARFLEET ORION is a complete 2 player game system 
• ru le book • battle manual • cassette 
• ship control sheets • program I istings 

Includes 2 programs, 22 space ship types, and 12 play tested 
scenarios. Game mechanics are extremely simple, but play 
is exciting, challenging, and rich in detail. Specify PET (8K), 
TRS-80 (Level ll, 16K), or APPLE JI (16K& 32K) $19.95. 

Ask your local dealer or send your check to: 

Automated Simulations 
Department Y 
P.O. Box 4232 
Mountain View, CA. 94040 

California residents please add 6% sales tax 

TRS-80 disk software 

OISKETIE DATA BASE IOM-111 32K $49 
You can use it to maintain adata base &produce reports without any
programming. Define file parameters &report formats on-line.Featureskey 
ran~om access.multi-keys.sort. select. field arith. audit log. Almost use up 
all 32K 

ACCOUNT manage client accounts &account receivable. Automatic billing & 
transaction recording. Print invoices and reports. 32K req. $59. 

WORD PROCESSOR 16K $.19 
Our WORD-Ill is the first word processor specifically designed for TRS-80 
that uses disk storage for text. Written in BASIC.No special hardware and 
text limit. Use for letters. manuals &reports. 

MAILING LIST 16K $35 
It letsJOU maintain data base and produce reports &labels sorted in any
field. Random access. 2-digit selection code used. 

INVENTORY 16K S39 
'Mlile others use ineflicienl sequential file.we use 9-digil alphanumeric key
for fast on-line random access. Record has key. description level. safety
level. order amt., unit cost &price.annual usage. location and vendor code. 
Reports give order info, performance summary, etc. 

KEY RANDOM-ACCESS UTIL 16K $19 
Le ts you access arecord by specifying akey. Features hashing, blocking, 
buffering technique. auto 1/0 error retry, etc. 

MICRO ARCHITECT 
96 Dothan St. 

Arlington, MA 02174 
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6800 DEVELOPMENT SOFTWARE 
An integrated applications development and execution system. 

SDOS 
All dev ices interrupt-driven including typehead . Provides 
device independent, byte addressable random files. Supports 
any mixture of floppy or hard disk drives up to 2.5 billion bytes. 
Sector read-ahead and buffer pool enhance applicat ion perfor
mance. Flexible: Cu rrently runs on 7 manufacturers' systems, 
using 10 different drive{controllers, including mini-floppies and 
hard disk . 

BASIC COMPILER 
For speedy business applications. 10 digit BCD; random access 
to variable size records; long variable names; formatted out
put; if-then-else; error trapping. Field proven for over 2 years. 

EDIT 
A powerful text editor with change, delete. replace commands. 
Automatic display of modification or context changes; macro 
facilities for complex or repetitive editing. 

ASM 
2 pass conditional assembler; 32 character labels; symbol table 
dump and cross-reference; error cross-reference; extensive 
arithmetic and listing control. 

IDB 
Single-step, multiple. real time breakpoints; memory dump; 
multiple display modes. No spec ial hardware needed. 

Over 500 pages of documentation to match th is proven soft
ware. 

Complete package: $760.00 

Also (not including SOOS) available for SWTP, Exorcisor, SSB 
and MSI DOS. 

Write for free catalogue. Sizable distributor discounts. 

I ID SOFTWARE DYNAMICS 
2111 W . Crescent Av nu e. Suite G 

__... Anaheim, CA 92804 
(714) 635-4760 

'TINY' PASCAL 
tor TRS-80® 

& NORTH STAR® 
Now you too can have Pascal! The Chung/Yuen 'Tiny' Pascal has 
been specially designed for TRS-80 & North Star owners . The full 
power & elegance of ' Tiny' Pascal is at your command. Programs 
written in 'Tiny' Pascal run at least 4 times faster than the same 
program in BASI C! ' Tiny· Pascal is also a great way to learn 
Pascal Programming, & fun too. 
The minimum system requirements are: Level 11 , 16K for TRS-80, 
(no disk required) & 24K for North Star (spec ify density). 

SOURCE TOO! 
But most important, you also get source to ' Tiny' Pascal written 
in Pascal with each purchase! You can even compile the com· 
piler! (Requ ires 36K for North Star systems, & 32K, Level 11 for 
TRS-80). You can customize your own version, or just use it the 
way it is. 
'Tiny' Pasca l is a subset of Standard Pascal & includes: 


RECURSIVE PROCEDURE/FUNCTION, IF-THEN-ELSE, 

REPEAT/UNTIL. ' PEEK & POKE', WHILE, CASE, & MORE! 


(Plus full graphics for TRS·80 as well) 

Also you can save & load programs. 

You get all this & more, plus a user's manual for $40.00. 


available from: 

/UPf~/Off 

P.O. Box 1628 


Champaign, IL 61820 

(217) 344-7596 

A II orders pre-paid, Illinois residents add 5% sales tax 
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Good Buys From Disks, Etc. 


Cassettes For Personal Computers 


Verbatim 10 for $29.00 
MINI-DISKS or 3 for $10.00 

New! Verbatim Digital Quality 

Professional quality cassettes feature leader-free, splice· 
free, premium grade tape, precision engineering features. 
For top performance in popular personal computers, 
including Apple , PET, Heathkit, Atari and Mattel. 

2 for $5.45 

Mini-Disk Storage Cases 
Protectors Made of durable, molded 
Fit 3-Ring Binders plastic. Choice of black or beige. 

Tough , glare -proof vinyl. Maxi Case, $4.25 
Holds 2 diskettes and ID cards. Mini Case, $3. 75 
75~ ea., 10 for $5.75 

~asterCharge, P. o. Box 327 c 
~~a,k OK Disks, Etc. Center Valley, 
Noe~o1·s. · ., Pa.18034 

SPECIALIZING IN 

QUALITY MICROCOMPUTER HARDWARE 
INDUSTRIAL • EDUCATIONAL • SMALL BUSINESS • PERSONAL 

BUILDING BLOCKS FOR MICROCOMPUTER SYSTEMS, CONTROL & TEST EQUIPMENT 

WIRED: $295.00 	 KIT: $279.00 
WIRED: $310.00 

R2 1/0 
2K ROM 16 KRAM 
2K RAM FULLY STATIC 

3 Serial Ports MEMORY 
1 Parallel Port 

KIT: $200.00 KIT: $340.00 
WIRED: $250.00 WIRED: $395.00 

ECT-100-F 
RACKMOUNT TT-10
CARD CAGES 

TABLE TOP 
MAINFRAMES 
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low Cost Computer Assisted Instruction CP/M Text Editor dependent . Use rs may examine and edit 
data through a one line window as it 

APPILOT language is an Apple 11 ver ED-80 is a text e ditor designed to is moved through the edit file. A window 
sion of the standard computer assisted run unde r CP/M and derivative opera ti ng command allows instantan eous full 
instruction (CAI) language, PILOT. Using sys tems on 8080, 8085, and Z-80 disk screen displays of both the current line 
lesson fi les created by the APP I LOT pro based systems. A user's manual o f over and surrounding lines , with forward 
gram editor, APPILOT creates multi 60 pages describes both impl emen tation and backward scrolling. 
media learning experiences with text, and usage. ED-80 has a simple comm and Compatibl e with existing CP/M edit 
graphics and sound. The student can in st ruc ture patterned after the University files, ED-80 is available on an 8-lnch 
teract with APPi LOT using both num bers of Ma ry la nd 's edi to r for UNIVAC 11 OOs. single density disk for $71. For furt her 
and words which APPi LOT recognizes as Over 50 commands are provided, inc lud information contact Software Develop
student input. ing forwa rd or backward locate, change, ment and Training Inc, POB 451 1, 

APP I LOT conforms closely to the pro and find commands; inser t, del ete, Huntsville AL 35802. 
posed common PILOT standa rd. but it append, prin t, list, macro, case, scale , Circle 568 on Inquiry card . 
incorporates features that fully use the ra bse t, and window commands; and get 
capabilities of the Apple II computer. and pu t commands for copying, moving, 
Among these fea tures are color graphics merging, and dup licating ed it files an d 16-0igit Scientific Subroutine Package 
commands, a musical mini language, and program lib raries. An internal loca tion for Microsoft Extended and Disk BASIC 
disk commands for lesson segmentation cou n ter is maintained for dis Interpreters 
which give an effective lesson size up to play ing with text, prompting for user 
90 K bytes. APPi LOT a lso links to the Ap inp ut , and for line posi tioning. DPFUN is a comprehensive 16-digit 

pl e's integer BASIC to allow full calcu ED-80 provides a wi ndow ap proach precision scientific subroutine package 
lation capac ities . to text cdi ting tha t is not hardware written for Microsoft exte nded and disk 

APPl l OT is avai lable on tape a nd BASIC intepreters, including TRS-80 
disk. and is offered on Super Load tapes Leve l 11 BASIC. The 13 double·precision 
and for those Apple owners who wi sh to APP ILOT Edu-D isk converts a 32 K byte ex ponen tial , I ogari thm ic, trigonometric, 
run prewritten APPILOT lessons. For Apple with d isk into a complete CA I and inverse trigonometric functions pro
$17.95 the user can execute APPILOT system. The user can d evelop lessons, vide a val uabl e utility fo r engineering 

lessons on a 16 K byte Apple, using only store them on d isk. and run them with and scientific app lications. DP FU N uses 
tape storage. Included on the tape is the the APP ILOT interpreter. The Edu-Disk truncated con tinued fracti on algorithms 
in terpreter and a demonstration lesson comes with interactive lessons .that in that result in eas il y e ntered code, fast 
about APPi LOT. Also provided is a struct the user on a 11 aspects of the execution, and full exp loita t ion o f the 

documen tation manual for running APPILOT CA I deve lopment system. The precision that is aval!able in 64-bit 

APPILOT and for li nk ing it with t he APPILOT Edu-Disk is being offe re d for binary floating-point notation. The com · 

MUSE APPEN-1 Text Editor. which may $49.95 which incl udes a detailed plete set of subroutines occupies ap proxi

be used for creating and ed iting documentat ion manual. For further in mately 2.5 K bytes. 

APPllOT lessons. formation , contact MUSE. 7112 Dar The DP F UN source code o nly is 

For institutions that wish to write as lington Dr, Baltimore MD 21234. availab le for $10 postpaid. For further 

well as use APPILOT lessons, the Circle 565 on inqu iry card. information contact M!ken Optical Co, 
53 Abbett Av, Morristown NJ 07960. 

Circle 569 on Inquiry ca rd. 

Machine language Programs for the Word Processing Software System 
PET Computer Elementa ry Math Tapes for TRS-80 

Au toscribe is a profession al word 
The SYS7171 and the SYS8181 are two processing sys tem designed for the The Microcomputer Mathematics Pro

new mach ine la nguage programs for the business world. With Au tosc ribe, typed gram K-8 consists of a set of tapes for 
PET 2001 computer. SYS7171 is a text appears on a video termi nal screen drill , practice a nd tutoria l in add it ion. 
machi ne language monitor which allows as it wil l be printed, and corrections, su bt rac tion , multiplication, division, 
a programmer or PET user to program in deletions or revisions can be made in fract ions, numeration and decimals fo r 
machine language, or in BASIC, without seconds. The fin ished docum en t is typed ki nde rga rten through 8th grade . The 
destruction of the monitor once it is at hu nd reds of words per minute. tapes a re programmed for use o n a 
loaded. Programs may be saved, loaded l etters, contracts and other dowments Radio Shack level II BASIC TRS-80 
or rewritten yet SYS7171 remains coresi can be p roduced qu ic kly on single page microcomputer a nd 16 K bytes modified 
dent a nd undisturbed . or continuous form print-out. The ori  memory. The teacher's manual gives an 

SYS8181 is a machine language re ginal data is recorded and saved on the overview of the program. sugges ts ways 
numbe ring program which requires only user disk. Documents ca n be retri eved to use the program. correla tes the ski ll s 
1 K byte of programmab le memory for instantly and reprinted as needed. No lo selected mathemat ics texts, and pro
its operation . After it is loaded, the user computer language is needed. All in vides suggestions for ind ividua liz ing 
can load a BAS IC program and it wi ll be structions are in English. Autoscribe math instruc tion. One set of microcom
renumbered in seconds. software operates on Z-80 and 8080 sys puter Mathematics Program K-8 tapes in

SYS7171 sells for $29.71 and SYS8181 tems utilizing North Star disk, a Sorce c luding the teacher's manual is $995 . For 
is priced at $18.71 . For further inform a or Hazel tine term inal and a letter quality further information, contact Foundation 
tion, contact Nationa l Artificial In printer. For further inform ation contact for Quali ty Education Inc. 802 Mer
te ll igence laboratory. POB F, Mobile Al MicroAge Wholesale, 1425 W 12th Pl ace, c hants State Bank Building, 5217 Ross 
36601. Tempe AZ 85281. Av. Dallas TX 75206. 

Circ le 566 on inquiry card. Circle 567 on Inquiry card. Circle 570 on inquiry card. 
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A COMPLETELY REFURBISHED "SELECTRIC" ASCII 

TERMINAL FOR THE SMALL BUSINESSMAN OR SERIOUS HOBBYIST. 


The AJ 8411/0 terminal. 

Now available from dealers nationwide. 


Demand for our AJ 841 110 computer terminal has 
been great. And now it's getting even greater. So call your 
local computer shop dealer right away. Supply is limited! 
You may never have another opportunity like this one to buy 
your own professional terminal. 

The AJ 841 features: 
• Choice of serial RS 232 or parallel interface 
• ASCII code , 
• 14.9 cps printout 
• High quality Selectric printing 
• Heavy-duty Selectric mechanism 
• Off-l ine use as typewriter 
• Documentation included 
• 30-day warranty on parts and labor (details available 

on request) 

Call toll-free now 

For location of your nearest AJ dealer, call toll -free: 


aoo I538-9721 
California residents call 408/263-8520. 

,I'=' ANDERSON 
mJACCBSCN 

from Computer Headware 

... the Self-Indexing Query System 

for your Apple II, North Star, or CP/M machine 
Oistrihured bv: 

lnfonn•lion Unlimited/ 219-924-3522 
P.O. Box 8372, Me<rillvitte, Indiana 464 lfl 

lifeboat A>SOciates / 212- 580-0082 (CP/M model only) 
2248 Broadway, Sui1e 34, New York City 10024 

•Structured Systems Group, Inc. / 415- 547-1567 
5208 Claremont Avenue, Oakland, California 94618 

• 

• 
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W~at's NewP M1scELLANEous 

Comp ute r Communicatio n a t VuePoint is a touch input display 
Your Fingert ips panel that measures only 2 1/, inches 

Where Do New Products Come From?
thick. Vuepoint' s 12 line by 40 character 
flat panel also provides a unique touch 
input capabi lity. This approach permits 
efficient and speedy operator inter
action using menu-drive n displays. Vue
point's microprocessor based controller 
provides a ll s tandard smart video 
features plus the following: touch 
response in mat rix or scree n echo modes. 
multiple display buffers, and alternate 
chara cter sets. Cornmunication is by 
standard 300-19200 bps asynchronous 
RS-232 protocol. Options include wa ll or 
rack mount. auxiliary printer, and 128 
character ASC II keyboa rd . Vuepoint is 
priced at $3500. For further information, 
contact General Digita l Corp, 700 Burn
side Av, E Hartford CT 06108. 

Circle 571 on inquiry card. 

The information printed in the 
new products pages of BYTE is 
obtained from "new product" or 
"press release" copy sent by the 
promoters of new products. If in 
our judgment the information 
might be of Interest to the per· 
sonol computing experimenters 
and homebrewers who read 
BYTE, we print ii in some form. 
We openly solicit releases and 
photos from manufacturers and 
suppliers to this marketplace. The 
information is pr/n te.d more or 
less os o first in first out queue, 
subject to occasional priority 
modifications. While we would 
not knowingly print untrue or 
inaccurate doto, or data from 
unreliable companies, our capo· 
city to evaluate the products 
and companies appearing in the 
"What's New?" feature is neces
sarily limited. We therefore can
not be responsible for product 
quollty or company performance. 

APL/Z-80 Release 2.0 

Vanguard Systems Corp , 6812 San 
Pedro, San Antonio TX 78216 has an
nounced the release of version 2.0 of 
APL/Z-80, an APL interprete r for Z-80 
based microcomputers. APL/Z-80 in
cludes the following features: dynamic 
execution of system commands; serial 
printer support; shared variables; aux· 
ilary processor for 1/0 (input/output) 
ports which allows comp lete device 
control using defined AP L functiohs for 
any device inte rfaced to the Z-80 1/0 
port; and auxilary processor implemen
tation of a file system featuring a dir
ectly in dexable file having variable 

length records, each of which can be an 
APL array of arbitrary type, shape, 
and size (up to availab le workspace). 

A workspace containing defined 
APL/Z-80 functions, implementing each 
of the primitive functions not present 
in this version of APL/Z 80 , is distri· 
bu ted with each system. The hardware 
required is a Z-80 processor, a disk drive, 
and either seria l ASCI I APL console 
termi nal or ASCII keyboard and video 
display board compatible with the 
Vector Graphic Flash writer or Processor 
Technology VDM-1 . 

The end user lice nse for use on a 
single processor is $350. 

Circle 572 on Inquiry card. 

Heat Scalab le Cassette Holder 

This cassette hold er. d es ign ated 
Pocketray, wil l hold a cassette secu rely 
with the title visible . Casse ttes are lully 
protected on three sides . There a re 12 
Pocketrays to a sheet which is perforated 
vertically and horizontally. These may 
be snapped apart into single units or in 
any multiple to lit the most creative con
figuration . Made ol PVC , these cassette 
holders a re easily heat sealed to a ny 
vinyl material. with a minimum of tool
ing. Samples. pricing, and literature are 
available from Charles Leonard Inc, 
79-11 Cooper Av. Glendale NY 11227. 

Circle 574 on Inquiry card. 

Distributed Computer System Based 
on Personal Computers 

Cluster/One is a distributed pro
cessing alternative to BAS IC timesharing. 
The central Cluster/One unit (the Queen) 
connects to 15 persona l microcomputers 
(the Drones) , via a high-speed parallel 
data bus (the Clusterbus). An optional 
feature provides support for an addi
tional 15 Drones. Currently supported 
as Drone stations are the Apple II, 
Commodore PET 2001-8, and TRS-80. 

Programs and data files can be shared 
among the users of Cluster/One. They 
are stored on two IBM compatib le eight 
inch floppy disks. Each disk holds u p to 
315 K bytes or data. Disk data transfer 
rate is 250 K bits per second, managed 
by a large scale integration floppy disk 
controller chip. All data transfe rs arc 
cyclic redundancy checked (CRC) and 
disk writes are automatically verified . 
Data is transmitted to each Drone sta
tion in packets, with individual error 
checking. Typical system response time 
for program load ing is two seconds. 

Cluster/One comma nds are quite 
simi lar to their counterpart cassette 
tape commands. Disk commands may be 
imbedded in user programs, permitting 
menu-driven program loading or chain· 
ing. 

Cluster/One comes with a full set o f 
utility programs for system maintenance 
and back up, al ong with separate doc
um entation for the end users. Prices 
begin at $4500 and vary with the parti· 
cular configuration and options selected. 
For fur ther information, contact Nestar 
Systems Inc, 810 Garland Dr, Pa lo Alto 
CA 94303. 

Circle 573 on lnqul ry card. 
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FLOPPY DISK 

REPAIR 


• PerSci and Shugart 
• Quick turnaround 
• Factory trained on 

Per Sci 

COMPUT ER SERVICE CENTER 


750 1 Sunset Blvd 

Hollyw ood CA 90046 


2 13 -8 5 1-2226 


Circle 68 on Inquiry card. 

GET CONNECTED 

Connect your 5-1 0 0 BUS or 
TRS-80 system to the telephone 
network and turn it into a terminal. 

The µ-Phone © is absolutely all 
you need - it's not just a modem, 
not just a controller. 

Just plug the µ-Phone © into your 
processor and plug it's cable into a 
standard modular telephone wa ll 
jack and you're connected . 

The µ·Phone © is BELL 1 03 com
patible and F.C.C. registered . 

Another Fine Idea From 

1. 0.E.A. 

850 Lexington St. 


Waltham, M A 021 54 

617-893-1 368 


Circle 178 on Inquiry card. 

BASIC/FOUR COMPUTER 
MODEL 350 

Perfect for small to medium 
sized business applicat ions. 
Model 350 CPU, 4.2 Mb 
Disc Drive, Video Display Ter
minal, 160 cps Printer, and 6 
Disc Cart r idges. Under con
tinuous factory maintenance. 
Full system ready to go 
$11,000. 

Contact: 

Carl Egetter (714) 979-9013 

THERMAX SYSTEMS, INC. 
3185 " A" AIRWAY AVE 

COSTA MESA, CA 92626 

Circle 367 on Inquiry card. 

Come Help Us 

Celebrate The Child 

St. Jude Children's Research 

Hospital continues Its search for 
life-sovi119 knowledge about 
catastrophic childhood disease. 
And this search continues 
because people core. There's 
no charge to patients or their 
families,once admitted to its 
research studies by physician 
referral. The cost of drugs. 
equipment, and research 
programs Is met primarily 
by public contributions. Help 
us celebrate the child by send
ing your tax-deductible check 
or request for further informo· 
tion to St. Jude Children's 
.,. • Research Hospital.11o_e -: 539 Lone Ave., 
-.:' Memphis, TN .38105. 

Br:JUDI!. Clllt..olf£,"'l"S H£SSAHCll HOSl..-TAI......~·-

Don't Forget! 
Our New 4K Byte Non-Volatlle 

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 detalls! 

C!::fGiSL 
1395 Golf Street 

Dayton, Ohio 45432 
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TRS-80 USERS 
Three Disltless TRS-80 Programs 
• Telephone/ Address/Mailing 	 list pro· 

gram • sorta by name or zip code. 
Retrieves telephone I lrom name and 
visa versa. Access lime is under 2 
seconds, over 100 listinqs, Level II 16K 

· $30.00 
• Checkbook program • hard electronic 

copy, easily accessable . 170 listings, 
Level II 16K • $30.00 

• Mandalas Jor the Cyberneclic Age I & II 
·amazing graphic programs, better Iha.a 
TV • lasts hours without repealing or 
commercials. 2 sets of four interweaving 
designs, Level I or II 4K RAM 

- $30.00 
Introductory offer • All 3 for $75.00 

Loweco provides complete support 


Catalog $2.00 

LOWECO COMPUTOR 


1803 RODNEY 

LOS ANGELES CA 90027 


213-660-7530 

6% TAX IN CALIFORNIA 

Money Order, Cashier Check Speeds Delivery 

Circle 207 on Inquiry card. 

TRS-80, PET, 

APPLE, 


SORCERER 

Hardware/Software 

Systems 
A vailable now: 

• HAM INTERFACE··includ/ng the 
most sophisticated RTTY systems 
money can buy. 
• Baudol and ASCII printer 

interfaces. 

• Electra Sketch , AN/MA TION 
GRAPHICS Compiler 

Write or call for free catalog 

MACROTRONICS, inc . . 
P.O. Box 518 (A) Keyes, CA 95328 
(209) 634·8888 1667-2888 (R) (S) 

We are experiencing telephone dltflcullles, 
please keep trying. 

Circle 206 on Inquiry card. 

EXCELLENT BUY; 
USED CENTRONIC PRINTERS 

==-----$1495 .Model 703 ..•.... .. ..• . 
Model 588 •............ $ 895 . 


COMPLETE 
TIME SHARING 

AND 
IN-HOUSE 

SYSTEMS AVAtlABLE 

Texas Instrument 
Teletype 
Xerox 
lntertec 
Altos 
Ohio Scientific 
Exldy 
Centronics 

Circle 74 on inquiry card. 

A Message 

to our Subscribers 


From time to time we make the BYTE 
subscriber lisl available to other com· 
panles who wish lo send our subscribers 
promotional material. We take great care 
to screen these companies, choosing 
only those who are reputable. and whose 
products, services, or information we 
feel would be of Interest lo you. 

While we believe the distribution ol this 
information Is of benefit to our 
subscribers, we firmly respect the 
wishes of any subscriber who does not 
want lo receive such promotional 
lilerature. Should you wish 10 res1rlct the 
use cl your name, simply send your re
quest to 

BYTE Publications lnc 

AU: Circulation Department 


70 Main St 

Peterborough NH 03458 


Thank you. 



W~at's N~wP svsnMs .and MEMoRv 

New Word Processing System Also Supports Data Processing Applications 

A video based word processing sys· Vector Graphic Inc, 31364 Via Colinas, 
tern capable of handling data processing Westlake Vil lage CA 9136 1. T he new 
applications has been in troduced by system, called Mcmorite 2, incorporates 

the fi rm 's Z80 based MZ microcom· 
puter with 630 K bytes of disk capacity, 
their Mindless Terminal, and the Qume 
Sprint 5, 55 cps printer. For word 
processing app lications, Memorite 2 with 
dua l Micropolis noppy disk drives 
features advanced text preparation, edit , 
and delete capabilities. It offers auto· 
matic letter printi ng from memory with 
full formatting tech niques such as under· 
lining, Indentation , automatic margins 
and variable line and character spacing. 
The system also performs mass mailings, 
which all ow letters to be merged with 
address lists. Its memory is resident on 
programmable read·only memory, so 
users need on ly type after a "power up 
and proceed" fu nction. 

As a data processor, Memoriie 2 is 
capable of performing standard accoun I · 
ing tasks and custom applications in 
business BASIC for small firms or 
departments of large companies. Sclen· 
tific calculations are also available for 
technical environments. 

The price for the Mcmoritc 2 is 
$8 ,950. 
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CATCH THE 

5·100 INC. 

BUS! OUR 

LIST SPECIAL 

Vector Graphic 16K 
Assembled Fast Memory 

PRICE CASH 
PRICE 

Board 485.00 350.00 

lmsai " 8080" Kit complete 
w/Front Panel 750 .00 625.00 

Computime CT100 Clock , 
Calendar & Calculator Kit 199.00 170.00 

S-100's Three Ring Binder 
w!Ten Vinyl Jackets for 5% 
Mini Floppies (Holds 
Twenty Diskettes Plus 
Directory Pocket) 13.00 7.00 

lmsai 80/15 Kit w/8085 CPU 799 .00 625 .00 
We carry all major lines such as 

S.D. Systems. Cromemco. IMSAI. Vector Graphic , North Star. Sanyo. ECT. 
TEI , Godbout, Thinker Toys. Hazeltine, IMC 

for a specia l cash price telephone us. 

Subject to Available Ouanlitles • Prices Quoted Include Cash Discounts 
Shipping & Insurance Exira . 

Bus.. .S-~ DD~ ~nc. 
Address . . . 7 White Place 

Clark, N.J. 07066 
lnterf ace. ..201-382· 1318 

Non-Volatile Memory Board 

The E4K EAROM Memory Board pro
vides a Multibus comp3tib le nonvolatile 
memory of up to 4 K words by 8-bit 
capacity. The memory contents are elec
trica ll y alterable under computer con· 
t rol. permitting it to function as a pro· 
grammable memory but with the advan
tage o( long term unpowered data reten
tion. Either word or block erasure is 
possible. Operating software listings are 
provided with the board. Typical appli 
cations include remote data acquis ition 
systems, numerical control systems. pro
cess contro llers. storage of manually 
entered constants and telephone number 
storage. 

The prices for the E4K EAROM 
Memory Board start at $420. For further 
information. contact Schneider Instru
ment Co. 8115 Cama rgo Rd. Madeira OH 
45243 . 

Circ le 576 on Inquiry card. 
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HEMM-103 DATAMODB 

AND COMMUNICATIONS ADAPTER 


..-----------------------------------s_.1_o_o _b-.us com_..pa_t_ib_l_e____________________________________ 

FCC APPROVED HIGH QUALITY 
· 50 dBm sensi t ivity . Auto answer . Auto origina te. Auto 

dialer with com pu ter -contro ll ed dial rate . 61 t o 300 baud 
(any w here over the long-di st ance telepho ne networ k), 
rate se lect ion u nder com put er cont ro l. F le)(i bl e, so ft 
ware-controlled, maska bl e interrupt syst em . 

ASSEMBLED I TESTED 
Not a kit! CF CC regis t ration proh ibi t s kits) 

Both the modem and telephone system interface are 
FCC approved , accomplishing all th e required protect ive 
functions with a miniatu rized, proprietary protective 
coup ler . 

WARRANTY 
One year limited warra nty . Ten -day unconditional 

return privilege . Minimal cos t , 24 -hour e)(change policy 
for units not in warranty . 

plus shipping ..,,...
&handling -

Potomac Micro-Magic, Inc. 
Write for brochure: 
First Lincolnia Bldg., Suite B 1 
4810 Beaurega rd St. 
Alexand ria, Va. 22312 

Call fo r fu rther informati on : 
VOIC E: (703) 750-3727 
MODEM : (703) 750-0930 (JOO baud) 

DATA TERMINAL EQUIPMENT - FROM MICROMAIL 


LA34 DECwriter IV 

s1,199. 00 

• Upper/lower case, 9x7 dot matrix 
• 	 10, 12, 13.2, 16.5 characters/inch 
• 	 2, 3, 4, 6, B or 12 lines/inch 
• 	22"W x 7"H x 15W'D, 25 lbs. 
• 	 110 or 300 baud, RS 232C serial 

ASCII 
• 	Friction feed, paper width to 15" 

New 
from DIABLO 

OIABLO 1640 $ 2,690. OO 

Receive-only $ 2,331.00 
High-quality daisywheel printing al 
45 cps. 

DIABLO 1650 $ 2, 779.OO 

Receive-only S2,419. 00 

Metal daisywheel printing at 40 cps. 

T.l.810printer $1,695.00 
• 	 Includes upper/lower case 
• 150 charac1ers per second 
• 	RS 232C serial interface 
• 	 Adjustable forms tractor 

SOROC 10 120 S795,oo 
• 	RS 232C, upper/lower case, full 

ASCII 
• 	Numeric keypad, protected fields 
• 	Cursor keys plus addressable cur· 

sor 
• 	Auxiliary exlension por1 

SOROC 10 140 S1,250.OO 
• 	RS 232C and 20mA current loop 
• 	Extensive editing features 
• 	25th line terminal status display 
• 16 function keys (32 with shift) 

NEC Spinwriter 

Call or write for prices 


To Order: Send cer1ified check (person,::il or company checks r~quire 
two weeks 10 clear) including handling and 6% sales lax ii delivered 
within California. 
*Handl ing: Less than $2,000, add 2%; over $2,000, add 1%. Everything 
shipped freight collect in factory cartons with manufacturer's warranty. 

MICROMAIL • BOX 3297 • SANTA ANA, CA 92703 
(714) 731 -4338 
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Paul McCoy Enterprises, Inc.™ 
Software 

NA R KL E1
" 

The NAME. ADDRESS, REFERENCE, KEYWORD, LEDER, ENVELOPE SYSTEM. 

DATA FILE 

NARKlE ,.. h on inte roctive, menu~operoled system that allows the erection, 

maintenance, up~ date, delete, etc, of a mailing 1nformotlon flle. 

Using the 100 re ference fields you con store data about each client and also 
use this dole as o means of aulomoticol lr building smaller more specif ic files. 

Also, you can Ii.st files, view individual records by name or record number, 

and so much more. 

LETTER 

Using the NARKlE doto file ond your te•t editor, NARKLE will creole hond
crohed personalized letters completely o uromoticolly. It features oulomotic 
dolo file name instrtions in rJie imide address, solutolion , ond IMe body ol 
the letter; either finl name or title losl nome. Up to 25 "keywords'1 con be 

used, ond so much more. 


NARK"LE is the most polile doto system on the morkel todcy, easily operated 


by secretarial personnel with o few hours' imtruction . 


NARK LE i.i. sold on d iskeltes and includes a 43-poge operator's manu al. 


Paul McCoy Enterprises, Inc.'" 
300 E. 30th Street, Austin, Texas 78705 
Phone: (5 12) 476-1700 

Hordwore required for NARKlE ond XTABFREO : 8080 or Z·80 801ed 
Microcomputer/ 48k of memory/ CP/ Mor similor 1oftwo re / CBASIC, Disk 
drive(s) and interface, terminal and printer. 

XTABFREQ™ 

Tn e CROSSTABULATION . FREQUENCY. STATISTICS. ENTRY SYSTEM . 

XTABFREQ is a complet ely interocti'Ye system whrdi secretaria l per$Onnel 

should be able to operate with only o few hours of instruction. 

The croHtobulotion rout ine can operate in two or more dimens.ions , 
generoling cell count, cell row ond column% , as we ll as cell% of totol toble . 

The routine deli'Yer5 Chi~Squore , Degrees of free dom, lambdas, Unc er1ointy 

Coefficient.s, Etas, kendoll's Tau 8 and Tau C, Gommos. ond Somer's D. The 
SPSS'" u•er wi ll find XTABFREQ NOT TO SE A COMPROMISE but much more 
convenient and versititc. 

FREQUENCY 
8eside5 for Absolute Frequency lhe routine generates Adiusted, Relo rive and 
Cumulotive Frequency. Also o code ond >ymbol for Weighting con be used 
with the Row Count. 

You a lto get the Mean , Mode, Kurtosis, Min imum, Max imum , Range, 
Stondord Error, S?ondo rd Deviation, Skewness, Medion. ond Variance. 

REFENTRY 
Both the Crosstobulotion end the Frequency Routine utilize the very powerful 
do te entry ond monogement rout ine. REFENTRY' ... This routine lets you easily 

bui ld , examine, store on diskeHes, manipulate, ond extract files for your 
XTABFREQ JOBS. XTABFREQ wi ll olso occept NARKLE'" File interoctively. 

Wi1n XTABFREQ you con predict tomorrow wilhout waiting for punchcords. 
XTABFREQ is •old on di•kettes with o 37-poge operotor's monuol . 

Send S175 for Norkle end S295 for XTABFREQ. Monuoh ore ovoiloble ct 
S 10 each . Dealer inquiries welcome . 

SPSS'" is o copyright of McGrow·Hill , Inc. 
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PET WORD PROCESSOR 


This program permits composing and printing letters, 
flyers, advertisements, manuscripts, etc., usi ng the 
COMMODORE PET and a printer. 
Script directives include line length, left margin, cen
tering, and skip. Edit commands allow the use r to 
insert lines, delete lines, move lines and paragraphs, 
change strings, save on to cassette, load from cassette, 
move up, move down, print and type. 
The CmC Word Processor Program addresses an RS
232 printer through a CmC printer adapter. 
The CmC Word Processor program is avai lable for 
$29.50. Add $1.00 for postage and handling per order. 

Order direct or contact your local computer store. 

V/S4' 
CONNECT ICUT microCOMPU TER 

150 POCONO R(JAD 
BROOKFIELD, CONNECTICUT 06804 

(203) 775-9659 
TLX: 7104560052 

NO FRILLS. NO GIMMICKS! JUST GREAT 

DISCOUNTS 
MAIL ORDER ONLY 

HAZELTINE DIGITAL SYSTEMS 
1400 . $679 .00 Computer . $4345.00 
1500 995 .00 Double Density
Mod 1 ... 1495.00 Dual Drive 2433 .00 

CENTRONICS IMSAI 
779· 1 954 .00 VDP 8011000 . .$5895 .00 
779·2 995 .00 

.. 
VDP44 .. 4195 00 

700·2 1350.00 16K Memory assem.. 399.00 
761 KSR lractor . 1595.00 PCS 80/ 15 679 .00 
703 tractor 2195.00 
Micro Printer 395 .00 15"1. all on all other lmsai oroducts 

NORTHSTAR DEC 
Horizon I assembled . 1629.00 LA34 1149 .00 

kil 1339.00 CROMEMCO 
Horizon 11 assembled . 1999.00 System Ill $1000 off 4990.00 

kit .. 1599.00 
Disk System . . . 589.00 10 % oil on all other 

Cromemco products 
TELETYPE TEXAS INSTRUMENTS 

Mod 43 ......• 995 .00 810 Printer 1595.00 

Mos I items In slock lor immedia le delivery. Faclory·fresh, sealed cartons. 

DATA DISCOUNT CENTER P.O. Box 100 
135·53 Northern Blvd., Flushing, New Yori< 11354, Z12/465-6609 

N.Y.S. residenls add appropriate Sales Tax. Shipping FOB N.Y. 
SankAmericard, Master Charge add 3%. COO orders requi re 25% depos1L 

CP/M® 
LOW-COST 
MICROCOMPUTER 
SOFTWARE 

CP/M® OPERATING SYSTEM: 
• 	 Includes Editor, Assembler, Debugger and Utilities. 
• 	 Standard version for 8080, ZBO, or Intel MOS 


Cother versions available.) 

• 	 For IBM-compatible floppy discs. 
• 	 $1 OD-Diskette and Documentation. 
• 	 $25-0ocumentation CSet of 6 manuals) only. 
MAC™ MACRO ASSEMBLER: 
• 	 Compatible with new Intel macro standard. 
• 	 Complete guide to macro applications. 
• 	 $90-Diskette and Manual. 
SID™ SYMBOLIC DEBUGGER: 
• 	 Symbolic memory reference. 
• 	 Built-in assembler I disassembler. 
• 	 $75-0iskette and Manual. 
TEX™ TEXT FORMATTER: 
• 	 Powerful text formatting capabilit ies. 
• 	 Text prepared using CP/M Editor. 
• 	 $75-0iskette and Manual. 
DES POOL™: 
• 	 Background print utility. 
• 	 Use with CP/M (version 1.4J 
• 	 $50. Diskette and Manual. 

([IJ lJ~IJ~TRl RESERRCH® 

P.O. Box 579 •Pacific Grove, California 93950 

(408) 649-3896 

Circle 95 on Inquiry card. 

Whether for technical/graphics or a more realistic 
game of star Wars, you' 11 love this precision gimballed 
joystick with self-centering action and unique capacitive 
switch that activates with only a touch ofthe control shaft. 
Front panel accessible X and Y axis trimmers and input 
pushbutton are featured on the P AJA/APPLE II Joystick. 
Plug compatible with the APPLE II game controller. 

Distributed by: High Technology, Inc . , Oklahoma City 
- Dealer Inquiries Invited 

Send the P AlA/APPLE/II Joystick Controller D $65. 00 plus 
$1. 50 postage enclosed. D Charge _VISA----MC 
Card No. Expiration Date: ___ 

name----------------~--

address----- -------------
city__________ state___ zip____ 

lllliA ELECTRONICS om.9· B.102011.WILSHIRE BLVD•• OKLAHOMA CITY. OK 73116 
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25 START-AT-HOME 
COMPUTER BUSINESSES 
In "Low Capital, Startup 

Computer Businesses" 


CONSULTING • PROGRAMMING • MICRO COMPUTER 
OPPORTUNITIES • SOFlWARE PACKAGES • FREELANCE 

WRITING • SEMINARS • TAPE/DISC CLEANING • FIELD 
SERVICE • SYSTEMS HOUSES • LEASING • SUPPLIES • 
PUBLISHING • HARDWARE DISTRIBUTORS • SALES 
AGENCIES • USED COMPUTERS • FINDER'S FEES • 
SCRAP COMPONENTS • AND MORE . . . . _,.t ,,,_.... 
Plus - Ideas on moonlighting, going , IOW CRl?AL. rt~ftllllo 
full-time. Image building, revenue : ~"!'2-~~!'" 
building, bidding, contracts, marketing, •I . 
professionalism, and more. No career • 
tool like it. Order now - If not completely : .....,_ 

satisfied , return with in 30 days for full t 
 -~ 

' ...immediate refund. 

• 8'h x 11 ringbound • 156 pp. • $20.00 

Phone Orders 901-761-9090 

DATASEARCH 
lncorporaled 

4954 William Arnold Road , Dept. B. Memphis, TN 38117 

Rush my copy of "Low Capital Starlup Computer Businesses" al S20. 

NAME/COMPANY - - ----------- 
ADDRESS -------- -------
CITY /STATE/ZIP --- ----------

0 Check Enclosed 0VISA 0 Masler Charge 

_ _ _______ Exp. Dale ______ 

SOFlWARE TOOLS 

• C compilers and cross-compilers for 
PDP-11 's, LS l-11's, 8080's and Z/80's, with 
complete runtime library. The full Ian· 
guage is supported with efficient code 
generation. 
• Interface libraries giving access to all 

system directives for UNIX;' RT-11, 

RSX-11M, RSTS/E, IAS, CP/M, COOS and 

ISIS-11. 

• A-Natural narrative assem bier for 8080's 
and Z/80's with librarian and linking loader. 
• Over 75 installations in less than six 

months. 

UNIX Is a trademark of Bell Laborator ies. 

Continuing maintenance and training available. An 
affordable alternative to Assembler, Fortran or Pascal , 
for as little as $500 per compiler binary license. 
Catalogue and references available upon request. 
Write to 

Whitesmiths, Ltd. 
127 East 59th Street· New!hrk NY 10022 · 212 799-1200 
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MAGSAMTM 
KEYED FILE MANAGEMENT 

Pul dala al your f1ngerlips ...easily accessed, displayed and 

updated by key. Designed to meel all of your data management 

needs. MAGSAM'" allows you to quick ly implement sophisticated 

keyed fife structures through simple CBASIC statemen1s. 

Standard MAGSAM'" lealures include record retrieval w1lh random 

by key. sequential by key, and generic {'"wi ld card" ) search. and 

complete compatibi lity w11h all CBASIC file f~c i lit1es . Each 

MAGSAM'" Package includes the MAGSAM'" file manager. 

MAGSAMX'" tutorial program, MAGSAMD'" Ille dump utility. User 

Guide. Reference Card. and one year update service. 

Select the version of MAG SAM'" that meets your requirements. All 

versions of MAGSAM'" are completely upward compa tible and 

may be upgraded at any time for the price difference . 

• MAGSAM Ill '" - Mosl advanced version . Mull1ple Key support 

(any number or keys). and Record and Key Deletion with automatic 

reclamation of disk space .............................. S14St 

• MAGSAM II '" - Single Key support with full Delete 

capability .... . . , ......... . .............. . . . ..... . ...... $99t 

• MAGSAM I'" - Enlry level version. Single Key support w11hou1 

Delele capabi lity. . . . ... . . . . . . . . . . . ... . ................... S75t 

• User Guide only - comprehensive tutorial and reference 
manual ....... . ........................................ S15 

Available for 8" soft sector. Micropolis, and TRS-80 disk formats 

Requires CP/M' or denvallve and CBASIC. Distribuled as CBASIC 

subrout ines in source form. 

Visa and Mas1erchagre welcome. Dealer and OEM 1nqu1nes 

invited 


(MAG) MICRO APPLICATIONS GROUP 

7300 CALDUS AVENUE 
VAN NUYS. CA 91406 

• Trademark of 01911at Research t Single s11e license 

WELL, 
BYTE MA BELL! 

TRS-80® 
Software-Level I & II, 
4k & 16k 

Have your · TRS-80® computer dial the 
telephone • Dial 20 phone numbers, accessed 
by a single letter code • Operates with dial & 
pushbutton phones • Requires a simple 
interface using $4 worth of parts from Radio 
Shack • No internal connections are made to 
the TRS-808 • The program is supplied on 
cassette tape, with complete instructions • 
(Specify Level I or II with order) 

TRS-80 "' is a registered trademark of 
Tandy Corporation 

Write to: Software Exchange 

2681 Peterboro 

W. Bloomfield, Mi. 48033 
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LET CP/lios. GET YOU THROUGH THE TAX SEASON 
- Standard and Master Tax Programs designed to prepare even the most complex returns . 

-General Ledger and Payroll , working In conj unction with the tax programs to further simplify tax preparat ion. 

- Tax Pacs used by individuals for at-home preparation. 

- NEW for this year - Corporat ion Tax Programs. 


CPAids 
• Microcompu ter software developed by CPA 's 
• Used Nat ionally the past two years 
• Availab le on North Star Basic and CP / M 

For more details write : 

Computer Tax Service 1640 Franklin Ave. • Kent , Ohio 44240 
or contact the dealer nearest you : 

Alaska International Computer Louisiana Tax Ease Computerland of Charlotte 
UBIO Systems 226 Avon Rd . 3915 E. lnde~ndence Blvd . !tt1goG~i~!i~ess Systems
500 LSI. 2210 Ponce-de-Leon Blvd. Cherry Hiii. NJ 08034 Charlotte. NC 28205 
Anchorage, Alaska 99501 Coral Gables. Fla. 33134 Sn7eveport . La. 71 t04 

Ohio 
New Mexico Mery land Belhel Compulers 


Coas t Computer Center MISA The Computer Workshop, Inc. ~d8Q0~~~~~f,C NE 
1700 E. Main St.
Callforn la 

478 NE 125th SL t776 Plaza Kent , Ohio 442401685 Tus tin Ave. #9 N. Miami , Fla. 33161 Albuquerque, NM 871 tO
Cosl Mesa, Ca 92627 1776 East Jefferson Computer Tax Service 

P & L Computers Rockville, MD. 20852 1640 Franklin Ave.Computerland New York 2550 Palm Beach Lakes Blvd. Kent . Ohio 442406840 La Clenga Blvd. The Computer Corner Suite 208 Michigan Inglewood, Ca. 90302 200 Hamflton Ave.West Palm Beach, Fla. 33409 United Microsystems Corp. TexasWhite Plains, NY 10601Pro Data GrouJl 2601 South State Sl. lnteractive·Compulers 
14522 Acacia Dr. Ann Arbor, Ml. 48104 Micro Innovations 7620 Dashwood 
Tustin, Ca. 92680 Indiana 420 Lexington Ave. Houston, Tx. 77036 


Computer Center of NY, NY 10016 

Delaware South Bend Virgins 
Minnesota 
Computer Ease, Inc. 19819 Orchard St. Command Systems, Inc. The Computer Room, Inc. 

North Carolina 3928 Beau D'Rue Dr. 403 Mill town Rd . South Bend , In. 46637 727 23rd St. S. Byte Shop of CharlolleEagan, Mn. 55122Wi lmington, De. 19808 Arlington. Va. 22202 6341 Albemarle Rd. 
Charlotte. NC 28212 Florida Iowa New Jersey Washlnglon 

Computers For You, Inc. Central Comi:iu ter ~'O~R~~e~T~d of Morris town Coastal Computer Co. Magnolra Microsystems 
3608 W. Broward Blvd . 1107 Ai rport Rd . P.O. Box 333 28t2 Thorndyke Ave. West 
Fl. Lauderdale, Fla. 33312 Ames, Iowa 50010 Morris town, NJ 07960 Jacksonville. NC 28540 Seattle, WA 98199 
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RAM CHIPS 


4044 TYPE 


4K by 1 - 18-pln - SV, 5% supply 

These are the same factory pri me chips used In our 
premium quality RAM boards. May be 4044, 4041 , 
5257, 6641 , or 9044, depending on manufacturer. All 
have 4044 plnout and timing specs. All guaranteed 30 
days. 

250 nsec. 450 nsec. 

1-31 chips $7.50 $6.50 
32-63 6.50 5.50 
64-99 5.75 4.75 
100-499 5.50 4.50 

Circle Inquiry number for free newsletter. 

!+_eattle Computer Products, Inc. 
~ 1114 Industry Drive, Seattle, WA. 98188 

(206) 575-1830 

North Star* and 
PASCAL Users: 

uUJU~'g

announces 

Hard disk and 8" drive interfaces to North 
Star DOS and BASIC and PASCAL 

TIMESHARING 
for the Horizon-

Interrupt-driven, bank switching 
timesharing software; supports 
North Star DOS and BASIC and 
PASCAL. 

A complete selection of business applica
tion software is available for North Star• 
systems. 

Write or call for descriptive literature. 

Micro Mike's, Incorporated 
905 South Buchanan * Amarillo, Texas 79101 * USA 

(806) 372-3633 

Circle 85 on inquiry card. 
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TRS-80 ... all business! ! I 
••• with CP /M, CBASIC2, I 

& applications software. i 
CP/M Operatin.o System (w/Editor, Assemble r, 

Debugger, Utilities & 6 manual set) .. . ... . $150 
CBASI C2 Compiler (w/manuall . .. . . . .... .. $ 95 
DESPO 0 L Print Spooler (w/manual) . ... .... . $ 75 

*Osborne & Assoc. PAYROLL W/COST
ACCTNG ...... • . • ...... . ..... . .. $250 

* Osborne & Assoc. ACCTS. RECEIVABLE & 
ACCTS.PAYABLE ..... . .. .. .. . . . . . $250 

*Osborne & Assoc . GENERAL LEDGER •. .... $250 
• =CBASIC2 source programs ; add $15 (each) for 

appl icable 0 & A book . lig 
APH · Self-administered Automated Patient 

History . .......... . .... . ... .. .... $175 

DOWN LOAD - TR-80 (or other)
CP/M to CP/M . . .• ... •.. . ...... . . . . . $ 95 
data/program (source or object) t ransfer over 
RS232 link 

Send 30i SASE for add' I. Software avail. (including 
CP/M Users Group so f tware) and FR EE "CP/M Primer." 

CA residents add 6% tax. Visa, M/C,M/0 ,Check OK. 

~~L!.l.B-lt:!-l.$ l!.J.!, l.$~ (71 4) 848-1922 
~~ tt:!

1.S 
6041 NEWMAN AVENUE • SUITE zoe • HUNTINGlON BEACH: , CAL IFORNIA 92647 

mmmmmooooooooolooooooooomommmmmm1Tilllmllmlrmira: 

FOUR PROGRAMS ON CASSETTES 
FASTGAMMON'" by Bob Christiansen. Thousands ol people are already playing FAST· 
GAMMON on TRS-80 and Apple. Now it is ready for SORCERER.with the sharpest graphics 
everl Backgammon players love !his machine language program lhat provides a skillful 
opponent. Eight-page instruclion manual Includes rules of backgammon. $1 9.95 

PLOT by Vic Tolomei. Now Apple owners will be envious of how easy you can get good 
graphics on your SORCERER. PLOTIncludes both asuper high resolution mode and aquick 
low resolution mode. Bolh are accessible from your BASIC programs us ing simple com
mands. HI-res & lo-res examples Included on tape. $14.95 

Z-80 DISASSEMBLER by Vic Tolomei. Decode machine language programs. Including 
SORCERER'S monilor and ROM·PACs. with this Z-80 Disassembler wrillen In BASIC. ln
strucllon mode prints out machine code and Zilog mnemonics in standard formal. Or use 
the ASCII mode which converts machine code to ASCII . $14.95 

MAGICMAZE"' by Vic Tololl11!i. A challenging maze game. Ten levels of play. Holding your 
lantern, you wander through a maze trying 10 stay on the right palh and avoid pitlalls. 
Au tomatic scoring !ells you how good apa1h1inder you are. $11.95 

SOFTWARE INTERNALS MANUAL FOR THE SORCERER byVlcTolomel.A must for 
anyone writing software for lhe SORCERER. Seven chapters: Intro to Machine 
Language, Dev ices & Ports. The Monitor. Cassette Interface. BASIC slructure. 
Video & Graphics, The Keyboard. Indexed. Includes diagrams and software rou· 
lines. 64 pages. i 14.95 

~C:~~~a'!:.sui~~~~1~E
~ Telephone 24 hours, seven days a week: (213) 344-6599 

WHERE TO GET IT: Ask your nearesl Sorcerer dealer lo see Duality Software's Sorcerer 
programs. Or. If you prefer. you may order direclly from us.MasterChargeand Visa card 
ho lders may telephone their orders and we will deduclS1from orders overS19 lo compensate 
for phone charges. Or mail your order lo the address above.California residents add6'1o sales 
tax. Orders outside North America add SS for registered airmail, pay In U.S. currency. 
· The name "'SORCERER" has been trademarked by Exidy, Inc. 
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$100 FREE ACCESSORIES 
WITH 16K or 32K PET 

~~~~ Terminal Package with BK PETs 
PET ACCESSORIES 

c ---· ~l!! . . 

SAVE 
$69 

The new Apple II w1Jh Applesofl BASIC bullHnl Ehm1· 
na1es lhe need for a S200 Firmware Card and Includes 
new Auloslarl ROM for easy operahon. This combined 
w11h the FREE accessories lrom NCE could save you up 
to $400 on a 48K Apple II systeml 

16K Apple II Plus-S1195 (take $100 m free accessoroes) 
32K Apple II Plus-S1345 (lakeS tSO In free accessories) 
48K Apple II Plus-$ t 495 (lake $200 In free accessories) 

Apple II Accenorlea 

Cen11on1cs Printer Interlace 
Disk and Controller Call tor Avallablllty 
Second Disk Drove 
Para llel Printer Card 
Communtcatrons Cara 
Ho-Speed Serial Card . Call lor 
Firmware Card Avallablllty 
Hobby•Proto Card 
Mocrover1er RF Mod 
Sanyo M2S44 Recorder 

New 300 baud 

Orlgma1e Answer 

Acoustic Coupler. 

Looks good. works 

greal and sale 

proced at 


SAVE UP TO 43% 
CENTRONICS PRINTERS 

Relurb1sned excellenl working cond1t1on. 
10 day re turn pri.,lege ol course 

90·DAY 
WIDTH PAINT WO RKING WARRANTY 
(col's) MATRIX PRICE PRICE 

700 13·90 t32 5 • 7 660 t 075 
Character Elon~atoo~ 

701 25-120 132 5 • 7 695 1 175 
Char Elong B1duect1onal 

761 60 132 7 • 7 695 1 025 
Teleorinter 81d1rec11onar 

'"Model 761 includes Keyboard 

SANYO MONITOR 
9·1nch 15·1nch 

'$MG. $169~ $279 

~$76.nFREE
SANYO ,,luf 
MONITOR 
when you buy the 

SORCERER 
$995 

Z·BO Processor • Full·size keyboard • User definable 
characters • Up to 32K on-board AAM • Interchangeable 
ROM PACs • 30 x 64 display • Resident 4k monitor ROM• 
Dual Cassette 110 • Serial and Parallel 1/0 • Complete 
operator 's manual 

Simply add a monitor and 1ape decks to complele the 
system. Can be used as a terminal Mlcrosofl BASIC 
ROM PAC is standard. NEW! E•ody Word Processing 
ROM PAC now avai lable which handles tabs. search1 
replace. elc.. many different prlnws and can be used 
with cassene or disk. The most flexible W/Psystem we've 
ever seen. 

Sorcerer SK 
Sorcerer 16K 
Sorcerer 32K 
Word Processing ROM PAC C•ll lor Avallablll ly 

IMPORTANT ORDERING INFORMATION 
All orders must include 4% shipping end handling. Michigan residents 
must also add 4% for state sales tax. All foreign orders (except Canada) 
need an additional 10% for shipping and han~ling. We cannot process 
your order without these. 
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Model 2500A 
S-100 

Wire Wrap
Board 

• S.100 BUS comp.ilibl< 
• Doublt sided PC. board 
• Pl.ale-cl lhru holes 
• PtriiMlet 1round 
• All S.100 BUS siJ""I' l>kl..t 

iand numbtrad 
• AccommocbtH 	stand.a.rd tli.t 

fC sockels 
• 4 lo-220 regulatm pOS.ilk>ns 

av.11lbble 
• Allows eilMr pGJilive or nq:. 

&li~rea:ulalors 
• OeMt- hole tonliguration 
Cat No. 1600 s 27.00 

Model 2501A 

S-100 


Solder Board 

• S.100 BUS comp.nib!• 
• Ooublr tided PC board 
• Plo11H lhtu holH 
• Perlmcler around 
• 	All S.100 BUS &lgnab l'°""l•d 

;ind numb<t..t 
• 	 Accommodates 11,a ndud JiU! 

IC 50tlcels 
• .( I0-120 tq;t.1l•fo1 pmllloll$ 

~Yillf.Me 
• AlloWi eifhtr posilivt!' 01 net

1li'f'e r~1.d.alon 
• D~ holl!' confitur.ation 
C.! No. 1!".04 S 27.00 

• 12 dot ap.>blllty 
• 	All 12$-100busc:o11n«tonln

cluded 
• 	 Ll;tw induct~.nce fmt,..connttl 

lo reduce ti•nll nobe .and 
C10>Ji1 1~ 

• 	Ac1;ve tt.rmirui llon of 1111 bus 
Una to rurthet reduce Micnal 
noi~ • od llM rl'Rtttions 

• 	 Olshlbuted byp.uslna of all 
powtr Unet 

• 	 Soldet moili both tld., of 
board 

• Sllbetttn of refe-rence dtsii
n.11 tions 

: ~=:O"l~'ti,:v'::!~~ 
slcla of bo•rd 

• All ho!.. pl•led lhru 
• Sotdrr pt1ttd chcult .area 
Ca l No. 1616 Kil S 90.00 
C.t No.1615 A&T S105.00 

Model 2520A 

S-100 


Extender/

Terminator 


• 	 Active •nd/or drnamlc lt•m
ln.atlon 

• 	All powe-r liMC IUi.H for pro
tecOon 

• All 	 S.100 lln« l•btlod •nd 
numbered 

• 	C.n bf used at: An t;iltndcr 
lll ndlor terminator 

• 	Soldtr m.nl. both sides of 
bo>rd 

• 	 Sllltt.crttned refenMit dni&a 
nanom. 

• Cold pl,.led Onaen 
C.t No. 2520 Mil 

Model 781 1A 

Applen


Arithmetic 

Processor 


• B....t on AMO AM9511 de
vice 

• 	 Filed p0lnl 16 .ti11d 3l bil OP' 
tr.allbn 

• Floati,,. point 32 bit oP<ntlon 
• BiNry d.llai rormAI$ 
• 	 Add. JUbtrad, multiply; ;and 

divide 
• 	lriaonomelric and irw~:rs.e tri

aonomelric functions 
• 	Squ.tirt fO(tlS. loaarilh.rm. e•· 

poMnli.alion 
• F1G.11ttolbt'dandn11edtofloa1 
con~rstom 

• Stacli orltnltd operand .tlOr• 
ag• 

• Ptoau.ml'M'd llO data ltilndtr 
• fnd aJgnal -.ell!Ctablt intl!'rrupl 

: !ifu':~~efd:~~~.!:TndYfn 
• Power down ROM 
• 	 256 bytes Ormwire (ROM) or 

tofh1r,,c (RAM) SO~« ~Qn.. 
•bl• 

C.11No. 1635 

Model 7114A 
Apple II 

Prom Module 
Tho 7114A PROM MODUlf pt,. 
milJ the- .a ddilion o r repl•cemeQI 
or the-Apple 0 fhrm.Qre without 
lfw!. phyJia.t remov.11 ol the Apple 
II ROMS. This •llOWI ooft· 
w1relflrmw-.ite tep lacrmenf. 
clunse. ancltor patch to bl! mad.e 
on 1 ROM Of BYTE BASIS. An 
on-bo.ard e-nabltidip bJe loglc 
switch k ailio awallablc. 
• 	 BYTE orit nled pro1ram Ovet'

loy 
• Selt-c:t1ble prom ow1lay 
• Pawtt down of PROMS 
• 14K PROM ~te aiVJ;ll1.blt 
• UHJ +s vole 2716 lype proms 
• Allo"'1 use of DMAlinlfrrupl 

d.tilY di.tins 
Cat No. 1631 /\& T 
Cal No. 1630 Kit 

Model 20168 
S-100 

16K Static 
Memory

• fully 1t1tic: opu1Uoti
• u~ 2114 ~ 11auc 1-..ms
• +e voe input at 1... th>n 2 

•mps 
• 	 Ba.Ne 1elect avalllbl' by b.anlt 

porl •nd ban~ bytt 

: ~~=b~:inc:r~!~i"•K 
lncremet1tJ 

• 	 4JC blodu un be localed any
"ilott whhln MM banlr 

• 	 M.ly be uied AS a 4k, 8K, 12k 
0< 1'M memory bo>rd 

• 	 led lndicalors for bNtdlb.11'* 
active indic.ltioo 

• Sofde1 ma.de on bolh lidrs of ....,.. 
• 	Slllc KtHn with put .and rt:ft,. 

enre deslgnalion 
• 	 AY>llabie fully ......,bled And 
tHf~ Al I kil. or n ii b.att: 
....rd 

C'1 No.1601A Kil 4SO..SS18S.OO 
Cat No.1fi018 Mil 200nsS*.Dll 
C.t No.1602A /\&T 4SO..SJ30.00 
Cat No.1602B A&T200ns$l85.00 

Apple II 
Model 7712A 

Synchronous
Serial 

Interface 
• 	 ConformJ to RS.2J2C [tot1Hg

un lion A lhN () 
• 	 Supports h111f or full duplea 

optr.10on 

: ~.'ir~rr :;;~~cr·t~':'n••ion 
• 	 14 STD CUC t<ltet S0.19.lK 

BAUD plus UT CUC 
• 	 8AUO rafH dip i'Witch fflect· 

tJblt 
• 	 All BAUD HI~ trysl<11I con

trolled 
• 	 Progr.11mm11ble inrerrupb from 

lr.ammllltt, rec:eJve,., ind enor 
detection lo1ic 

• 	 Cluirul~ SYNC h 'f' OM or two 
SYNC codes 

• 	 Progrilm.m.ble SYNC code '~ 
3is,ler 

• 	 St:andird '""ch.tOfQli Yaru.1
1..,. ,.,, ~· AS.2691AN5t Xl.1· 
1976 

• 	 Peripheral/mQdem conlrol 
fundionJ 

• 	 Thttt byles ol fifo bofferina 
on both Uansm:il ilnd recelVC" 
dite 

• 7,8. Ot 9 bll lrillMfl'liuk>n 
• 	 Opllon1I odd, evenj or no p..1!"' 

lly bit 
• 	 P.arity, o~m:n. .i:nd ovtrOow 

tl•tus checks 
• Power down pirom 
• 2$6 bytes li1mw11te (ROMI or 

10ftw1,.~ (ttAM) t.pa"' ~'Vill l l-
Jible t 

• Supports interrupt d•iJv cMln 
• AUOM OMA d .a.ky chilln 

C.t No. 1627 Kil S 90.00 

Apple II 

Model 7710A 


Asynchronous

Serial 


Interface 

• 	 Po1rily, ovtttun, .and haimln1 

'"o' check 
• Oplion.a l divide by 1t. clodt 

r11IH! tt.arl bit delect~n• """"' 
• Softw;u~ p rol{ramrmble Inlet" 

f Uplt 
• Oat• doublt buflor..t 
• One or two •top bil operation 
• Pow"' down PROM 
• 	lS' byle:t flrmwue (ROM) or 

softwue (RAM) sp,ICt IY.iiJ. 
•bit 

• Supports lnlenupt dilsir chilir• 

: ~~~Sa~~~ :1~rla~~·,:, u1
uu1c lnlt.rface 

• Conforms to RS-lllC (confi1
ur11ion A lhl'u E) 

• 	Supporh h.alf or full dupte• 
opero1t.ion 

• OCR type tntttf•ce 
• FailAfe RS.232C oper1tlon 
• 	 14 STD Cl K fllH S0.19.ltc 

BAUD plus EXT ClK 
• 	 8AUD r.iles dip OOtch seltt 

table 
• All 	 BAUD f.llH crirJtal ('(Ut' 

bolled tacept EXT 
• 8 ilncl 9 bll IRmmluion 
• 	Opfio0t1I eYel\. odd. .and no 

parity bh 
• P101r.i.mm.1ble conlfol rt'llt

ttr 

~l No. 1624 

C.t No. 1623 

ltw 1410 •Uowt con..-enlon of ~ 
DC voltq< to• BCD numb« for 
0>mputet monJlorlna .11nd .anal,.. 
sis. lypic.>1 lnpuU would be DC 
inpull from l~peu1 1ure- or pin. 
SUit lr.tM<iuCftJ., 

• 	St<lecUble tntutupt on end of 
convtrslnn 

• 20QUS per convtrsion 
• - 4 to + 4 voe full Kilte 
• Plut ot nUnus .OS% nonlineo1,. 

• ~[Ui or m.inu' 1 counl qU.flntl
nlion 

• Corrt'('llble offset e«or 
• 	 Tttnper.alur-e tocffici'c-nt 

iuJlrnen:I 
• U.llbro1tion 11diu1tmenl 
• Input offRI i1djuumr:n1 
• Flo.1.llna inpull 
: ~:nf:e,and sisn indiuton 

• Powt:r down ROM 

: ~lC::i!:led:~~r"ctuln 
• lS6 byte lirnnnre (litOMJ Of 

s.o(l '4>'&tt {RAM) tpi" .J.ViliJ.. 
>hi• 

C..t No. 1621 •ii 
Cat No. 16ZI /\&T 

Model 2200A 

• s.1~!,~1fr.ame 
• 	 lnduslJi•Ucom.merd~I qu1lily 

construction 
• flip-lop cover 
• bcell~t coo!Jna c.ap.ibility 
• 12 dot cap.>blilty '"'" model 

2501A) 
• tnput 10S. 115, or 115 VAC 
• out~• +a voe. 20A + - 16 

voe 4A 
• AcU~ ltrmlrullon of atl bu1 

u.... 
• 	 Fan and dttult lu-Hke1 lnclud

td 

• ftugtd corutruc11o" 
• All PJi-t ls avaiJJ.ble ..pualely 
C.t No. 1612 Kit '330.00 

Cal No. 1614 ~T $37S.00 


M~b7~0A 
Programmable
Timer Module 
• f le.ible eihmuit lnterl•ce 

P.llch are.a fo t cuslom inttt· 
t.ce appllcatton' 

• 	Se1ect•blc J)ttstller on time-r 
l UPtJble of 4mlu input 

• Progr1mm.tble intttrupts 
• 	 Read.ablt down counler lnd1c

ilH counb to go to tlme-oul 

• St':':~~!.'!J~1 ·~~'!¥.: 
• 	 ~tee Hynch1onou1 uterNI 

clod and &•ldh lager lnpul.1 
int.,Nlly synchronized 

• 	 'rhrtt milJk.tblt oulput1 to 
pitch •re• 

• PO\lfft down ROM 

: !ifc::'~:~~f~~.:r"chiin 
• 	 156 byte finnwut" (ROM) ot 

.Oftware (RAM) JPiCC .1.v11ll

.able 
C..t No. 1617 
C.t No. 1618 

Model 7720A 
Apple II 

Parallel 
Interface 

• 	 Two bi-directionil 8 bit blliH 
for lnterf.1ai 1o ~IJthe.111.i 

• 	 Tow progr.ammo1blc control 
rea.1stcr1 

• 	 Two p101r1mm11.blt d.lifa cfi,.. 
ltlion realJttr.fi 

• 	 Fout indMduallr mntrollt'd 
lnlitttupl fnpul UnH:" lwo u~ 
able .u pttipherial conhol ou t
puu 

• 	Ha.nckhakt! control lo1ic for 
lhpul •nd output Pt"riphl!r•I 
ope.ration 

• High imped.I.nee J i rate o1nd 
direct lfamltlor dri~ phrrt-. 
pherol llnet 

• ProgrJm"'"1hlt lnlcrrupb. 
• CMOS drive aip•btlily on 1ide 

A perlpher•I U~ 
• 2 TTL drive apaihllity on .aH A 

and 8 iide bulfeo: 
• PowtT down ROM 

: !J~':~:~~~:~~t!!rnchain 
• 256 	by•~ Urmw.;are CROMJ or 

softw.,,rt- (II.Ii.Ml spaC!e <11n.il-
~bte 

Cat No. 1633 /\&T 
C•I No. 1632 Kit 

Model 7500A 
Apple II 


Wire Wrap 

Board 


The 7SOOA it u!fed for the 
protolypin1 or bulldln11 of unlquir 
circuib for I.he /\pple II 
computer. 

• 	All bus !Llgn;il:t. l.lbel'd on 
bo>rd 

• Pfflmel~' 11;round 
• Sin: 7 Inch Iona ' 2.7S inc.h 

• ~11ft,1" pl•lt"d lhru 
• Cold pl.11lcd coneclo r Un1~n 
C.t No. 1606 5 19.00 

Model 7510A 

Apple II 


Solder Board 


Model 7590A 

Apple II 


Etch Board 

The 7590A •• " two aided COIJPf'f 

board which .11UoM lhe •du.i\I 
e1chin1 of circultt for u~ in IM 
Appft: II compulet. 
Cat No. 1608 

Model 7520A 
Apple II 


Extender 

Board 


The 7S10A b • i..ndy iool 
whm ~buplna or u~1trnJ 
modules In lhe Apple II. 

C.t No. 1&11 Mii S 21.00 
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SOFTWARE CASSETTES 
SOFTWARE CASSETTES 

The moit adv~ncrd ver· 
iion we've seen! 

~f~. 'fcl4~6~4. 95 
Backgammon 
;~rer!•YWf:~nsthl~~s co~~ 
strategy, etc. Extremely 

ef'~o~Rm1US~i~95 

Winner of all tournamenl;s1 
6 levels of play, excellent 

tft~~csU 16K 
Cat No. 1093 519.95 

~f~o1\~~~ 519.95 

Excellent grophics, frigh· 

~·~~~IllLw~;·i~
Cat No. 1042 SS.95 

Air Raid 
An arcade-type real time 
~•m• of target practice. 

T~~llgnt17t;P~lr 
Cat No. 1186 $14.95 

Microche ss 
Gr1phic 0.essboard with 

~~~~ L0Mi~y4K
Cat No. 1182 $19.95 

~:f1~01 . 1 118J wMs 

Doily Bio rhythm 
Plots a 31 day graph cen· 
tored on the day you 
comoute. 
TRS-80 L1/2 
Cat No. 1051 SS.95 

Fortran Plus 
~ Microsoft! For TRS-80 
disk~ilh 32K ;ond sinale 

Cal No. 1341 5340 

Beat the House 
4 Casino f,•mes: Black· 

~~chl~~le~:.:.1f.~f".1~~~ 
lation. 

~f-:. 'f34;6~4.95 
~ff~o1•1 ·1~:r s14.95 

Leve l Ill Basic 
Gives your TRS-80 the 

r..::ror:k "co1.::~.'~~~. sr~: 
m~~ tliti~fk etc. 
Cat No. 1l32 $49 

Bridge Challenger 
You ;ond dummy play
against lhe computer In 

ei11,~~arr~~n!~·~~:~1d:,~ 
~gs.so u , 16K 
Cat No. 1195 $14.95 

~f~o~6~96 $14.95 

Mac hine 
Language Monitor 
Allows you to Interact dir
ectly with the TRS-80 at 
machine language levtl. 

~1ft.~t;~a;}
Cat No. 1048 523.95 

Electric Pencil 
The famous word pre><es· 
sor for the TRS-SO L 1 /L2 
16K 
Cat No. 1338 595 
L2 diskette version 
Cat No. 13380 $145 

SSM 
Available at 

HOBBY WORLD 
Cal No. Model Price Cat No. Model Price 

1408 S81 kll $150 1435 MB8A bb $26 
1409 581 o&i 5212 1436 M89 kit $64 
1410 581 bb $35 1437 M89 a&t 5118 
1400A MB6B kit 1429 081 kit $45 

450ns $139 1430 081 a&t $74 
1401A MB68 a&I $139 1431 081 bb $26 

450ns 5183 1427 XB1 $10 
1402 MB6B bb $26 1428 Connector for 
1405 M87 kit $325 XBl S4 
1406 MB7 a&t 5370 1403 ~;i~11 5119 
1407 MB7 bb 526 1417 5129 
1425 MB3 kit 554 1418 V818 a&t $1 75 
1426 MB3 c&t $108 1419 V818 bb 526 
1420 MB4 it 12MHzJ $80 1438 VB2 kit 5135 
1422 MB4 a& 1439 V82 o&t 5195 

(2MHzl, $132 1414 102 kit $48 
MB4 b 526 1415 102 a&I 575 
PB1 kit 1416 102 bb $26 
w/lelllool $125 1411 104 kil 5139 
MBllA kit $78 1412 104 a&t 5185 
M88A a&t $125 1413 104 bb 526 

VERB.l\TIM 
511• Diskettes 
$27 box of 10 
4 boxes for $100 

Type u,. 

8" 
$37 box of 10 
3 boxes for $100 
• IBM comparlble

: ~~'1.Jrd~:n:1~er111ied 
Cal No. 1145 Type 32·1000 
Description 
32 sedorholes, 1-lndex hole 

Ribbon Cable 
CLEARANCE 

SALE 
•Flat style 28AWG 
•Order by Cat No. 1167 

& conductors 
Cond. 10 IL 
10 $1.00 
26 2.60 
34 3.40 
40 4.00 

from Novation 
CAT Acoustic 
~Modemlets your computer talk 

to olher computers overf stand.rd t•lephone lines. 
Also communiate.s with 
any Bell 103 compatible

• Far TRS-80, Apple, etc. modem. Desi11ned specili·
ally for small computenl•$195 Fe~~Y a<sembled and !es.
Cal No. 14ll0 

Anadex Alphanumeric Printer 
$925 

F-t:olturu 80 columnt, 84 
tines per minute, super
high reliablllty, 9 x 7 
character lont . Completely 
sell contained, perled for 
ltrmlnals or as a abnd 
•lone ~inter. Prints com· 

r~~1~ Com~l':.':c.!,~fh ~~:~ 
face for RS232C and acter synchronous form . 
20/60mA current loop Proarammable baud rate,
mode . Also Centronics r,1u do1cns of other lea· 
plug compatible intemce ures found only in prin· 
;:;~n.tcgff.'"se~!f ~ar~ ~~~.costing twice as 

Cal No. 1342 DP8000 Printer $925 
Cat No. 1343 TRS·80 Adapter Cable $40 
Cal No. 1456 3000 sheets 1-p•rt paper 531 .50 
Cal No. 1457 1500 sets 2·part paper $40.50 
Cat No. 1458 1000 sets 3·p•rt paper $40.50 

RECTIFIERS & BRIDGES 
Order by Car No, Voltase, and Curreni 

lA 3A 12A 35A 2A 6A 25A 
RECT. RECT. RECT. RECT. BR IDGE BRIDGE BRIDGE 
#1001 #1002 #1391 #1392 #1003 #1004 #1034 

SOY .OS . 12 .36 .80 .30 .SO 1 .20 
100V .06 .16 .SO .98 .45 .65 1.50 
200V .08 .20 .64 1.15 .60 .80 2.00 
400V .10 .24 .78 1.35 2.50 
600V .12 .30 .98 1.60 
800V .14 1.26 1.95 

1000V .16 1 .54 2.30 

Matchless Systems  TRS-80 
Minidisk Drive 

Accesses twice as fast as cables. Completely assem· 
the Radio Shack drive, bled and tested, ready to 
plus offers 40 tracks as plug In and gol Si mple 
opposed to 351 lndudes modification lo use as 
case, power supply, and second drivel 

Cat No. 1375 MINIDISK 
DR IVE 5395 

Cat Ne>. 1396 4 DRIVE 
EXPANSION CABLE S40 

Cat No. 1147 Verbatim Diskettes 

•••••••lfoiriabove · box of 10 for S27 

Send for 
FREE 

CATALOG 
Featuring: 

The best selectlon of com· 
~uter accessories add·o:ns, 

s!~i!"l, !~~!ar~:'~c ':rd:: 
r.rototyping aids, books 
esl equipment, ~nd morel 

Always updated. Doiens 
91 new products every
ssue! 

Pay by check, COD, Vis•, 
or Maslercharge . Order 
by phone or mail. Mini· 
mum order $10. Pleue 
indude phone number and 

::;~~:i~~i~!~.ut/,X~ l~~ 
S2 for shiffinst,handllng 

,fl'il'.r1~N : Add. 
0 s3 a;:; 

~~r~"J3111~G~;r:~~ee~0!!;~
lslactlon for 120 days or 
your mon.ey back! Nol re~ 
sponsible for typographlc:al 
errors. We reserve the 
right to limit quantities. 
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NEWElectrolabs 
POB 6721, Stanford, Ca. 94305 

In .u/1 /uml•: 415·321·560i 
L/w u lt,.,.•: 800·227·8266 
TLX: 345567 

A.OPPY SYSTEMS 

$3495.00 
1500.00 
995.00 

1900.00 

CATALOGUE 
Crystals
Integrated circuits 
Keyboards 
Lasers 
LSl-11 
Media 
RAMs 

/3
IZ>~ 

S-100 Components 
Z-80 Components 

ii 
.~ .... 
~""' ~ .s 
~~ 
?1 ~ 

"!) <;:! 

i$
/.$'
:~ 

.Sd.... 

8" Siemens POD 120-8 Drive 
AIL Slemen'• option• Included 
In this drive which can be con
figured hard or soft and single 
or double densltv. (Others give 
only 1trlpped unit) $399.00 

"Power One" Model CP206 
Floppy Power Unit. For two 

• drive• going full-out, and poss· 
~ ably more on less severe service. 

...ollll~!IJJilf;nl 2.8A<§l24V, 2.6A@5V, 0.6ACS'--5V. 
Seautlful quality. $99.00 

ELECTRO LABS is proud to announce appointment as 
DISTRIBUTOR by CU-Honeywell Bull• 

I 

'• • DlSKETIES (Standard) 

8" Boxed 10 $39.00 
SW' Boxed 10 $34.95 

PRICE BREAKTHROUGH onSUPERD/SK 10 MBVI 
General purpose controller (requires'2 parallel 1/0 ports) 
S-100 Controller (OMA) •..•••• ,................ 

Ta.rbell ("It Works") Interface 
"RL-01/RK-05" surrogate.. . • • • • • • • • • • • • • • • . • • 

(I ncludes cable set for 2 drives)
$265,00 BUT ONLY $219.00 

(transparent to RT, RS, RX) 

with purchase of two drive., SOFTWARE: (CP/M Compatible) 
Cable Kits 10' with 50 cond. 
cable and connectors and also 
Molex connectors and power 
cable: For one drive: $27.50 
For two drives: $33.9~ and 
for three drives: $38.!IS 

SUPERDOS 1 
(Z·80) ••.•• $695.00 
MICRODOS 1 
(TRS-80) ••• $199,00 

Power supply (switching) 
•••••••••. $395.00 

Enclosure (desktop) 
.......... $ 99.00 

5~" 

MINI-FLOPPY 
DRIVE 
$299.00 

- single or double dens
ity  quick access time 
- high reliability & 
durability 

Min~floppy CABLE KIT: 
for TRS-80 or your 
Tarbell controller. 

$24.95 

Removeable Media Cartridge Drive 

Daisy Wheel Printers 
G.ume Sprint 3\45 

Print wheels $8.95 Ribbons $5.95 

OEM Style mechanism $1399.00 

Used Sylvania 12" Video Moni
tors. Composite video lSmhz, 
115vac, S0/60hz New Tube. ru 
shown $109 OEM style without 
case: $99, Anti-glare tube option 
add $12. Specify p4 or p39 

ESAT 2008 
Bl-LINGUAL 80x24 
COMMUNICATING 
TERMINAL 

Scrolling, full cursor, bell, 
8x8 matrix, 110-19,200 
baud, Dual Font Appl~ 
cations. Arabic & Hebrew, 
Multilingual Data Entry, 

New! 

'· 

Fo~ms Drawing, Music Instruction, Specialized Graphics (e.g. Games. Chemical Plants, 
Switchyards) $349.00 We carry keyboards, cases, power supplies, etc., enough to make 
an entire system. 
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Over 1000 software 
tapes, books, disks 
on display. 
Come In and brouse. 

A compleie a.eU-.contaltted computer system with APPLESOFT Uoa.llng point 

BASIC In ROM, lull ASC 11 kO)lboard In a light w lght molded carrying case. 


Features Include: 
• euto--1tart ROM • Ht-Rn graphics and 15 color video output. 
• Expandable 10 48K. 

Disk ........................ $595 Progr~mmefs Aid .. • .. .. .. .. 50 
Add·on Disk ......... .. ...... 495 Speec:hlab............ .. .. .. . 229 
Paleal C.rd .. .. .. .. .. .. .. • • • 495 lightpen .. • .. .. .. .. .. .. .. .. • 250 
Bu1ine11 Software ......... .. 625 CommunlcaUon Ca1d . . . . . . . . 225 
Monitor .••••• , • , • • • • • • • • • • • • 149 MOdem • •••• • • , . , •• , • • • • • • • • 200 
PrJnUtr Cud ...... ... .. . ..... 180 EPROM Programmer • • • • • .. • 100 

NEW D. C. Hayes MICROMODEM II 
• c.ombfne11he CllPlbUllles of a communications card 1rid acouallc coupler. 

: ~~'!·d~!=1~:~.7't~·.~~::::,modular telephone jack. only $379 

NEW Mountain Hardware SUPERTALKER 
• Olgltlz.ed spooch recording 1.nd playback. • Must be heard to be be.llevocll 
• Fotelgn language teaching pack avallablo. • Softwate comoatlble. 

only $279 

SUPE~BR/\IN TM 

INTE~TEC 
D/\T/\ 
SY~EMS 

ONLY 
$2995 

More 1han an lntelllgen1 terminal, the SuperBntln ou tperforms many otnor 
11yatem1 eo11Jng throo ta five times as much. Endowed wlth a helty amount ol 
awalllble software (BASIC, FORTRAN, COBOL), the SuperBraln Is nu1dy to 
ta.ke on your toughest assignment. You name IU Genetat LOdgur. Accou"ta 
Rac:etv11blo. Paymll, lnvontoty or Word Procesa-Jng.• .thq SupurBrllln handles 
ell ot lhem with eue. 

Features Include: 
•two dual-density mlnlflopples wllh 320t< bytes ot disk alorage 
• 6'.K of RA~ to handle 8\'en the most sophlsUca1od programs 
• 111 CP/ M Diak Opera1ing System with a hlgh..powered toxt 1Kfl1or. 

usembler and debugger. 

rR1f!f! $35 of Software with purchaserJ cc of any computer on this page. 

BUSINESS 
COMPUTER 
IMSAI 
TMe 1ow cOsl so1u1 1on 
lor au small business 
problems A wide \'St1 e1v 
o l soflware is 
a"a1labl e ror all yotif ,..eeds 
PCS series inc lude d uof llopp.ns. 32K RAM 
1·o. DOS, BASIC 
• PCS-42 1•00KB I S329S 
• PCS·44 J780KBI S31l95 
VOP·42 se11 es adds video 1crm1nal. key · 
bOtud ano VtO to aoove 
• VDP-42 $4995 • VDP-44 $5595 
• VOP 80 $7995 • VDP 100 S8995 

The COMPUTER FACTORY 'S 0•1011s lve CENTRONICS n9 ....$ 945 
1n\len1ory and wide selo<:lion ol compuler TRENOCOM 100 • • • • • • 375 
pnntors assures yotJ ol hnd1ng the pdn1et TRENOCOM 200 • . • • • • NIA 
beSI 5Ulled Im vour nooels nnd INTEGRAL DATA . • • • • 79S 
spec1hc.a11on5 The IOUowmg pnnU:irs work.DtABLO/>CEROX • . • , •• 2695 
well with All knowri person ill compulets COMPRINT • • ••• • • • • • 560 

DATA GENERAL 
micro NOVA 
The ulUmate In 1m111t 
Business Comput11rs 
when matched with 

COMPUTER FACTORY'• 
lnlcomputer. Software: 

ccounte Recelvabla/Peyable. 
Inventory ControV Order Enlry, 

Genreat Ledger. Payroll Sygtems •.•. 
from $12,1•0 for 64K computnr 

with cabinet, printer termlnal, video terminal, 
dual disk and mullJ.user 099rallng system! 

SOUNDWARE 
MUSIC BOX only $29.95 
Muoio and Sound Effects for PET. TR5-80. 
& Compucolor 11 Add rnu1lc and sound elfeett 10 
your program•. ComPOSe, play, and hear mualc 
on your computer. Completely self.contained. 
Free programs, 

Thts rantutfc program disk allows lhe sl11Ut11cfan, 
Mowing mathematician. trader In stock.a, moneV or 
Average commodities, the ability to mafntaJn 30 dalabu11 
Plot series of up to 300 values and plot 3 dfffefllnt moving 
Prognom average:s of e aeries al ttlo same time. in 3 different 
FOR color1. Fllo1 can be updated, deleted. chlnged. 
APPLE extended, etc. 

A sure v1 lua disk at only $40f 
Word Proceoslng For Apple on dlsk.-.$50 

ANDERSON JACOBSON 
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11542-1 KNOTI STREETcomputer . GAAOEN GROVE. CAUFOflNIA 92641
p-DduetS, Inc. 	 (714) 891-2663 

MICRO BYTE Z80/l·O 
• A. complete alngle ~ Z80A. • Gold Contacts fer higher rell• 

blllty
• 	~~v.n~.f'ol:a"K~~·11~g~::~~~ • Power requlremenla: +8V o 

IMSAI, ALTA.IA 800mA. + 18V, 0 llllmA, - 18V 
• Z80A. CPU (••MHz version of the 	 0 100mA 

• Operating tempe,.ture 0'·55'C 
• 	~ lnatrucnone - aupereet of • Wiii oflrate with Cf wllhoul 

and upward compallble from the 
8080'• 78 lnalructlona . t~!Affo;!~~~~r~:~ rrr.~1!,e buf. 

• Provision 	tor up to 4K on board •era on 111 address and dlla llnes 
monitor~program using 1 K (2708), • Fully warranted for 120day a trom 
2K (2716), 4K 2732 date of shipment 

• 	 On beard EPROM can 1>11 hard· 
ware .nd/or software deselected 

• 	2 MHz or • MHz operallon I• 
awllch selectable 

• o or t wall state tor all cycles Is 
switch selectable 

• 2 AS.232C ser1al ports with 8251 
USAATe 

• 	Serl el baud ratee switch 
selectable 

• 	 24 programmable parallel UO 
llnea (uses 8255) 

$325.00 

Floppy disk drive with 
cabinet & pwr. supply 
compatible with Radio 
Shack Interface. Ass· 
ambled & tested with 
1 yr. warranty on 
parts &labor. 

Mfg. by Lobo Drive 

MICROBYTE 16K STATIC RAM BOARD 
• 	Fully S100 8ua Compallble, • Wiii operate with or wllhoul front 
~~~~ SOL, ALTAIR, ALPHA 1>•nel 

• Compatible with ALPHA MICRO, 
• Usea Nallonal 'a Low Power 5287 

4K x 1 Static Rams ~~~.~~~e!':i=t:::~r:~~·:~· 
• 2 MHz or 4 MHz operation • No OMA rsatrfctlon 
• On boerd 1lngl1 5 amp regulator 
• Tharmally cleslgned heat alnk : ~:rr:.::~!.:f'~·f~';'fJli0g.~:1:'~ 

(bOard operating temperature o· date of shipment 
-1o•c1 • Elcfanded lld.dreHlng up to 1 

• 	 Input• fullt low power Shott~ magabyta ol 1ddre1aabl1 ram 
:~~~t! Iri:fS::a~r~~~od on I ...,........__..' 

• Phantom I• Jumper aelectable to 

• ~~c~~K bank lddressable to any ,. , .~:.=_"".\;'·· 
4K atot wllh In a 84K boundary. 

• 4K hardware or software eelect· 
able 	

- ~J:~~~ :.: -l· ·.: 
• Selectable port address 450 NS $320. ••• 	4K banks can be aelected or di•· 

abled on pawer on clear or reset 300NS$340. 00 

MICROBYTE 321< STATIC RAM BOARD 
• Wiii operate wllh or with.out front • 1:;~{1, s~L. e:tTAY~.m'l"~b~~ """el

MICRO 	 • Compatible With ALPHA MICRO, 
• Uses National'• Low Power 5257 

4K x 1 St.a\lc Rama ~~~t~~~e~:,=,:::~':7..Zi~~e-
• 2 MHz or• MHz operation • No OMA reatrlctlon 

-• On board alngla 6 amp regulotor • Low power consumption 2.3 
• Thermally 	 designed heat alnk 2.5 amps 

(board operating temperature o· • Fullywarr.nted for 120days from 
- 70"Cl date of shipment. 

• 	 fnpuls fullr, low power Shottkri • htanded addreaalng up to 1 
megabyte of addraHabla rem::~~ :r::ro~:ta~r~~~ntcl on aI 

• Phantom ta Jumper aelectable to 

• ~c~74K benk llddrenable to eny
4K slot with In a 84K boundary. 

• 	4K hardware or software eelect· 
able 

• Ona on 	board 8-1111 output port 
enables or disables the 32K In 4K 
block• 

• Selectable port addreso 450 NS $620.00 
• 4K banks can be aelected or dis· 

abled on power on clear or reaet 300 NS$650.00 

MICROBYTE MOTHERBOARD 

• Active OIOde termination • Extre wide ground plane 
• Slot for I MSAI front panel • Siik screen and aoldtt mesk 
• Terminal block connection for • Assembled and teated 

euy hook-up 
9 slot kit $70.00 A& T $100. •• 

20 slot kitS125.00 A&TS155." 
Bare Board 9 slot $30.00 20 slo1$50.00 

MICROBYTE DISK CONTROLLER 
• IBM 3740 Soll Sectored'Compat·

Ible 
• Z80 or 8080 compatible on S.100 

Buo ., ·... --r:\ 
• Single denally runs both mini and 

lull slu drives, rune CPM, on 
Shugart, Peracl, Memorex etc. . 	 I . ··:: ~~,P-1 

• Selectable oorvaddraas 
•On board 2708/2718 for boolatrap 

or monitor proaram ) 1111' 
• No hardware Jumpers, ueea plug . . ...... -~ In modules lor dllferanl drlvea 
• Uees 1771B.01 controller chip 
• Assembled and teated 
• 	 Specll7 dlok. driH uHCI when $225.00 

ord•rlng by mall 

IMSAI CONN. 8251 
100 PIN-SOLDERTAIL PROGRAM MABLE/U·ART 

GOLD CONTACTS TESTED@ 4 MHZ 

$3.DD each or 10/2.60 each $5.00 each 

SPECIAL 
.1@ 12VOLTS 

CERAMIC CAP 


10¢each 

or 


Interface Cable Available 100 I $9.00 

SHUGART 
2708's801-Disk Drive 

WITH CABINET & POWER SUPPLY LOW POWER 
ASSEMBLED & TESTED 450 NS. 
1 YR PARTS & LABOR 

Mfg. by Lobo Drive $8.75 each 
$585.00 

8 for $66.00 
Dual Cabinet & Drives Available 

SHUGART 2716SA400 5VOLTONLY 
DISK DRIVE INCLUDES CABINET. NO PWR LOW POWER 
SUPPLY, CUTOUTS FOR SWITCH, FUSE, & 

INTERFACE CABLE 450 ns 
Mlg. by Leho Drive 

$4Q.OO$325.00 

SCANBE/RN 

SOCKETS - LO PROFILE REGULATORS 
(tin) 


1-24 25·99 100·499 500up 

1-9 10·49 SOuD

14 PIN .16 .15 .14 .12 
320 H 1.25 1.15 1.05

16PIN .17 .16 .15 .14 320T· l 2 1.00 .90 .85 
18PIN .20 .19 .18 .16 34015 75 .70 .65 
20PIN .29 .28 .26 .25 340 T-t2 .75 .70 .65 

78 H05 6.00 5.70 5.40 24 PIN .34 .32 .30 .28 

40PIN .60 .58 .56 .52 


CABLENEW PRODUCTS ASSEMBLY 
8086 - CPU BOARD for 8 • disk drives 

8088 - CPU BOARD (2) 50 PIN CARO · 
EDGE CONNECTORSDouble Density Controller ON 4ft. RIBBON 

CABLECALL OR WRITE 
$20.00ea.FOR DEALER INFO 

extra conn. $7.'' ea. 

ORDERING INFORMATION: TERMS: 
We accept cash, check, moneyName, Address, Phone 
orders, Visa, and Master Charge Ship by: UPS or P.P. 

Shipping Charge: Add $2.50 up to cards. (U.S. Funds Only). 
5 lbs., all excess shipping COD's: on approval only 
charges wlll be refunded. Credit Open Acct's: companies may 

cards wlll be charged appropriate Inquire for net terms. 
freight. Tax: add 6% for Callf. residents only 
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Circle 230 on Inquiry card. 

as::I CALIFORNIA COMPUTER SYSTEMS 
HK RAM BOARD. Fully buffered addressable In 4K 
blocks. IEEE standard for bank addressing 2114's 
F>CBD ............................... ......... ......$26.95 
Kil 450 NSEC ................................................... .$259.95 
PT·1 PROTO BOARD. Over 2,600 holes 4" regu
lators. Al l S-100 buss !unctions labeled , gold lingers. 
PCBD .............................................. .......... $25.95 
PT-2 PROTO BOARD. Similar lo PT-1 except set
up 10 handle solder lall sockets. 
PCBD . .. . ...... ...... ... .. ... ... .. .. ......... $25 .95 

SS1J 
FORM!~LY C'8ERCOll/90LID STATE MUSIC. 

P8·12708&27 16 Programming Board with provisions 
for 4K or SK EPROM. No exlern al supplies require 
le•tool sockets. Kil . .......................................$124 .95 
CB-1 8080 Proceesor Board. 2K ol PROM 256 BYTE 
RAM power on/ rest Veclor Jump Paral lel port with 
stalus Kit ............$119.00 PCBD ................$30.95 
MB-68 Basic 8KX8 ram uses 2102 type rams. 5· 100 
buss. Kil 450 NSEC...... $139.95 PCBD ........$26.95 
MB-7 16KX8, Stallc RAM uses 1.1.P410 Prolection , 
fully bullered Kl t................$299 .95 
MB·8A 2708 EROM Board . S·100. 8K8X or 16Kx8 
kil wilhout PROMS $75.00 ...................PCBD $28.95 
MB-9 4KX8 RAM / PROM Board uses 2112 RAMS or 
82S129 PROM kil wllhout RAMS or PROMS $72 .00 
10-2 S-100 8 bit para llel flO port, % of boards Is for 
kludg ing . Kil ...... ....$46.00 PCBD ...... ... $26.95 
10-4 Two serial 1/0 ports with full handshaking 
20160 ma current loop : Two parallel 1/ 0 ports. 
Kit ...............$130.00 PCBD......... .... .. $26 .95 
V8-18 64 • 16 video board, upper lower case Greek, 
composile and parallel video with softwa re, S· 100. 
Klt... .. .... .......$125 .00 PCBD...... ..........$26.95 
Altair Compatible Mother Board, I1 • 11 Yz x Vo". 
Board on ly ......$39.95. With 15 connec tors......$94.95 
Extended Board lull size. Board only ............$ 9.49 
With connector .. ... .......... .................................. $13.45 
SP-1 Synlheslzer Board S-100 
PCBD ............... $42.95 KIT................$135.95 

/ WmC'/;ne. WAMECO INC. 
FOC·1 FLOF' PY CONTROLLER BOARD will drive 
shugart , pertek , remic 5" & 8" drive s up to 8 drives, 
on board PROM wi th powe r boot up, will operate 
with CPM [not Included). 
F'CBD ........................ ..................................S42.95 

FPB-1 Front Panel. IMSAI size, he x displays. Byte, 
or instruction single slep. 
PCBD .......................................: .........................$47 .50 
MEM-1 8KX8 fully buffered, S-100, uses 2102 type 
rams. PCBD .......................... ............................ $25.95 
QM -12 MOTHER BOARD , 13 slot , term inated, S-100 
board only ... ............ .. ........ .............. ...... ... .... ..... ...$34.95 
CPU-1 8080A Processor board S-100 with 8 level 
vector Interrupt PCBD ....... ......................... ....... $26.95 
RTC-1 Reall ime clock board. Two Independent In
terrupts. Software programmable. PCBD ....... $23 .95 
EPM-1 1702A 4K Ep rom card PCBD ................$25.95 
EPM-2 2708/ 2716 16K132K 
EPROM CARD PCBD ............... .... ....... ....... ... S25.95 
QM-9 MOTHER BOARD , Short Version ol QM-12. 
9 Slots PCBD .. ... ............. ........ .... ..... ...................$30.95 
MEM-2 16K x 8 Fu lly Buffered 
21t4 Board PCBD ........................................ ..... $26.95 

8080A ............. ..$9.95 5101-0P ... ....... ......... .. S 8.40 
8212 ...................2.49 211 4 (450 NS) lowpwr... 7.25 
8214 ........ ............4.49 211 4 (250 NS) low pwr ... 7.99 
8224 ...................3.49 2102A·2L .......................1.50 
2708 ...................9.49 2102A·4L .......................1.20 
5101 -1? ..........6.90 4116 .........................8/ 89.95 

SEPT SPECIAL SALE 
ON PREPAID ORDERS 

(charge cud1net 1nc hJ4tdl on thi1 oflar) 

BKX8 RAM Fully buffered 450 NSEC. 
2.5 ~mp .typical assembled parts may 
be unmarked or house numbered. 
. . . . . . . . . . .. . ..... ' ... ... $99.99 

MIKOS PARTS ASSORTMENT 
WITH WAMECO AND CYBERCOM PCBDS 
MEM·2 with MIKOS ' 7 16K ram 
with L2114 450 NSEC . .. ... ... .$249.95 
MEM-2 wllh MIKOS • 13 16K ram 
with L2114 250 NSEC .. .. ....$219.95 
MEM·1 wi th MIKOS 11 450 NSEC 8K 
RAM ....................... ............. .......... ............... ...... $1t9.95 
CPU-1 with MIKOS ·'2 8080A CPU .............. $94.95 
MEM-1 with MIKOS 13 250 NSEC 8K 
RAM ....... ....... .......... .. ........ .......................... ... .... $144.95 
QM-12 with MIKOS 14 13 slot mother 
board ............... .. ........... ........ ........................... $89 .95 
RTC-1 with MIKOS NS real time clock ........ $54.95 
EMP-1 wllh MIKOS 1 10 4K 1702 le ss 
EPROMS ...... ....................... ............ .... ......... ... $49.95 
EPM-2 with MIKOS 1 11 16·32K EP ROMS 
less EPROMS ...... .......... ..... ............ ..... $59.95 
OM-9 with MIKOS ·#1 2 9 slot mother 
board ... ... .. ............. ......................... .... ............ $79 .95 
FP8·1 with MIKOS =14 all parts 
for Iron I panel .... ... .. ..... $134.95 

MIKOS PARTS ASSORTMENTS ARE ALL FACTORY PRIME 
PARTS, KITS INCLUDE ALL PARTS LI STED AS REOU IRED 
FOR THE COMPLETE KIT LESS PARTS L ISTED. ALL SOCKETS 
INCLUOED. 

(415) 592-1800 
P.O. Box 424 • San Carlos, California 94070 

Plea se send for IC, Xlstor 
and Computer parts li st 

VISA. ot MASTERCHARGE. Sond accoul'\I number. Interbank 
number. llUf Pltation dote '"d ''G" your 01cl tu . Approx. post eigo 
wlll bo 1ddo d. Choc k o r mone)' ordof will bo &enl l)Oll gald In 
U.S. If you uo nol a re g:u lu cu1 comor, plHH use cherge , 
c11hler'1 check or po1111 maney Of'cl fl r. O lherw lee 1ti1 1e wl11 
bo a lwo -woet< de lay lor choch lo clear. Calll , rea lden11 1c1c1 
6 % t1:it . Mo ney b1ck 30 ell)' gu1r1ntee. We c:1n.n ot 1ccep1 t i • 
turned IC'a 1ha 1 hlYI tieon soldered 10. Prjcu 1ubJoc1 lo 
c: h1ng1 wunou1 nollco. t10 minimum onfu. 11 .IO HA'IC1 c.h.1,.. 
on ord1r1 l1n """' S10.00. 

'001 
tQ)J .. 
_,, 
..OW 
-tOUI 
-011 
t0n 
tall "'°'' 
4011 .. 
.itCi16 
'OU 
fO ll 
401lill 

.O>O 
403 1 
4C1'72 

14•-M»~•,tfifoll(:f • 
u•MJJ~WTlll"'Ct . 
J'I09•Tl'l l lf..TI (TAT, &fl 
::S tl-CMotAAC. cur u>. 
1'-lto+l~U~t~ -
nn.r" uc: win 1111G 
7"0ll11Ct•l'llJML00,.,,1 -
NJ.,.,._Nf: .. 41tft0,.H-I" 
111•n•1 
n in.1 1.no't>L 
,,lo.(IJ.IWPICl,.1 
.......,,,.,.llC..11.I O•H 
Ml(A.Cll)llit 
11111.1 l'M• •nATic 
111M1Yc41T"'TIC 
Jtl>l:n.t• •nATIC• 
JH• .u: n.u 11.W 1..11 ....1
,111....,;Qo1111111111 

C/MOS !DIODE CLAMPEOJ 
.l'J 4023 - 7l "°" - ... 
n 40"1<1 - 1' "°'' - .lll 
..l'J 4'1~ - n -.011 - .,,, 
Jlf o6011 - • S •Sll ... I.DO 
•• o60'M - ..80 • !UG - 1.00 
l J 407'll .. A ucoa - .21 

n "°'° - .:11 n
J«:0:1 
41;1 .all - tl Mc:oe- ..JO 

•:>o '4041 - ,. t•c10... •n 
100 '°"* - h 1tC10- 21 

0 •OJtt - ?!I HCO - 90 
l ,OI f1.115C ... '5 1<1l - ,tt 
.to .fOll ... I 10 'MC)f .. .1C1 
At «1iJ • 110 /4Cl.J - !.)Cl 

1.10 "°'' 171 1'6CW - 50-
1.10 4«iiD ... Kl 16C.t0- 1M 
lll'IO 

'SI 40 Uf'OAIQol-<11C $'b.f nAM  •n 
r.h ......2 •• 
t.l&o •J'MJr.110110. D¥'HltAM • ~Ml 
I.JD. no'°'°"" - 1 tt. 
J.:IQ -l:l'l:lfr.U:,~ - t .• 
,_. mn • 1.M 

11• m1n - us 
Ut lll"'!ill)Jl'llAl'llt - '-"' 

,..., 111111"°'1 - •• 
•• flQ)C TU..lll'tM~lllTA.D 

U'6 ~llCRT ... lJil
:S..•, n Hl2'•nAT - t.fl 
I .ft... .. l11 
i ,o n•• - 2.g.s 
).t~ pa • .M 
111 fM,Ji II.CO 
.. ID .,_., 11.a 
l .M 

ITUll - ~ " IQ-' - '.3 

2N J820P FET s 45 
2NS457NFET s •• 
'2N2646 .UJT s 46 
EA !JOO TfUGQEA DIODES 4 $1 00 
2N G028 PROG UJT s 65 
M!NIATUA E MULTl•T UA N TRIM POTS 
100, IK, 2K, SK, I OK. 20K , 50K, 
200k, 1M 2M S.76 .-.a.ch 3/$2,00 

25 Wlll11 lnh1 Rad Pul11 I SG 2006 oquiY. I 
UHr OiodR !Spec: 1h1t1 in(.h.idodl $24.915 

. ' . • • • . • . . . • 12.95 
01.1r now f'rounyp lng I• • tll d4l ntl1y 4 !-!." 11; G~" 
t. lntl• -sided l/ l G" •PO:ll'Y bO.l rd II !Nlll t111;1ld 40, 
24 , 10 [:J4 '-lniu.I , 14 • 8 pin IC' •· Tf1•n1 1r• 
!IHH btJHff, .. &V, oroull"ld •nd • flo•t lnlil bun. 
The re l1 a Ptd lor ... T0•2'20 r•gul11ot . Th1t• I• 11 
22 s:iln •dOD conn1e1cr w 11h . 156'" 1p.1cln1j1. 

FP 100 PHOTO TFIA.NS . • • 1 •••••5" .GO 
RED, YELLOW, GREEN 

LARGE LED"" 2" • • •••• , • 61$1.00 
TIL· l18 OPTO·ISOLATOR •.•.• •.$ .76 
MCH I OPTO ISOLATOR , , •• , •• ,$ .90 
1 l\IATT ZliNERS• 3.3. 4.7, 6,1, 6.G. 9 .1, 

ICI, 12, 16, 18, or 22V •• - w •• 61$1.00 
MCM 6&11 A. 7 x 9 ch1r.1u:1.1r n .• S 10.75 

UNIVERSAL 4K.-8 MEMO RV' BOARD KIT 
S69.96 

:32·21 02·1 f..tllv bUH•r•d. 16 M1d1wn lln", gn 
bo.1rd d1r:odln9 tor •nv 4 o f 64 ~•RI•. n•nd.,d 
44 p in buu, m•Y be 1.1M1d whh F ·8 & KIM 

TRANSISTOR SPECIALS 
2N IS2J). NPN SWI TCHI N G POW£R $ 1.96 
MRF=·8004 1 CB RF Tr1nsl s1cr NPN S .715 
2N3712 NPN Si TO l , $ 1.00 
2N I G46PNP GE T0-3 • . • •• . • $ .7S 
2N490B ~NP S• TO 3 S I 00 
2N5086 PNP $• T0·02 , " S \ 00 
'2N:Jl:J7 NPN SI AF •• ••••• ' - • s .156I 

2NJ919 NPN S• T0-3 Ar S I !'>Cl 
2N1420 NPN Si TO 6 • .. • 3/$ 1.00 
2Nl1G7 NPNS•T0 66 S ,10 
2N2221 Nf1N S1 TO· I 8 5 S LOO 
2NJO!>S NPN S• -ro J S 60 
2NJ904 NPN S• TO 92 6/$ 1.00 

- 2NJD06 PNP So TO 92 SIS 1.00 
2NS296 NPN SoTO 220 , S ,!'>CJ 
2N6 10'3 PNP $1 T0·22'0 S .'&{, 

t!l>fi~:l'~~..ss1:?.:.... .. .. :~i~ \·.'ll!i 

TTL. IC SERIES ... _,, ,&A.. - ... 
l 41)1 ..t2 Al ..."" " 

.11 uu '"' 	 .....,..,lt02 - · .. '"" - ...,.,.. ,.,. -
14UI ·" 1"°" l1" " - ....... ,, ·".. r.101 - .. 

ld • ..... ...Jl 1UO.... 	 , . ~IS) 
- '·" l.aoll " 
. ,,,HOii ll 1•1lf.I . 

l l!G :D l ll U 1,0 -, ... "
.. 
"' .. " 

HI•~ 

"' " 
' 01 .lP 1on 
1111 _,, 	 ,... "'... tor• 

- ...'·" 
HI~ .. 	 ,.., IO'lt . ,,,.. ?4H 	 ...·" ,... u ..., .. l4•ll 
1•11 u ... ,.... ' ".. 
td O n H ltl •n 

• I --.... - ·" " ) 000 . -
"' 

"' 

OtP SOCKETS 
PA !I P IN . l 1 2'4 PIN .J S 

100 14 PJN ,20 28 PrN ,40 

_200 ) 6 PIN .22 1110 P IN ,60.,"'l-""''-l-"""-'-!-.6o.<l!. I 

_4:000::t-~:+~=t-~=-I 118 PIN .25 
600 1.32 1.92 4 .40 

SAN KEN AUDIO POWER AMPS 

S11010G 10WATTS . $ i'.80 

S• 1020 G 20WATTS .••... $1 6.70 

S1 tOSO G SO WA.TT S . . . . • , $28,6 


.22UF 35V 5/$ 1. 6.SUF 35V 4/$1 .00 
A7UF 36V 5/$1,00 IOUF 10V S .26 
.68UF 36V 5/$1.00 22UF 26V S .40 
IUF 35V 5/$1.00 16UF 35V 3/$ 1.00 
2.2UF 20V 5/$ 1.00 JOUF 6V 515 1.00 
3. 3UF 20V 4/$1.00 1GOUF ISV $ .95 
4 .7 UF ISV 51$1 .00 68 UF ISV $ .SO 

LM 201 '._R,~vns".- l • Llll• 
~Li lli 	 Ll,l,JOln.. I......,""" lMJQl - " 
l~IQ ... ,.. - "' ....... 	 HLl 1M 
"'"' Lhll 211 " HUDe 	 l • Ll tN LM:J. 11 - 1.2'1...... 	 " l'olUl1., LM 324 -.9!i 
HU11a1 LM3l9 - I HI 
l t UltllO...... 

z "' )olL.llN L..M .J!ia - ... 
MU 1t 	 UL.llO U.t.J)Q · 1 16 """ ~ 
MU t• f 	 ....... l.M37' - uo

kf.UM 
IU.HI 	 uui1• """' L.l.' JU 

... 
<II '"""' - 1 25

l • LJ O O
>- 'UUIJJ ...,.. - ...""" ,_ ,,,.,., 1.7S'41U1' 	 HUIM """ ::; l 14U1ti LM , IMKI l .H......, 	 ,......., CAlOiltl ..."'". ;; LM!ll ....t•l.Ul 	 'Ml.llN 

;;: -
_,.,

••MLUI 	 PWlll l.MIS'Sl 

UUI U LM S'S~ 


s 
'4U ll) L.MI 5-56 - ........"'"° > MUI" . 1.co

fl l.M-1 ,..UIM 

Nf.11-1 N Lt.IU
a: ..""'. ... 

-1 100 
" ...,,.~•n 

NLll'l 	 l'ILUll - 1 10,"'''" ..,
"'LI"" "' -' 	 ....... - ..
"""' 	 13.lU ".... ,,. '°' - ,."'..' u 

-' 	
"""' " 

~-•n " 	 ''Lllfil: , llCH - AO""'' 	 .... a.m .... - ,30l • 1C.Ot°lt
ltU t• 
JUJtl~ " """' .....' 	 "' _,..... 
1 •1.1;~!3 ....... 1.M lllO 

,.~~1• • 
 .... . .."'-"" 
111.$•:2'<1 	 ........ . 

l ~ L.LI~ la!Z _,,.",
l'<llL'l•M 	 ""'" etlJ.ICC " "'"" ,., 

-14=~ .. 
1•c1si 
1..c1!i1 
74CIOO 
14CIOS 
1•C• n 
~ •C174 -
,4Cl'1$ 
uc11J 
141~1 -
1AC'IO') -
UCllU .. 

..., 
1. rt 
111 
1..2'0 
1..2t 
1.xi 
1..20 
1.21;1 
1.40 
.&O 
JO 
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- 7400 TTL ..Slll•lllll ~ 
SH1<1lJI .It 

SH74r.)ll ... Sll1'73H _,. SNH 160N ·" SH740Uil .11 SN1474M .3$ SN141$1N ·"Slll<o:!• ... SI0415H ... SH1'112H l,M 
SH1 ... SH7•11H .35 $N7411.lH ·" SH1..0IH .11 SM1419H S.CO 8"10&4H ·" $N 74 D5H ·"' SH741 IOH .$0 SH741&$N '" Sii> .21 SN1'"2N .n SH1416'H 1.25 
SN1ta1N .1t Slfl411N ... SK14161JI 1.95 
$N74Dllf ·"' 5111.... ... SH7'170N 1.51 
5117 .Ill SH1 J5 SN1072N I.CO 
SHJ41QH ... 

..,_ 
l.7S SN74t73N 1.25 

SNW IN .1.S s.tmot .<$ SN7U7'N ... 
SH7412N ... $H74ttN ... SH7417SN .11 
5H7U3H ... 5H7492H .'3 SN74176N .71 
SN741tH .70 SN7'm .oQ SN7C177N ... 
$Hl4U.ll ... $H74iUt ... SN74171H I.IS 
SiHl4UN .25 SH1•1$11 ... $N14190N ... 
Slll•ZOO< ... SH74B .11$ SN7411tN .... 
SH7U1N ·"' $H7497N l.GO Sf04182N ... 
$N71"11 ·"' SH141D ·" SHUIMN I.IS 
SNUnH ... SN70 D7N .:1$ SN74115N 1.15 
SNH2SH .1t SN741~ .SI SN14t* 11.95 
SH1•,.. .,. Slfl4U~ 1.1$ SN7UllN J.M 
SN1421N .1.S s:ammN )$ SH7411DH 1.25 
$N7 .39 SN741WI ... SN14ttiN 1.25 
SN1'30H II) SNUltJN ... SH741t2N ·"SH7"3ZN .25 $M7U2SN ... SN7'1t3N ... 
tlN74J7H ,2' SN74126H .., SN7Ul4N .....,..... .25 $N7032H .15 SN141~ .h 
SH1 .25 SN7'11l6N .IS SN74190N ... 
SN7 .21) $fl7410Jt ... SH7-4117N .n 
SN7«tH ... SH74"lH l ,M Slf741111N I~· 
SNJ«VI ... SN741 UH us SHT41_, 1.411 
SH1U.W .IS $H741UN >.IS Sll7•&200 • .II 
S>fl«<N .15 SN741UM ... SH7'251N 1,11 
$H7«51f .. SH741'7N 1.M Sll7•27111 ·" S117'45N .fO $H741"8N 1.21 $H74283N us 
6JU.H1N .$9 SH"'1509f ... SN742MN .... 
$)il1UIH ·" SN741$1N .$9 SH1•28SH 195 
SH'UllH ,II) S.W7•1SZH .$9 SH1•36SH ... 
$117•5Ht ... SN74153H ... SN7•361H ... 
$N14S3N ·"' SN:7' 1S4N It SN74317N .61 
SH74.$4N ,20 SPf141S5H " 5111'36$N ... 
SH74~ .2S S..7CIMH .II SN743toN I.IS 
Slll•IOll ... SN7US7H .11$ Slll'3t3N I.II 

CO<COO n C/MOS CO<o10 
C1l<COI .1:3 C0<071 .1:3 
C1l<GO> n C0<02t ·" eo<on ...- I.It C0402t 1.19 '°"'" l.lt-· 2S aMOOO "' C1l<Oll .1:3 
Cll<aot •• C0<03S "" C1l<ll82 .23 
004010 •• CO<l)q) 1.19 _., .It 
CO«lll .1:3 """"' us CO<OOI 2.•t 
CO<o\2 .n Cl)<OQ "" MC14409 1•.t! 
CO<oll ... CO<Ol3 ·" MC14<110 14.95
_,. 

I... CIMO<• " MC1-..11 IC.IS 
C04015 I.II CIMO<& 1.79 MC1c419 • .1$ 
CO«lll .. CO<OO ,... MCl ll-03 IUS 
CO<oll 1.19 ""°" 1-'5 MC145Cll .IS 
CO<Oll ·" CO<OCt ... MC14507 "" CO«lll .<I C1l<OSO ... MC14$42 1'.30 
C1)<020 l ,tSI ClllOSI 1.19 MC14S&l .... 
C1l<Ol l 1.31 aMOS3 1.19 C1l<SC18 us 
Cl)<Oll 111 aM4'I us C1l<510 .... 
aMOIJ IJ eo<ost UI C04Sll ,.,. 
"""2j .. Cll<t8) 1.49 coas1s 2.1$ 
CO<Cl5 .1:3 Cl)<(l(A " C04511 1.29 
C0<02t 2.lS - ... C1l<520 1.21 
CO<Oll .. CO<Off .•S Cl)<S6& 

·~· .. 74COO 74C1&l "" l<QXI ... 7¢1M 1.41 
7'CIJ4 .. · 2.41 74C17J 2.~ 
7'COI ... · I... 74C18Z .... 
74(10 .39 · 1.111 7¢113 l.49 
74C14 116 uas 1.15 7'CllS .... 
7'C20 ... 7t C101 1.25 1<Cm S.11 
l<C!O .30 74CISI uo 74C923 us 
1400 1.1$ 1¢15' 3,ao l<Cm ~16 
1.... Ut 74C157 2.11 ucm I.IS
1<(73 ·" 74CleG 1.41 80C$5 1.50
• • I .. 1.4t IOCtl I .~ 

llMG I.IS LINEAR LM710H "' Ul lOll< ·" LM.711N ·" """"" .IO LM.l4ot•ll 1.35 lll7l3ilM .5$ 
Ul301CHM .:1$ IJ.040K·24 l.3S LMl33N 1.00 
LIOOIH ·.n l.MJ40T·• 1.25 LM131H 1.11 

"""'" I.GO UU<OT.. 1.2S LMH ICtt/H .3S· .60 IM30lf.. 1.lS LM74M4N ... 
l.M301CllM :15 l.Ml4CT·tt .... LM747MM ...-M I.CO l..M340T·U I.IS LM 148NIH .lt..._ 1.10 l.M340MI 1.2' ~1)10N us,,_ 1,2' UU40T·2• 1.lS LMl<SICll/H ... 
Ll<l lOCH 1.15 LIWIH I.CO MCI""' l.3t 
UQ11NM ... IJl.l10ll 1.M MC1'M 1.3'
L.1<112" I.II LUmN us l.Ml49'11 .M 
OOUk uo ""'"" <.CO UllWV 1.15 
IM3J~itl 1.50 UIJO 1.25 MC110$CP .... 
LW31• 1.50 LU3!CICI< ·" UU111N us,_., 115 LUJllH 1.7' "'2IOIN 2.IS
lM3IOIC-S.2 1.35 LU3eVI 1.19 LMJ0$311 1.50 
LMl2(1c.12 1.3$ !OllN I .CO .__ UI 
LM1aM5 1-'5 HU IO-. I .CO ~11.•t 
LM32CIMI us - 4.1$ lM3IOIH .ff 
Ul32fle·:N .... NES.1 1HN l.11 IJQ 1.2'
Ul320H 1,2$ NE.WT 6.00 - .II 
UWOl...S.l 1,2$ ....... &.CO -· us...,,,.,... us NES4AM .... LM1J.t5CIN ,,, 
UIUCIT · l2 I.IS HElOOH 1.30 7$4.SI CN ·" u.uH1· 15 I.IS HUSSY .39 15'51CH ...
umor-11 1.2' HEWN .... ,,.._ ...
OQ2Cll·24 '·" NES601I 5.CO 15'5'CN• ... 
001!1"5 IM NE56111 S.00 15"!Clt ·".....,., uo Na628 s.co 15'11:1C!< .., 
LID!.. ... NIS&SHM 1.2S 75'"'" .ti 
lYl<il0.-5 1.:1$ - l.1S •so"""' .19 
UO<l!I(.. 1.3$ _,.,,,. .n OC.13' I.ZS 
""""'~ .... NrnoN .... RC41SI 2.IS 
LW3•GIM2: 1.:1$ ""-' .h RC41 .. U5
U04DlMS 1.:1$ OOOllilff .l!t llC<116 4,0 

7'1.SGO .2t 74LSDDffi JCLSlll 
14l$0J " 7-'lSllt ....... lt '""' ... 14LS151 
1'1.541 " 

14'$51 ... 74l.SISS 
ULSGt .:is l•W< _,. 

74LS151 
l<LSOS _,. 741.SSS .21 74LS150 
1'LSOll .It 74lS7l ... 7•LSm 
1'1.SOt 35 7.&l.514 AS 7•1.S162' 
741510 .29 7"57S .$9 74LSl6l 
14l$11 .II l<LS'll ... 741..$114 
7.tl.Sll .!di l"-Slt At 741.SUS 
74l.SH I.IS 7'1.511 ... 1'4LStll 
741.SIS .lS 7"-'15 l.'5 7•lSllO 
l•LS20 " 

74!.Sll .cs 74LS191 
1~1 .lS 1'1Sto ... 74L$1'2 
7.tlS?Z )$ 74LS1'2 .IS 1•tsr1.1 
llLS2t .lS 1..m ... 74l$1t4 
1'LS11 lS 1'\SM .It 71.tSll:S 
1•lS21 _,. ,.....,. 1.tS 7'1.S253 
llLS30 .1t 74LS1a7 ... 1'1.52'1 
74LS3Z ... 7.it$1CISI .u 7'LSISll 
'<LW .. 74l.S112 .'1 74t.S250 

'""" .35 74'.Slll ..,. 74«.$211 
74lSAI " 1.q,s1zs .n 7•LS317 

741,.$132 .... 7'l.S3Y 
74l.S1:31 .49 74li;&70 

EXCITING NEW KITS Dig Ital 
Thermometer Kil~ JE600 HEXADECIMAL 

~ ENCODER KIT 
IUTUl!U: 

-
: =::::7~~~. ·;~ 

P*toC*llion 
• Olbouncl Otalll Sllinidld tor .d 19 

"" I• UO rUdolA to witd"f ttl,_~ 
• E15Yi'IWbc:ingwiUIWNllrO-Ui1Plrl 
IC

• ()Mo t 5WC tl(Qllfd .IM ODtllibofll 
fUU. DBIT LA TCllED OlllPllT-19 KEYBOARD 

llltJflCWJEtitodMKffbo..-dpl'fMOa'91ClwcYDllll'IWdritam&I
dlollJ PIOOllCflt ltOtn MQutfllljl ._., lt'IMltS IO llOw 4lrtet P'CIO· 
~tor1.- rniaDpioe1D01 orlbl rnnnarydraMJ. f"1rtt. 
(3llr00itf0ftal..,.a11~oftrt1Gtar•SU~lllon1Wllh0fllhl°"'11 
1Wltlflll111,1pt111~Tht~t.ICSll'tl11C'lff-itld fl'ICICIAOt'llG 
wllr. llO ru6oYll. Abo ~ ll 1 \1¥ m(IY llrobl. 

JE600 •.•. •.•.....• . $59.96 
Huodocl mol Koypod only . .. .... $10.95 

DISCRETE LEDS a.290'411. 
XCS56R red 51$1 .11r•11. 
xal6G =4/$1 XC209ll ltd 
XC5l6Y 4/$1 XC209G =x~ Clw 4/$1 XC20llY ...... .111' dll.XC22R '"' im XC526R "dXCZ2G D!tln x~ gr"'1XC22Y ~ <1$1 XCS26Y 11111ow .171' flo , XC5:16C dur
MV1118 red •1$1 .11cr dlo,...• !111. 
MVSO rocl BISI XC111R ltd 

INFRA·RED LED XC111G GIOlll xcmv .......
114"<114-.llT6" not XC111C ""' $/$1 

"" l'Ol.Allln ff! PlliCI 
llAHI --.. illl l.M,,,., S• 70or._lbb .,'4 .300 • .M...., eorrtlllClflC.1119dt·rtO .llS .25-· ComrTmCl!rlodl-rtlt ... 1,.M 
IWl1G Comll'IOnJtiodil'frtllll .lllll t a 
u.. ,., Common- lllll · ... 
IWlll Ccm:non lnodil·rMI .:ico ... 
'4AH7• CommDn C.lbocll·rtd .300 1.ll.... ., - "" ......... Cintrooftc.-.,.11ow .300 .It 
llAH36'IO --- .300 ...-- Coml'Nltl AllOOe-or.ao;t % \ ... .It.... .... Common Cttllodl«al'IQLf .300 .It 
.u.H4610 -- .300 "" MAN4"Q ---- .<CO .n 
MANOIG 

___.... 
.•co ·"MAH<l30 Cot'rimo.AllCldt oflKI ::. I .... It 

MAH 474CI c.oramc.C.tf'IOdt.dll .... ... 
~ .... -- ..... .It.... - ...._ .•CO ·" MAMMi10 Coml'llonMcMM-or-..-o,o .... .It-- Common Mode-or-llllQI 1 I ,$60 ,It........ Cormia,. CilllofH ·OOOQl·D.D••560 ·"-- C"il!M'IOftCll&o4t-orll'IOl .i.c l .~ " MAN6660 Commoq.\nodil-Ofll'IQI .... ...-- CcllllTIOllC.U\Odt«11191 "" ... 
MAHS710 

--·...·0.0. "" 

JE300 • .... . .$39.95 

TlMElCTIOOI 
UOUID CMIUL Dlll'UY 

CWI" 
$/SI FJEl.O EFFECT 
4/$1 
4/$1 

S/$1 
<1$1 
41$1 
4/SI 4 O IOIT - .r CHAfl!AC"TlFRS 

ntRl!:I! l!NUNCIA'tORS 
2.00"' >C 1,20.. l'ACIC.AO E

i/SI INCLU DES CONNECTOR
4/SI TI OD M t1 o""lstlYt 11.H41$1 
4/$1 T1001A·R0Hoctht1 u s 

LED 
rm "'1.W1l ff! ..... 
MANOl30 ~i\nodHld:t:1 ... ... 
MANtl<ll ColMIOlllClthocll•tlf.0.D ... ... 
"'"'"'" ~~fld z. I .... ... 
llAH'110 

___,,. 
.llO "" "'""'° CoMrlon Clltlodt'ftd 560 .It 

01.10• Cotnmoll Allodt<tOCI .: 1 .300 ·" OL7(M Conlf'l'AOft~odt-· •'41 .300 .It 
IJ!.7G7 Ccll'nmofllnodlll ·rt;3 "" .. 
11!.nl Comtnoa C.2!0dl-rtd 500 1.49 
ovu ComtDOllAllOdt ·,ttl "" 1.lS 
Dl7<6 Common Atlode->tlCI :. I lilO "' Ot.741 Common 4nOIM ·rid IOO '·''Oi74i CoftlmonCall!OdHtd "t l .630 1.49 
OLl!IO Con'lllloll eauio...-111 IOO Ut 
Dl3U Comn!OJllc.tllodl·f'ld 110 3$ 
llO)lll eo.-.c.. I~ ...,...... Common CWIGdt ~ i 357 It 
JNOlH C.......""1... l57 1$- ---fM)SOOJ 500 .It...... --lfllDSI~ .soo ·"""2·n30 -- .... 130 
HOS..,<llO Cofl'lmorlAnodll·rtd IOO l .1G--- Commol\Calt'lo:Sli red !CO 1:.1G 
50IZ·730CI 4• 7 tQI , OIQil ·fl>IOP .IOO JIUS-·- 4A7Sfl Olgll4.JtDP IOO 1115-·-o..n,..c:llM1C11r l11) IOO 15.IXI 

TW:PHONE/KEYBOARO CHIPS 
AY·HIOO 1'11"1Bu1UxtT.....,,_OUlor $105 
AV.S·921JO ~=-Cloci.~1:......, 1US 
AY·S-9500 us 
AY·s-2376 

Keyboard EnaKll< 188 ""'/ 105 
H00161i K>yl>011d Encodtr 16 Mys 1.95 
7<C922 ~l)'bo> rd Encodor 16 Uy> U5 

ICM CHIPS 
ICM70IS CMOS Prllclslon llmlf 2< .115 
ICM12DS CMOS LEO SlopwitCll/llmel 19.115 
ICM7201 OscillllotColll10illr i .50 
ICM7208 - Oocad• CcMtto< !US 
ICM7209 Clo<* Gt!Jerator us 

NMOS REAO ONlY MEMORIES 
MCM651 1 128 x9 x1 ASCU Sl1l!led wlllt Greet 13.50 
MCM6574 128 X9 X7 - Svmboj & Plclluu 13.50 
MCM&:i75 128 X9 X7 Alo"""'maric: Cortliol 

Cluif1c:llf GenlrJIDr 
13.50 

MISCELLANEOUS 
no1<1CN Ollld Low Nola bl-111 0p ~ 2.49 

m= =~T.o"t....... rn 
11 010 0~1 10111 Presafot 1us 
!ISH!lO Hi·SPtod OMft 10/11 Pmcal11 11 .115 

~~.Q ~.:=·~: g:~="' .J:~ 
OSOQ26CH 5Mllt 2-plli>t MOS doc:t dril'lr l.75 
TILJm .21" 1111 num. display w/inl"l . logk dlip I0.50 
MMS320 TV Clmtt1 Sill<- GtntrtlOI 105 
MM5330 <ll lllgll OPM Loolc lllodt ISpoc~ll 3.95 
l0110/111 3\1 llilJll AID Con""" St! 25.00/AI 

UTRONIX ISO ·UT 1 SN 7Nn 
Pltolo TranslslM Opco-!141ator SOU NDGENE RATO R 

(S.mt u MCT 2 or <N2S) • G1t1111ltS Co....... Sounrls 

2/99¢ Lowa.- · ~'"Cti~ 
TV GAME CHIP AND CRYSTAL 

~d!S:~...: 2.0~ rz==~c:lll..c.7 

~~ s:::~ EXAR ~20' 
XR215 • .40 XR265li 
~o 1.55 JE2tOO<A 14.115 XR2M7 
ICIM.555 1.50 JE22ll61(8 19.115 XA3<03 
XR555 .39 XR1IOll 3.20 XIWl 36 
XRS56 .911 )(fl2206 4.<IO XR4151 
XR!e7CP .1111 XR2201 U S XR41i4 
Xll!e7CT 1.25 X112201 5.20 XFM202 
XR1310P 1.30 XR2209 1.75 XR<212 
XR1 4QQI US XR2211 S.26 Xll45511 
XR141D 1.39 XR2212 4.35 XFM 739 
XRl 4U 1.39 XR22<1G 3.45 Xll4741 

DIDOES ':oc, v~',,.~...,. 1 = 
TY'l YOUS W HICE IH400.1 100 P1V 1 IMP 12J1.00 
IN74' 3.3 400m 4n oo 1N40l)f •DO mi AMP 1v 1.oo 
IN751 $,I 40Ch! 411 .tO IH'OllS 500Pft/ I AMP 10/1 .00 
J~ 5.1 4QOrn 4.11.CIO 1H4006 IOO PN I AMP 10/1.00 
IN753 u 40b 4n .aa IH4007 1000"" I """' 10il1 113 
I H1$4 U ~ C/1 .00 IHllm 50 20Drn ltt.OCI 
Uf7$7 t ,0 COOm 411 ,00 IN4HS 7.S lltm 1511 .00 
IH759 12.0 400rll 4fl 00 IN415' 3S IClm IVUIO 
IN't59 1.2 400m 4/1.00 IN43Q5 75 2Sm 15/1 00 
IN9SS IS 40!lm 4/1 .CIO UM134 .U lw n 
IHSZ32 5.11 500IB 11 1Nt7l$ 62 lw 21 
IH3ZSt 6.2 SQOm ti IN-t7J8 U 1• 29 
INS235 I .I $OOnt 21 1#'138 1.2 lw 21 
1NS2311 7S 5CK1m 28 IHC1t2 12 lw 21 
IN$24Z 12 S00m ll 1Nif1.U IS lw 21 
I N~S IS S00.. '21 Hrt1183 50 PIVJ5 AMP 1.60 
1Nil$6 25 iolh 811.CXI IHllM tOO l'tlll 3U.MP 1 7C1 

~------... ....-----....------....----~ IH.t.51 150 711' &1.00 INlllS 150PN.U4MP I.TO 

.It IOll·n<ll 4" 1 $0!. Olo!Mkuditdmat "" tt.50 

RCA LINEAR CAI.CUI.ATOR Cloe• CHIPS MOTOROLA :::: 1~ ... :~ ill::: :::::: ·=~~:: ~-: 
ClllPSIORIVERS UMl3D9 IA.1$ MCt-1 IA .95 .-=-.-.;;,;,;=,_..;;;.;;,;;_.;;;;.;,;;;,,.;,;;;;;.;.;;.;;;;;;;;._..::,:~ 

MM5121 ~: : :~:: ::: :~\:::' i~ SCR AND FW BRIDGE RECTIFIERS= ~= ~:: :: :=: ~= = :::: :~·--11 '!:: 

c.uom 1. 15 wot2N 
CA20l3T I .SI ~·CA30351 ..... OOOllH 
CA3039T 1,35 CA30llH 
CAIOllll 1.10 CAll3CJl 
CA30S9N :us CAl1'DI 

S.25 CAl11Dl g: ;~ ==: ::: ::o~w·0•1 ~:: ::::0., ::ft: :'llUOGEREC. ,: 

o.::::::::::.....:.::::..:::::::;:~iinrn:rm~.:;11rn1m,:?~T~ii::i:n~itt.\~;r,~~~· =;;.i..~~C<04~1)14J>-~-----~::95~~1t-•M-OA-9I0....~........1.~~~iiiiilltN:Tll'WllW'llnl:=fW~~~IDGE...11EC..._ _.1M-.~ 
r 1 INJ SO CKETS ~~ :: ,,.,... ~ = :::::: 

CA3060!1 
CA50IC1 ... CAJ.40lil 
CA3091H 1.00 c.

M4.... .., .... 
14 oln LP .20 
16 ... .., .ti..... .., .It 
20 ... .., .l' 

1'plll$1 1.21 
llpii'tST .30 
11 ... $1 ,:1$ 
,. ... $1 ... 
.... so ..,., 

.. ... 56 .35 

..... so .34 

..... so .51 

2$-41 ... 
.19 
.21... 
.12 

.lS 

.II 

.12 

.u 

.'11 

·".35... 

50·1«t 1·24 ZS~t SO-I DO MPSAOll 511 .00 MJt3C1$S l,CQ Vi3901 .c/1 00 
.15 • ""' t2 pin LP I .37 .l6 35 flSl7 111 .00 ?H3392 SM .00 ZN•O ll 3H 00 
,11 H r*t LP JI .,7 36 TIS91 611 .00 ZH3311 $f1.00 2841tl tn Ct1 
.20 2t pll\ LP ,U .44 A 40409 1.15 'H3551 Jn DO Pf«'2:41 411 DO 
.it 36 I*! LP .1(1 .se .$1 4a<llO 1.75 PHJSM 4.11 00 PH•25a 4f1 oa 
.lO SOLDER TAIL STAHOARO !TlNI «l ~·LP 53 .a .11 Ol673 1 IS ,,_. .,,,co !N«DG '" co 
.2' 
.lS ... 
.•I 

"' .l!t 

·".'3 

- -

n pin ST ' •• ·'° ,11 2if918 411.00 UP$)IJIA ~1 ,00 2t1HOI t l1.00 

. :teolnST 1.38 1.28 1.15 ~=~ ~-= :~ Sil ,: r,: :r.·: 
SOLDERTAILSTAHOARO I GO~rsl UI 1.4$ 

130 = ~:: ~'°' ~:: = f~::: 

-

.. 

HpltliSG I .tO .ti ,/,1 2tm6t 511.DO MPSllm &ILOO 2N'6081 4!1 .00 
21 pln SO 1,10 1.00 .to 2N23Q.\ 4/1.CXI 2Hl108 -511 .00 2H50A 411 .o.:J 
M pin SO U5 1,4G U6 MPS2369 Slt.00 MPSl705 $11.0D 2N~ ·IN OD 
4Q pjA.sG 1.15 1.$9 l .'5 VQ4l4 •tt.00 2KJ101 5.JJ 00 M129 S/I 00 

2N2906 4n.OO 2H3711 Sii 00 PN$1l4 511 .IXIWIAE WRAP SOCKETS 

1:=: :: '-ll :~ ~~ (GOLD I LEVEL '3 ~=='1:: 
1'o• ww .31 .31 .II .. - 2" ... WW 1.40 

...... 
1.2$ 
1.6 
1.5$ 

.IS... 
"1 0 
1.30 

!N2907 l/1.00 2HlrnA &.S PNSIJI 511 ,CIO 
Nm01 Plutle 711 .00 2Nl~ LOO Vi5131 511,0D 
2ll2W s11 .oo mn2 t.H 2t1S2.10 $'1 oa 
MJE19!6 I .~ 2N.1123 1.00 2'154'1 311.IXI 

21100 5n N 1......... ·" .'2 ... ,. ... .... 1.18 
11 WW I OlpilWW 1.75 '-"' 

1/4 WATT RESISTOR ASSORTMENTS - 5% APACl!Ol! 
10 011/M 11 (lfM t~ OHM I' ()Hf.I 11 0..M 10 pf .m ,O" ODl'f 

ASS T. 1 

ASST. 2 

ASST. 3 

ASST. 4 

ASST. 6 

ASST. 6 

Sn UOHU Jl""" li011M "°""' !6111.., ICIPCI $1 ,75 ll= :~ :~ ~t 
MOttll UOH M. l(IO{JHLl 11'00HM l!)i)(IHt.t IOOt>f .0$ .04 (llZ,.r 

5 H !IO OHM no OH M i10 OHM 330 OHM 390 On_" IO PCS 1.75 m~ :: :: .035 ~~?" 
IMOHM ~Ott.Jr.I E«IOIO~ 1170CttM 1llli IOO YDLTllTW RUI W ACTOU 

5H ;~ ~:~ ~ ~ : ~: '·'It IOPCI 1.75 ::kml ·a ::: -=~ ·= ;~ ·u 
HI IX 10.: l ~N 1 ~ fi,811. 51) PC$ 1.75 ::r:rma .:: ·:: .8~ :~ ~ ~1 

II 
1! 

" ti 
11M W1 UK lQit 4 •tft. Dlf'ftO TAllTM.UlllS /IOUDI CUACITHI 

sn ~ w u tDOK '"°' sores 1.76 ::~ .~ :g :f; ; · ~~ i'f r, ~ 
15(.I.: l lOlll m-.. :n(IK l». .ZVlSY 21 tJ ,17 J..3/HV ,31 fl U 

5u l!JQI( •'t)t: VO: .-. 11~1)1( ISO '" 1.75 :: :: ~ : ~~ :·~~ :: f. 2l 

ASSl'. 7 su 1.;: ~:i: ~: !; :~ ~::= tores 1.75 i.=v : ~ · ;~ 1smv .n -~ "!: 
ASST. 8R Includes Aeslslor Assorlments 1·7 (350 PCS.) $9.95 ea. .. ..:l~EALUHUM fllCTIIOl.mc '::.:::':!".! 

.41/!IN IS . 13 10 .•7125V .15 1l 10$10.00 Min. Ord• r  U.S. Fu nd• Only Speo. ShHt.1 - 2611! 
Cellf. ReaJdtnu Add 6" S.1e.1 Tix 1879 C.t1109 Anllmbl•- Send 4U rttmp 
Po~-.Add 6" plu1 $ 1 lna.1r1nca Uf d•1lrld l 

J•a•m•e•c•o• 
ELECTRONICS 

PHONE 
ORDERS 

WELCOME 
(415) 592·8097 

MA IL ORDER ELECT.RON/CS  WORLDWIDE 
1021 HOWARD AV EN UE. SAN CARlDS. CA 94070 

ADVERTISED PRICES GOOD THRU SEPTEMBER 

1.D.ISOV . iG .u ,11 .47/!i/N 11J . t.t 11 
UJSOV u . 11 OSI 1.11t16V tS , ll ,IQ
•.1mv .15 u 10 1.amv 16 •• 11

:::= ·:: ·:: ~~ l : ~ . :~ ~; M 
22mV 17 IS 12. umv TS ll . 10 
UN:N N .20 11 4 1/9N Hi I~ 11 
47/ZSV . tt . 17 . IS IOl11V ,1• t:l' 111 
fJ/':IN ..2$ 2t .ti IQ/2$'1 15 , 13 ID 
IOOR.SV .24 .20 .11 IOr..o'i IS . U 12 
1~ .M '° .a '1tYJV .u .11 1t= :!i ~ ~ ~= · ~~ ~ :: 
·~ XI ..29 '11 t~ .l!i lO JI 
1DOOl1'V .&$ -50 .45 220ntv .2'l .17 11 
22CQll6Y . 70 .62 .5S .tmn:s,11 ~lt .21 

232 BYTE September 1979 Circle 200 on Inquiry card. 
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Transistor Checker 
- Compltttlv Asambl~ -

- Battery Operated -
Tht A$1 Tt•n•lnor Ch.ciker 11 cap· 
tble ot ch11.Ck lng • wide range of 
trt.ntinor lYPf:t, t'ith•r ' ' In circuit' " 
or otn of clrcuh, To oper•t•, 
t lmply plug 1h• uan1lator 10 be 
ctu11ck11d ln10 lht fron\ p1nol 
socket, or conn•ct h whh U'IO 1111· 
gator ctlp t•tt IH1d1 provlded. 
Th• unh 1tfl'IV end· au 1om1tlc111lly 
l(len1illtt tow, medl\lm tr'ld h igh • 
PDW•f PNP &l\d NPN u1ntlHOlt, 
S in : 314" it ll!l)C"'" 2 " 

~ "C" caJ/ b11m11Y not lncfUd 11 d , 

~ Trana·Check S 19.95 ea. 

Part No. 
082SP+ P 
0825P•"5 
OB25S+S 

0Jt4 -1 
OJ16·1 
OJ24 · t 
DJl4 · t· l4 
OJ16·1-16 
OJ24-1·24 

DB 25 Serles Csbles 
Cable Lenglh Connectors Price 

4 fl . 2-0P2SP $15.95 ea. 
4 ft 1·DP25Pi1-25S $16.95 ea. 
4 11 . 	 2·0P25S $17.95 ea. 

Dip Jumpers 
1 fl . 1.'14 Pin St .59ea. 
1 11 1-16 Pin 1.79 ea. 
1 h. 1·24 Pin 2.79 ea. 
1 11 . 2-14 Pin 2.79 ... 
I It 2-16 Pin 3.19 e• 
1 fl 2·24 Pin 4.95 e• . 

MICROPROCESSOR COMPONENTS 
---•01IAllDIM&UP10ftromcu-- ----llllQIOPflOCUSOJI MAMUAU-- 

M·ZIO UwrM.anu1I S?.SO -	..., SUS 
1212 	 1-llill-~" )2$ 

Priofieylfllln\IPICo!tlal 5.tS M-COPl80? U1e1 Manual 7.lO 

8211 8f·Dlrtcootilf8ut0rlw11 J .41 M·SlO 	 UMrManlMI 5.00 "" ,_,.122• --mo.ti 	 ..... $139. 95 Kil Only~-~···1226 	 ""'o~ 3.•9 2$13(11'0) Cllnct• Glnm!Dft!lllP&I' a11J 
2$13()11211 CharJcler Gclwllor(IOwlr ml)11221 	 SJ*" Qmtfllllrllill Drrm u• 

"" 
82» StAli'ICOlll#Ollt .... 

ProQ.. Cormn. 1111 {USAAl) 1.IO 2S15 0Wtct1r O.emor 
52$3 1U$ MIAS230H 	 20<1·11l .... Oolr"'°'"'"""""""' 

0825P (as piC1urod) PlUG (Metls RS232) $2.95 
0825S SOCXET (Metts RS232) $3.5G 
0851226-1 Cllb~ Cover tor D825P or 08255 St.75 

PRINml CIRCUIT EDGE-CARO 
I Sli SP1C111t· f11 .00.11tao-Ouf - lll~Cotrlll;b -rt1.05i410 O'OP.C Caf'OI 

15/30 PINS (Solder Eyelet) $1.95 =$= CONTINENTAL SPECIALTIES 
18/36 PINS (Solder Eyelel) $2.41 
22/~4 PINS (Solder Eyelel) $2.95 Pro o Board203A 
SOflOO (.100 Sp•cln~ PINS (Wlte Wrap) SUS 
50/HIO .125 Spadn PINS Wire Wra ) RllM $1.115 

.!~?-~~~,1. 5_1~~~ .~.~t ... 
• SeQu1ntU11 l lHhlnl:I c.olon 
• l2 or 24 hour op•r.nlon 
• EMH Uded 111.lmlnum c:11e 1011ck:) 
• Ptuiur• 'wl11;he1 for houri, m•nutes fi nold runct l on1 

"' 1nc.Lud•1111 compon•nts, ces. •nd well tu1nsformer 

.., 	S lztt ) lit :it. 1~ a IV. 

PIJOJA •124.95JE730 .......... . .. $14.95 
 .... I WI 
Jilllftlttt PrfC• 

pj:ffi" 1 .0'!~~~1 1.• m:I!'Jumbo 6-Digit Clock Kit P1·1D3 9.0 <6.Dx t.4 MUii 
Pl·104 9.818.011.< $14.15 

•	 Four .'3D"tU . 1nC1 two .lOO"M . 

common anoci• dlspt1y1 


• UltS MMSJl4 clock c.hlP 62-Key ASCII Encoder Keyboard Kit•Switches lot noun, mlnut11 •nd hold functions 
• t-louu tUllV '<l l•WIDI• to JO feel 
• StmullttG w•1nut c.ue 
• 115VAC OP•r•Hon 
• 12 or ~ tlour 0P•r1t1on 
• lnclUdH.al l compor11nh, c1111 nQ w ilt tr.an stormor ....~) . ·
• SIH I 6~ Xlliilo X )W,. 	 . * ~ • • • -· 

- . ' . . . 
JE747 .............. $29.95 • - ' • b .. • - - · 

• Bright .:JOO 1"11 . comm. UC 
od• dlepl1y 

• U &H MM53 14 clOc.k chlP 
• Swhcho1 -tor houu, mlnut•• 
1nd hold rnodu 

• Hra. ...uv Yl&Wtbl• to 20 h : 
• Slmulat lCI walnut c1M 
• 11!5 VAC opor1don 
• 12 or 2 4 hr. operat ion 
•Incl . 111 c.ompon.nu. cut &JE701 wall tran1fo rmer 
• Sbe: 61'" x 3 ·1/8" • 1%" 

Digital Stopwatch Kit • • • 
• Pll.ted tnru doublt ~s leftO P.C. Uoaro•O•O••~·-~Oo ii 1.
• LEO GISOflV (reG) 
* Tlmu to W rnln. S9.S9 s.c.. wltn 41010 1e.1o1t 
• Quain c:tyna1 controlled 
• 	TI\ret1.topw11-chH In one11tn91e event, split 

(c:ummul1l1Yt)&. tlYIOt (11qu1n t la.t timing) 
• UIH l l'•nlll• D•tt•rln 
* Sll:e 1 •.S" K2.IS" A .90'' JE900 $39.95 

125$ ,,.,. ..... 1.. (PPll .... 
llZSI Prog . OMACoolr~ 19.15 
12>0 Prog. hHnlpt Ct)atnil 11.95 
---11D111Wmlun'OlfTDIY1CIS
Me&eOO MPU U•t5 
MCY1JW' Mft.IW!tnCD:llllldRlm 24.95 
MC811Hl•PI 12PISt..icf\am 
MCOl21 	 ,..,..onn.... IMCWOJ 

515 
1.·H 

MC11421 Pr"1fl't 1Mlf'IW!l00ntrefttf 12. IO 
MCU)l)Lt uriua111ROM 1-.ll lU!I 
Me&eso 7.15 

-Sl110Dm~1. 
MC&lll 	 12,m -·""""·- ...MCW2 	

·~ ... -·llll<M"-.? 	 :mm11J11Mockdl!os 1'il 
Ovid :JoSll11 lld, Trll!L IMCIT2111 2.25 

--MlCt!OfN)(UIOll CHll"l-MISQ:W.lllOUI-ZI0(7IOC1 CPV 11195 
ZIOAJ790·11 ""' ".,COf'111oi 	 CPV It.IS - 11116 
6!02 ""'"'° 	 CPV 1115 

Mii MN w.iefock. RAM. 1t0 lnin .... 
CPV . ~.. 

TllS9901IJL 	 10·8itMP'Uwll'litllwm. ~ - 41.15 
SHIFT llJfOdltllJI 

0..·-2$9'- uo 
MM503H...""""' _ °""so llrll>r ••"" ......_ lkill ll l!rtstrtk: ... 

DN1 100 &ii StlllC .50 
MM5!11H °""" .. _ ... 
MM.SGlllH 50Ql$12Ell- n 
~r 1024 Orran* HS,.,'Ull ""31911 SIJllC 
2522 Dull llZ'S.t Sttlli: us,..,. 512$tllic .fl 
2125 1024~c 2.15 
1521 Ovll2~1i1Swirc 2 15 
2$21 0;11 2$0$.... "® 
~ 	 OUll 2«1 •r SWlc •eo 
2532 	 2. 116,.., 1024511tie 

Rio Ui 
°"'°'°"- 2.116 

,_.,141.So110 
UAllT"I 

"" 	 "' _.. r•11r1SW1I 

A. ·'f·5· 101) 	 .... 

Proto Board 203 

,,.._. .
Ill IMol ,_,.__ .... .......... ........ '"""' 

... . Mlfl ..,"'41... .... 
..... .......... Ml ..... 
.. ... " ..., ...."'l,1 1•U. 
t1M1.,,. . ... ~ ..... 
1• 1•1.-..1..-.......... 
UlillMI _.-.. -.t1a

"°"'-.. """'111 " '"" ........'"'..
11.11 ......., 

..K""' t_ l_tlillotr Dlll· 
M ..wu.uroc~ 
l '""l • R"W ,J ll~.,.. 

19 nm •75.00 
L1W1H 
!lncJlnl .hfg_ 

II.DI 4.Sl 1.4 $11.115 
6.0 14.5' 1.• $11.115 
6.0 l 4.5 I 1.4 $22.115 

..... 

1101 '2SIK1 $... 
111)1 	 1mo:1 ,,,..mlc 
Z101~1101) 

102.t:C1 $""' 
21Ul2 	 102oa "" -· 
211 1(1111) 	 2561(• .... 
·rn2 2S&X• -SU1lr:MOS 
21 14 !024X4 5'>11<•
211'L 1~4:C4 SIM!t •SO. low PGWN 
21 14·) 1024:114 S\l!lc:)Ql)i1 
21ML •3 1024.1(4 Slll!c 300m bw' powlf 
~ 1 01 	 2S&X4 
529012107 ........ 


IU4 -5'•11< 
1•5200 ·-· "'' 25<X1 5'•<T
'3421 2S&X1 5'o11C 

UP041' .. ........ ..... 


1M•<02n _..... 

UPCMIO 11« 


(Mlt4111)
,........ 

•!NL """' TMS«MS 	 t024X4 

2111 	 1Ul4XI ........ llOnt 
'""' 
MM~2 

ii':" ......,
211X1 ,,.. "*... 

SU$.... ni.,.,,,,,..111.1a11Q0.1011ol ~dal1on1tom.olot11111~ 

10.tS r:ttlcti sp.o f1QLll,.,..IJ lor h narda RI l btbll IO a:mrmarD• ~
1.IO lllOlflet mcllkrn llld llfllliNI ew •piluil •'rammino" llld ~. In 

eddilkln.•l1'1Moli:rtM~lll'ICllsCUlft•noa.prldslon , 1..0itrfl'llatll 

S1 .4i &:'1-- .....- ·Sllft l(oylno, ""-"'"' -1..99 ,_.. llntnlldb D1t1ftatt ••• •• . ••••.3CIOIMid, 
Dlt.ferelll ••.• ••...• . •. •.. •~S4rbl.lrdum1Dm1rtlMI~1.n 

tlitnlnN~Cftailc:llt).1.IO 
R.ICliH Cbl•I ""''II(!" .,.20'2S HI !Cir 1P1Ct: m!S Ht lar 11\&1\.!l.IO ft1111mll CiMMl,.,...ldt:t •• SillfCdll ~. low ~mull• l l)7CI splCI ,....._.. uro mllk: H1an • ozs spa. ms r1&1R... 
"9UIMl1ullh! i:y • •, ••••••••• -4'lllltlm~~.10.95 
fr•1111•t.utl .... .. .. . ..... .... 15 ftll nomiHI. Adl11111l1bil lr1m1 - 8 dbm 

1UIS 
10-95 to - 20ftm, 

lltt.11.ft ,._."" T•ltfuel • •.111411H1cy rtlmfttl 1~om:iUcdt ad ium 11I .ii ..lowlorope:l'Mlonbriwttn11CGH11nd24QO~.... 
Oltllll D1t. lllat!lc. ••• •• . •••.£IA l\S·2:32C Ol 20 mA CVlflftt 10ot> !f1Wi¥H b 

Oploisol'l1*1 .wlCI non1IO&M1. 
,._, 111-IMIU •• • ••• • •••1%0V~Mlotlf pl\ale. 10Wo.. 

1.H 

2.llS "tlful. ..... . ... . ..... . . . . .Alt com!MMtnls 1r11111M on 1 1b ai.e 5' cir r
.. 4.15 .. 
Riaw.11 VOM, Audio Otclaior, ~~*:=.:o~-::::n.1.116 

14.15 TRS-8014.t5 
i.il 16K Conversion Kit4n.oa 

Expand your 4K TRS-80 System to 16K. Kit 
1101• IO<I ••MO$ SSH 

t7 UIHTEL II<' IPAOM ~-116 comes complete with: 

TWSHI 11<· EPllOM 0 ..1.! 

~2719) •ReQulrullnP-•!J"ll)O'Ql'MIP~ • 8 each UPD416·1 (16K Dynamic Rams) 25DNS 
TMSB32 <IUll EPAo..I .,... • Docu menlallon !or con•erslon
11111 IPM<I 10.15 
UllT.I 11511i" IPOOM 29.15 

••AtQulrn S"'lllllgn, --4¥• .+S'I. +12V TRS-16K $75.00 
fAllOS IUS 

r...,~......, :J.41 
""' '""' =m~:· Open Chdlll 2.IO 

12$23 ) .ii=..12$11' •096 11.15 
12512.3 -- rr..... l.~ 
74116 >12 mOpoo!>rl«IOI .... 
1'1U 251 m0pon-. ,_,. 
HS21 7 	 101' Slor!e 2.15 

Function Generator Kite JE610 • Pto"1des 3 bas~ wivttorl1\I: 
llnl, trllll!;ile & SQLNFIWiYI 

• FflllLll!l'ICY r111C111rrom1 Hz 10 
tDOICllZ 

• Output unplitl.dl from O·volll to 
"""I vols (Pl"' to Pl>l<I 

• U:sen 12V 1upplij' or 1:dV 1pU1 
••Jiii~ 

• Ind. dilp, P.C. board. COOIJIO• 
NntsM1dl insiructlon1. 

JE2206B $19.95 
CASSETTE CONTROUER 

Micro
$10.00 Min. Ordlf - U.S. Fund1 On1v Sf*: ShHta - 2511 Miniature 
C.llf. Reildenu Add 6" Siies Tex 1979 C1t1log Av111able-S.nd41ts11mp 
Pom~-Add 6"plu1S1 ln-.;r1nc1 Uf delirtd, Joystick

PHONE 
ORDERS 

WELCOME • 2 each 100K pots (Linear Taper)Jameco 
ELECTRONICS (415) 592-8097 •Printed Circuit Board Mount 

•Size: 1" x 1·3/16"x1-3/16"MAJL ORDER ELECTRONICS - WORLDWIDE 
1021 HOWARD AVENUE, SAN CARLOS, CA 94070 • 

ADVERTISED PRICES GOOD THRU SEPTEMBER Micro-Miniature Joystick ••. •$4,95 

Circle 201 on Inquiry card. 	 BYTE Septembe.r 1979 233 

http:unplitl.dl
http:lltt.11.ft
http:c.ompon.nu


Save $ on TRS-80 Prod cts Send for FREEll 	 Catalog 

~' TREMENDOUS# SAVINGSON 
~ TRS-80 SYSTEMS 

Complete system includes: 

TRS·80 Level II, w/our 48K RAM, Dual MPI 

Disk Drives, and the APPARAT DOS+ soft· 

ware ($2500 value), only $2049. Line printer 

and desk options available. 


SUPERDISK 
TF-70 	Micropolis Largest capacity 

mini floppy, up to 195 Kbytes 
on 77 tracks with 77TK DOS+ $699 

r= A Complete Famlly 
Of Disk Drives. - To Choose 
From ••• 

In Stock 

TF·1 Pertee FD200, 51/.'', 40 track use both sides $379 
TF·3 Shugart SA400, 5v.'', 35 tracks same as tandy $389 
TF·5 MPI 5V.. ' 40 track door lock and auto diskette $379 

ejection 
TDH-1 Pertee Dual Head mlni·floppy 35 track same $499 

capacity as 2 drives 

All disk drive systems come complete with power supply and 
chassis 
• Two drive cable= $25 • Four drive cable= $35 

LP779 Centronics 779 $1099 
w/tractors 


LP700 Centronics 700 

LP701 Centronics 701. 

NEC Spinwriter 


Add·on Disk 1Drlves 
DOES NOT INCLUDE POWER SUPPLY OR CHASSIS 

• Pertee FD200 or MPI 8·52 
• Shugart SA400 (unused) 
• Pertee Dual Head 

IMPROVE TRS·SO 

PERFORMANCE WITH 


NEWDOS+ 


Over 200 modifications, 

corrections and enhance· 

ments to TRS DOS. 

Includes utilities. Available in 

two versions: 

35 Track ve.rslon $99 

40 Track version $110 


$272.00 
$282.00 
$399.00 

All prices cash discounted. • AJA Word Processor $75Freight FOB/Factory 

LP702 Centronics 702 $1899 
LP703 Centronics $2540 
LP1 Centronics P1 $ 399 
Centronics cables $ 39 

NEW PRODUCTS 
• Small System RS232 Interface $ 49.00 
• Expansion Interface w/32K $499.00 
• AC Line Interference Eliminator $ 18.95 
• AC Isolator (6 connectors) $ 45.95 
• Telephone Interface 	 $179.95 
• Verbatum 5" soft sector Diskettes $ 3.39 

Memory 
16KM 16K RAM Kit 
Computer $74 
Expansion Interlace $78 

Software 
• Accounts Receivable $39 
• Inventory Control $39 
• Job Entry/Status $75 
• General Ledger $79 
• Game Diskette $19 

Circle 277 on Inquiry card. 	 Circle 15 on inquiry card. 
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Sankyo Magnetic
Card Reader 

•59 
I 
'These Sankyo 1/0 uni;; are capable or storing and retrieving over 
400 characters of data in under two eecorda. 
The OexabUlty of this device lends ltoel! Co numerous applications. 
As an input reader to a computerized security system, the com

lpute.r bu the a bUlty of ldentl.Cylng the card holder and o.dmltllng 
Ionly those Individual a who are authorized to enter the premises 
•during spocllled time frames. The device Is also eultable !or 
lmaintainf.ng auatomer lnlormatioo !ilea, or any other application 
where amoll amcunta of lnlonnatlon mus! be quickly entered Into 

FREE PLASTIC LIBRARY CASE 
with 11urchHeofHchbox of •• •• 

-eBJJ!fr 
la data proceaalng ayatem. optraak;WtandkWIQllfe ottNa~ 
Accepts 2" by 4" HP style mag- carda. (SlmU&r to bank cards.) -
Motori-ied reader pulls the magnetic card across the four channel ~•lftote +a'fOluucipir. 

read/write head. NEW surplus, orlglnalcost$200. Fulldocumentallon ~ 

CONNEC~.~~.s ~;~:.acara . _ ... · '24.88 
Dl2SP 

01111 pl11 l hood 
er • COLD 

Dl2Ss l•••I• 100 PIN £ ,;. L f ~-;;:'I ~L UNIVAC 
111 ·•· '395 IMSAl/ALTAIR KEVBDARD

at;;:;;,?i Qtr. , .. ~... ~'- 1:::1;!.~W:.~:: !~U NJ:: :."'-"'"::.-~-~-:..."'=-°--= 
10 lAS us l,15 Alt1lr 11W.rhll .'&40rw ii." lltll.M n. w..., '*"'ll'lf., ..,"' ....ic. ,., u~1a,,1t-. 

I I 
21 1152..21105 S"CIALI ~tliie__._!"['__ ,.....91111 .. ....., 

o~:::::::::::~? 0 set J..15 t,H :. '1214411• eyellt.111" tUI l/0.tl ::.":.!" =-=.!. :'..;r. ~~ ™' - :· ~t: :: =~:.1..1~.~.. :1::: ~n:: =-"C'.;..""-u:.::.=-"'--

ScatcH 

21 L02 450nS. 
21L02 250nS. 
2114 1Kx4 450 
2114 1Kx4 300 
4044 4Kxl 450 
4044 4Kxl 250 
4045 1Kx4 450 
4045 1Kx4 250 
5257 low pow. 

I .. AN 0 

SPECIAL CIRCUITS 

24 . 05 
9. 05 

22. so
• 

49. 95 

AY5-1013A UART 4. 95 
Floppy Dlac Controllers 

WDl771 alngleO. 39. 95 
WDl781OoubleO65.00 
WD1791 IVD3740 • 

16-SS 64+ 
4. 95 4. 50 4. 00 
9. 95 9. 50 9.00 

39. 95 35. 00 • 
24. 88 20.00
• • 

.,/' Shugart Associates 

• Flve Gould 110j1 NiCads 
•Acoustical Coupler 
•Battery Charger 

SYSTEm X•10 
1t•1 not om:n thal Callromla Dlgitlll ven .. 
lUre1 into the dbtribuUan or cm.umer pro
duct•, but we have rl!'1anU.y comet accroae 

a product Chu ~care 10 unlque that we ju1l bad ta 1dd it 
lO our procklcl Une. Thl1 II tho Sy1tem X-10 m;nuf1ctuffd 

b7 the BSR turntable company. Thb epace I.It' ayatem wU1 r•.. 
motely control any light or 9'1'pllancci in your home or offlce. Command •li'" 
noll a.r• 1ran1mlued from the comme.nd con1ole over y~r ext.tins wiring. 

!t~~': fn':~eb::do~~~ec::!~ ~:,:~ oc:el~e i:~.:: :~r~r:tc:!~~~~·;~:e-
•tereo. tdnialon or any ltaht lbture on the premln.a.The but.c••mpler packqe come• complete with command cao•Ol~. battery 

:r::';:.~r~~~- c':~~::.'c ;'.~::;: (.' ;~~c~!!~;S:ts10· ~dft,:~· 
module. a.re- available for SU. as ea.ch. ( 

APPLE II 
IBK MEMOR 

COLOR• GRAPHICS• SOUND 

14 S1• ll 35 
II 31 37 31 

24 "t3 15 
t• ISi pt 

51024 
PLUS SNIPPIH 

lt 11 17 
31 JS 34 
13 IO 51 

KVNARllD 

:!f;i\'.'.~ 
IUts 



------ ----

FLOPPY DISK 

STORAGE BINDER 


This black vinyl 
three-ring binder 
comes with ten 
transparent plastic 
sleeves which ac
commodete either 
twenty, five-inch or 
ten, eight-inch floppy 
disks. The' plast ic 
sleeves may be or-
dared separately and 
added as needed. A 
contents f i le is in-
eluded wi t h each 
sleeve for easy iden
tification and organiz
ing . Binder & 10 hol
ders $14.95 Part No. 
8800; Extra holders 
95• eech . Part No. 
800 

~ ' ' 1 
' I' ' ! I -~:__ 

SYSTEM 

MONITOR 
BOBO. BOB5, or Z-BO 

;re1*et~em¥r6t~'A ~~~r~~ 
There Is no need for the 
front panel. Complete 
with . dooumantatlon .s1.2 .•s.5._____.,.

1 11
16KEPROM 

BJ~EljaJOJQJ[jJ[1] PARALLEL TRIAC - . OUTPUT BOARD 
FOR APPLE II 

This board has 8 tr1ecs capable of 
switching 110 volt 6 amp loads (660 watts 
per channell or a total of 5280 watts. Board 
only $15.00 Pert No. 210. with parts 
$119.95 Part No. 210A. 

ELECTRONIC SYSTEMS 
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TRs-ao e.s. 
SERIAL 1/0 
• Can Input into basic 
• Can use LUST and 
LPRINT to output, or 
output continuously • 
AS-232 compatible • 
Can be used wit h or 
without the expansion 
bus • On board switch 
selectable baud rates 
of 11 0, 1 50, 300, 600, 
1200, 2400, parity or 
no parity odd or even, 
5 to 8 data bits, and 1 
or 2 stop bits. D.T.R. 
line • Requires +5, 
- 1 2 voe • Board 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.I R$4!32 con-. 
ntc:ior Pe,c No 
Dl25Pla1Xl.... .
9'. 8 CCl'1CllX:tGr' 
c.bltS10.8!!!1iPwt • 
No C825P9. 

3' nbloi c•ble 
.....,ll'IHtKhld~ 

ne«or1 LOM. TRS
80 "'° CKlll" slrilt 
boltdS11l95Plf't 
No..3CAB•O. 

RS-232/ 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 t o a 1 0 pin gold 
plated edge connector 
• Board only $4.50 
Par t No. 232, with 
parts $7.00 Part No. 
232A 1 0 Pin edge 
connector $3.00 Part 
No. 10P 

MODEM 

• Type 103 • Full or 
hair duplex• Works up 
to 300 baud • Origi
nate or Answer • No 
coils . only low cost 
components • TTL in
put and output-serial 
• Connect 8 O speak
er and crystal mlc. 
directly to board • 
Uses XR FSK demod
ulator • Requires +5 
volts • Board only 
$7.60 Part No. 109, 
with parts $27.50 Part 
No. 109A 

•Box of 10, 5" $29.95, 
8" $39.95. 
Plastic box, holds 10 
diskettes. 5" - $4.50, 
8"- $6.50. 

S-100 BUS 
ACTIVE TERMINATOR 
Soard only $14.95 Pert No. 900, with perts 
$24.95 Part No. 900A 

$62.00 Part No. 2C Char. gen. 2513 • 

1-----------------1 Upper case 'Only •Board only $39.00 

BK EPROM PUCE.ON 

Saves programs on PROM permanently !until 
erased via UV light) up to BK bytes. Programs 
may be directly r un from the program saver 
such as fixed routines or assemblers. • S
100 bus compatible • Room for BK bytes of 
EPROM non-volatile memory 1270B'sl. •On
board PROM programming • Address 
relocation of each 4K of memory to any 4K 
boundary within 64K • Power on jump end 
reset jump option for "turnkey" systems and 
computers without a front panel • Program 
saver software available • Solder mask both 
sides • Full silkscreen for easy assembly. 
Program saver software in 1 270B E.PROM 
$25. Bare board $35 Including custom coil. 
board with parts but no EPROMS $139, with 
4 E.PROMS $179, with 8 E.PROMS $2 19. 

Part No. 106, with 
parts $145.00 Part 
No. 106A 

UART& 
BAUD RATE 
GENERATOR 

has 19 keys, 16 encod
ed with 3 user defin
able. The encoded TIL 
outputs, B-4-2-1 and 
STROBE. are debounced 
and available in true 
and complement form. 
Four onboerd LEDs 
indicate the HEX code 
generated for each 
key depression. The 
board requires a single 
+5 volt supply. Board 
only $15.00 Pert No. 
HE.X-3, with parts 
$49.95 Part No. HEX
3A. 44 pin edge con
nector $4.00 Part No. 
44P. 

DC POWER SUPPLY 
• Board supplies a regulated +5 
volts at 3 amps., +1 2, -12, and -5 
volts at 1 amp. • Power required is 
8 volts AC at 3 amps., and 24 volts 
AC C.T. at 1.5 amps. • Board only 
$12.50 Part No. 6085, with parts 
excluding transformers $42.50 
Part No. 60B5A 

ELECTRONIC SYSTEMS 
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HEX ENCODED 

KEYBOARD 


e..s. 
This HE.X keyboard 

APPLE IB} 


SERIAL 1/0 

INTERFACE 


Baud rate is continuously adjustable from 0 
to 30,000 • Plugs into any peripheral 
connector• Low current drain. RS-232 input 
and output • On board switch selectable 5 to 
B date bits, 1 or 2 stop bits, and parity or no 
parity either odd or even •Jumper selectable 
address • SOFTWARE • Input and Output 
routine from monitor or BASIC to teletype or 
other serial printer • Program for using an 
Apple II for a video or an Intelligent terminal. 
Also can output In correspondence code to 
in terface with some selectrics. • Also 
watches OTA •Board only $15.00 Part No. 
2, wlthparts$42.00Part No.2A,assembled 

..... ~ 
~- _,. ~I • ;./. 

'1 ' 
. --~ ~-·.~' { 

111•1111111111111n111n 

T.V. 
TYPEWRITER 

• Stand alone TVT 
• 32 char/line. 16 
lines, modifications for 
64 char/line included 
• Parallel ASCII ITTLI 
input • Video output 
• 1Kon board memory 
• Output for computer 
controlled curser • 
Auto scroll • Non 
destructive curser • 
Curser inputs: up, down, 
left, right, home. EOL, 
EDS • Scroll up. down 
• Requires +5 volts 
at 1.5 amps, and - 12 
volts at 30 mA • All 
7400, TTL chips • 

TAPE 

INTERFACE 


• Play and record Kan
sas City Standard tapes 
• Converts a low cost 
tape recorder to a 
d'igital recorder • Wrrl.s 
up to 1200baud• Dig
ital in and out are TTL
serial • Output of 
board connects to mic. 
in or 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 Pert 
No. 111A 



Circle 126 on Inquiry card. 

'Ihe i IJll}l.!.JRANS1000 

.A completely refurbished 
IBM Selectric Terminal -with 
built-in ASCil Interface. 

$1395 

ponents. It intro
duces the MPU, how 
It works Internally. the 
system components 
CROM. RAM, UART, 
PIO, others!, the sys
tem interconnect, 
applications. pro
gramming. and the 
problems and tech
niques of system de
ve lopmant . By R. 
Zaks. SYBEX . Raf. 
C201 . $9.95 

all the essential per
ipherela, from key
board to floppy disk, 
as well as the stan
dard buses CS100 to 
IEEE 4881 and intro
duces the basic trou
bleshooting tech
niques. C2nd Ex
panded Editionl. By 
Austin Lesee and R. 
Zaks. Ref. C207 
SYBEX. $11.95 

The 6502 App lica
tions Book. By A. 
Zaks. 6502: Ref. 
C202; ZBO: Raf . 
C280; BOBO: Ref. 
C20B. SYBEX. Each 

$10.95,, 

I ""I . 
: ~ 

,. 

Bk 1064 - by Don 
Lancaster. Describes 
the use of e standard 
television receiver as 
a microprocessor 
CAT terminal : Ex
plains and describes 
character genera
tion, cursor control 
and interface infor-
mation In typical, easy 
-to- understand Lan
cascaster style. 
$9.95 

Features: 

• 	 300Baud 
• 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 

01f-line use as typewriter 
• 	 Optional tractor feed available 
• 	15 inch carriage width 

MICRO· 
PROCESSORS: 

FROM CHIPS TD 
SYSTEMS 

This book cover all as
pac ts of microp
rocessors, from the . 
basic concepts to ad
van cad Interfacing 
techniques, in a pro
gressive presenta
t ion. It is independent 
from any manufac
turer, and presents 
uniform 1tmnd1rd 
principles and design 
techniques, Including 
the interconnect of a 
1tand1rd system, as 
well as specific com

MICAD· 
PROCESS DR 

INTERFACING 
TECHNIQUES 

Microp rocessor In
terfacing is no longer 
an art. It Is a sat of 
techniques, and In 
soma cases just a sat 
of components. This 
comprehensive book 
introduces the basic 
interfacing concepts 
and techniques, then 
presents in detail the 
Implementation de
tails , from"hardware 
to software. It covers 

HOWTOORDER 
DATA·TRANS1.000 
1. We accept Visa, Master · 
Charge. Make cashiers checks or 
persoD.al check payable to: 
DATA·TRANS 
2. All orders are shipped 
EO.B. Sanjose, CA 
3. Deliveries are immediate 

PROGRAMMING 
THEIS02 

PRDGRAJIMING 
THEZID 

PROGRAMMING 
THEIOID' 

It covers all essential 
aspects of program
ming , as well as the 
advantages and dis
advantages of the 
6502 and should 
bring the reader to 
the point where he 
can start writing 
complete applications 
programs. For the 
reader who wishes 
more, e companion 
volume is avai lable: 

44 BUS MOTHER 
BOARD 

Has provisions for ten 
44 pin C.1561 oonnec
tors, spaced 3f4of an 
inch apart. Pin 20 Is 
connected to X, end 
22 is connected to Z 
for power and g_round. 
All the other pins are 
oonnected in parallel. 
This board also has 
provisions for bypass 
capacitors. Board 
cost $15.00 Part No. 
102. Connectors
$3.00 each Part No . .,._______.. 5 min. each side. Box 

44WP. TVT COOKBOOK 	 of 10 $9.95. Part No. 
C-5. 

For orders and information 

DATA-TRANS 
2154 O~le St. 
UnitE 
Sanjose, CA 95131 
Phone: ( 408) 263-9246 

AN INTRODUCTION COMPUTER 
TD PERSONAL AND PROGRAMMING 

BUSINESS HANDBOOK 
COMPUTING A complete guide to

No 	computer back computer programm
ground Is required . ing & data process
The' book is designed ing. Includes many
to educate the reader worked-out examples.
in all the aspects of a By Peter Steak, TAB 
system, from the se $9.95
lection of the mic

rocomputer to the

required peripherals . .,._______ 

By Rodney Zaks. Ref. 

C200, SYBEX $6.95 DIGl'li'•L 


" 
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• 
l« I 4U10 

co· ~lo+ 

• Interface to data terminal and two cas
sette recorders with a unit only 1/10
the size of SWTP's AC-30 . 

• Select 30 , 60 , or 120 bytes per second 
cassette interfacing, 300 , 600 or 1200 
baud data terminal Interfacing. 

• Optional mod kits make CIS-30+ work 
with any microcomputer. (For MITS 
680b , ask for Tech Memo TM·CIS
30+ -09.) 

• KC-Standard/Bi·Phase-M (double fre
quency) cassette data encoding. De
pendable self-clocking operation. 

• Ordinary functions may be accom
plished with 6800 Mikbug"' monitor. 

• Prices : Kit , $79 .95; Assembled, 
$99.95. 
Prices Include acomprehensive instruction 
manual. Also available: Test Cassette, Re· 
mote Control Kil (for program control of 
recorders}. IC Socket Kit, MITS 680b mod 
documentation , Universal Adaptor Kit 
(converts CIS-30 + for use with any com
puter) . MIKBUGf>Motoro11, Inc. 

In the Product Development 
Queue ••• 
Coming PDQ. Walch for announce
ments. 
6809 Processor Card  With this SS-50 
bus PC board , you 'll be able to upgrade 
with the microprocessor that Motorola 
designers describe as the " best 8-bit 
machine so far made by humans." 
The Eleclrlc Crayon•M- This color 
graphics system includes its own µ.P and 
interfaces to virtually any microcomputer 
with a parallel 110 port . 
Printer Interface  For your TRS-80™. 
Interface any serial RS232 printer to your
TRS-eor"' with this system. 

™ELECTRIC WINDOW. ELECTRIC CRAYON . Pilon· 
30 and Pilon·10 are lrademarkS al Percom Oala 
Ccmpany, Inc. 
TAS.80 IS • 1Jtdem.1r~ ol Tandy Corparallon 1nd Radio 
Stiaci wtli<l! Ills no retatlOOSllfp IO hlCl>m oa11 Company. 

Orden m1y be paid by cheok or money onlerl 
or charged to VIII or Mister Charge credl 
account. Tex11 re1ldent1 must add 5%11111 .... 

For your data storage - Pllon-30r" and 
Pllon-1on• d1ta c111elt11 

• Orders-of-magnitude Improvement in 
data integrity over ordinary audio cas
settes. 

• Pilon-coated pressure pad eliminates 
lint-producing felt pad of standard 
audlo cassettes. 

• Smooth pilon coating minimizes erra
tic tape motion. 

• Foam pad spring is energy absorbing. 
Superior to leaf spring mounted pad
which tends to oscillate and cause flut 
ter. 

• Five-screw case design virtually pre
cludes deformation during assembly. 

• Price: $2.49. 

For your S·100 computer-the Cl-812 
• Both cassette and data terminal inter

facing on one S-100 bus PC board. 
• Interfaces two recorders. Record and 

playback circuits are Independent. 
• Select 30, 60, 120, or 240 bytes per 

second cassette interfacing, 110 to 
9600 baud data terminal Interfacing. 

• KC-Standard/81-Phase-M (double fre
quency) encoded cassette data. De· 
pendable self-clocking operation. 

• Optional firmware (2708 EPROM) 
Operating System available . 

• Prices: kit , $99 .95 ; assembled, 
$129.95. 

Prices Include a comprehensive Instruction 
manual. In addition to the EPROM Operating
System, a Test Cassette, Remote Control Kil 
Clor program control of reco rders), and an IC 
Socket Kit are also available. 

CASSETTE SOR'WARE 
For 8080/Z·BO µ.Cs •..• 

BASIC ETC - Developed by the co

authors of the original Tiny BASIC, BASIC 

ETC Is easy to use yet includes com

mands and functions required for power·

ful business and scientific programs as 

well as for hobby applications. 9.5K bytes 

of RAM . 1200-baud cassette and 42-pa8e 

user 's manual . .. ... .... .. .. $35. 0 

Cassette Operating System - EPROM 

(2708) COS for the Percom Cl-812 dual 

peripheral Interfacing PC card . . $39.95 


If you're programming on a 6800 µ.C , 

you'll want these development and de

bugging programs written by Ed Smith of 

the Software Works: 

Disassembler/Source Generator - Dis· 

assembles SWTP Resident Assembler, 

TSC Mnemonic Assembler/Te)(( Editor or 

Smoke Signal Mnemonic Assembler/Te)(( 

Editor and produces compacted source 

code suitable for re-editing. Prints or dis

plays full assembly-type output listing. 

4K bytes of RAM. 

(Order M68SG) .... . .. ...... $25.00 

Disassembler/Trace - Use to examine 

(or examine and execute) any area of 

AAM or ROM. " Software-single-step" 

through any program , change the con

tents of CPU or memory location at any 

time, trace subroutines to any depth. 

2.3K bytes of RAM. 

(Order M68DT) . . ........... $20.00 

EPROM Support/Relocator Program 
This program relocates aprogram in any 

contiguous area of RAM or ROM to any

where in RAM . Use to assemble and test 

programs in RAM, adjust programs for 

EPROM operating addresses and then 

block move to your EPROM burner ad

dress. 952 bytes of RAM . Loads at hex 

1000. 

(Order M68EP) . . . . . ... . . . .. $20.00 

Relocallng Assembler & Linking Loader 

(M68AS) . ....... .. .. . .... . $50.00 

Relocallng Disassembler & Segmented 

Source Tell Generator (M68RS) $35.00 


Americana Plus -14 tunes for the New

tech Model 68 Music Board In machine 

language readY. fo load and run. Cassette 

compatfble with Percom CIS-30+ and 

SWTP AC-30. Order MC-1SW . . $15.95 


HARDWARE 
Newtech Model 68 Music Board - Pro
duces melodies, rhythms, sound effects, 
morse code, etc. from your programs. 
Includes manual with BASIC for writing
music scores and assembly language
routine tq play them. Installs in SWTP 110 
slot. Assembled & tested ..• • . $59.95 
The Percom ELECTRIC WINODW™ 
Memory-resident and programmable, 
this video display character generator
board for your SS-50 bus displays up to 
24 BO-character lines . Features dual 
character generators, dual-intensity 
high-lighting. One programmable regis· 
ter controls scrolling. Compatible with 
standard video monitors .... . $249.95 
SS-50 Prototype Cards: 
Large card (up to 70 40-pin ICs) $24.95 
1/0 size card . .. . . . .. . ...... $14.95 

To order products or request addltlonal flt· 
eratura, call Percom'1 toll·lree number:['1EfHJ()M I PERCOM™ 'peripherals far personal computing' 1-800-527-1592. Far detail technical In· 

PERCOM DATA COMPANY, INC. formation call (214) 272-3421. 
DEPT.B 

211 N. KIRBY • GARLAND, TX. 75042 
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ATTENTION ELF OWNERS 

ANNOUNCING QUEST SUPER BASIC 


At last a Fvll Sin Basic for 1802 systems. A lloy Basic Source now available S11.00 
complete hmctlon Basic Including two dlmen- S·100SlotElpinslon.Add3mo11 S.100slotsto 
slonal arrays, string wnables, floating point, your Super Expansion Board or use as a 4 slot 
artthmet!c and 32 bit slgntld Integer artthmi!tlc S-100 Mother lloard. Board wtthout \X)nnectors
(10 digit ilCQJracy) with 1/0 ruuUnes.Easllyadap- sus. 
table on most1802 systems. R9i1ulres 12K RAM Coming soon: High resolution alpha/numerics 
minimum for Basic and user programs. cassette with color graphics axpandable up to 256 x 192 
version In stock now !or Immediate delivery. resolution for less than $100. Economical ver
ROM versions coming soon with exchange slons for other popular 1802 systems also. 
privilege allowing credh for cassette version. l 6K Dynamic RAM board expandable to 32K for 
Super Basic on cassette $40.00 less than $150. 

RCA Cosmac Super Elf Computer $106.95 
Compare features befort you decide to buy any 
other computer. There Is no ~her computer on 
themarket today that has all the desirable bene
fits of th8Sup11 lllforso little money. The Super 
EU Is a small single board computer that does 
many big things. It ls an eicellent computer tor 
tralnlng and tor !urning programming wtth Hs 
machine language and yet It Is easily tip1ndlld 
wl1h 1ddltlon1I memory, F•ll 81llc, ASCII 
K1JbG1nl1, Yldeo ci..r1et11 g1nt11U011, 1tc. 
Before you buy another small computer, see If It 
Includes lht following teatu11s: ROM monl or; 
State and Mode displays; Single step: Optional 
addressdlsplays: PowerSupply; AudloAmpllflar 
and Speaker. Fully socketed for all !C's: Real cost 
of In warranty repairs: full documentadon . 
The Sufllr Ell Includes a ROM monitor for pro
gram loading ,edHlng and execution with SINGLE 
snP for prooram debugging which Is not In-
eluded Inothers at thesame price. Wrth SINlllE 
STEP you cansee the microprocessor chlpoP,era
lingwHh the unlqut Oun! address and data bus 
displays btlort, durfno and lft11 executing In
s1ructJons. Also, CPUmodeand lnstructloncyde 
ue decoded and displayed on 8 LEO Indicators. 
An RCA 1B61 _.d10 l"plllc1 chip allows you10 
connect to your own TVwtth an Inexpensive video 
modulator ID do graphics and games. There Is a 
sp11*111pl1m Included for writing your own 
music or using many music programs already 
written. The speaker ampMtier may also be used 
to dMve relays for control purposes. 

A 24 key ll£X UY'olnl nctudes t6 H~X keys 

plusIOld, ""1, rwn, Witt, Input, m1maiy pni

tlct, mun"or 11l1Ct and llngl1 dip. Large, on 

board displays provide oulput and optional high 

1nd tow 1dd""· There Is a 44 pin stanoud 

connector slot tor PC cardsand a50 pin connec

tor slot for tho Quest Super Expansion Board. 

Power supply and soct<ets for 111 IC's are ln

duded intheprictplusadttailed 127pg. lnstruc

uon manual which now includes over 40 pgs. of 

software Info. Including a seMes of lessons Jo 

help get you started and a music: program and 

graphics ta111et game. 

Many schools and univers ~les are using the 

Super EH as a course of study. OEM's use l for 

tralnlng and research and development. 

Remember. other computersonly otterSuper Elf 

features at additional cost or not at all. Compare 

btfo" you buy. Super EH KH $10US, Hllh 

1ddrn1 option st.ts, Low 1dd1tu option

$1.95. CUiiom Clbllltt with drYled and labelled 

plexlglass !runt panel $24.IS. Expansion Clblnet 

with room for 4 S-100 boards $41 .00. NICld 

Blt11ry Mtmory Sn111 kll SUS. All ktts and 

opUons also come completely assembled and 

tested. 

Qu11tdlt1, a12 page momhly soflware publlca· 

tlon for 1802 computer usersIs available by sub

scripuon tor $12 .00 per year. 

Tlll'f Basic cassette $10.00, on ROM $38.00, 

orlglnal Ell kh board S1U5. 


Super Expansion Board wllh Cassette Interface $89.95 
ThisIstruly an astounding value! This board has 
been designed to allow you ID decldt how you 
want It optioned. Th• Sllptr &panlion IOlrd 
comu wttb 411 at low power RAM fully address
able anywhere In64K wtth built-In memory pro
tect and a c1111tll lntllfaco. Provisions ~ave 
been ma.de for all other opUons on the same 
board and It fits neatly Into the hardwood cabinet 
alongside the SUptr Ell. The boardIncludes slots 
tor up to 6K of EPROM (2708, 275B, 2716 or Tl 
..27t6) 111d Is fully 111ctttt4. EPROM can be ustld 
forthe monitor and Tiny Basicorolhtrpurposes. 
A • SUP1r ROM Monitor S1U5 is available as 
an on boald option In 2708 EPROM which has 
been preprogrammed with a program loadtrl 
editor and error checking multi flle cassette 
rud/wrlte software, (relocatlble cassette flit) 
anotherexcluslve from Quest .II Includes register 
save and readout, block mow capablllly and 
videographics driver withblinking cursor. Break 
points can be used with the register save feature 
toIsolate program bugs qulckiy, then follow with 
single step. The Super MonKor Is written wtth 
subrouUnes allowing users to tak8 advantage of 

Munl-volt Com11uter Power Supply
8v 5 amp, : 18v .5 amp, 5v 1.5 amp, -5v 
.5 amp, t2v .5 amp, - 12 option . :1:5v, :1: 12v 
are regulated. KU29.95. Kl1 with punched trame 
S37.45. Woodgrall case $10.00. 

mooltor functions slmpiy Dy eating them up. 
Improvementsand revisions a11 easily donawith 
the monitor. If you have the Super Ellp1111lon 
BHnl 111d Sup1r MonHClt the monitor Is up and 
running at the push ot a buttoo. 
Other on board D11tions lndude P1111ll1t Input 
and ou111111 Portl with tutl h1ndlll1k1. They 
allow easy connection ot an ASClf keyboard to the 
Input port. RS 232 ind 20 ma Cuntlt Loop for 
teletype or other device are on board and nyou 
need more memory there aretwo S·100slots for 
stauc RAM or video boards . AGodbout BK RAM 
board Is available for $135.00. Also a 1K Super 
Monitor wrslon 2with video driver tor full capa· 
biUty display withllny Basicand avideo Interface 
board . P111t11t t/0 l'Orll $1.15, RS 23214.tlO, 
TTY 20 m1 l/F $1.M, S-100 $4.f!O . A BO pin 
conn1c10r 111 wtth 11bbon cable is available at 
512.50 for easy connection betwten the Super 
Elf and the Super E.ip1nl11111 Bo1nl. 
The Pvwar Supply Kit for the Super Expansion 
Board Is as amp suppfY with multlple poslllveand 
negllllvevoUagesS29.95. Add$4.IXHorshlppilg. 
Prepunchedframe$7 .50. Case$10.00. Add$1.50 
for shipping. 

80 Hz Crystal Time Base Kil $4.40 
Converts digital docks from AC One frequency 
to crystal time base. Outstanding 1ccuracy. l<1t 
lndudes: PC board, IC, crystal , resistors, ca· 
pacltors and trimmer. 

Sime d1y 1hlpmlllll. first lin eparts only. 
Factory tested. Guarante ed money back. 
Quality IC'sandothercomponen ts at lac
tory prices. 
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Auto Clock Kit $17.95 
OC clock wlttl 4-.50" displays . Uses National 
MA·1012 module v.ith alarm opUon. Includes 
light dimmer, cryst al timebase PC boarll s. f ully 
regulated ,comp. Instructs. Add $3.95 forbeatJ· 
ti•lul•da• rlcllllliigll'f..,ca..sa•. 11ee•st• val..ue• anliyw._he1111"'._ ... 

Stopwatch Kit $26.95 
Full six digit battery operated. 2-5 volts. 
3.276B MHz crystal accuracy. limes to 59 
min., 59 sec., 99 1/100 sec. Times sld., split 
and Taylor. 7205 chip. all components minus 
case. Full Instructions. 

NICad Battery Fixer/Charger Kil 
Opens snorted cells that won't hold a charge 
and then charo es them up, anIn one kit w/full 
parts an d in structions. $7.25 

PROM Eraser 
Will erase 25 PROMs in 15 minutes. Uftra
vlolet, assembled S34 .l50 

Hickok 31/t Digit LCD Multimeter 
Batt/AC oper. 0.1mv 1000v. S ranges. 0.5% 
accur. Resistance 6 low power ran ges 0.1 
ohm-20M ohm. DC curr••01 to 100ma. Hand 
held, W' LCD displays, auto zero , polarty, over
ranoe. Sll9.15. 

Digital Temp. Meter Kit' $39.95 
Indoor and outdoor. Switches back and forth. 
Beautiful. so· LEO readouts . Nothing li ke 11 
avallable. Needs no add ttlonal parts tor com 
plete, full opera11on . Will measure - 100" to 
+ 200' F, tenths ot a degree, ai r or liquid. 
Beautilul woodgraincase w/bezel S11 .71i 

TERMS 	 S5 OOmm orderU S Funds Cal1fres1dentsadd6° .tax 
BankAmencard and Master Charge accepted 
Shipping charges will be added an charge cards. 
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Rockwell AIM 85 Computer 
6502 based single boardwithfull ASCII keyboard 
and 20 column thermal prlnter. 20 char. al
phanumerlc display, ROM monhor, fully expand
eble. $375.00. 4K version $450.00. 4K Assem
bier SB5.00, BK Basic Interpreter $100.00. ll-
Power supply aS$y. In case $60.00. AIM 65 In 
thin briefcase with power supply 5485.00. 

Not a Cheap Clock Kit $14.95 
Includes ewry1hlng except case. 2-PC boards. 
&-.50' LEODisplays. 5314 clock chip, trans
former, all components and fu ll Instructions. 
Orange displays also avail. S11111 *" w/.10" 
dtspl1ys. Red only. S21.t5 Case $11.75 

Video Modular Kit $8.95 
Convert yourTV set Into ahigh quality monitor 
without aHecttng normal usage. Complete ktt 
with full Instructions. 

S·100 Computer Boards 
SK Static RAM Kil Godbout $135.00 

16K Static RAM Kit 265.00 
24K Static RAM Kh 423.00 
321< Dynamic RAM Kit 310.00 
64K Dynamic RAM Kit 470.00 
BK/16K Eprom Ktt (lu s PROMS) $89.00 
Video lntarlace Kit $139.00 
Motherboard S31. Extender Boarll SB.ti 

79 IC Update Master Manual $35.00 
Compllh ICdata selector, 2500 pg. master refer
ence guide. over 50,000 cross references. Fn!I 
update service through 1979. Oomesllc postage 
SS.50.1978IC Masterdoseout$19.50.No foreign 
order.I. 

FREE: Send for your copy ol our NEW 1979 
OUEST CATALOG Include 28,· slamp 

Circle 311 on inquiry card. 

http:Masterdoseout$19.50
http:LMJ.101'.ll
http:lMMO'f.11
http:Add$1.50
http:Case$10.00
http:negllllvevoUagesS29.95


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 ! 

• Interfaces with Altair, IMSAI, SOL-8, 
Cromenco, SBC-100, and others. 

• Bank Selectable 
•Phantom 
• Power 8VDC, :t 16VDC, 5 Watts 
• Lowest Cost Per Bit 
• Uses Popular 4116 RAMS 
• PC Board Is doubled solder masked and 

has silk-screen parts layout. 

• Extensive documentation clear· 
ly written 

• Complete Kit includes 
Sockets for 64K 

• Memory access time: 375ns, 
Cycle time: 500ns. 

• No wait states required . 
• 16K boundrles and Protection 

via Olp Switches 
• Designed to work with Z-80, 

8080, 8085 CPU's. 

EXPANDO 64 KIT (4116) 
16K $249 
32K $324 
48K $399 
64K $474 

New from Lobo ~~t~?i:~~~;,~~., '"pply, 
and Shugart 801R disc drives. 
•Cabinet accepts 2 801R drives mounted side by side horizontally. 

110 KB, 35 ltlCkl. • Power Supply for 2 drives 
• Ad-on drives available SHUGART SA <00 $285.00 

SHUGART SA 400 
with 1nrachve m1111 c.tH with 
cu1ou11 !Of D•ll C.bll lwilch, 

ruse and power cCHd 

FEATURES: ISM 3740 Soll So<:!ored Compll~ 
ble. S ·100 BUS COmpatlbfe fat Z·800f 8080. COn· 
11011 up to 4 Drives {slngle or double s ided). 
Olreclly controls the lollowlng drives: 

• Assembled , tested and guaranteed by Lobo Drives. 

LOBO SA<QO.C $325.00 
SHUGART SA400 

wilh C1oln411 1nd Powlt Supply. 
Allltnt>l.O, lttttd I ou1t1nteed 

L080 SA400-PSC $395.00 
SHUGART 801R 8" 

o!:,~Y~i·.~~~'1:?,1 ~::,:.~1~. 

t ~~~=~ ~:== ~~~~~3Vioppy. 
3. PERSCI 70 ond 277. 
<. MFE 700f750. 
5. CDC IM04/9<006.
6. GSl/Slemans FDD120-8. 
~ec~o': 1:'nrt!~~!~d ~~p~~P'gp.5:!,~: ~:',; 
modified CPIM operating 1y1t1m and C·Blltlc 
Compiler. The new "VerHllopp)'" from $ .0 . 
COmpuler Pr0duc1s fi'o"ldes complete control 

• Single or double density • Hard or soft sector • Write Protect 
•Ca aclty: Unformatted single density 3.2 megabits * 

double density 6.4 megabits 
IBM format, 2 megabits ~ 

• 500 KBS transfer, 77 tracks. 
• Shugart 800 Serles Compatible 

PfOIK-t , Uld mot• 
SHUGART &O!R $449.00 

Si•mtn1 FOO 1fJD.6 S" 
dautJl1·1fd" dau,,l• dtnslly 

LOBO 801R·1 Pcs. Dual Cabinet with 1 drive . . . . .. .. . .. .. $599.00 
~t~~~Xi :~~hlu~vS.!~~~o~-M'U-1~:of!'~~ '. 
slly COntroller Chip. UatJngs lor Control SOii · 

LOBO 801 R·2 Pcs. Dual Cabinet with 2 drives .. . ... .. . . $1025.00 

$650.00 .wc'pM''r~·;~~·t~r~~~ioppy s100°0 SHUGART 801R Ad·on disc drive ... . ........... .. . . . . . $449.00 

--~=OQPOl!A7loN Logic Probes and~~-?... 
liii~ Digital Pulsers -~~ <'~ 

LOGIC PROBES 
CSC IOQic PfOblt ,,. 111• ultlmate 1001 tor bfeadbOard design and testing . 
Thoe P'land·h-tld unllt pto<wldt an lns1ant 0'¥ttv1ew ol clrc1.1ll condlllont. 
Simple lo uM. Jull cllp Power leads 10 clrculra po'#tt SUPPiy, set logte 
family switch 10 nuOTL °' CMOSIHTL. Tol.ICh probe 10 test node. Tre e• 
logic revel, 1nd pul111 Uuougiti dlgllal clrculla. Even stretch end l1 tc:h '°' 
Hty purJt delecUOf'l , ln111nl recoginlllon of tllgl'l, low or ln"J&Jl d 1eve1t, open 
clrcullt tnd f\Od... Slmplt. duat.rev•I dllecto1LEOs1ot1 II qulckl)',COt1e<:I· 
ly. HI (Logrc " 1'1: LO~Loglc ..0..), Alt0lnc0f00tt1H blln\lng pufH delectot. 
• g., HI Ind L.0 L.EOt bllnk on or OU, tracking " t " Of " CY' st&IH al IQUl(I 
wive lrtQutnclu ut:i IO 1.5 MHZ. Pulte L.EO bllnkt on IOI 'II aocond Clur lno 
pulto lr1n111Uon. Cholc.e ol ltuH models to mee1 lndMdull •tQuhem•nlt: 
tn.tdOtU. p101ec1 •Mt JPHCI or ro01c crrcu111. 

MODEL L.P ·1 
H1no 0he1e1 tog le prODt pro~e1:111n1ten1 reacllno 011og1c 11-w111 '°' Tll.f on. 
HlL or CMOS.. lnp1.1t lmpe<11nce: 100,oooonm1, Minimum Ott.et1bl• Puln: 
!iO n1. Mulmum 1nput Sf9n1l IF11quency): 10 ~H.z . Pult• DtttelOf (LED): 
HiOh tPltd '"'" OI tlnolt •~itnl , Pulu Memor,: PulH Of ltYtl U1ntltlon 
dtlOCled Ind tlOltd -
csc flll odel LP·1 l09le PYobt - Ntl Eleh ••• ••••••••~ $42.70 

$319 KIT 
VDB-8024 Video Display Board 
With On-Board Z80 Microprocessor 

• fu11tll•lt.V9CtC""b)·:!-' llm""lltlt>.iol~ 
. n...,.w,,.111.,.1111,""<"llA lllw:hK.: ti••· 

011J17it l lJMuru. 
• K.:)-t..nl l \ ,.n:r llllli h11..rtl&c(

• '"tflll~"'lll• \'111k,.fJuQ11.u 
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MODEL LP·2 
Econom)' -wettlon o l MOdel LP· 1. Slllf ll'!tn 1 ¥Ollmtler. More 1ccurale U11n 
•scope, Input ltnpedartee: 300.000 OJ\ft\1. Minimum Delecj.tble PMlu: 300 
ns. M1dmum lnt:iul $1gnat (Fteql.IWIC"t}: 1,6MHL PulH 0.tectOf (LED): Hlgl'I 

=~::~~ ~;.~
1

:~cev,:!.~::. :::~'. ~~~·......~ $23.70 
MODEL LP> 
High 1~t0 !ogle DfObO. C.p1urt1 p1,11111 aa tl'lor1 a1 10 nt. Input Im• 
Ptdtnc:e: 500.000otlmt. Mlnhnum Oettc:t1bl1 Pultt : 10 nt. Mulmum Input 
SiOntl (Fftoq!Mncy): 50 MHL Pvltt 0.ltc!Of (LED>: High 1peed train Or 
alngil• 1ven1. PutH M•mory: PulH Of lr#tl tr•nslllon detac:ttd •nd 1tor&d. 
CS<: Mod•I LP'3 Logie "'Ol>o - Nol EacO ., • , $66.45 

SD COMPUTER BOARDS 

$239KIT 
SBC100 Single Board Computer 
with On-board RAM, PROM, CTC 
• Foiu-0-nd Cawur.rlrlltl(t 

17.lll>CTl:t 
• Softwr.tc Prqmuftm.tli&c !"'-'ti HAwi;...,..., 
• S. I00 0..C'ampatJbk: 
• SoF11J11tPanr.l~db-tJt1et11lk!ft 

• Opua..l \'~ lntanipta 

• 7ll0Crntnl l"rt.cc..J,_ I 'nu 
• lootU,1.U ofH&Adomi\c'ttMoM ftllNJ" 
• 8Kl.Jytc.o/A\Wa.1Jlcl'IC())I 
• Sc:rW lntJUtJOurput a.\.,, wtLh both 
~1tdvuni•lfl and ,\it.,TIC"hn1n10p<,....., 

• l"'-ilt'l l•µMI Mii Uul,IUt l\on.. 

DIGITAL PULSER 
The ultlm1te 1n speed ano ease of OPlfttlon , Slmply connect cltp 'eaot to 

:~~:11:":o~~ft;1 ~11n::*d0;i~:1~nc::'c~~.o:i~~·:'S:e:c!!:11f!;."i:.=~ 
011 pushbuUon a.nd tr igger an opposi te: pol.,ily pulse ln!o tho clrcull. Fiii 
lroublethoollng Includes lnjecUng algn111 al key point.' In TIL, DTL, CMOS 
or otner popular cltcullt . Test wllh single pultt or 100 pulses p01 neond 
via bulll·ln duaJ conttol push-bullort: t>ullon selecl s 1lnigle shot °' con· 
llnuou1 modet. LEO lndtca1or monllor1 OPttlltlng mocr11 b)' lluhlng once 
lor 1lrtglt pulte or oonllnuoualy for a pulte lflln, Completely autcmaHc. 
l)enc:ll·tlre l1bll leld pulte 9enerat0t for tny lamlly ol drgl1 a1 c:lfcblls. Out· 
p1.1t: Ttl•ttate. Pol1rtty: Ftulse•1Malno 1uto.pol1rlty. Sync tnd Sou•ce: 100 
rnA. Pt.11H Ttt ln: 100 t:IP •· LED lndk:•tor. FllShH lor ,rngle pulH; •••,., Ill 
tor ~ulae 1f1ln. 
CSC Modtl DP·1 Di git t i Pu!Hr-Nel E1ctl •.• , .•.. 

A Complete Microcomputer on a Board 
• l".Hlt( "('fllnJ l'"w~'* l 'nu •Ith ll'IH 

lm.ltun.IUl!ljl. 
• Ch1U11MIK...,b~·1.-ll>IJ>o1il9) 

• Kai"""'c. '11) s~u·.a-'i•ir 
h111."tf0« 

• T-..11 IW..t:tA'<'UrlllidH-1.Jit l/0 l \1n 1o(i'~ 
1'10 ) 

• s._ ..hch S..•ki;uahk l'NI ))I•• )li•1Uot 

PRIORITY ONE ELECTRONICS@ . 
Terms : ~1 ~,~i~A~, ~~;,~~Or~~~~: o. ~-~Pun~!~~~~;slS~a~~•~s~~ tax~\ 
Minimum order $10.00. Prepaid U.S. orders less than $75.00 Include 5% shipping and handling: .. 
minimum $2.50. Excess refunded. Just In case ... please Include your phone no. 
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TRS-80 DISC 
DRIVE 

Shugart SA400, housed in an attractive met case, 
complete with power supply and termination net· 
work. All you need to do Is connect the drives to your 
expansion Interface. 

• Separate Integral 12·key Numeric Pad 
• All 128 ASCII Codes 
• 64 Displayable Characters 
• 24x80 Screen Configuration 
• High Resolution using a 5x7 Doi Matrix 
• TTY·Styte Keyboard Layout 
• Cursor Addre9$lng and Sensing 
• EIA Interface 
• Eight Selectable Transmission Rates up 

to 9600 Baud 
• Microprocessor Based 
• Remote Commands 
• Alttactlve Styling for Contemporary En· 

vlronments 
Hareltln• 1400 

ume 11 1410 IHI numeric p1d 
• 00 

• All 128 ASCII Codes 
• 94 Displayable Characters Including 


Lower Case 

• 24x80 Screen Conllguratton 
• Htgh·Resotutton cna1actera Using a 


7x 10 Dot Matrix 

• ANSI Standard Keyboard Layout In· 


eluding Numeric Pad 

• Cursor Addressing and Sensing 
• Dual lntenslly 
• EIA and 20MA Interface 
• Nine Selectable Transmission Rates Up 

to 19.2 KB 
• Auxlllary EIA Output 
• Remote Editing Commands 
• Standard or Reverse Video 

. • Microprocessor Based 

• Cursor Control Keys 
• Protected/Unprotected Data 
• Transmit Page, Line or Batches of tnfor· 

malion 
• Function Keys-up to 127 
• Tab/Back Tab/Auto Tab 
• Format Mode wllh Insert and Delete 

Line Keys 
31 Remote Commands Including "Tar· 

tnal Status" 

1510 Reg.P"S:. 
51175 

ALL THE FEATURES OF THE 
" 1510'' PLUS ••. 

Separate Mlcroprocesaor.controtllld Printer In· 
tar11ce which 1llow1: 

• lnlerfaclng of both 11rlat and p1r11111 printers 
• Printer •Pffd Independent ot communlo1Uon1 

baud rate 
• Printer control cadet to bl 11n1 by th• CPU 

•l'MS received by the prfnttt Without rHtrlcUon 
Of allo1aUon of the termln11 {eapeclally u ..lut 
fot wide canl1g11ppllc:1tlon1) 

• lnforma11on to be tran1mllted dlrecll)' to ellher 
1he printer or the termln1J. ot to both 

• Operallng Modes/Remote Comm.onds; 
Remoto/Local Print: Printer O<l·Une 
with/Without D11play: Printer Ofl·Una 

1520 
Reg.(166Cl' 

51495°0 

CENTRONICS 779 PRINTERS 

Portable Mlnlscopes for 
Electronic Professionals on 
the Go!!! The Standout 
Oscilloscope development of the 
decade! II Now ·30MHz, dual trace ---·•• 
model. Compare the performance, 

thoo oompo~ tho "'"· • 

1¢ sale Probes 1¢ with purchase of scope 
• SO.Megahertz bandwldlh • Accuracy 3% full scale. • Internal, ltneorextemal trigger. • Bal· 
terfes and charger/transformer unit Included •Graticule: 4x5 divisions, each division 0.25" • 
Time base: 1 micro sec. to 0.5 sec/div 21 settings • Vertlcte Gain: O.G1 to 50 Volts/div. 12 set· 
Unga• Size 2.9" H x 6.4"W x 8.5"0. 3.5 lbs. • TEST MOST DIGITAL LOGIC CIRCUITS IN· 
CLUDING MICROPROCESSORS • . 

41 ·141 Deluxe 1otol probe with 4 Interchangeable tips .••••••.•••••••.••.•••• $27.00 


41 ·37 Deluxe 1otol/1lol probe with 4 Interchangeable Ups ••. . ••.......•.•••.• $38.50 

41·180 1eathercarrylngcase ........ ..... ............... ... .............. $45.00 


MS.15 Slngte trace 15 MHz ............ . . ............................... $318.00 

MS·215Duel trace 15 MHz .... . .............. . .................. . ...... $435.00 


3M Scotch® Brand 

DISKETTES 


Part# Sides/ 
Density 

740..0P 1/slngle 
740/2·0P 2/slngle 
740·32P 1/slngle 
740/2·32P 2/slngle 
741-0 1/double 

744·0K 1/slngle 

744·10K 1/slngle 
744-16K 1/slngle 

Sectoring Price 
Box of 10 

8" 
Soft-IBM $39.95 
Soft·IBM $75.00 
32-Shugart 801 $39.95 
32-Shugart 801 $75.00 
Soft-Shugart Obi $59.00 

5" 
Soft-Shugart SA400 ss1.oo• 
(TRS-80) 
Sott/10 SA400 $51.00· 
Soft/16 Mlcropolls $51.00* 

"Price Includes Kas-ette/10 Storage Box a $5.00 Value 
" DON7 SETTLE FOR ANYTHING LESS THAN SCOTCH" 

C:$C: 
100 MHz &·Digit Counter 

• 200 H2·100 MHz Range 
• 6" LEO Display 
• Cryatal-controlled timebase 
• Fully Automatic 
• Portable • completely 

self contained 
• Size · 1.75" x 7.38" x 5.83" 
• Four power sources, I.e. batteries. 

110 or 220V with charger 12V with 
auto tighter adapter and external 
7.2·10V power supply. 

~VS-Sale $120.00 
ACCESSORIES FOR Mi\X 100: 

Moblle Char1ar Ellmtnalor use power 
rom car battery Modal 100·CLA $3.95. 

Ch1rger/EJlmln1tor use 110 VAC 
Model 100 - CAI Sll.95 

ACOUSTIC MODEM 

NOVATION CAT 


• 0·300 Baud 
• Bell 103 
• Answer, Originate 

Reg. $198.00 

Sale $189.00 

SALE 


LOGIC MONITOR 1 
Trace signals through all types of digital circuits. Unit 
clips over any DIP IC up to 16 pins. Each ol Its 16 contacts 
connects to a stngle·blt level detector that drives a high· 
lntenally, numbered LED readout activated when the ap· 
plied voltage exceeds a fixed 2 V threshold. Logic "1" 
turns LEO on; loglc "0" keeps LEO off. A power·seeklng 
gate network automallcally locates supply leads and 
feeds them to the LM·1 's Internal circuitry. Saves minutes, 
even hours In design, troubleshooting, debugging of 
equipment. Volt1ge Threshold: 2 V :1: 0.2 V. Input Im· 
ped1nc1: 100,000 ohms. Input Voltage Range: 4·15 V max. 
across any two or more Inputs. CUtrent Oraln:200mAat 10 
v. Size: 4" I. x 2" w. x 1.75" d. when open. Weight: 3 ozs. 
CSC Model LM·1 Logic Monitor-Complete. 
Sate Price ....................... $54.95 



P • 

.5%, av. digit 19 
Range DVM. '/2' LCD displays 

runs 200 hrs on 1 battery. 10 Meg 
Ohm Input. 1 yr. guarantee, made In 
U.S.A., test leads Included. 

Av•ll•bl• Acce11orlea 
RC·3 11 SV AC Adapler ..•• • .•••.. $7.50 
CC·3 Deluxe Padded Vinyl 

Carrying Case . .. ............. $7.50 
VP·10 X10 DCV Probe Adapter/ 

Protector 10Kv .... ....... ... S14.95 
VP·40 40Kv DC Probe . •.. • •.. ... $35.00 
CS·110 Amp Current Shunt .•• • •. $14.95 

*FREE 
Just for Asking. 

FREE BATTERY with your meter. 

Plvg·M•lo S • Sockel-Female C • C0111t• ·Hood 
PRICE 

1·4 15-1 
uo 1.30 
2.15 2.l>5 
1.50 1,30 
2.20 2.00 
3.20 3.00 
1.80 U.5 
2.to 2.to 
J..15 J.tl 
I.IS IAO 
t.tCI 1,IO 
.... 1.55 
3.M 3.90 
5.75 S.50 
2.20 1.8!1 
.t.95 .C ,75 
7.50 7.20 
2.50 2.20 
1.00 .eo 

S-100 BUS EDGE CONNECTORS 

IUIO·WWO ~100 Cont. .12' c.1r• l 

~~~=Aeotr~·~ll on 
, .. ... tO-iC 

M.oO u.n A..50 

llOOAt.T DIOO Conl 12' c:tr._ DIP 
SOLDE:A TAil Oft 1.60 INCtG towt for 
ALTAIA moth!WOOWcts GOLO pa.ted

t.. M 10-1• 
14.10 M.21 lt..00 

l lOG.STQ $0!100 Conl , 12.S r.UI 04P 

~J>A=. 1rui~ ~~~·:~h~ 
botld• 001..D pttttd,.. ... 

1UO 112.1 
10.2• 
U.00 

S100SE !iO'tOO com I~ Clrt Pl~EO 
SOLDE:A EYE\.ET tiUlt GOLD 

1-4 1-t UUt 
H..00 f.UO H .00 

Other Populu Edge Coftn11Clo,. 
Dt2W.1$t: n'4'Con1, 1$.1 ci r• PIERCIEO 
SOLDER EYUET l•Ua. OOLO pi.1.a 

,... ... tO.t• 
u ,oo U.to l12D 

OH "'IWW ntueoru 1$6C:lr• WIA G 
WRAP l•il:I . GOLD.,.. ... 

U .11 A.JO 

co., 1MS1J sayi. c.ro Gvio.a srs 1oo 

See our July Ad for many other connectors. 

Sockets purchased in mulltplea or 50 per type may be combined fO< bes1 p1fce. 
1-9 10-24 25-H 100-241 2.50-ltl 
.-40 ..36 -~ .31 .27 
.39 .38 .36 .32 .3 I 
.so .42 .-40 .36 . ~ 

.70 .60 .55 .50 .•S 

.90 .80 .75 .65 .62 

.115 .85 .80 .70 .86 

.95 .85 .80 .70 .65 
1.25 1.15 1.00 .115 .90 
1.65 us 1.35 uo 

~#APPLE PLUGBOARD 
Voctor 4609 Perlphor11 Interlace Plugt>oard lot conllruc11on of cu"om clrcul11 . 
Plug compaiible with Apple II , CommOc:lore PET and Super K im microcompu1011 . 
Three connectors, in addll lon to the atandard 25150 system bus. are avallablf for 
lnpul loutpul . A 20140-C0ntact card·edgo connector , rabrJcated on the rear o lhe 
t>oarcs, mates with a 3·M lVIMI ribbon c:oonector. AllernaUvel'(.; a rlihHt.11~ro ==,:.•"ii.a: :::r.ri.~/!°~1W~l'v":e ' ~~~ec'l';: ~~~00.n.~~ ~~ 01~ 
periphery or In mld·bOard. 

1-4 5-9 1G-24 

$19.95 $17.96 $15.96 
• WWOoClf!,11-•ta.t •,, + lt 

-t1 ti.Wt•9tlll· .............. 
•\ltf11twr.,...C.-...........~ ........................-

8803 
MOIHEI 
IOMORlll 
1100 IUI 
MICllG
COMMEJll 

'Jlffl Plugboards 

II[ Ill• Q.10.,.,,f'nt ...... I .......................................... 
· s.i..........., ...., .. 
.,.~..... --1Nf1 ...... . ..... ,,1"""""1 .. l00~t!1 

"""I.. l};Ufllltlt • lfl HOJMtOliCll't ._..Nll_.......,.,,,,..... t,tllt.,. 
::.'!!:"~------.tc.llC -~:::.:~ 

• lillC'-"t lllJolCIP'tllh• ..tlrlll:llM........ P . 
8 

. 
· =.=s"~~.::t-o~11110•16't c1 rte . 

eeoov 
Unwtfsal M1c.rocompu&erl CKotessor 
pl ug~rct use 'Wiit! S· 100 bu s Com• 
plete wttlt nu• s1nlc & tt.araware 5' 3 · • 
10· '1116 

1· 4 
119.95 

M 
117.H 
8801 -1 

IQ.24 
$15.96 

....~ cw..1-.. .....lll11J.11).. Kl"C 

$29.50 
Same u 8800V i>cept pllon ins powet 
buses & hul sink 

1-4 5-9 10-24 

111e 1'i1iif BOARD 
.042 dla holes on 

0.1 spacing for IC's 

SIZE 
4.5x6.5" 
4.5x17" 

4.5x6.5" 
4.5x8.5" 
4.5x17" 
8.5x17" 

PRICE 
1·9 10.19 

$1 .56 $1 .40 
$3.69 $3.32 

$1.79 $1 .61 
$2.21 $1 .99 
$4.52 $4.07 
$8.03 $7.23 

~VB: 

'"" PANAVfSE Tl~TS, TURNS, AND 'f!1:'
ROTAT£S TO ANV POSITION, 1-.r.. 
IT HOLDS YOUR WORK 
EXACTLY WHERE YOU WANT IT. 

~ 'I 
WRAP. POST I 

for .042 dla. holes \ 
(all bOardo on th is page) \ 
rwc pkg . 100 •• 1 2.IW 
T44/M pkg. 

1000 . . • • . 114.35 \ 
A-13 hand lnslalllng 

1001 ....... I 2.114 

:n,, 
PRICE: S13.49 ~ 

PRICE: n3.49 
VACUUM BASE 

3682 9.6" x 4.5" 
$10 .97 

3682·2 6.5" x4.5" 
$9.81 

Hl·Densily Dual·ln·Llne 
Plugboard lor Wire Wrap 
with Power & Grd . Bus 
Epoxy Glass 1/16 .. 44 
pin con . spaced .156 

3677 9 6" l 4.5" 

$10.90 
3677·2 6.5" l 4.5" 

$9.74 3662 6.5" x4.5" 
$7 .65 

3662-2 9.&· ' x4.5" 
$11.45 

P pauern plugboards tor 
IC's Epoxy Glass t/16" 
44 pin con. spaced 156 

389(1-12 
CARD EXTEHDER 

Card Extender has 100 con· 
tacts 50 per side on .125 
centers·Attached connec· 
tor·I S compatible with 
S· 100 Bus Systems . S25.&3 
3690 6.5" 22144 pin .158 
ctrs. Extenders .. .. $13.17 

14 & 16 PIN 
GOLD 3 LEVEL 

WIRE WRAP 
SOCKES 

14 - G3 100 for 
$33.00 

16 · G3 100 for 
$33.00 

50 of each for $35.00 

fil4@i[,hf 
TEST 

EQUIPMENT 
CALL FOR 

SPECIAL PRICES 



'enus 2001 Assembled & Tested 
$259.95 •Complete 
Unit with 4K Memory 

V·1deo Board :;~0~~~=e~~~=~ on 
and tested $339.95 

OPTIONAL: • Sockets $10.00 
• 2K Memory $30.00 
• 4K Memory $60.00 

k•tI 
$19995 

• Video Driver Eprom $20.00 

• S-100 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. 

American or European TV Compatible 
(CRT Controls Programable) Dealer Inquiries Invited 

32-K Static RAM $499. KIT 

• S-100 Plug-In • Kit includes P.C. board, all parts 
and assembly manual • Uses 2114L, 450 nS. 

l.C. sockets · $20.00 
P.C. BOARD BY S-100 CO. 

16-K Static RAM $249. KIT 

• S-100 Plug-In Kit includes P.C. board, all parts and 
assembly manual. Uses 2114L 450 nS. 

Sockets · $1 o.oo 
Add $40.00 for 300 nS (4M Hz) RA MS 

P.C. BOARD BYWAMECO 

Z-80 CPU $125. KIT 

• S-100 Plug-In Kit includes P.C. boards, all parts 
and assembly manual . 
FEATURES: 2MHz operation • S-100 plug-in 
• Power-on jump • On board provision for 2708 
(optional at $12.95). 

P.C. BOARD BY ITHACA AUDIO 

Assembled and Tested $ 95.95 
• 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 II 1/0 Boa,d 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 
used 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 

new! A DREAM COME TRUE ! 
lntroducing:30 MHZ 
DUAL TRACE 
PORTABLE 
SCOPE$ 

for an 555 
amazing • ~~~~Cm.;~~J 

• Dual t race 2-channel ; separate, 

chopped or alternate modes. • 30 megahertz 

bandwidth. • External and internal trigger. 

•Time base · 0.05, Microseconds to 0.2 SEC/div 

21 settings • Battery or line operation. 

• Line synchronization mode. 

• Power consumpt ion less than 50W. •Vertical gain · 

0.1 to 50 volts/div· 12 sett ings. •Size: 2.9" H 6.4" 

W 8.5" 0 . •Weighs only 3.5 lbs. w ith batteries. 

•Complete with input cable and rechargeable 

batteries ar:id charger unit. 

OPTIONAL: Leather case $45.00 • 10:1 probe $27.00 

(2 for $49.00) \ 


MS ..215 
1sMHzDualTrace Portable Scope $399. 

MS-151s MHZ Single Trace Scope $299. 

SHIPPING $3.50 I California residents add 6% sales tax 

ELEClRONICS WAREHOUSE Inc. 
15820 Hawthorne Boulevard 


Lawndale, CA 90260 

{213) 370-5551 




Circle 1 on Inquiry card. 

PET SPECIALS UST FREE* KIM-1 $159 (AddS30torPo-5upp1iiSYM-1 $222FREEi UP TO $170 IN PET 16N 16K full size graphics keyboard $' 995 $130 BAS-1 Microsoft ROM Basic for SYM $ 85=-==:::.==• MERCHANDISE PET 16B 16K full size business keyboard $ 995 $130 Memory Plus $199WITH THE PURCHASE OF ONE PET 32N 32K full size graphics keyboard $1295 $170 SEA-16 New 16K Static RAM $325OF THE FOLLOWING PET-CBM PET 32B 32K full size business keyboard $1295 $170 Seawell Motherboard-4K RAMITEMS!! 
PET 16S 16K small keyboard, integral cassette $ 995 $130 space $ 99 
PET 32S 32K small keyboard, integral cassette $1295 $170 KTM-2 Synertek Keyboard and 
PET BK 8K small keyboard, integral cassette $ 795 $100 Video Interface with Graphics

ASK ABOUT PET 2040 Dual Disk Drive - 343,000 bytes $1295 $170 Capability • $290 
EDUCATIONAL PET 2040A Sing le Disk Drive - 171,000 bytes $ 895 S115 RAM 16 4MHz 16K Static S-100 $270

DISCOUNTS PET 2022 Tractor Feed Printer $ 995 $130 

ON PET PET 2023 Pressure Feed Printer $ 849 $11 D 
 2114 L 450ns 4K Static RAM $6.95 

PET C2N External Casselle Deck $ 95 S I2 2716 EPROM (5 Volt) $ 45 
IEEE - RS232 Printer Adaptor for PET $ 79.50 6550 RAM (for PET 8K) $13.00 
BETSI PET to S-100 Interface & Motherboard $119.00 6502 Microprocessor Chip $ 9.95WRITE FOR 6502 AND
PET Connectors- Parallel or IEEE $ 2.25 6522 VIA $9.75S-100 PRODUCT LIST - Cassette Port $ 1.60 6520 PIA $10.50 
Personal Information Management System- BOOKSAdd $3 for PET program casselle $ 8.90 Programming the 6502 (laks) $ 9.90Protect-A-Pet dust cover $ 9.50 6502 Applications Book (Zaks) $11.90MICROCHESS for PET (Peter Jennings) $ 17.90 FREE! 
 6500 Programming Manual (MOS) $ 6.50PET 4 Voice Music Board (MTUK-1002-2) $ 49.00 Programming a Microcomputer:6502 $ 8.90Music Software (K-1002-3C) for PET $ 19.00 UP TO $170 IN Basic for Home Computers $ 5.90CmC Word Processor program for PET $ 25.00 MERCHANDISE 

Bridge Challenger program for PET $ 13.50 
 3M "Scolch" 8" disks 10/$31 

3M "Scotch" 5" diskettes SALE 10/$35Adventure 1 for 24K PET $ 7.95 
Verbatim 5" diskettes 10/$27Tunnel Vision/Kat & Mouse-maze $ 7.95 

(Write for quantity prices)Graphics Util ity Package for PET $ 13.50 

Stimulating Simulations-Book & PET tape $ 13.50 
 Cassettes (all tapes guaranteed) 

Kite Fight - 2 player action game $ 7.95 
 Premium quality, high output lownoise in 5 

Write for PET Software List screw housing with labels: 
C-10 10/5.95 50/25.00 100/48.00Auto-Repeal Hardware for PET $ 24.50 
C-30 10/7.00 50/30.00 100/57.00Word Processor for PET - Machine Language 


version. Auto scroll . insert, delete, form letter append, etc. 115-A E. Stump Road 

BK Version $ 24.00 16K or 32K with disk $ 95.00 
 A B Computers Montgomeryvme, PA 18936 

• Amount of Free Merchandise with Purchase of PET-CBM Item. (215) 699-8386 

Minimum Order $10.00 

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

*FDC-1 FLOPPY DISC CONTROLLER BOARD 

2708 or 2176 interchangeable ............ $30.00

*QMB-9 9 SLOT MOTHER BOARD 
Controls up to 8 Discs ········-·················$45.00 

*MEM-1A 8K BYTE 2102 RAM Board ... . $31.95 

*MEM-2 16K BYTE 2114 RAM Board ... . $31.95 

*CPU-1 ·aoaoA CPU Board 

Terminated ······················-············· ·········-$35 .00

*QMB·12 12 SLOT MOTHER BOARD 
Terminated ... ...................... .............. ..... .. $40.00 

*ATC REAL TIME CLOCK 
With Vector Interrupt .......................... . -.$31 .95

*EPM-1 4K BYTE 1702A EPROM .. .... ...-$29.95 

Programmable Interrupts ......... .. '. .... .. ... .. $27.95 

FUTURE PRODUCTS: 80 CHARACTER VIDEO BOARD, 

10 BOARD WITH CASSETIE INTERFACE. 


DEALER INQUIRIES INVITED, UNIVERSITY DISCOUNTS AVAILABLE 

AT YOUR LOCAL DEALER 


(Wme};nC°. WAMECO INC. 11 1 GLENN WAY #8, BELMONT, CA 94002 (415) 592-6141 
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Circle 384 on Inquiry card.. 

10%0FF 20%0FF 

YOUR OWN TRS-80 SYSTEM AT TREMENDOUS SAVINGS • 


OTRS-80 Complete System DISK DRIVES NOW IN STOCKI 
Includes: CPU/Keyboard, Power Supply, 
Video Monitor, Cassette Recorder, Manual, 
and Game Cassette. 

@Line Printer 

@)Mini Dl1k System 

0C-1OCa11ette1 

@Verbatim Dlakettea 


ITEM 
TRS-SO Complete System 
level II. 4K RAM 
TRs-80 Complete Sys1em 
leYel II 16K RAM 
Expansion Interface 
Pertee FD200 Mini Dl1k Drive 
Centron lcs 779 Prinler 
Centronlcs 101 Printer 
Anaelex OP-8000 Printer 
Ce ntronlcs P1 Printer 
Trendata 1000 
Memory Klt{18Kl 
'FREE INSTALLATION 
Verballm Oiskeltes ea. 

3 
10 

Maxell Diskettes ea. 
3 

10 
C- 10 CasseHes 5 

25 
C-30 Cassettes 12 
Paper (91h" • 11" fanfold: 

3500 sheets) 

REG . OUR 

PRICE PRICE 


$ 698.00 s 567.1 

$ 988.00 s 764.10 
s 299.00 $ 269.10 
$ 495.00 $ 365.00 
$1599.00 $1175.00 
$1595.00 $1 400.00 
$1295.00 s 995.00 
s 534.00 $ 445.00 
$1495.00 $1295.00 
$ 199.00 s 98.00 

$ 5 95 s 4.95 
s 17.69 s 12.00 
$ 59.00 $ 37 .00 
$ 10.00 $ 7.50 
$ 30.00 $ 21.00 
$ 100.00 $ 60.00 
s 4.95 s 4.so 
$ 24.75 s 18.75 
s 2995 s 23 95 

$ 35.00 S 29.95 

Model Liit Price Our Price 
Level 11-4K $888.00 $828.20 
Level ll-16K $988.00 $889.20 
Exp1n1lon Interface $299.00 $289.10 

Centronics 730 
Same as Line Printer II 
· Special 1st 25 units sold 

$ 850 Reg.$ 895 

Anadex 9500 
Similar to Line Printer Ill 

$1,295 Reg. $1,999 
' All printers Include cables 

There are new developments evel)' d.ly
wrlte or call lor the lalHI Information. 

Outlet Hours: Mon.-Fri.; 9 am.-7 pm. 
Sat. 12-5 pm. 

~corp
m Hendason Boulevard N~ 

Folcroft lndu.trlal Parle 

Folcroft PA 19032 

(215) 461-5300 

TOLL FREE 
1·(800) 345-8102 •orders only! 

FOREIGN and DOMESTIC DISTRIBUTORSHIPS AVAILABLE •.• 

POWER TRANSFORMERS (WITH MOUNTING BRACKETS) 

ITEM USED IN PAI. WINDING SECONDARY WINDING OUTPUTS SIZE UNIT 

NO. KIT NO. TAPS 2x8 Vac 2 x 14 Vac 2 x 24 Vac WxDxH PRICE 


T1 1 OV, 110V, 120V 2X9A 2x2.5A 3%' ' x3%"x 3Ve" 19.95 

T2 2 OV, 110V, 120V 2 X1 2.5A 2 X3.5A 3¥4"X 4%" x31/e" 25.95 

Ta 3 OV, 110V, 120V 2 X 9A 2X2.5A 2x 2.5A 3%"x4%"x 31/e" 27.95 

T4 4 OV, 110V, 120V 2x4.~A 2 x 4.5A 3%"x3%"x31/a'' 19.95 


POWER SUPPLy KITS (OPEN FRAME WITH BASE PLATE, 3 HRS. ASSY. TIME) 

ITEM USED FOR @+BVdc @-BVdc @+16Vdc @- 16 Vdc @+ 28Vdc SIZEWxDxH UNIT PRICE 

KIT 1 18 CARDS SOURCE 18A 2.SA 2.SA 12''x6°x 4¥a" 46.95 

KIT 2 SYSTEM SOURCE 25A 3A 3A 12''x6"x47/e" 54.95 

KIT 3 DISC SYSTEM 18A 1A 2A 2A 4A 14"x6"x49'a" 62.95 

KIT 4 DISC SOURCE SA 1A BA 10''x6"x47/e" 44.95 

EACH KIT INCLUDES: TRANSFORMER, CAPACITORS, RESIS., BRIDGE RECTIFIERS, FUSE &HOLDER, TERMINAL BLOCK, BASE 
PLATE, MOUNTING PARTS AND INSTRUCTIONS. 

REGULATED POWER SUPPLy "R2" ASSY. &TESTED, OPEN FRAME, SIZE: 9" (W) x 5" (D) x 5" (H) ... .. .. . $69.95 

SPECS: + sv +1%, @SA, + 24V, + 1%, @5A. OVERCURRENT PROTECTION AND + 5% ADJ. FOR BOTH VOLTAGES. 
REMARK: IDEALFOR ROCKWELL AIM-=-es MICROCOMPUTER. ALSO - 5V,@ 1A OPTIONAL. $S.OO ADDITIONAL. 

SHIPPING FOR EACH TRANSFORMER: $4.75. FOR EACH POWER SUPPLY: $5.00 IN CALIF. $7,00 IN OTHER STATES. CALIF. RESIDENTS ADO 6% SALES TAX. OEM WELCOME. 
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The Exidy 
·SORCERER !!~ 

Flulbllly 11 lhe hy. The Sorcerer Compulor gives you lhe llH lblllly ol u1ln9 rea dy·lo· i~i[ 
run , pre·p1ck•god progr1m1 or doing your own lhlng and perton1llzln9 lhe programs lor ;\': 
yourull. Which over you choote. lhe Sorceter ls lhe personel compuler lh1I 1pe1k1 your i::; 

l•~t~•::~cerer 1110 provides lull gr1phlcs c1p1blllles. Eich choracler. lormed by an 8 1 8 :~ 
dol cell. c•n be progr•mmed u 1 gr1phlc symbol 1el. High resolullon (512 1 240 ( 
•ddrHHble polnl1) g ins• lol•I of 122.880 locallons lor 1uper onimoUon and ulremely · 
llghl plolllng curv11 . The 1lphanumerlc set gives 64 1 30 c h111clors on lhe video screen ~~ 

PART NUMBER: SY0·5016A :~~ 
>:> 

With !1!1.116!'.'!K'l'!!!!!l!o!l!'!f!!!!'lm"'e"m!lo!!!!ry!!!!I!!!!. ·'.!!!!·!!.'!· !!I.I. ·!'!'!·!!!!!· !!I.I. ·!'!!!·!!!!· !!!!!. ·!'!l!· '!.'l!· !!!!!. ·!!i· '!.'l!· ·!!!!!·!'!I!· '!.'l!· ·!!!!!·!!!!!· !!!!!. ·!!!!!· !!!IO· !!!!!• • !!I.I. !1!1.1$1!!!!1!1!1.115!!!!!0!1!'!.0'!l!IO~!fij 
, CUMlte t1pe lnlerface and 

TRS ·BO ' APPL E"SORC[RER' TRS·80' APPL 

JADE MEMORY 
EXPANSION KITS For 
'FRS-80. Apple. & Exidy. 

4116''1 

Everything a person need• to 
add 16K of memory. Chips 
come neatly packaged with 
ee1y to follow dlrectlon1. In 

mlnutea your machln(I 11 
ready for gamea and more 

advanced 1oftware. 

$82.00 

16·COLOR GRAPHICS CAPABIL
ITY- Easy to access high resolullon 
graphics have special leawres lhal 
let you define your own characters, 
create animated displays, charts , 
graphs, etc. 
MUSIC ANO SOUND EFFECTS
P rov Ides outstand ing audio 
capablllly. Build three-note chords 
anti adjust frequency , duration and 
volume quickly and slmply. You can 
build notes with short , straightfor
ward commands. Five full octaves 
from 110 Hz lo beyond 40,000 Hz. 
BUILT-IN EQUATION CALCULA· 
TOR- Unique convenience feature 
helps you find quick !Jolulions lo 
everyday math problems, as well as 
complex sclenllllc calculations. 

JADE SERIAL/PARALLEL 1/0 BOARD 

FEATURES INCLUDE A COLOR MONITOR 
16H RAM MEMORY, BASIC BUILT INTO THE 
CONSOLE, AND TWO COMPAEHENSIVE MAN· 
UfllS EASV FOR THE BEGINNER •OiAllENG
ING FOR THE EXPERT. 

Progr1m1 •re soled securely In SOLID STATE 
SOFTWARE COMMAND MODULES. These ROM 
pach acluolly add memory 10 Ille Tl· 99f4 10 lh•I lhtt 
consolp'1 memory can be utilized tor user lnpuL 

TM software appllcallons are presently broken down 
into lour areas: 1) Mome M1n1gement1Person1I 
Finance. 2) Educallon. 3) Enlerlelnmenl, 4) BASIC. 

SY0 8994A ... . ... .. . . . . . S 11 50.00 

SYM-1 $245 
Port Number:CPK·SOO!i?A 

Fe11ure1 Include: 5 ·1 00 Comp1Ubl1 e Two aetlll 1/0 Port1 u1lng 
oollw1re-progr1mm1ble UARTS • On1 9ener1I putpoae l•lched p1t1llel 
110 Port Ideal for prlnler lnlert1ce or conltol • Switch ttlecteble • On 
boerd •K1nu1City" 1t1nd1rd c11111te lnterl1ce u1t1bfe upto 1200 Beud, 
1llowlng 1lor-ve of up lo 180,000 bytes on • 30 minute 1udlo CHtelle. 
Atttmbled 1nd l ..ted Kii 

101·1040A, ..•.•. . .. • . $179.95 101·1040K, • ••... .• . •. $124.95 

6502· BASED SINGLE BOARD COMPUTER WITH 
KEYBOARO I OISPLAY . KIM-1 HARDWARE 
COMPATIBLE. COMPLETE DOCUMENTATION. 

Btre Board with Monu11 10 · 1040B, . .... . . ... .. $30.00 

THE BIG Z 
THE NEW Z-80 

CPU BOARD FROM JADE 
Fealures Include: • S-100 Compatible. available In 2MHz or4MHz 
versions. • On-board 2708 , 2716. 2516. or 2532 EPROM can be 
addressed on any 1K. 2K . or 4K boundary, with power·on jump to 
EPROM. • On-board EPROM may be used In SHADOW mode. 
allowing lull 64K RAM to be used.• AulO"'lalic MWRITE generation 
11 front panel Is not used. • On·board USART tor synchronous or 
asynchronous RS232 operation (on-board baud rate generator). • 
Reverse-channel capability on USART allows use with bultered 
peripherals or devices with "not-ready" signal. 

2Ml"lz· cp~.:~~:io.oo 4 MHZ· 
Kit: CPU·30200K. 2 lbs . $149.95 Kil: CPU-30201 K. 2 lbs $159.95 

Assembled and Tested: Assembled and Tested 
CPU-30200A. 2 lbs •.• $199.95 . CPU;30201A. 2 lbs $209.95 

SYM-1 . ENX-00 5 . . . . . . • S .95 

GRIKEYBOARDS 
Feature1 Include: Full 128 character ASCII • 
Tri-Mode Mos encoding • MOS/OTLmL 
compatlble output • Two-key rollover • Level 
and pul1e • !robe• Shift and alph• lock• 
Selectable parity • Positive or Negative Logic 
•All new OEM grade components • Gold 
contact, low bounce keyawlthcea • Rugged G· 
10 printed circuit board • Custom 2 1hot 
molded keycapa • Low power consumption • 
Opllonal. numeric pad avallable • Custom 
enclosures available. 
Model 756A 

Aaaembled- KBA-30756A . .. ... . ... . $79.95 
Model 753K (53 Key, Teletype Keyboard with 
lower caae) 

Kit- KBA-30753K .. • .... . • •. . .• • • ••• $65.95 

0825-CONNECTORS 
D825P· CN01251 .... . ... . .. .. .... . . . .. $2.25 
DB25S· CN01252 . ... ... . .... . . . . . . .. .. $3.25 
DB25C- CND1253 (Cover) . . • . ... • . . .. • . $1.50 
RS232 Special: DB25P, 08258, plus Hood 
only $6.50 (Part Number: CN0-12501 

8080.A . . . . . • . • . .. . . . .. . . $10.00 
8085 . . . .. . . • . .. .. .. . .. . .. $23.00 
TMS9900TL .... . .. .. . . ... .. .$0.95 

8080A SUPPORT OEYICES 
8212 . ..... . .. . .... .. . . . . . .. .$2.90 
8214 . ....................$4.65 
8216 ... ......... ... . .. .. .. ...S2.75 
8224 (2MHz) . .. ... . ..........U .30 
8Z28 .. .. ...... . . . ............Sl.75 
8228 ........ ... ........... .. $6.40 
8238 .. ... .......... . ..... . ...$6.40 
1243 ......... ..... ...... . ... $8.00 
8251 ...................... . $7.50 
1253 . . • ... .. . . .. .. . • • .. .. • • S20.00 
8255 ........................$6.40 
8257 • . .. . • .. . . .. ... ...... $18.00 
8259 • .. . . . . .. .. . . .. .. .. . .. . s18.00 
8275 • . .. . ............ .. .. . $51.20 
1279 ......... . . . . . .. . ...... $17.70 

USRT 
52350 . . • • . .. . . . .. .. .. . • • . $10.95 

UARTS 
AYS-1013A ... . ... ... ...... ...SS.25 
AY5·1014A . ..... .. .. . .. . .. ...$U5 
TR1602B ., ...... .. ..... .. .. ,$5.25 
TMS6011 . ... . .. . .. . .. . , .. . .. $5.85 

6800 PRODUCT 
6821P ......... . .. . .. , . ..••• ..S5.25 
6828P . .. . .. . • .. • . . • • • • • .. • . . $9.50 
6834P ............ . .. . .. ... . $1&.95 
BB50P .. . ......... . . .. .. .. ... .$4.80 
6852P ............ . .. . ........$5.25 
6880P .............. . ... . .. ...$9.25 
6882P .. •.. .. •.. •.. . • . . . • . S12.00 
&875L ............... . .. .....$7.30 
8880P ... . ........ . . . ....... , . Sl.50 

CHARACTER GENERATORS 
2513 Upper (1-12 SI .. .... . ..$8.75 
2513 Lower (1·12+5) ...... .. $8.75 
2513 Upper (5 roll) •.••..••.••S9.75 
2513 Lowtr (5 VOii) . . ....... $10.95 

PROMS 
1102A . .. .. .. . . ... .. .. . ..... .. ss.oo 
2708 .... . . .. . .. . .... .. .. .. . .. $9.95 
2716 .. .. . . . ...... .. ........ $49.95 
2716 (5•) .. .. .. . .. . .. ... . .. $48.95 
2758 (SV) . .. .. ........ .. .. .. $30.00 

DYNAMIC RAMS 
4115 . ... . .. . . ..... . .. .. .. .. ..ss.oo 
4160/4118 (200no) .. .. . ... . . Sll.50 
2104/40118 ........ . . . .... . .. ' .u .oo 
21078-4 ..... . .... . . . . .. . . . . . . $3.95 
TMS4027/4096 .... ... . .. . .... S.C .00 

STAllCR MS 1-15 19-100 
2114 (450no) Sl.00 Sll.115 
2114 (300no) $9.00 Sl.00 
lMS.044/ 
MMS257(UOns) $8.00 $7.50 
111154044/ 
MM5257(300n1) Sl.95 Sl.75 
21L02 (450n1) $1.50 $1.20 
21L02 (250n•) $1.75 $1.&0 
C200A (200no) $9.95 $1.50 
C10D (200111) $8.25 $7.00 

SBC·100lncl udu gold pilled Z·BO STARTER KIT 
llngoro. S· IOO olzt. hold• An S· 1\10 ''"fJ't> ttoara com 
72·11 pin dlp1. eccorno· 8Hed on lh• pow1rful ZIO pult' Z-80 CPU wllft 1024 
dllH 111 I lhr u 40 pin dip CPU, lhll kll lo on ldtolbylH ol RAM 8 10 l:1K byles 

lnlroductlon lo mlcropropack•g... o' PROM Seuat I 0 port 
Reg ·S 19 95 Spocl1I Price· OHIOr9. It hH •n on ~bo•'d1( 11 $239.95 

koybOlrd end dloploy. plu1 $11.95 PART TSX·140B $3'9.95 

HIGH QUALITY 13 INCH COLOR LEEDEX MONITOR MONITOR!- Speclally matched for 
• 	 1 2 " Bleck ond White use with lhe Tl-99/ 4 console. Uses a 

almpJe, sure hook-up.
• 1 2MHZ Bandwidth UP TO 72K TOTAL MEMORY 
• H•ndaom11 Pl•stic Ca~e CAPACTIY- 16K RAM, plus up to 

26K ROM onboard. plus up lo 30K 
ROM In Tl 's Solid State Software $139.00 
Command Modules. 

.so SYSTEMS SO SYSTEMSPROTO BOARD 

Computer Products 

IOCIHlllll 1111-85: Thi Hlld-1111'1

I ln~;o;;;~~ 
:!~:~ ~~!~ = 

4K assembler/editor In AOM S80 
8H BASIC In AOM: S100.00 
Power Supply: SS9.95 
Cose of AIM-65 $49.95 .._-!!!ll!!:!lli~ 

Special Package Price: $599:00 
Al M·65 (4K), Power Suoolv, Case, and BK BASIC ROM 

N OVATJ ON CAT ACOUSTIC •""DEM '* · 
 IVIV 
• Features Include: 300 Baud
c~'} $189.00 Answer/Orlgii;ote. Bell 103. Comes 

t1p1n11on provision• ror TEXTOOLZIP DIP® IIt.o S-100 connrc:ton. This 
"' Oo~ U~an · · Bo•rd wlU alto 

' 111cuprogtam lh• 2716 2K Sockets C~illi!i 
EPROM 16 p111 Zip 01p II SS.SO b)lllllll.t.ll.(Kil $20.95 
Aumbld 111d TOid S399.95 14 pill Zip 01p II S7.50 Z•RO 

40 p111 Zip 010 II Sl0.25 INS•RTION P'ORC• 

MICROPROCESSORS 
F80 . .......... . ........ . .. S18.95 
z90 (2MHz) . .. . . . .. ... ..... uo.95 
Z80A (4MHZ) ........... . ... $14.95 
COP1802CO ...... .. . ..... . $19.95 

TEXAS INSTRUMENTS 

Tl-99/4 6502 . • . • • . . . . . . . . .. . . .. .. . $11.95 
6800 ..... . .............. .. .. . $9.75 HOME 6802 .. . ............ . ... .. . s14.00 
800&-1 ............ .. ...... $15.95 
1035 . . .. •• • .. . .. . .. . . . . . $24.00 
803$-8 .. • • .. .. .. • • .. • • • • .. $24.00 

COMPUTEA 
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PRICES GOOO IN THE UNITED STATES AND CANADA 

PLACE ORDERS TOLL FREE: :::~:~;:'!"~~o';~ 
Wh~n visiting the Los Angeles area, visit JADE's retail store at 13340 S. Hawthorne Blvd. In the cltv of Hawthorne 

INTEGRAL DATA SYSTEMS MODEL 440 PAINTER ~-,:::·:':::'=~''''"'''' ='~;;:~';''''';';''~:~:;::'~~~::;~~;~,~=~';"''''''~~:,,: ;:::~trn:~\:.' 

DIP SWITCHES 
P1rt No. poolllono 1·9 
SWD-103 3 $1.18 
swo.104 • s1.20 

SW0-107 
SWD·108 
SW0·109 
SWD-110 

7 •i .30 
8 

SWD·105 5 $1.24 
SWD·106 & S1 .28 

9 
10 

THE PAPEA TIGEA 
$995.00 

•Up to 198 CPS 
• 1.75" to 9.5" Adjustable Tractor feed 
• Parallel and Serial Interface 
• 96 Character ASCII Set 
• 132 columns- 6 or 8 lines/Inch 
• Eight software selectable Character sizes / . 

• 	 110. 300. 600, 1200 Baud Rate 
FOR THE GRAPHIC OPTION WITH 2K. ADO S199.00 Part Number: PAM-33440 

MEM· 2 

16 K Static RAM Board 


Kil · t•50ns) S250 00 

Kol• 1250n•) S28S 00 

AHtmbled• (4SOn1) SJ2S 00 

AHtmblitd • (2S0n1) SJSO 00 


DYNAMIC AAM BOARDS 
EXPANDABLE TO 64K 

32K VERSION• KITS 
.he\ 411 ~< 8K• l , 2~0n\) Dvn•m•c 
~AM'\. c•n be e• o•nded in 8K 
ncremenu. u o to J2K 

SK $159.95 2•K S249.9S 

ISM S199 .9S J2K S299.95 


64K VERSION• KITS 
1es 4116 (16K• 1, 200nsl Oyn• m•c 
AM'\. can be ex o•nO~d 1n l 6t< ' 

ncremena uo to 64K 

16K 5249 .95 48K S469.95 
J2K SJ69.9S &•K $569.95 

STATIC RAM 

BOARDS 


JADE 8K 
Kits : 	 450ns $125.95 

250ns $149.7S 
Assembled & Tested: 

450ns $139,75 
250ns $169.75 

Bare Board : $ 25.00 
tat1c 

Assembled & Tested: 
250ns $795.00 
450ns $725.00 
250ns Kit $575.00 

LS. Engineering 
EPROM Eraser 

Features Include: Erases 
up to 48 l.C.a at a time • 
Uses popular (and readily 
available 12• shortwave 
UV bulbs) • Handsome 
smoke-plasllc case • 
Includes bulb • 
Just plug II In and you're 
ready to got 

XME-3200, . • . . $39.95 

POWER 

SUPPLIES 


S0 ·249A For ii Single!> 1 4 011'-. 
''"~ By Power ·Ont' ot Atptu1 Power 
HY 1t.7A. +12V 111 .1A .. $52.00 

S0 ·205A For S tnglp 8 Olik Oun 
y Pow•r•On• SV 11 1A ·SY 11 SA, 
2•Y 11 I SA S89 9S 

S0 ·206A Fot Two I 01111. Ouvo 
y Power-On~ or Alpha Powrr SV 

i)l 2 SA · SY •1 SA · 24\# ._, 
) A SUSOO 
Roc ti.we-U Aim· 6!:io Pow~r Supply 
PSI ·DlOA S59 9S 
KIM · 1 or S'YM · i Power Supply 
PSI ·020A S~9 9S 

CABLES 
MINl ·DISK CABLE KIT: To connecl 
lwo 5 114·· drlves lo ' d lsk con1rolle1 
board. Contains assembled and lestec 
s · long slgn•I cabl• wllh 34 pin edge 
connectors. Also Includes cabl•s and 
connector for D.C power supply. 

WCA·3431K $34.95 

8" DISK CABLE KIT: Toconn&cl lwo8" 
disk dnwes lo edge•type controller 
(e .g .. Vernlloppy . Doubl• · D) 
Conlalns anembled and tested signal 
cable with conneclor.s plus cable and 
connectors 	 lor bolh A.C. and D.C. 
power. 

WCA· 5031K $38.45 

8" DISK CABLE KIT: Same as WCA · 
5031 K excepl controller end or signal 
cabl~ u5es 'Header" 1ype connector. 
e.g .• tor Tarbell ControllM. 

WCA·5032K S38.95 

SIGNAL CABLE ONLY; For one 5 114·· 
drive 10 edge 1ype controller connector 
(•.g .. TRS·BO lo Vl•I• Disk Drivel. 

WCA·l421A $24.95 
Sam• as Above. e«epl lor lwo 5114"' 

JADE 
FLopnu DISK 

i-T 

SPECIAL 
INClUDES: . Two Siemens/GS! S" 

Aoppy Disk Drives • Power Supply• 

Jode Double Densltv Boord (Kit) • 

CP/M'" Operotlng System with 8oslc 

E (CP/M Is o r0()lsteled trodemotk of 

Dlgltol Aeseo1cll) • PQCkoge o( 10 

Blonk 8" Diskettes (Dc:Kble Density) 

• lnterfoce Cobles. 

IF purchased seperotely this 
package would cost: Sl 544.95. 

JADE SPECIAL 
$1225.00I-JADt. 

ISO-BUS 
MOTHERBOARDS 

Comu In either 6, 12, or 
11 1101 alzea. Th11e 
bomrd• with l a 1peclaS 
ground plane •••ure • 
allent operation 
JADE 6 Slol 

Kii . .. . .. .. . , $49.95 
A11ombl•d . .. . $59.95 
811• Boord . . . . $24.95 

JADE 12 Slol 
Kii .... . .... $89.95 
A11embled . . . 599.95 
B1re Board $39.95 

JADE 18 Slot 
Kii ......... $129.95 
Anemblod .. $149.95 
B•re Board . . . $59.95 

$1 .34 
S1 .31l 
$1 ,38 

,. 


.._______ ..u.. .. ....,,..,~ 

~11~.B :~ 
Thia 1leak new m•lnlrame la nHllY trimmed to hold ol• S-100 

board•, three mini-floppy drlvea, end la ..alleble In fl•• colors. Power 
requlrementa; 115/220 VAC, 50/SO HZ. Weight; 27 lbs. (with drlve1). 
Dlmenalont: 21 .375" Wide X8.4" High X15.875" Deep. Powir Supply: 
8 volt• et 18 Amp• unreguleted, + 18 voll1 a13 amp1unregutsted,·18 
volts at 3 amp•unregulated, +5 voltnt 3 am pa reguloted, + 1Q volts et 
3 amp• reguleled. 

THE PIGGY IS HERE! 

THE PIGGY <W•lhou1 Dnves) .... $475.00 
'!l'P'!"Al"R'!'T..N M'!l!B'!"E!l'!A:,.E_N_s_-1_06_320""'_____ 

SPECIAL 

51/4'' Diskettes 

$29.95/Box of TEN 
SPECIFY SOFT, 10. or 16 SECTOR 

8" SINGLE SIDE, SINGLE DENSITY 

S34.95/Box of TEN 

THE JADE "DOUSLE-P" 

INTELLIGENT 


DISK CONTAOLLEA. 

•R f.A l> ~ RI l'E IN SI. Gl.E OR OOU81.E 
l>f, SI I y 
• x·· or S%'' DRIV ES 

34 29 9 
IJ=d=rl=••=s=. W=C=A=· ::;;:;ll;::A::;:::::;;;::==S== ·= =

5=ll• er M COM PA T IBLE IN EITHER 
llF'.'SI I Y 
• O" - llOARD ZMO cru Al.LOWS 
11 '\JV E RS AL SYSTEM coMPATrn 11.11 Y 
• l'ROCi RAMM E I> DATA TRA SFER · !110 
l>MA• CO!llTROl.S UP TO II DRIVES 
•SOI' I WAR E SEl.ECTAIU .E DENSITY 

Our nc" controller u1il i1cs 1he I BM 'lu ndurd 
l<>rmai. fn r rmwn re liahili1y.· Ou1a recovery ;, 
cn<·hac<·d 1hrnugh use or a phase-locked-loop 
llal a 4il.!('Crat1on ci 1c u i t and write 
prcrnnlp( n\alion . S ingle a nd doul:>le den•ity 
di,kcnc, cun he mixed in lhc sa me svslem. 

A"emblcd and Tested 
lOD-1200A. 2 lh .. . $299.95 

Ki1 
IOD-1200K. 2 lb . .. S249.9S 

Bare Board w; Manual 
IOD-12008. 2 lbs . . • . SSS.DO 

Manua l 
IOD· l200M. I lb . . . . SI0.00 ...J'...&.I>~

Computer Products 
4901 W . ROSECRANS AVE., HAWTHORNE, CALIFORNIA, 902-

(213) 179·3313 

ORDER TOLL FREE 
800-262-1710 Ill! 800-421-5809 

INSIDE CALIFORNIA - CONTINENTAL U.S. 
WRITE f<>ft OU" ""EE CATALOG 

Cash, checks, money orders, and credit cards eccepted. 
Minimum order: 510.00, California residents add 6 0/o sales tax . 
Minimum shipping and handling charge: $2.50. Dis.c:ount1 
available at OEM quantities. 

l'f\ICES SlJ8JE<T TO CHANGE WITHOUT l'f\IOA NOTICE 

for Export Information send fo< o JADE INTERNRTIONAl CATFl.00 

.;.. ••· ,• <: 

VB-18 VIDEO INTERFACE 
S.100 Compatible Ser,.1 Inlet · 
lace wHh Sockets Included. 
Kit 1117.ts 
Assembled & Tested SISt.tS 
Bare Board w/manuat S 35,00 

FLOPPY DISK INTERFACE 
JADE FLOPPY DISK (Tarbell
board) 

JADE KIT . . . . . . • . . $190.00 
Alaembled & Tested $280.00 

S.D. Computer Product1 


VERSA-FLOPPY 

'<•• Sl59 95 
~''"mblPd I!. T•\l•d 5 2 39 00 

DISK DRIVES 
MPI 851 5 1/4 " 111151111-155100 $295.00 
Single or double denally, up lo 40 
track•, track lo track ace"' time 
only 5ms. 

MPI 852 5 1/4" MSM·1SS200 . $4$0.00 
Double head version of MPI 851 

Shugut SACOO 5 1/4" . .. . . $325.00 
Single Density, 35 Tr•ck 

Siemens FDD100·8 8" . . •.. $495.oo 
Shugart 801 R replacement, Slhgle or 
double density, run• cooler 1nd 
quieter. 

Slemena FDD200·8 8" • . . . . $575.00 
Double head version of FDD100-8 
cap1ble ol double den11ty, double 
aided storage. 

Shug1rt 801R 8 " . . : •. ... . $575.00 
Hard or soil sectored, 400K BYTE 
drive. 

UISll U80 

Mini DISll 


SYSTEM 
FOR TRS-80 

$395.00 

PART NUllllllER! 11111~ 
lncludH dl1k drln, po- 1upplr. 
r•oul•lor board. •nd compacl t•••· 
T~• Y·IO oltera 23.,_ more llO<ege . 
c1p1clty. Simply l•k• 11 <>ul ol lhe box, 
plug In ti.. nble. ind 11'1 r•ldy lo run . 
~equlrH 1CK, L•••I II . U1N1n•lon 
1n1ert•ce. 

Interface Cable .. $24.95 
PART Ullll ER: WCA-3ol21A 
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COMMERCIAL GRADE PERIPHERALS FOR THE MICROCOMPUTE _.... 
'" ......~ --r~---- • • i •PRINTER 

• t ' I TAPE DRIVESTERMINALS 

MODEMS 
• ASCII SELECTRI C PRINTER/TYPEWRITER : Why setlle for less than 

letter.qualitV printout from your computer? Refurbished IBM Model 725 
can be used as off·llne tVPewriter or on-tine printer. Complete with solenoids, 
power supply. case and ASCII interface card (TTL to CPU parallel port.) 
Interface includes programmable ASCII translation table on EPROM with up to 
B tables for use with various type spheres. Feedback signals on completion. of 
each print cycle insures fastest printing speed (15 cps.I
Price: programmed w/3 translation tables (one type sphere) : • ••. •••.. $796.00 

• SELECTRIC 	110 TERMINALS (by GTE/Information Synems). Both ASCII 
& IBM code versions with microcomputer interface software & hardware (RS
232 connector.) Cassette drive models permit up to 2400 baud data transfer 

rate as ..ell as ofl~ine data storage, use as memory typewriter, & use as data 
entry device for office personnel familiar with Selectric tVPewritars but not 
computers. Wide·carriage. interchangeable tvpe spheres; optional bullt· ln 
modem. All units cleaned. adjusted & warranted. 

Model 5541 (IBM Correspondence code) •.• . .... .. . .. .. $796.00 

Model 5650 (corres. code, built·in cassette drive) . , •. . . .. , .$1196.00 
Model 5660 IASCll code. buih·ln cassatte drivel, . ... . , . . .•$1295.00 

•OIABLO 	MODEL 1560 "DAISY·WHEEL" TERMINAL : Refurbished 
letter-quality te rminal with Hytype I printer (30 cps) , full ASCII key
board, RS-232 serial prot, 110. 150, 300 baud, 768 char. print buffer, 
software controlled graphics mode C1/GO In. spacing), built·in &tand. 

$ 9 00SHIP WT. 200 lb. Price, refurbished: • • • • • · • • • • · · 18 5. 
•DIABLO 	HVTYPE I Model 1200 PRINTER MECHANISM: used, complete 

and tested. Requires po.wr supply, case & mCPU interface. 15 day return 
privilege - no other warranties. LIMIT ED QUANTITY! · · · · · · · • · $ 750.00 

-6' Ribbon cable & connector for printer Main logic PCB · · · · · · ' $10.00 
- 14-i)ln Winchester connector & 1B" power supply cabl~ · · · · · · · · · $5.00 
- "As-is" spare printer PCB's for parts (Logic, Heat Sink. Control): ea. $20.00 

•POS 103/202 "MIX or MATCH" MODEM: BELL 103 and/or BELL 202 
FREQUENCIES: Unique POS control design permiH use in one housing of 
both Bell..::ompatible 103 (0 - 300 baud) and 202 (0 - 1200 baud) modem 
modules originally made by VADIC Corp. for a telephone company subsidiary. 
FEATURES: RS·232 serial interface, auto-answer, auto<tial, LED display, 
telephone line interface via acoustic coupler, manual DAA, or auto-answer 

OAA (sold separately.) FULLY ADJUSTED: no special tools required,
3.000 mile range over standard dial-up telephone lines. 

-POS 103 MODEM (with Auto Answer, Auto Dial~ · · · · · · · · · • $ 179.95 
-POS 20·2 MODEM IHalf·Ouplex with Reverse Channel). • · · • · • · $249.95 
-POS 202 MODEM (Hall·Ouplex w/Rev. Ch., Auto·Answer) . • .•• $279.95 
-POS 1031202 MODEM (Auto·Answer, Auto·Diall . • .. .. .•... $399.95 

NRZl TAPE DRIVE CONTROLLER/FORMATTER: Designed 
interlace between S-100 bus mCPU and 9-track, 800 BPI, NRZ1 tape drive. 
Allows microcomputerist to read and write IBM-<:ompatlble %" mag tapes. 
Software provided for BOBO or Z-80 systems. Requires modification for drives 
of various mfrs. 
Price: (Includes S-100 card, controller cara, 10' cable, software listing) • $750.00 

•Pos-100 	 81 

•NRZ1 TAPE DRIVE by WILLARD LABS. 9•track, 800 BPI, NRZ1 format, 
1 2"/sec~ 1200 h. reels 110 megabyte capacity) Fully tested and warranted $599.00 

•CONVERT 15" IBM OFFICE SELECTRIC TO 1/0 TYPEWRITER: Kil 

includes asserrilled solenoids, switches, wire harness. magnet driver .PCB plus

instructions for Installation and mCPU interface .•••. , • • .... .. ....$200.00 


•DIGITAL CASSETTE DRIVE (from GTE/IS Terminal): lBOO baud, 6"/sec; 
AC motor; fwd/rewnd circuitry plus tape head, no read/write electronics $25. 

• FORMS TRACTORS, Moore Variable width "Form A-Liner" for print te1minals: 
a)Model 61!5P for 15" Carriage IBM Selectrics (new); .. . ... ... ... • $76.00 
b)Model KB1 for QUME or DIAB LO Hytype I or II printers (new) : .• , . $90.00 

•POWER SUPPLIES for Disk Drive, mCPU, tested under load shown: 
- No. 519 (w/fan & AC cord) : -+5V reg., +12V reg., +24V, @4A (10 lb.I. .$39.95 

- New Pin-feed Platen (14") : $50 if bought w/prlnter: separately · . . $100.00 - LAMBDA No. LMEE5 w/OV protect: +.5v reg.@ 25A (35 lb.) .•. ... $69 .95 

..----------------- NO RISKI 16 DAY APPROVAL ON ALL MAIL-ORDERS-----------------.. 
Full documentation included PLUS interface instructions fPACIFIC OFF ICE SYSTEMS, INC. t Call or write for details, quantity prices, catalOQ. 16 day 
...nere indicated. All equipment is shipped insured FOB ~ I 1A return privi lege PLUS 90 day no charge replacement of91 a 1 d 
Palo Alto within 14 days alter check clears or COO Palo Al~o~~~•94;~·9 >/; defective parts. All orders shipped from stock. No back 
order is received. Pricas may change without notice. .\ (4 16) 321·3866 order&, no substitu tions. M/C & VISA ac:cepted. 

ProComp/New England 

-- announces IMNET•.. (IMSAI Multi·user NETwork Operating System)uue Microcomouter Networks ...•IMSAI Better than timeshared mini- or micro-svstems.... 
And less expensive. Stoo bv and see for yourself,
Or write or call for our IMNET brochure. 

10 Megabyte Winchester Disk, Integrated Video 
( ffilCROffiATIOO J 	 Comouter•.. $10,995. Other Micromation 

Integrated Video Computer Systems from $5995. 

·Micromation Doubler Disk Controller .•• $395. 
•Measurement SYste1111. & Controls 
4BK Dynamic Ram .•. :ti595. 

Write, call or stop in {M-F 9 - 5;S 10-4) for our catalog
(617) 482-4450 and Grand Opening Sale Price List. 

120 Baylston Street 
4th Floor 

Boston, MA/02116 ProComp/New England· 
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Wire Wrap Tools 


BATTERY HOBBY TOOL* BATTERY INDUSTRIAL TOOL* ELECTRIC INDUSTRIAL TOOL 
• Accepts Industrial Bits and S leeves •Accepts Industria l Bits and Sleeves

• Auto Indexing 
(Gardner Denver or equiv.) (Gardner Denver or equiv.) 

• Anti-Overwrapping 
• Industrial Motor for Production Wire- • Industrial Motor for Production Wire

• Modified Wrap wrapping wrapping 
• Backforce Avai l. (Recommended for #30) . • Backforce Avail. (Recommended for 1130). 

BW2628 Tool . ......... ...... $19.85 BW928 Tool .. . . .. .. . .. .. . . . 49.95 
BT30 1130 Bit 2.95 BW928BF Backforce Model . . . . 52.95 EW8 Tool . . .. . . . . . . . . . . . . 85.00 
BT2628 #26 Bit .............. 7.95 Bit & Sleeve Specify #22 - #30 . .. .. 29.50 EW28F Backforce Model • . . . 92.90 
BC1 Bat1eries & Charger. . 11.00 BC1 Batteries & Charger.. 11.00 Bit & Sleeve #22 or #30. .. . . . . . . . . 29.50 
'Requires 2 " C" Niced Batteries 

,._,IC Sockets· 

RN HIGH RELIABILITY 
el iminates trouble. "S ide
wipe" contacts make 100% 
greater surface contact 
with the wide. flat sides of 
your IC leads for positive 
elec tr ica l connection . 

1-9 10-24 25-99 . 100·249 250-1 KWIRE WRAP 
SOCKETS 8 Pin 40 .36 .34 .31 .27 
3- level Gold 14 Pin .39 .37 .34 .32 

16 Pin .42 .40 .36 .34
Closed Entry Design 18 Pin .70 .60 .55 .50 .45 
All Prices Include Gold. 20 Pin .90 .80 .75 .65 .62 

22 Pin .95 .85 .80 .70 .65 
2-level Sockets 24 Pin .95 .85 .80 .70 .65 
Also Available 25 Pin st 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 

SOLDER TAIL 1-9 10-24 25-99 100-249 250-1K 

Low Profile Tin 8 Pin .21 .18 '16 .15 .14 

Closed Entry Design 
14 Pin 
16 Pin 

.19 

.21 
.17 
.19 

..15 
.17 

.13 

.15 
18 Pin .30 .28 .27 .26 .25 
20 Pin .35 .34 .33 .32 .31 
22 Pin .36 .34 .30 .27 .26 
24 Pin .38 .36 .32 .29 .28 
28 Pin .45 .44 .43 .40 .39 
40 Pin .63 .62 .61 .58 .57 

ORDERING INFORMATION OK PRODUCTS 
WO 30 50 tt. Wire Dispenser, Red, White, Blue or Yellow $3.75 • Orders under $25, add $2 handling 
W0-30-TRI TRI Color Dispenser 5.50 • Blue Lab_el or First Class, add $1 (up to 3 lbs.)
R-3G-TRI Refill for TRI Color 3.75 • CODs, VISA & MC orders wlll be charged shipping 
INS 1416 14 & 16 pin Insertion Tool 3.25 
MOS 40 40 pin Insert.Ion Tool 7.50 • Most orders shipped next day. 
EX-1 IC Extractor Tool 1.49 
H-PCB-1 Hobby PC Board 4.99 page
WSU 30 Hand Wrap/Unwrap/Strip Tool 8.25 
WSU 30M Same as WSU 30 with Modified Wrap 7.50 135 E. Chestnut Street SA, Monrovia, California 91016 Phone (213) 357-5005 

' AVAILABLE AT SELECTED LOCAL DISTRIBUTORS 
Circle 299 on inquiry card. BYTE September 1979 251 
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1. lllSTA V·80 MINIOISK 
FOR TRS.80* 23'11> More Storage 

Capeclly· 40Traclca
* 40 !rack pelch now •Yllie•FHterom..· 

Up to 8 Time• Faster H•.OO 
2 Ortve Cable Add s29:95 
4 Drive Cable Add S39.95 

2. VISTA V·200 MINl·FLOPPY SYSTEM* 204K 8yle C8padty *w/CPM. Ba.sic "E"*Dollble Denalty Drive <§* One Dollble Density ¥-
Controller w/Case & P.S . -.00 

Add lo JIOUl'llXIDY, HORIZON, 
•ncl otll•r ..100 oomputers. 
3. VISTA V·tOOO FLOPPY DISK SYSTEM*C2I Shugan 8' ~ Olslc.I* ContrOller Card. Cable. §

* ~ta':i~1c·E". tet• 
lnst!UCllon1 & Manual 

4. MPI 851 ·SV•", 40 lracka . ....... 279.00 
5.ShUijirtSMOO-SV.",35 traclca.... 295.00 
8. Slemens/GSI FOO 1<»a e·.... ..375.00 

~~~~Ci :dM;u.;i:::::.A~~:88 
. WAN SIEMENS sv.· Orlv 

TRS80TO S-100 
PET TO S-too ADAPTIR 
Anows Pet/TRS 80 lo be Interfaced to 
popular S·100 Bus. 
Pet to s.1oo Kit •. •••...•.•• .••••• S189.95 
Assembled. ,., ••••••••••••.. •••••• $268.95 
TRS80toS·100HUH8100Klt ..•• $275.00 
Assembled. . , ••••••••• •••• ... .•••. S355.00 

KEYBOARD ASCII ENCODED 
·· lllii, One Ume purchase ol 

- '.·- ~c:'~':l:i":s1nger_..;.. _,, 
1 ,_Corporation. The 

~M.
. ke)l!>Oardfea1ures 128 

n·-· ~TI :::----ASCl1Charactersln&63 
• key fOfmel, MOS 
- encod0<cin;ultry"N"kay 

rollove~ Ilghied shill lock. control, escape and 
repe'at runc11ons. L.td Qty ~UY ue.1111 

UV "Eprom" Enaer 
lloclelUY~11 ....9a 
Hokls 4 Eprom·a at a lim 
8acked by 45 yeais 

"'"'erfence.11..i.1wn•• •u11.oo 
Profeaslonal lndustllal Model 

TARBELLFLOPPYINTl!RFACI
*Z.80lft080 S 100 c:onic.tibAlt *UMI ~ 

--dforSh-• ....... .... ..... llAUl-
Altembled Othtlt DftvM ..... .. ... ... .. ,, •. ••.• IHl.15 
llOl ............ . ... .. ... ...........................179.G& 
.__,, .................. $3US!Doo- -Sro.oot 

NcM.1-CNAddlfOJJO. ~Add J20.00 

~~!:~'*~.~~~~~.:::::~~= 
~~r!..~~~::::::::::::::::::::!~H& 
Sale* 1771-01 .. .... .............. 127.ll! 

BYTE USER 8K IPROM BOARD* Power en Jump * Ro.set Jump
Assembled & Tested•.......• . ••....• S!M.95 
Byleuser Kll •. . ... . .. ....•..•..•..•.• S84.95 
Bare PC Board ••••••..•..• .••, •••••• 521.95 
S...cl1I Of11r: Buy4kltaonlyS59.9Such 

•Bank5'!19Cl•ble •Useo4115or4118 MR-88Kw/1KRam ..... ... . ........ S99.60 
200ns. MR·1616Kw/1KRam .............. 599.60* WrHe Protect * -SVOC. %18\/DC EPM·1 4K 1702 .. • . ••• . ..•••.••••••• $59.95

* Phantom * Lowest Coat/81t llm!E!P~M~·2!1!2~708ii!!or!i!2ij7!1~B'!!E!!'°"'P.!i..!!.~· .!!l!.@!iill
""e;~o;~:. ~151 """'l~o~~~-<:~18! z-eo/z.aoA/8080 PU AR 

18K $1911.00 32K $369.00 :~':"~~j;,7~ :~:it~~~d:!l"e~a. J 
~~~ ll..~:gg ~~ ~mg Assembled and C.sted ••••••.•••••• $185.00 

IMS STATIC RAM BOARDS _.
* Memory Mapping * Low Power .,,,..* Phantom * ""8embled & tested 
Recommended by Alphamlcrosystems 

8K Sl•liC 
1eK Stelle 
32KS1atlc 

250 ns. 450 ns. 
S209.00 S 189.00 
$449.00 $399.00 
$799.00 $699.00 

ANAD•X PIHNTl!R 
Model DP-8000compool, lmpacL parallel or 

aerill. Spn>cket feed. 80 cOla, 
84 llrial/mln., bl-d~ecllonal. 
New only ..• ••$895.00 

BYTE September 1979 

~;9·P<: ·eo.;,Ci ::::::::::::::::::::: ~ 1 m~*For 4MHz Speed Add $15.00 
8080A Kll . •....•.•••.•..• . •.••••• .. S 99.95 
8080A Assembled.•..•.•... • ...•••• St 49.95 

S-100 MOTHRRBOARD SPECIAL 
a slot expandable w/9 conn. 
reg $69.95.• . ............•.•. NOW $52.95 

TAR81LL FLOPPY CONTROLLER 
Card assembled and tested loruse wllh Shugar1
Ortwa S SALE PRICE only $229.00 

ACOUmCMO!l,RM~
~T~~CAT %;& 

~~~Originate $= 
A.coumc COUl'UR ....CIAL 

AJ MOOELA30 
SPECIAL PURCHASE 
OF SURPLUS UNITS 
AVAILABILITY LIMITED $29.95 

IPlotiW~ " 
.~..,..,, 

1•'14 ..... ... t • P.#iW/W " 14 ..... 'ii'IM 
1ll01•SOM ... ..,, 

'" ''°""" '!MW ,. lt,P..."i'f1) 
21L012~ ... ... IAO ti 11\fl ~VrW "" ....... \, 31 
2102 '" "' uo )G""°"W~ 90 ~...., s, )II 

2111 "' .... .... ))Pl#I W"N ., r.P>tt i't ]\ 
21'1'1 ... .... .... 2•,,.,.w'W •• ;Ja P-nS'1 4 1 
1101<1 .... .... t .5& HPll'IWl W t '' 1tP....$, • Ito 
tU4\,•J.50tla u.es .... ... -0""'"' WIW t <l lf «lo~!,"TO,l 

tlHL~ ~.. J.t, •••lit ........... ,... .... .... 
nxTOOLHflO4044/4041 '°""'· ... ,,, ,... 

46M/404t 4IOJtt 7.60 .,, .... INHflTION F01'CIf"MM•2CIOA "' ... "'......... .... "" U• IOCKITS....._ ,.,.. ,,... us ,,""". UiO 2•""" "ISOJIOIC,.( '" "' "' .0""'-110.2'5 
WIO<llO ,UOO! 10111 IOH '" AM.01140it<ll .... 102~ '" NiolotJ»31 l:JI& llH 102& CONNICTOlllrsc •ao.·..,,,p: CCO°"'V t•IM '-'" 

Deltl' tR$J)ll ,...... 1H'101 IU 11$ IU 
~12~:MU14!1i.,.11H ,.,. ,,. 08265 rlf'flM UI 
65Cllt"• tCMOS ... u• ,,. ~....... ... '"1S1a nt 1 I CMOS 1.H u• ,... 1591.,rttood..8* .••. • ..... 
1<1S1M .. WAa... ... .,, .... 22fA.tW/W, Sff.~ ,.. 

4Jlll WNI. sn. li,l()t ,, . .. . ..50
ti:~l'!;.'!::.~·" ... 5(1,'1005-IOO~WIW••• •.M 

!IOltOOS-1C:OCMCIOI'" .,, 
CICAllQE COUPLID DIVICll 

TV INftflFAC•a 
~- -··· · ······ ..
N-l'ol!Olo h-M..t.... •ta 
~- .. .... 3500 
Mi&RMadr,iil&air. •••• •••• 3!!.00 

SPECIAL PURCHASE 
(while eupply last•• 

21 L02-4 (450 ns) 100 @ 99¢ eB. 
21 L02·2 (250 ns) 100 @ $1 .15 ea. 
TMS4060 NL 4K Dynamic RAMS 

(pullouts) $1.95 ea. 
1~ Line Receiver 100@ 75¢ ea. 
1489 Line Driver 100@ 75¢ ea. 
1489 House Marked 100@ 50¢ ea. 
1496 L Demodulator 25@ 75¢ ea 

UST !IAl.E 
~llP!usw/18K llH. llllO. !PSI tt120~AOml5. 

200M8H 995. 89$. Anldlll' DP 8000 995. 
&id'y Sorc9rer w/BK HS. 1H. ClfltronlclMlcroP..1 69S. 
ComPLIC06ot llw/8~ ICi&.5. 1;)9$, Centtonlct MIOo S-1 69S. 
Cromtmco Sys 01 •qgo. 4000. So!ocll)I~ 
liorironlw/llK ...... f:J.49. 

, __'3 

TE1 Pt20lw"32K """"'"'°""'--•CAT ...... °"'.....II •wdJ •99.S 2095 W'lltr'llAtitll----· "305 

llOWTllLY IC IPllCIA&.a 

~~1m'::!..~c!:.;·::::::::::1t.:: 
CW7JOP~~ ••• ,,.,,,,.•,....... 
ICWJ'Ol6~~n.. .•••••• z.t.M 

~~!==.:!~·.::·:.::·::::.::·.:~!::: 
LM310......,0#'. AldoMo ............ ,,,.OO 
~tWOro..tNIFUJ(: ., •• , ............. :11,.GD
L.M1IOO,.._.l.0Loco™a..o••• ,. 3{t.00 
L.MtllOAMAldlo.........................Jil'tl:IO 
D&31210ilAtMOI ..... Amp••••,,,•• , ••••• l..IO 

l<IOILL .......... 4/11.tlli 10t471CL.AML .... 
1""'1.. ........ us... ~ ..:111.n 
22""'1/tSocMltWl...OO Ma1U.a.!Ol.. ....U5 
1122"3.._., •• ••••••• l.H14.$1t, ,,, •• , ••.srt.M 

~~~.::::: ~ ~:!~::::::::::::: 
IJMrflTH.... ,., •.. UI l'•tN-14..••.. tOft.n 
'5ttl0 ....... n••·• l.fll SOOCH .••••••••.!i(1.tt 
att ................ .. 60~ ........Jtt.M 

HS. 
l~ll\. 
•OBS. 
790. 
895. 

2Hl5. 
995. 
395. 
62S, 
eso. 

tUO, 
&99. 
735.,... 

Circle 4 on Inquiry card. 



P.O. Box 17329, Irvine, CA 92713 
(714) 558-8813 

• • • and it's COLOR SALE $100.00 OFF 

"The Compucolor II" 
• .. a personal cotorgraphlcs system for the modern computer man ... 

* Color Graphics 13" Color CRT •* Proven 8080A CPU System* 16K Extended Disk Basic* Up to 117• Key Keyboard* Up 10 32K• RAM* Mlnidlsk Drive 51 .2K Byles/Side •option 

SALE { 
Model 4 w/16K, 72 Key Keyboard, RS232 $100 00 .. . $1695.00 
Model 5 w/32K, 72 Key Keyboard, RS232 OFF .. . $1995.00 
Options: 101 Key Keyboard ....... . ...... ..... ... . . .. . Add $150.00 


117 Key Keyboard ....•...•....•....•........ Add $225.00 
Formatted Diskettes........... ... .. .. ..................... 2/$19.95 
Programmed Diskettes ..... ................................ . S19.95 
Diskette Library Inc. Hangman, Othello, Math, Chess, Startrek, 
Blackjack, Cubic Tlc TacToe, Finance Vol .I, Flnance Vol. II,Bonds and 
Securities, Assembler, Text Editor, Personal Data Base. 

Model 3 w/SK, 72 Key Keyboard, RS232 . TAKE . .. $1495.00 

BACK T01SCHOOL 

COMPUTER 

SPECIALS 


EXIDY SORCERER ONLY $799.00 

$1099 w/18K . .. ............... . ........ $99.00 

•lNCLUOES:$1249 w/32K KeybOard & enclosure 
90 day Warranty!t1449 w/48K MICROSOFT BASIC

User programmable or use cartridges. Video & Cassella Cable
Combines Ihedesirable features ofthe Complete Documentation
PET. APPLE and ms.so Into a com **S100 Expansion
plete expandable computer system. Modute•. .. .... .. .. Add $299.00

**VO expansion kH ....... $149.00 **Cassette recorder 

**Vista V·200 ackkln min~ ..................... Add$44.95 


floppy for Exldy. (requires el(p. **Sanyo 9• Monitor 
module) w/CPM .. ... ... $699.00 ... . ............... Add $169.95 

$799w/8K ** New Word Processing Pac 

KIM•1 
Now only 
$179.00
••Power Sul>ply........Add $59.95 
••Cesaetle R8COfder ••• Add$44.95 
••Sanyo 9" Monttor... AddS169.95 
Add enclosure S29.95. 

COMMODORE 
''PET'' ~ Delivery from 
stock 
Advanced SK ~ 
Model 

only $775.00 

SYM·1 IN STOCK 
Reg, $?69.00 •
Now · 
$249.00
* KIM· I Compatible* 4K ROM Monitor* IK 8ytes 2114 RAM* 65K Memoiy &panJlon* User EPROM 2718** Power Supply ..........Add $59.95** casseue Reconler ..... Add 544.95** Sanyo 9" Monllor .....Add $189.95 
School & group dittCOUnts •••ll1b1& 
Buy now and rece1ves100.oo worth 
ol dlacounl coupons: l.e,* SRM·1 IK Static RAM exp. 

reg. 42.00 ••• ••• • . ' ••• ••.•• dloc. $32.00*PEX·l l/O POtt. reg.$80.00 .dl9C. S50.00* SVM BAS-I Basic ROM (Mlcroaolt) 
reg. $159.00 ........... .. disc. $109.00* KTM·2 CRT/TV Keyt>oerd, 
reg. 5349.00............. disc. 5319.00 

SYM Enclosure .... .... , .........$39.95 

t8: APPLE II PLUS $990.00 
APPLE's new upgraded APPLE II w/1 SK is now in stock and 

$375.00 
ADVANCEDINTERACTIVE ~ 
MICROCOMPUTER* On Board 20 column alphanumeric 

P<lnter 
... Alphanumenc 20 cnaracter d•Sl)lay* Terminal slyle l<e)t>oard 54 Keys 
.. eso2 based CPU 

w/1 K RAM. •....••.••. $375.oo·· 
w/4K RAM... . ... ..... $450.00• 
Assembler ROM ... Add $85.00 
BASIC IN ROM . .. Add $100.00 
Power Supply.. •.. • . Add$99.95 
Enclosure . . . .• .• . •• Add $44.95 

RCA 
COSMAC VIP 

..f':'J:"'~- • 

: .. -,. -::..., . 
···~ -r=-, - E :- II 

' . ·~- - L - '""- ··· 
NEW LOW PRICE $249.00 

Assembled. Regular price . •. •• $299.95 
w/Senyo 9" Monitor ...... .. .... $169.95 

VP·590 Color Board . . •......•....• 89.95 
VP·595 Sound Board..... .. ....... 49.95 
'vf>.570 41< Expansion Board ... ... 95.95 
VP·580 Expansion Keyboard ...... 15.95 
VP·700 Tony Bask: ROM. .......... 49.95 
VP·710VIPGame Menual. .. .. .... 10.95 

N TAR HORIZON • DOUBLE DENSITY• 
Now In stock North StarZ·SO·based hlgh·performance computer. 
tfr 1801<8\'leoparDlsll OJ

available for lhe fowest price ever, only $990.00. You can add:** M & R Modulator for $29.95** Sanyo tape recorder for $44.95** 1SK upgrade kit for only $74.95 ea. 
This Is a limited offerand we reserve the right tochange without notice. 

* Z·80 ProcOSJOI* Motherboerd ,_ _ ~ · 
" 2 SarioI +I Parallel Port A.all • * 16KRAM 

Horizon I Kit Reg. $1599.00 Sale $1349.00 
Horizon 11 Kll Reg..$1999.00 Sale $1749.00 
Notth Slit Double Denally Oisk Subsyslom l<JI 

PROCESSOR TECHNOLOGY SALE 
SOL•20 DEALERS & USERS INVITED! 

We purchased Processor Technology's entire inventory of I*New SOL-20 w/o Memory 
spare parts, work in process, and finished goods. This * SOL-20 Keyboards 
material will be sold on a first come first served basis. *SKRA Memory Boards Assembled 
Advanced will continue to support some SOL products on a * NKRA Memory Boardsupto64K 
limited basis so make sure you get a copy of our complete 
Inventory listing and a place on our SOL mailing list. 

Plus more endless PTI bargains send for details. 

$1295.00 I 
$139.95 
$129.95 
$CALL 

WE TAKE B/A, VISA, AM. EXP. • ADD 2.5% HANDLING & POSTAGE • PRICES SUBJECT TO CHANGE W/0 NOTICE 
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TheVista¥80:$395 

The Vista V80 Mini 

Disk System is the perfect 
way to widen the capabilities 
of yourTRS-80* Micro
computer. Quickly and 
inexpensively. Our $395 
price tag is about $100 less 
than the Radio Shack 
equivalent. Our delivery time 
is immediate (24 hour turn
around from our Santa Ana, 
Ca. factory). And our system is 
fully interchangeable. Thats 
just the start. 

It will give you 23% 
more storage capacity by 
Increasing useable storage 
from 55,000 to 65,000 bytes 
per drive with our new 
software patch. 

It can work 8 times 
faster than the TRS-80 Mini
Disk system, because track
to-track access is 5ms versus 
40ms for the TRS-80. You 
can realize this added speed 

•TRS-SO ®randy Corp. 

254 BYTE September 1979 

once the new double disk 
expansion interface is 
available without expensive 
modification of the existing 
unit. 

It has a better 
warranty than any comparable 
unit warranty available- a full 
120 days on all parts and 
service. When you consider 
how much more goes into the 
Vista V80, that shows a lot of 
faith in our product. 

A full 3 amp power 
supply means you have 2% 
times the power necessary to 
operate the V80, and full 
ventilation insures that there 
will be no problems due to 
overheating. 

The Vista V80 Mini 
Disk System requires Level II 
Basic with 16K RAM 
Expansion interface (it 
operates from the Radio 
Shack interface system. It 

comes complete with a 
dependable MPI Minifloppy 
disk drive, power supply, 
regulator board and vented 
case. It's shipped to you 
ready to run-simply take it 
out of the box and plug it in. 
You're in business. From the 
company that means 
business -Vista Computer 
Company. 

The Vista Computer Company. 
Manufacturers of Quality 
Computer Systems 
and Software. 
714/751-9201 
1320 East St. Andrews Place 
Suite I, Santa Ana, Ca. 92705 

Clrcle 378 on Inquiry card. 
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P.O. BOX 2015 GARLAND, TEXAS 75041 

ORDER BY PHONE-214-324-5509 

The EXPANDORAM is available In versions SD EXPANDORAM 
from 16K up to 64K, so tor a minimum in
vestment you can have a memory system 
that will grow with your needs. This is a dy
namic memory with the invisable on-board 
refresh, and IT WORKS! 
• Bank Selectable 
•Phantom 
• Power SVDC, +16VOC, 5 Watts 
• lowest Cost Per Bit 
• Uses Major Brand 16K RAMS 
• PC Board is doubled solder masked and 

has silk-screen parts layout 
• Extensive documentation clearly written 

• Complete kit includes all Sockets tor 64K 
• 	Memory access lime: 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 

EXPANDORAM 64K Kit(16K Ram) 
16K ... . ....... . ... ... .. ... . .. ..$219.00 
32K •• • .•.....•. .... . • . • .. • . •. . • $279.00 
48K . • .••.•. • ....•. . ....•.......$359.00 
64K .... . . ... . ...... . .. .. .. .....$419.00 
wrTHOUT MEMORY ••. • • ..•••• ••••••• $159.00 

We carry a full line of SD Systems Products. Please write for catalog or call for prices 


UNSCRAMBLER~ TELE TAPE 
""- i Record important telephone conversations 

KIT ® •' now with Tele Tape and your recorder.Each 
- time Yt>ur telephone receiver is picked up your 

Interfaces with any monitor or scanner recorder will start automatically and when you 
• ~asil~ tuned • Full instructions included • hang up it stops. Tape will be extra clear so you 
Drilled fiberglass P.C. Board • One hour as- can refresh your memory at a later date. Kit 
sembly • Easy to install • Punched case includes everything except case and phono 
This unit can unscramble most any plugs. 

scrambled frequency such as the 
Assembled and Tested onlynew Motorola scramble and so on. 

$29.95Only $37.95 A&T 
LED WIRING HARNESSBOWMAR 4 DIGrr READOUT FLOURESCENT* AS10VALUE!ARRAY READOUTS Has one ol our LED Rocket swnches. one 

4 Jumbo .SO" Digit. In One -Slick"/ rotary switch. two 1umbo LED lamps and !WO 
The Bo-Mnar Opto·SUck. The best readout No. OGSF. Seven segments, blue· PC edge ednnectors from desk top calculator 
bargain we have ever ottered. Has lour com· green in color. Can be directly plant! 79' EACH 

ANNOUCE: 
THE RETURN OF 

RADIO HUT 

SUPER SPECIALS! 


"VERSAFLOPPY" KIT 
The Versatile Floppy Disk Controller 

Only $139.00 
FEATURES: IBM 3740 Soft Sectored Com
patible. S-100 BNS Compatible for Z-80 or 
8080. Controls up to 4 Drives (single or 
double sided). Directly controls the following 
drives: 
1. Shugart SA400/450 Mini Floppy 
2. Shugart SA800/850 Standard Floppy 
3, PERSCI 70 and 277 
4. MFE 700/ 750 
5. CDC 9404/ 9406 

MINIATURE SPEAKER 
SPECIAL! 

2 INCH - .8 OHM. 
PERFECT FOR CLOCKS! $.79 

mon cathode Jumbo d1g1ts with all segments . • •• i..:;.::..;.:___.:....:..!:...=.:..:.::..:..;.____...___________--t 

and·cathodes brought out Increased versa· driven by many MOS IC S••3 T0-5 HEATS/NKS* 

1111iy since any of the d1gds may be used 1nde· character. POWER SUPPLY Similar to Thermalloy 2205G 

pendenlly to 111 your applications. Perfect lor .49 Ea. A 1 n t h e of th '-t Finned with insert. 

any clockch1p. espeoallydJrecl dnveundslike very o una e pure ase. 0 n e .,.., 

50380 0 , ?Oto Also use in treq. counters. 1--------------i1ndus1rial qualtty REGULATEO supplies we 5 for $1 

DVM's etc. For , 2 °' 24 hour tormat (With L£D'S have seen. High performance. small size. 1n- l----,A==O""'C""K..,.E=A-S,;.,W,.,..,.,IT~C..,.H-.--1 

colons and AM/ PM indicat0<.J Jumbo Reda 101s1 .oo pui 1s 120VAC. 60 HZ. Has the following regu· 


JumboGrHn&Amti.r 51$1 .00 lated ourputs: -SVOC at 800 MA: ·15VOC at HEAVY DUTY 

M[nl Red 8/SJ .00 1.25 AMP: - 25 VDC at 180MA. S.P.O.T. 3A. t 25 V.A.C. 
$1 .99 MlnlGrHn,Amber&CIHr s1s1.oo 	 New, modernstyling l 5for$1$10•95 

zao STARTER KIT 
SD System's ZSO Starter Kit enables the novice 
to build a complete microcomputer on a single 
board. F~aturing the powerful Z80 microproces
sor the Z80 Starter Kit features: • Keyboard and 
Display • Audio Interface • PROM Programmer 
• Expansion and Wire Wrap Area • On Board 
RAM • 4 Channel Counter/Timer • Z·BUG 
Monitor in PROM • 1/0 Ports. 

This month's Special: 
$219.95 Kit $369.95 A&T 

SD SYSTEMS' 

STATE-OF


THEART 

SBC-100 


KIT 

$219.00 

Color Burst Crystal 
3.57 MHz ......89et 

TERMS:Add 30e postage, we pay balance. Orders under $15 add 
75e handling. No C.O.D. We accept Vlsa, MasterCharge, and Ameri 
can Express cards. Tex. Res. add 5% Tax. Foreign orders (except 
Canada) add 20% P&H. 90 Day Mone Back Guarantee on all items 

COMPUTER CORNER 
zao ..... .. ... .. .. ... ~~~:~ .... .. ....... ..... .. 10.99 

Z80A . ... . . .. ... . .. . ... ...... . .. . .. ......... .. 13.99 


RELATED CHIPS 

2114 (300ns) . .. . .. .. .... .. . .. .. . .. ... .... .. ..... 5.99 

zao PIO . .. .............. .. . .. . . ......... . .... . . 9.95 

ZBOCTC ...... . ... . .•... . .... .. ...... . ........ 11 .95 

2708 .. ...... .. . . . ...... . .. ... . .. . . ...... . ...... 8.99 

4115 . . ... ...... . ..... . .. .. ... . . . . ........ . .. 8/34.95 

4116 (200ns) . .. . ... . ............ . . .. .. .. ..... 8/80.00 

4116(150ns) . . ..... .. .... .. ...... . ........ . . 8/100.00 


DISC CONTROLLER 

1771 ... . . . .. . .. . . . .............. .. ... . .. . .... . 29.95 


While in Dallas visit our retail store at Treehouse Shop
ping center. Garland Road and Jupiter. 
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To get information on tlie products advertised in BYTE, fill out the reader service card with your name and address. Then circle tl1e 
appropriate numbers for the advertisers you select from the list. Add a 15-cent stamp to the card. then drop it in the mail. Not only do 
you gain information, but our advertisers are encouraged to use the marketplace provided by BYTE. This helps us bring you a bigger 
BYTE. 

Inquiry No. Paga No. Inquiry No. Paga No. Inquiry No. Paga No. Inquiry No. Paga No. 

1 AB Computers 245 89 Data Access Corp 165 204 Micro Mike's 2.24 310 RACET ComJlutes 136 

8 Administrative Systems 80 91 Data Discount Center 221 Mlcropolls 108, 109 317 Radio Hut 2 5 

5 Advanced Access Group 110 98 Data/Print Publishing Co 168 Micro Pro International 56, 57 318 Radio Shack 137 

4 Advanced Computer Products 252, 253 93 Datasearch 222 218 Mlcrosette 172 314 Radio Shack Auth Sales Center 171 

3 Aladdin Automation 77 94 Datasouth Computer Corp 194 • Mlcrosolt 127 322 RCA 103 

8 Altos 21 97 Data Terminals & Communlcallons 185 198 MlcroSoftware (CAI) 210 334 RCA 132 


16 American Square Computers 174 126 Data·Trans 238 222 Mlcrosource 13 324 RNB 146 
12 Anderson Jacobson 215 99 Dlablo W'v ol Xerox~79 209 Mlcrotek Inc 59 325 RNB 180 
15 Apparel 234 86 Digital athways 16 224 Mlcrotel Inc 147 316 S-100 Inc 218 
9 A~ple Computer 25 102 Disks Etc 213 225 Mlcroware 164 331 S C Dlgltal 204 

10 A Products 83 101 Dontho Sclentlllc 210 231 The Micro Works 158 St Jude 217 
11 ASAP Computer Products 230 95 DRCWA) 221 230 Mikos 231 320 Sara·Tech Electronics 134 
19 ATV Research 172 100 DRC X) 247 236 Mini Computer Suppliers 176 329 Frank Schiele 174 
7 Automated Computer Soltware Serv 12;! 115 Electrolabs 228 237 Mission Control 189 336 Scientific American 81 

18 Automated .Simulations 212 120 Electronlc Control Technology 213 255 Morrow/Thinker Toys 31 330 Seattle Computer Producls 224 
21 Avionic Enterprise 172 125 Electronic Systems 236, 237, 238 256 Morrow/Thinker Toys 43 319 Michael Shrayer Software 145 
13 Axiom 144 130 Electronics Warehouse 244 257 Mountain Hardware 143 Sh'J3.art Associates 6, 7 
14 Basic Time 187 132 Escon 83 258 Mountain Hardware 186 337 66 lcro Journal 175 
34 Bela (Div of Measurement 133 Falcon Publlshlng 210 278 MVT Microcomputer Systems 45 328 Smoke Sl~nal Broadcasting 122 

sy,stems & Controls) 154 134 FMG Corp32 279 National Technical Schools 210 Software evelor,menl and Training 156 
31 B otech Electronics 152 1·41 Glmlx88 281 NEECO 94, 95 327 Software Dynam cs 212 

Bits Inc. 191, 200 150 Godbout Eleotronlcs 173 289 NEECO 159 332 Software Exchange 222 
32 Buss/Charles Floto 172 159 H & E Computronlcs 197 280 Netronlcs 87 333 The Soflware Farm 174 . 

BVte Back Issues 213 180 Hamilton-Avnet 85 New England Recruiters 174 335 Solid Stale Music 61 
36 B TE Books 113, 114 161 Hayden Book Co 138 282 New World Books 134 340 Solid Stale Sales 231 

Byte Subscriber 217 216 Heath Companv 17 283 Newman Computer Exchan~e 225 351 SONTEX Inc 174 
Byte WATS 172 Heath Company 105 284 Northeast Computer Show 03 352 Southern Systems of Birmingham 140 

38 Californ ia Comp Systems 37 170 Hobby World 228, 22t 285 North Siar Computers 27 353 SubLOGIC 83 
39 Calllornla Digital 235 169 Industrial Micro Systems 139 288 NRI Schools/Electronics Olv 193 354 Sunny International 246 
41 Roy J Canon 174 175 Information Unlimited 150, 151 290 Ohio Scientific Instrument CIV 357 SuperSoft 175 
43 CAP Electronics 52 176 Integral Oata Systems 49 291 OK Machine and Tool 220 359 SuperSofl 212 
45 Central Data 169 177 Integrand 178 288 Oliver Advanced Engineering 178 356 SWTPC Cll 
46 Centrontcs 73 178 International Design Engineering 287 Omlkron 211 · 349 Sybex 125 
47 Chrlslln Industries 142 Assoc (IDEA) 217 293 Omni Computer Corp 179 358 Sybex 159 

COMPCO 183 
54 COMPCO 192 180 lntertec Oala siistems 135 295 Or~anlc Software 174 350 System Engineering Enterprise 131
55 COMPCO 195 195 Jade Co 248, 2 9 292 Os orne & Associates 199 382 Tano 133 
56 Compucotor Corp 39 200 Jameco 232 Owens Associates Inc 124 380 Tarbell Electronics t 1 

Computer Fac1ory NY 155, 229 201 Jameco 233 294 Pacific Exchanges 172 365 Techn ical Software Inc 174 
70 Computer Furniture & Accessories 161 202 KML Marketln~ Inc 184 296 Pacific Office Systems 250 363 Technical Systems Consultants 117 

Computer Headware 215 203 Kr,be Corrsrat on 89 298 Page Digital 55 384 Technolo~y Transfer Inc 207
75 Compulerland 88, 141, 153 L feboat ssoclates 90, 91, 149 299 Paye Digital 251 367 Thermax 17 

53 . lntersystems 157 onComputlng 97 355 Synchro Sound 11g 

66 Computer Mart ol NJ 93 207 Loweco Computer 217 297 PA A Electronics 221 388 3M Co~any 19 
68 Computer Service Center 217 206 Macrotronlcs 217 304 PerCom Data Clll 369 Robert lnney Graphics 36 
72 Computer Tax Service 223 205 Markelllne Systems 171 305 PerCom Data 111 Tora Systems Inc t74 
74 Computer Warehouse 217 208 Matrox Electronic system Lid 44 306 PerCom Data 239 366 TransNet Corp 168 
73 C'.omputex 148 227 Paul McCoy Entorpr ses Inc 220 Personal Computing 79 180, 181 313 TRS.80 Software Exchange 162 
76 CT Micro Computer 80 215 Measurement Systems &,Controls 209 301 Personal Soltware Inc 51 379 US Robotics 72 
77 CT Micro Computer 146 212 Micro Age 201 302 Personal Software Inc 53 377 Vector Electronic Co Inc 126 
78 CT Micro Computer 147 213 Micro Ap 205 308 Pickles and Trout 177 378 Vista Compuler 254 
79 CT Micro Computer 221 211 Micro Applications Group 222 Polomac Micro Magic 219 384 V R Oata 246 
82 Contract Service Associates 211 214 Micro Archltecl 212 309 Power One Inc 89 387 Wameco 245 
83 Corvus Systems 47 277 Mlcrocomputlng Technology Inc 234 303 Practical A/ipllcallons 179 388 Whltesmlth's Ltd 222 
84 Cover Craft 176 220 MlcroDaSys 26 3t2 Priority I 2 1, 242, 243 389 Wlntek Cor~ 172 

Creative Soltware 223 221 MlcroDaSys 75 Pro Comp/New England 250 391 Worldwide leclronlcs 172 
80 Cromemco 1, 2 226 Micro Designs 170 374 Prog 80 163 393 X·Comp92
40 CTC 104 Micro Diversions 5 315 P S Software House 172 394 X·Comp 170 
87 Cybernellc Micro Sjstems 177 210 Micro Focus 64 321 Quality Soltware 224 401 Zs Systems 204 
85 Cybernetics Inc 22 211 Micro lnle~rallon 128 311 Quest Electronics 240 
88 Cygol 217 223 MICROMA L 219 323 RSI 33 

' 
~correspond directly with company. 

ElUMEl-

ElYTE's U'1~Ui'1E Mu'1iiuP Elux 


June ~OMBArticle No. ARTICLE Page 

1 Clarcla: Joystick Interfaces 10 William D. Johnston again dazzled our 
2 Dahmke: Introduction to Multlprogrammlng 20 readers with "Gomputer Generated 
3 Teeters: Interface a Chessboard to Your KIM·1 34 Maps," Part II, page 100. Second place 
4 Ellis: Some Musings on Hardware Design 62 

was taken by James Albus for con5 Hallgren: A Low-Speed Analog·To·Dlgltal Converter 70 
6 Trimmer: Soldering Techniques 84 tributing "A Model of the Brain for Robot 
7 Powers: The Natura of Robots, Part 4 96 Control." page 10. Placing a very close 
8 Harron: Inexpensive, Optical Paper-Tape Reader 118 third and fourth, respectively, were G. A. 
9 Albus: A Model of the Brain for Robot Control, Part 4 130 Van den Bout, "Designing a Command

10 Chrisp: Handy Pulser 160 

11 Kassar: The Amsat-Golem-80 182 Language and T. Radhakrishnan and M. 

12 Barbier: Add Some Control to Your Computer 196 V. Bhat, "Stacks in Microprocessors." 
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One-Drive System; 

$399. (40-track) & $675. (77-track) 
Two-Drive System: 

$795. (40-track drives) & $1360. m -track drives) 
Three-Drive System: 

51195. (40-track drives) & $2025. (77-track drives) 
Requires Expansion Interface. Level II BASIC & 16K RAM . 

Low Cost Add·On Storage for Your TRS·SO*. 
In the Size You Want. 

When you're ready for add-on disk storage, we're ready for you. 
Ready with six mini-disk storage systems - 102K bytes to 591 K bytes of 

additional on-line storage for your TRS-80*. 
•Choose either 40-track TFD-100TM drives Whether you need a single, 40- - 197K, 394K and 591 K bytes for one·, 

or 77-track TFD-200TM drives. 	 track TFD· 1 00 TM add-on or a three-drive two and three-drive systems. 
add-on with 77-track TFD-200™s, you PATCH PAK #1 ™, our upgrade

•One-, two- and three-drive systems Im get more data storage for less money program for your TRSDOS *, not only 
mediately available. from Percom. extends TRSDOS* to accommodate 40

and 77-track drives, it enhancesOur TFD-100™ drive, for example,•Systems include Percom PATCH PAK TRSDOS• in other ways as well . PATCH
#1TM, on disk, at no extra charge. PATCH 	 lets you store 102.4K bytes of data on PAK #1 TM is supplied with each drive one side of a disk - compared to BOKPAK # 1™ de-glitches and upgrades system at no additional charge. bytes on a TRS-ao• mini-disk drive -TRSDos• for 40- and 77-track operation. The reason you get more for less and 102.4K bytes on the other side, too. from Percom is simple. Peripherals are • TFD·1oorM drives accommodate "flippy Something you can't do with a TRS-ao• not a sideline at Percom. Selling disk disks. " Store 205K bytes per mini-disk. 	 drive. That's almost 205K bytes per systems and other peripherals is ourmini-disk.

•Low 	prices. A single-drive TFD-100TM main business - the reason you get 
costs just $399. Price includes PATCH And the TFD-200TM drives provide more engineering, more reliability and 

197K bytes of on-line storage per drive more back up support for less money. PAK #1™ disk. 

In the Product Development Queue . . . a ertnter Interface for using your TRS-80" with any 

compatible "Tandy-silver" enamel. 


•Enc losures are finished in system
serial printer, and •• . the Electric CrayonT to map your computer memory onto your color TV 
screen - for games, animated shows, business displays, graphs, etc. Coming PDQ! 

111 TFD· 100. TF0-200. PATCH PAK and Electric Crayon are trademaiks ol PERCOM DATA COMPANY. 
"TAS·BO and TRSDOS a1e uademarkS ol Tandy Corporalion and Radio Shade which ha~ no relationship lo PERCOM DATA COMPANY. 

To order add-on mini-disk storage for your TRS-ao• , 
or request addHlonal llteniture, call Percom's toll-free 
number: 1-800-527-1592. For detalled Technical Infor
mation call (214) 272-3421 .( ~E~flllM ) Orders may be paid by check or money order, or 
charged to Visa or Master Charge credit accounts. Texas 
residents must add 5% sales tax.

PERCOM DATA COMPAN Y, INC. 

21 1 N. KIRBY • GARLAND , TX. • 75042 Percom 'peripherals for personal computing' 
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The Challenger Il l Se ries 1s lhe 

microcomputer family with lhe hardware 
fea tures. high level soflware and applica· 
l ion programs lha l serious users in 
business and industry demand from a 
computer system. no matter what its 
size. 

Since its introduc tion in August. 1977. 
the Challenger Ill has become one of the 
mosl successful mircocomputer systems 
1n sma ll business, educational and in· 
dustr 1a l developmenl apphca11ons. 
Thousands of Challenger Il l' s have been 
delivered and today hundreds al 
demonstra tor units are sel up at systems 
dea lers around lhe country. 

Now the Chal lenger Ill systems offer 
features which make t11e1r performance 
comparable will1 today 's mos t power lul 
mini-based syslems Some al these 
fea tures are: 

Three processors today, more 
tomorrow. 

The Challenger Ill Ser ies 1s the only 
compute r system with the three most 
popula r processors- the 6502A, 68BOO 
and Z·80. This allows you to take max
imum advantage of the Ohio Sc1entif1c 
software libra ry and the tremendous 
number of programs offered by 1ndepend 
ent suppliers and publishers. And alt 
Challenger Ill 's have provisions for the 
next gene ration of 16 bi t 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 ex 
pander ca rd wi th two or more 16 bit 
micros righ t In to you r existing 
Challenger Ill computer 

Systems Software for three 
processors. 

Five DOS options including develop· 
ment. end user. and virt ua l dala file 
single user systems. real time. time 
share. and networkable multi-use r 
systems. 

The lhree most popular computer 
languages including three lypes of BASIC 
plus FORTRAN and COBOL with more C3-B 
Circle 290 on Inquiry card. 
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languages on the way And , ol course. 
complele assembl e1 . edi tor . debugger 
and run time packages lor each of the 
system· s m1croprocesso1 s 

Applications Software for Small 
Business Users. 

Ready made factory supported small 
business sof twa re including Accoun ts 
Receivable. Payables. Cash Receipts . 
Disbursements. General Ledger. Balance 
Sheet. P & L Statements. Payroll . Per 
sonnel Illes. Inventory and Orde• En t1 y as 
stand alone packages 01 integrated 
systems. A complele word processor 
sys tem w1 lh full ed111ng and output for · 
matting 1nclud1ng 1us11f1ca t1on. proper· 
11ona1 spac ing and hypl1enat1on tha t can 
compete d1reclly with dedicated word 
p1ocesso1 systems 

There are specia lized appl ications 
packages for specific businesses. plus 
the vast general library of standard 
BASI C. FORTRAN and COBOL software 

OS·DMS, the new software star. 
Ohio Sc1en11f1c has developed a 


remarkable new Informat ion Manage 

ment system which provides end user 
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intell igence fa r beyond what you would 
expec t from even the most powerf ul rnm1
sys tems. Basica lly, it allows end users to 
store any co llection of informallon under 
a Data Base Manager and then in stant ly 
obtam information . lists. 1eports. 
statis tical analysis and even answers to 
convent ional " Engl ish" questions pe rt i
nent to informa11on 1n the Data Base. 
OS-OMS allows many applications to be 
computer ized without any programming! 

The new "GT" option heralds the new 
era of sub·microsecond 
microcomputers. 

Ohio Sc1ent1flc now offers the 6502C 
microprocessor with 150 nanosecond 
main memory as the GT opt ion on all 
Challenger Ill Series products This 
system performs a memory to register 
ADD 1n 600 nanoseconds and a JU MP 
(65K byte range) 1n 900 nanoseconds 
The system performs an average al 1 5 
m1ll1on 1nst1uct1ons per second executing 
typ1cat end use• applications soltware 
(and that's a mix of 8. 16 and 24 bit 
inst1uct1onsl) 

Mini-system Expansion Abili ty. 
Challenger Ill systems offer 1ne 

grea test expansion capab1 l11y 1n tile 
m1crocompu1er mdus try. 1nclud1ng a lull 
line ol over 40 expansion accessories 
The max imum con f1gurallon is 768K 
bytes RAM. lour 80 million byle Win· 
chester t1ard disks. 16 communications 
ports. real 11me clock . line printer , word 
processing printer and numerous contro l 
interlaces 

Prices you have to take seriously. 
The Challenger Il l systems have 

phenomenal performance-to-cost ra 11os 
The C3-St with 32K sta tic RAM. dua l 8 " 
floppies. RS-232 port, BASIC and DOS 
has a suggested re tai l price of under 
$3600. 80 megabyte disk based sys1ems 
start al under $12.000 Our OS·CPIM soft· 
ware package with BASIC, FORTRAN 
and COBOL is only $600. The OS-OMS 
nucleus package has a suggested reta il 
price al only $300. and other op11ons are 
comparably priced. 

To get the full story on the Challenger 
Il l systems and wha t they can do for you . 
con tac t your local Ohio Scientific dealer 
or call the faclory at (216) 562-3101. 

C3-B wins Awa1d ot Me rli ar 
WESCON '78 as t11e ou1srandm g 
mrcrocornputer aoolrca11on lor 
Small Business 
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