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* 32K bytes-ROM, RAM, EPROM or a combination* SS-50 A&C compatible with 16 and 20 bit address decoding* Compatible with all SWTPC 6800 and 6809 computers 

This is the most versati le memory card you can 
buy. Our S-32 may be populated with up to 
32K of static RAM, EPROM, or ROM, or any 
4K block combination of these that you may 
desire. Any 5-volt 2716 pinout compatible 
memory may be used in this card. Any 4K block 
of the memory may be jumper block program­
med for RAM or ROM use. This feature 
makes this the ideal memory for those process 
control applications that requi re a mixture of 
ROM and RAM memory. The board is fully 
compatible with all SWTPC 6800 and 6809 com­
puters. 

The power requirement for the board is only 
1.75 amps at 5.0 volts with a full 32K of RAM 
installed. 

S-32 Circuit card assembled 
-less memory IC's (uses up to 16) .$99.50 

2716 Type EPROM for above ....•. $50.00 ea. 

16K (2K x 8) Static RAM for above 
(4016 or 2128)............... $50.00 ea. 

SOUTHWEST TECHNICAL PRODUCTS CORPORATION 

219 W. RHAPSODY 

SAN ANTONIO, TEXAS 78216 (512) 344-0241 
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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
SAVER® 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,BOO 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 expandabi l ity 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 5100-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/0 and 0/A con­
version. RAM and ROM cards, too. 

Card Cage 32K BYTESAVER PROM card 

EASY TO USE 
Another convenience that makes the 

Model sec computer easy to use is our 
Z-BO monitor and 3K Control BASIC (in 
two ROMs). With this optional softw!}re 
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 Model SCC is available now at a 

low price of only $450 burned-in and 
tested (32K BYTESAVER only $295). 

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

C3 Cromemeo 
Incorporated 
Specialists In computers and periphera ls 
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
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11 magal>ytee 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 Cromernco'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 
gel unprecedented storage capacity 
at this price-11 megabytes unfor­
matted. 

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

EXPANDABILITY 
You get expandabi lity, Loo. The 

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

And the computer has a fu 111 2-s lot 
card cage you can use for additional 
RAM and interface cards. 

BROADEST SOFTWARE SUPPORT 
With the Z-21-1 you also get the 

broadest software support in the 

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

e Extended BASIC 
e FORTRAN IV 
• RATFOR (RATional FORtran) 
e COBOL 
• Z80 Macro Assembler 
• Word Processing System 
• Data Base Management 

with more coming all the time. 

SMALL, RUGGED, RELIABLE 
With all its features the new Z-2H, 

including its hard disk drive, is still 
housed in just on e compact cabinet. 

Hard disk drive at lower Jell can be Inter­�
changed jus t by s l id ing out and d isconnecting �

plug Sev<>n free card slots are ava ilab le. �
Z·2H inc ludes printer interf ace ca rd. �

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 @ 8V, 1SA @ 
+18 V, and 15A @ -18V) for cir­
cuitry you'll sooner or later want lo 
plug into those free card slots. 

SEE IT NOW 
Last summer we told you this new 

Z-21-1 wou ld be a smash . And it is. 
So see it at your dealer's now. Have 
him put you in touch with a user­
there are lots o( them because 
Cromemco has been deliver ing for 
months. See for yourself how pleased 
our users are. 

PRESENT CROMEMCO USERS 
W e've kept you in mind, loo . Ask 
about the new Model HOD Disk 
D r ive whi ch can combine with your 
present Cromemco computer to give 
you up lo 2'.! megabytes of di sk 
torage. 

Cronaerneo �
Incorporated 

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
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Foreground 
96 COMPUTING THE I CHING WITH A TRS-80 

by Dr Edwin Dethlefsen 
lf you cannot afford both a set of tortoise-shell casting wands and a personal computer, you 
should buy the computer and use the program in this article to peer into the Book of Changes. 

142 THE GREAT RACE AND MICRO DISK ALES, Horse Race Simulations 
by Joseph JRoehrig 
Here is a demonstration of some disk file management techniques used in a delightful game pro­�
gram. �

198 PROGRAM THOSE 2708s! by Robert Glaser �
Programming this erasable programmable read-only memory for 8080-based microcomputers is �
easy with this author's hardware building and software usage methods. �

212 APPLE AUDIO PROCESSING by Mark A Cross �
Here is a simple interface you can add to an Apple II to allow audio input and output. �

234 BUILD A LOW-COST EPROM ERASER by LB Goiter �
Do you need to change the programs in your erasable programmable read-only memory? Try �
building this ultraviolet EPROM eraser to do the job. �

Background 
18 USING THE COMPUTER AS A MUSICIAN'S AMANUENSIS, 

Part 1: Fundamental Problems by ]ef Raskin �
In the first of two parts, this author explores several musical concepts and poses some of the in­�
itial music-to-printed-score translation problems. �

34 ADD A SIMPLE TEXT EDITOR TO YOUR BASIC PROGRAMS 
by Robert G A Goff 
Having a text formatting routine when you output large amounts of text is useful. Now you can 
see how easy it is to implement an editor in BASIC. 

40 EASE INTO lb-BIT COMPUTING, Part 2: Examining a Small 
Multi-User System, by Steve Ciarcia 
Last month, Steve told us about the 8088 processor's capabilities. Now he discusses a two-user 
system with Tiny BASIC tha t can be built using only five integrated circuits. 

70 ADVANCED REAL-TIME MUSIC SYNTHESIS TECHNIQUES 
by Hal Chamberlin 
This well-known computer music maker discusses the fine points of how he uses versatile digital­
to-analog converters with a typical personal computer. 

118 CALCULATING FILTER CAPACITOR VALUES FOR COMPUTER POWER 
SUPPLIES by John Thomas 
Here is a homebrewer's explanation of how formulas and guidelines were developed for choosing a 
particular electronic component. 

124 A GRAPHICS TEXT EDITOR FOR MUSIC, Part 1: Structure of the Editor 
by Randolph Nelson 
Now you can learn to enter musical scores into your computer by using a graphics tablet . 

Nucleus 
6 Editorial: Bar Codes 104, 110 Technical Forum: 

Revisited .. . MicroShakespeare; More �
12 Letters GOTOXY �
32, 240 BYTE's Bits 115 BYTE News �
60, 68 Programming Quickies: 222 Clubs and Newsletters �

An Animated Slot Machine in 226 Event Queue �
Color; A White Noise Generator 242 What's New? �
for the Apple II 287 Unclassified Ads �

66, 220 BYTE's Bugs 288 Reader Service, BOMB 
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512 x 484 resolution 
display supervised by 
its own Z80 micropro­
cessor 
32K bytes of dual port 
memory give a com­
pletely undisturbed 
screen image 
Resident software em­
ulates an ASCII ter­
m inal and provides 
graphics routines for 
point, line, region, and 
light pen usage, and 
more 
Compatible with any 
8-100 system, yet eas­
ily interfaced to other 
computers 
72 key keyboard with 
graphics function 
keys 
15" high performance · 
monitor 

By 
SCION CORP. 

Word.smith Word Pro­
cessor software 
40-line page display 
Selectric layout key­
board plus 20 Word­
smith function keys 
15" high performance 
monitor 
Compatible with8-100 
systems 
Complete documenta­
tion 

Call or write: �
SCION CORP. �

8455-0 Tyco Road �
Vienna, Virginia 22180 �

(703) 827-0888 �











using a relatively inexpensive piece of equipment added 
to a typical small-computer system, namely a high›
resolution, hard-copy printer with relatively small 
incremental-spacing intervals. 

For example, Tom McNeal of Hewlett-Packard’s Cor›
vallis Division (manufacturers of the HP-41C calculator) 
reports that he uses an impact printer with carbon-film 
ribbon to produce bar codes in the format shown in 
figure 2. Printers with similar characteristics of high›
resolution placement of vertical bar characters are 
manufactured by companies such as Diablo, Qume, and 
NEC. In preparing an output of digital information, the 
precise spacing of the vertical bar characters is used to 
create a wide- or narrow-width imprint depending on the 
details of the format used. 

Let us conclude this commentary with some critique on 
the potential uses of the bar-code format in publishing 
programs or data. The first and most important comment 
is that the technique is not intended to be useful with 
large files of data. When the bulk of information to be 
transferred by a user is in excess of ten to twenty thou›
sand bytes, the bar-code method is not at all appropriate. 
It is best used for chunks of data that are on the order of 
hundreds of bytes rather than tens of thousands. 

The reason for this comment is that in our previous ex›
periments with homebrew prototype wands, we found 
that the practical data-rate-equivalent for the manually 

ROOT FINDER 

PROGRl\H REGISTERS NEEDED : 21 

ROW l (l - 2) �
1111111111111111111111111111111111111 111111111111111 11 111111111111111111111111111111111111111111111111111111111111111111111111111111 �

ROW 2 (2 - 5) �
11111111 111111111 111111 11111111111111111111111111111 11111111111111111111111111 111 111111111111111111111111111111111111111111111111111 �

ROW 3 i6 - 8) 
lllllllllll 1111111 1111111111111111111111111111111111111111111111 11 11111111111111111111111111111111111111111111111111111111111111111 

ROW 4 \ 9 › 131 
11 111111111111111 111 11111 111111111111111111111 11111 1111111111111111111111111111111111111111111111111111111111111111111111111111111 

Rllli1111111nhi111 u111 1i1i1!1111111111 11111111111111111111 1111111111111111111111111111111 1111111 1111111111111111111111111111111111 

ROW 6 ( 25 - 361 �
111 1111111 111 11111111111111111111111111111111111111111111111111111111 11111111 11111111111 1111111111111111111111111111111111111111111 �

ROW 7 (37 - 45) �
lll lllllllllllllllllllllllllllllllllllllllllll/lllllllllllllll/111111 111111111111111111111111111111111111111111 111111111111111111111 �

ROW 8 145 - 551 �
111 11111111111111111111111 11 1111 11111111111111111111 111111111111111 111 111111 1111111111111111111111111111111111111111111111111111111 �

ROW 9 (56 - 651 �
11 111111111111111111111111111 11 11 1111111111111111111111111111111111111111111111 11111 11111 1111111111111111111111111111111111 11111111 �

ROW 10 (66 - 71) �
111 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 �

ROW 11 171 - 75) �
111 111111111111111111111111111111 111111111111111111111111111111111111111 111 11 11111111111111111111111111111111111111 �

Figure 2: A sample of bar codes in the format used by the 
Hewlett-Packard HP-41C calculator. This sample consists of 
binary code for the HP-41C program called Root Finder, found 
in the HP-41C Standard Pac library. This image was prepared 
by Tom McNeal, who is a development engineer with the Cor­
vallis Division of Hewlett-Packard. 

The format specifies that 2 start bits (both binary 0) be used, 
followed by three 8-bit header words, up to 13 data bytes, and 
then 2 stop bits (the first set to binary 1, the second to 0). The 
wide bars, which represent binary Is, should be twice the width 
of the narrow bars, which represent binary Os. The spaces serve 
as a gauge for the width of the narrow bars. 

The original image was printed on an 81/z by 11 inch sheet of 
paper, but in reproducing it for use in the magazine we have 
reduced it in size to fit our layout. 
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guided input of data is about 10 characters per second. 
The benchmark was taken using input from bar-coded 
program texts published in BYTE’s various P APERBYTEfi 
software books. This data rate compares favorably with 
the paper-tape reader on an ASR33 Teletype, but is not at 
all desirable for repeatedly loading a 10,000-byte file. 

But, when the data to be loaded has a high semantic 
content per byte of coded information, bar codes are 
quite appropriate. This is especially true when the system 
in which the bar code is used must deal with a great 
variety of such detailed specifications. An example of 
such semantically dense coding is the typical electronic 
calculator program, which might have several hundred 
bytes of information representing a very high level of 
function in each byte. Another example might be evi›
denced by instructions for some hypothetical kitchen 
cooking appliance, which are printed as perhaps a hun›
dred bytes of data on a food package. Another classic 
example of ten used in the past is use of bar codes as an 
inventory-control technique in fields as diverse as 
libraries and factories. And of course, the Universal Pro›
duct Code (UPC) information found on many standar›
dized supermarket products can be read by this wand, 
thus allowing home and kitchen applications impossible 
for personal computers before this price breakthrough. 

So, I will close my present commentary about bar 
codes by noting that we can expect further lively applica›
tions articles to appear in future issues of BYTE. This is a 
natural prediction based on the fact that readers now can 
get their hands on the necessary hardware at a very 
reasonable price. The clever designers and marketeers of 
Hewlett-Packard have made the bar-code technology 
quite practical and useful in numerous new applications 
of the small computer. � 

A History of Bar-Code Information Published 
in BYTE 
1. � Banks, W, C Helmers, and R Sanderson, "A 

Proposed Standard for Publishing Binary Data 
in Machine Readable Form," November 1976 
BYTE, page 10. 

2. � Banks, W, "Samples of Machine Readable 
Printed Software ," December 1976 BYTE, page 
12. 

3. � Farnell , C, and Seeds, G, "A Novel Bar Code 
Reader," October 1978 BYTE, page 162. 

4. � Helmers, C, "Further Notes on Bar Codes," 
February 1977 BYTE, page 121. 

5. � Helmers , C, "Another PAPERBYTES Test," 
March 1977 BYTE, page 130. 

6. � Helmers, C, and SS Loomis, "PAPERBYTES 
Forum," July 1977 BYTE, page 128. 

7. � Merkowitz, F L, "Signal Processing for Optical 
Bar Code Scanning, " December 1976 BYTE, page 
77. 

8. � Merkowitz , F L, "Micro-Scan Corporation Bar 
Code Scanner" (Product Review), October 1978 
BYTE, page 166. 

9. � Regli, K, "Software for Reading Bar Codes ," 
December 1976 BYTE, page 18. 

10. �Shuford R, "A Proposal for a Kitchen Inventory 
System, or Don't Byte the Wand That Feeds 
You" (Technical Forum), December 1978 BYTE, 
page 184. 
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Disputed Analysis of Frequency 

The article "Frequency Analysis of 
Data Using a Microcomputer" 
(December 1979 BYTE, page 10) by Dr 
F R Ruckdeschel would have been very 
useful, if he had not made one disas­
trous error: he did not realize that 
Fourier coefficients for discrete, equally 
spaced data points can be validly calcu­
lated only at certain discrete frequencies. 
This error caused the wide smearing of 
the frequency plots shown in the article. 
These plots should have shown very 
sharp maxima, with little or no 
amplitude at other frequencies. 

I devised a version of his program 
that now gives the correct results. My 
program shows that his figure 2 (page 
18) was correct, but that figure 3 was 
incorrect. In figure 3, essentially all of 
the energy was actually in the first fre­
quency, as would be expected . The only 
energy present in the other frequencies 
was due to the inexact input data, and 
to round-off errors during calculation. 

My analysis of a square wave (his 
figures 5, 6, and 7) differs. A square 

NEW �
INCREDIBLE Computer . pp 
only $24.95 

MONTY� is full of surJ?rises. Entertains as he plays-with �
music and colorful visual effects. Cassette programs available �
for 16 K APPLE W and 16K Level II TRS-ao• microcomputers for use �
with your Monopoly game. MONTY� is• a shrewd operator. �
But he can be beaten. Send $24.95 check or money order (postage paid) �
Iowans add 3% sales tax. Remember ... " MONTY�plays Monopoly." �

P.O. Box 921, Fairfield, Iowa 52556 

Namf! --------- ›
"Monopoly Is a 1rademarX ol Parker Bros., Inc. Address __
Apple Is a trademark of Apple Computer, Inc. �
TRS•80 is a trademark ot Tandy Corp. Cny _ S1ate __ Z�p �

a APPLE a ms.aoCRifam Corpotalion, 1980 
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wave should contain only odd frequency 
components. My analysis of a sixty-five­
point, eight-period sine wave (his figures 
10 and 11) also differs. My plot shows 
that essentially all of the energy is in fre­
quency number 8, as would be expected. 

My analysis of a sixty-five-point, 
eight-period sine wave with random 
noise added shows that there is now 
some energy distributed among other 
frequencies, due to the noise component. 

The major changes to the program 
include: 

1) � It now calculates only the discrete 
frequencies that are valid. These 
valid frequencies correspond to sine 
(or cosine) waves with one complete 
cycle, two complete cycles, three 
complete cycles, etc, in the data. 
This can be visualized most easily 
by setting the data end to end, to 
form a complete loop; then the only 
valid frequencies are those that can 
fit around the loop without having 
any discontinuity. 

2) � Lanczos' method is used to prepare 
the data; this reduces the amount of 

calculation by one half (for longer 
problems) and also reduces the 
round-off error. (See Lanczos, C, 
Discourse on Fourier Series, Hafner 
Publishing Co, New York, 1966, 
page 119.) The data is folded at the 
center, and the sums and differences 
are calculated to make two new 
series of numbers, each set one-half 
as long as the original data set: The 
trend is also removed, to allow 
analysis of data that has a straight­
line, up or down trend. Calculation 
of thirty-two frequencies for sixty­
five data points now takes just over 
2 minutes. 

3) The amplitude and phase are calcu­
lated for each frequency. Note that 
frequency 0 is the base level of the 
data, frequency 1 is for one cycle in 
the data, frequency 2 is for two 
cycles in the data, etc. The phase is 
given in degrees, and is checked for 
a 0 sine-coefficient (which would 
give a divide-by-zero error), and is 
adjusted to the proper quadrant (in 
the 0 to ±180 degrees convention) . 
The number of valid sine and cosine 
coefficients that can be calculated 
for a set of data are equal in 
number to the number of data 
points. (The 0 and (N-1)/2 fre­
quencies have only a cosine coeffi­
cient.) Beyond this point, the ab­
solute values of the sine and cosine 
coefficients repeat (this is called 
aliasing). A message is printed on 
the table at this point. 

4) In the frequency plots, the 
amplitude tends to decline sharply 
at first, then more slowly. To com­
pensate for this, I plot energy for 
each frequency instead of ampli­
tude. Energy will tend to remain 
constant for all frequencies, making 
higher levels stand out more clearly. 
I also plot bar graphs instead of 
only the maximum level, and for 
clarity label each bar. The 0 fre­
quency is not plotted, as it has no 
bearing on the frequency spectrum, 
and only valid frequencies are plot­
ted. 

With my revised program, meaningful 
frequency analysis of data is much 
easier. 

Delmer D Hinrichs 
2116 SE 377th Ave 
Washougal WA 98671 

Reply &om the Author 
I received several interesting letters 

regarding my article "Frequency Analysis 
of Data Using a Microcomputer, " 
December 1979 BYTE, page 10. Most of 
the letters were in reference to errors on 
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Further Reply from the Author 
Mr Gear's "quick glance" was a quick 

error. He failed to obseroe (as others) 
that a numerical approximation to the 
Fourier Integral was being performed, 
not a formal discrete Fourier transform 
(DFT) or fast Fourier transform (FFT) . In 
this case, using a DFT (or FFT) would 
have given the wrong results. His com­
ments would have been correct other­
wise. The only bug which exists in the 
program (as far as I know) is explained 
in the response to Delmer Hinrichs's 
letter (see above) . 

F R Ruckdeschel 

Information Requested 

Are any of my fellow BYTE readers 
willing to share information with me on 
interfacing microcomputer systems to 
the IBM Models 50 or 60 electronic 
typewriters? I would like to use my 
Model 60 as an output printer, and I 
would appreciate some advice, if any is 
to be had. 

Thanks very much. 

Michael Pinn.eo 
3757 Vienna Dr 
Aptos CA 95003 

Eclipsing Mechanical Pipe Dreams 

In looking through back issues of 
BYTE, I came across an editorial by Carl 
Helmers regarding the control of a 
camera with a computer. ("Computers 
and Eclipses," July 1979 BYTE). Though 
this is probably too late to help Mr 
Helmers with the February 16 event, it 
may be of interest to others. 

The mechanical interface described by 
Mr Helmers is dictated by his choice of 
camera body. The new generation of 
35mm cameras are mostly electronic, 
and therefore more directly controllable 
by computer. In general, there are two 
electromagnets. One releases the first 
curtain to uncover the film. The other 
releases the second curtain to cover the 
film . The time delay between releases 
determines the exposure. 

From here there are two approaches: 

1) Control the main release and the time 
delay circuit (this requires a speed›
select code and a trip signal) . 

2) � Control each curtain directly, timing 
done by the computer (this requires 
only an open and dose signal). 

To keep the hardware as simple as pos›
sible, I would recommend the second 
method. Detailed information and 
schematics for a particular camera can 
be found in a service manual . (Available 
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from National Camera Inc, 2000 W 
Union Ave, Englewood CO 80110.) 

A completely electronic. interface has 
several advantages: 

� � Power requirements are simplified; a �
major consideration for field equip›�
ment. �

� � Solenoid and motor vibrations are 
eliminated; with long lenses and long 
exposures they would seriously 
degrade image quality. 

� � Complete control of exposure time, �
including long timed exposures and �
in-between standard speeds. �

� � Random access shutter speeds; you �
are not limited to one step up or �
down at a time. �

These last two features make the in›
strument applicable to a wider range of 
tasks. 

William Earl 
363 Joe McCarthy Dr 
Tonawanda NY 14150 

See the Editorial in the March 1980 
issue . . ..CH 

Nose It All 
My comment concerns the smell (yes, 

literally the smell) of BYTE. When the 
December 1979 issue arrived, I sensed 
the same odor that one sometimes 
encounters in large discount chain 
stores, associated with plastic foot-gear 
and, no doubt, a rampage of other pro›
ducts as well. As this substance, the one 
responsible for the odor, has brought on 
attacks of asthma, I gave the issue a 
wide berth, reading it only in well›
ventilated surroundings for brief periods 
of time. I escaped without any obvious 
damage to my health . 

I assumed that, somehow, the issue 
had come too dose to some offensive 
item while enroute to me, or that a not›
to-be-repeated mistake had occurred 
during the production of the magazine. 
Alas, I was wrong, for the issue which 
just arrived, January 1980, exudes the 
same noxious particles/vapor. 

Perhaps I, alone among your readers, 
am overly sensitive to whatever new 
manufacturing process is producing this 
"air pollutant. " In that case, the solution 
to the problem is simple and is up to 
me. However, I write in case there are 
others who are similarly affected by it, 
in which case the substance might be 
considered at fault. In fact, my reaction 
might be likened to that of the miner’s 
canary, warning others of a potential 
threat. 

If you choose to, you are welcome to 
publish this as a letter to find out if 
enough others have been bothered to 

warrant removing the cause. It would 
certainly be a shame if BYTE were 
required to bear a legend devised by the 
Surgeon General. 

Philip K Hooper 
5 Elm St 
Northfield VT 05663 

Werning: The Sll'Q8Dll Corpa-al May Yet Determine Thet 
BYTE Reeding Is Dengerous to Yovr Health. 

Seriously, the difference in smell is 
due to a change in printers that became 
effective with the December 1979 BYTE. 
Readers will obseroe an improvement in 
the magazine that took place 
simultaneously. The "What 's New?" sec­
tion of the magazine is now printed on 
the same glossy-paper stock as the rest 
of the issue, rather than on the 
uncoated, buff-colored stock previously 
used . . ..CH 

Reform = Neologism 
In language usage it often happens 

that one person’s sensible reform is 
another’s unjustified neologism. I was 
reminded of this by Philip Bacon’s letter 
in the December 1979 BYTE, "Problems 
1 Thru Ten," page 78. He objects to 
using numerals to represent small 
numbers within English text. His claim 
to have to mentally translate such 
numbers into words in order to 
recognize them seems amazing to me, 
having never experienced any such dif›
ficulty myself. Nevertheless, if BYTE 
doesn’t mind using a little extra space to 
spell out numbers for Mr Bacon’s 
benefit, then I have no objection either. 

As a matter of fact, I would like to 
direct your attention to the far more 
abominable abbreviations recently com›
ing into use for designating the fifty 
states. By the principle of ironic sym›
metry I can expect that Philip Bacon has 
no problem with them. When I, 
however, encounter an address in the 
state of "MN" it is my tum to go 
through a kind of mental stuttering: 
"Maine7 Montana? Michigan? Where 
the devil is that ZIP code directory?" 

It is obvious that the post office is 
pushing these state codes so that com›
puterized records need allocate only two 
characters to name a state, whether two 
characters suffice for human intelligi›
bility or not. This is the most blatantly 
dehumanizing misuse of computer 
technology that I have yet seen. 

Craig Busse 
Systems Analyst/Chicago Office 
Canon USA Inc 
140 Industrial Dr 
Elmhurst IL 60126 � 
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We see it as a good �
way to get things done. �

Apple bas built a great computer. We at CCS have 
built a great line of peripherals and components to expand 
the Apple. To do almost anything you want to get done 
with a computer. 

If you want to do business with an Apple, we've got 
tools to connect the Apple to standard business printers and 
terminals. Or to modems, for communications over tele­
phone lines, with other computers, even with other Apples. 

If you want to apply your Apple to engineering, scien­
tific, or graphic projects, weve got tools for high-powered, 

high-speed math functions, and fast, high resolution graph­
ics. And tools to connect the Apple to lab test equipment 
like function generators or plotters. 

And we have tools to connect the Apple to the outside 
world, including AID converters and interval timers with 
external interface. 

We make components for the S-100 bus, the PET, and 
the TRS-80, too. We built our products to deliver hard­
nosed value to the OEM, and to the inventor who knows the 
best, at prices that are unbeaten. 

To find out how much computer your Apple II can be, 
see things our way. Because for serious users with serious 
uses for the Apple, we've got the tools. 

•­
California Computer Systems �
250 Caribbean Sunnyvale, CA 94086 (408) 734-5811 
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Var I· et 1on 

Figure 1: A section of Beethoven's "Variations on 'God Save the King"' done on the computer. When done correctly, computer-drawn 
music is indistinguishable from printed music. Only the time signature reveals the computer origin of this sample. The author pro­
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grammed the music system that produced this in 1967. 

the problem. It is no great feat to be 
able to attach a keyboard to a com­
puter - there is even an integrated 
circuit that does it for you (Intel's 
8279, for example). 

The minimally difficult part of the 
job lies in getting the computer to 
produce what looks like printed 
musical output of acceptable appear­
ance (for an example, see figure 1). It 
will take an experienced programmer 
a year or so to write programs that 
can achieve a good-looking music 

output from a computer system, 
unless he has a powerful graphics 
system to use. For minimally readable 
music notation, you should figure a 
month or two for the programming 
job. I am not talking about drawing 
just a single melodic line, but drawing 
full scores with all the slurs, beams, 
and other complex notations that 
composers use. 

The very difficult portion of the 
problem is to go from the computer's 
internal representation of the key-

presses to standard musical notation. 
The processes at the two ends are 
readily accomplished; it is the 
transformation from one to the other 
that is very difficult. 

It is difficult enough to go the other 
way, from standard musical notation 
to a reasonable performance: musi­
cians find that it takes years of train­
ing even to do that apparently 
straightforward task. But we will 
concentrate for now on the problem 
of going from the keyboard input on 
a piano-style keyboard to graphic 
output in standard musical notation. 

The first obstacle that deters many 
a hopeful attempt is the fact that 
musical notation contains both more 
and less information than is con­
tained in the performance. To see this 
clearly, let's simplify the problem 
slightly. If we cannot solve the 
simplified problem satisfactorily, it is 
unlikely that we will be able to solve 
the whole problem. 

A Musical Instrument to 
Keep in Mind 

One of the simplest instruments to 
computerize is the pipe organ. Its 
keys are in either an on or off (down 
or up) state, unlike a piano, where the 
manner in which the keys are struck 
makes a difference in the sound. 
(Note to organists: in this instance I 
am not talking about tracker-action 
organs; rather, I am talking about the 
usual electromechanical pipe organ, 
which is operated electrically from 
simple contact closures in the keys.) 

Another important simplification: 
real pipe organs often have the ability 
to produce a number of different 
timbres or sound qualities. We will 
limit the organ modeled here to what 
organists call a single registration, 
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5 MHz CPU Card 
• Intel 8085A-2 microprocessor • Hardware 
noating point • Performs calculations six times 
faster than other CPUs • On-board monitor in 
PROM • lK RAM scratch pad • Keyboard or 
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meaning that the tone color (timbre) 
of the instrument cannot be changed. 
This is not too severe a limitation, as 
much of J S Bach's music can be 
played very beautifully with only one 
registration. 

For the rest of this discussion, then, 
this simple pipe organ will be a useful 
model of a musical instrument to 
keep in mind. 

Four Views of a Piece of Music 
Before proceeding with the musical 

and technical details of the most dif­
ficult portions of the Composer's Aid, 
it might be a good idea to make sure 
that you and I are using the same 
terms in the same way. 

A piece of music, for this discus­
sion, has four major embodiments. 
First, there is the musical idea, which 
exists in the mind of the composer. It 
may evolve as it is performed, as in 
improvisation; it may never be real­
ized, or it may be written down. This 
last activity is termed composing. 

Second, there is the score, which 
is a written document (usually in 
musical notation) that describes how 
to play the piece. We will ignore the 
suggestive descriptions that often ac­
company the piece, for example: "an­
dante cantabile con moto appas­
sionato, " or as Fats Waller used to 
write, 'Tempo Basement De Luxe." 
The only portion of the score that will 
interest us for now is the collection of 
splotches of ink that, by their shape 
and position on the page, indicate the 
action to be taken by a human or 
mechanical performer. 

The third embodiment consists of a 
sequence of switch closures or 
keypresses on the keyboard. Such an 
embodiment is represented by a piano 
roll. On the organ, this embodiment 
can be represented mathematically as 
a sequence of ordered pairs, the first 
of which states at what time the key 
was pressed, and the second stating 
for how long an interval the key was 
held before being released . In prac­
tice, these times need not be more 
accurate than to the nearest hun­
dredth of a second (so long as errors 
do not accumulate). 

The fourth embodiment is the 
sound of the piece. This is what the 
composer primarily seeks. Many 
computer hobbyists overlook the fact 
that the score, the performer, and the 
instrument are just means to an end. 
Perhaps the ideal world would be one 

where the composer thinks up a 
piece, and some gadgetry attached to 
his head picks up these mental 
emanations and realizes them as 
sound - or perhaps disseminates 
them directly into the audience's 
brains. For the time being, though, 
we prefer to go through this last 
embodiment and hear the piece 
through our ears. Direct mind-to­
mind music we will leave to the 
science fiction writers. 

Getting Tripped Up by Rhythm 
Now that we have our corner of the 

computer-music world carefully 
delineated, our model instrument 
chosen, and the stipulation made 
that it is not difficult to have a 
computer read a keyboard and pro­
duce musical notation, let's look at 
some of the more difficult aspects. 
One such aspect is having the com­
puter proceed from its reading of the 
keyboard to the production of writ­
ten musical notation. 

If, due to someone's inspiration , 
what I am about to declare as being 
difficult to do turns out to be easy, I 
will be delighted. But read on and 
find out why it may be difficult. 

A piece of music that consists of 
only one note played at a time (a 
simple melody) can be captured by 
the computer by simply storing the 
time at which the note begins, and 
then storing the length of the time 
interval that the note continues to 
sound. It is convenient to measure 
these times in.hundredths of a second. 
It is also convenient to say, by con­
vention, that the time the first note 
begins is called time 0. 

For example, if the first note lasts 1 
second, we say that it starts at time 0, 
and has a length of 100. If the second 
note starts half a second after the first 
note stops and is half a second in 
duration, then we say that it starts at 
time 150 and has a length of 50. 

The rate of playing a musical piece, 
its tempo,is given in terms of 
Maelzel's metronome markings : the 
number of notes of a given metrical 
type (such as quarter or eighth notes) 
that are to be played in 1 minute. 
Incidentally, since the metronome 
was not available until after 1816, 
tempi of pieces composed before that 
date can rarely be ascertained with 
any assured accuracy. 

Figure 2 presents the notation that 
tells us to play exactly UO quarter 



Now! North Star 
Application Software! 
North Star now offers application 
software for use on the HORIZON! 
Now you have one reliable source 
for both hardware and software 
needs! The first packages avail­
able are: 

NorthWord-
NorthWord is a simple-to-operate 
word processing system designed 
for use with the popular North Star 
HORIZON. NorthWord enables you 
to increase office efficiency and cut 
document typing time and cost. 
NorthWord incorporates the most 
sought-after word processing fea­
tures: easy editing, on-screen text 
formatting, simultaneous document 
printing, and much more. NorthWord 
can be integrated with other North 
Star software packages to produce 
customized letters, labels and 
reports quickly and efficiently. 

MailManager­
Mai!Manager enables you to com­
pile and maintain complete organ­
ized mailing lists. Lists are easily 
accessible and can be compiled 
with a great deal of flexibility. Entries, 
corrections and deletions are easily 
made. The North Star MailManager 
can print your list on individual enve­
lopes, on mailing labels, or in com­
pact summary form. 

lnfoManager­
lnfoManager is a powerful list­
oriented, data management system. 
It will accept up to 50 categories of 
information for each record and has 
the ability to select and sort before 
printing. The North Star lnfoManager 
has power and flexibility for many 
applications: product inquiry, in­
ventory, customer/c lient records, 
calendar reminders, and as an easy 
way to fill in often-used forms. 

Generalledger-
General Ledger and Financial 
Reporting, two programs in one, 
maintains general ledger accounts 
based on such input as checks, 
bank deposits and journal entries, 
and uses the information in the 
general ledger to produce custom­
ized financial statements and 
financial reports. 

NorthWord is the central building 
block for all the North Star applica­
tion software to follow. Packages 
now being tested include other 
accounting and professional appli­
cation packages. For more informa­
tion or a demonstration, contact 
your local North Star dealer. 

NorthStaff �
North Star Computers, Inc. 
1440 Fourth Street 
Berkeley, CA 94710 
(415) 527-6950 
TWX/Telex 910-366-7001 



notes in 1 minute. Each quarter note 
will have a length of 501100 of a 
second. 

The first significant problem occurs 
right here. Have a person using a 
metronome play on some instrument 
six quarter notes, in succession, at 

J= 120 

this tempo. There is no difficulty in 
having the computer find when and 
for how long each note is played. The 
resulting data might well look like the 
data in table 1, which came from an 
experiment conducted with a push­
button switch attached to my Apple 

Figure 2: Markings for tempo. The notation above and to the rigl1t of the treble clef tells 
us to play this musical passage at a rate such that 120 quarter notes can be played in 1 
minute. 

J= 120 

Figure 3: Music notation for six equal quarter notes. When a human player tries to play 
these notes, the results, as strictly interpreted by an unsophisticated computer program , 
may be interpreted differently. See figure 4. 

Figure 4: Possible computer interpretation of six quarter notes. When the keystrokes 
entered by a human attempting to play six notes of equal duration are interpreted, even 
a fa irly good computer program might interpret them as something quite different. The 
notes here are: a dotted eighth and a sixteenth rest (two times); a eighth note and an 
eighth rest; a dotted sixteenth note, a thirty-second rest, and an eighth rest; an eighth 
note, a thirty-second rest, and an eighth rest; a dotted eighth note, a sixteenth rest, and 
a thirty-second rest. 

Starting Note 
Time Length 

Note (1/100s) (1/100s) Comments 

1 0 32 The first note started at time 0 and lasted 32/100 seconds. 
2 53 34 The second note started 531100 seconds after the first . 
3 101 37 The third note's starting time and length, etc. 
4 167 22 
5 210 28 
6 268 30 

Table 1: Results of an attempt to play six notes of equal length. The starting times 
and note lengths, each measured in hundredths of a second, were derived from a 
computer program written for the author's Apple II. The program recorded the times 
a push-button switch was pressed and released. Any computer program that has the 
task of converting these keypresses to standard music notation will have to decide 
from the note length values whether or not certain notes are meant to be equal. 
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II computer. 
The data was produced from the 

playing of an experienced musician 
and yet is irregular. There are two 
reasons the results from this very 
simple piece seem so ragged. First, so 
that several notes played consecutive­
ly at the same pitch may be heard as 
distinctly separate events, the actual 
duration of each note must be shorter 
than the indicated length in order 
leave a short period of silence be­
tween each instance of the note. Thus 
the length of a note will not be exactly 
half a second (50/100 of a second) 
nor will it average this length, but 
something less. In this case the dura­
tion averages to 30.5 hundredths of a 
second. 

Another reason the note inceptions 
are not as regular as we might hope 
lies in the normal variations in human 
motion . The average time between 
the notes is 53.6 hundredths of a 
second. 

Now that we have the starting 
times and lengths, how would we 
notate the piece as played? The player 
was thinking of six equal notes, filling 
a measure as shown in figure 3. But 
the computer heard nothing of the 
sort. It received a sequence of rather 
irregular numbers. It would require 
some clever programming to deter­
mine that all of those notes were in­
tended to be the same length. A 
moderately clever program might 
produce the music notation shown in 
figure 4. 

The program seems to be struggling 
to accurately fit the notes it "hears" 
into the pattern of 120 beats to the 
minute, and losing the struggle. 

Another Rhythmic Difficulty 
Matters become worse if the com­

puter has to determine what the in­
tended tempo is, just by hearing it. 
Even if the notes are played by a 
precise mechanism, no program can 
tell the difference between the notes 
in figure Sa and the notes in figure Sb, 
since they both sound the same, albeit 
at different tempi. Nonetheless, a 
human player may interpret those 
two notations differently. In fact, if 
we rewrite the six equal notes in 6/4 
time (as in figure 3) so that it is in 3/4 
time, the result is the notation given 
in figure 6. 
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Personal Computer show) 
will take place on April 19 
and 201980. 

The fifth annual Festival 
will last for two full days, 
with a 5-acre outdoor flea 
market and indoor commer­
cial exhibitor area for up to 
ninety booths. There will be 
thirty speakers, user group 
sessions, and demonstra­
tions, as well as hundreds of 
door prizes. 

Computer conference ses­
sions and forums will be 
held on microcomputers in 
the home, education, 
medicine, amateur radio, 
music and the arts. There 
will be user group sessions 
on Saturday and special 
tutorial sessions for the 
general public and novice on 
Sunday. 

It is expected that atten­
dance will exceed 9000, up 
from 6000 last year. There is 
free parking for 5000 cars. 
There will be a Saturday 
night banquet with noted 
guest speakers. 

TCF-80 will be held at 
Trenton State College, just 
outside of Trenton, New 
Jersey, convenient to New 
York City, Philadelphia, and 
Baltimore. 

Admission is $5 for the 
two days ($2 for students). 
The Saturday night banquet 
is $10. Flea Market spots are 
$5 per day . 

TCF-80 is a nonprofit 
undertaking and is spon­
sored by: the Amateur 
Computer Group of New 
Jersey, the Philadelphia Area 
Computer Society, the Tren­
ton State College Computer 
Society, the Institute of Elec­
trical and Electronics 
Engineers- Princeton Sec­
tion, and the Department of 
Engineering Technology, 
Trenton State College. 

The $300 Hand-Held 
Coconut 

On Friday, February 2, 
1980, a burglary was com­
mitted at the Cambridge, 
Massachusetts, apartment 
where David Mitton, 
secretary of the New 
England Computer Society, 
lives. Among the items 
stolen was the computer 
system that had been used 
to operate the Cambridge 
Computerized Bulletin Board 
System (CBBS) . The follow­
ing equipment was stolen: 

• Processor Technology 
Sol-20 Terminal Com­
puter; 

• SD Systems ExpandoRam 
memory board populated 
with 48 K bytes of 
memory; 

• Potomac Micro Magic 
MM-103 modem board 
and telephone interface, 
serial number 1-1155; 

• North Star Minifloppy 
disk-controller board; 

• Two Shugart SA-400-3 
Minifloppy 5-inch floppy-
disk drives, serial 
numbers A40096 and 
A93222 {drives were open 
and screwed onto a 
%-inch piece of 
plywood); 

• Motorola video monitor. 

Readers of BYTE that have 
any information concerning 
the whereabouts of this 
equipment are asked to con­
tact David Mitton by 
telephone at work 
(617) 493-3154 or at home 
(617) 876-8718. 

Personal belongings also 
stolen included an Advent 
300 stereo receiver (serial 
number J0-23821), a Sanyo 
625 turntable (serial number 
66119191), and a Raleigh 
Super Course ten-speed 
bicycle (serial number 
250525, brown with 
handlebar gear shifters). 

A little-known fact about 
Hewlett-Packard is that 
most of its computer pro­
ducts visible to the average 

T C F Rides Again 

The Trenton Computer 
Festival (TCF) (the original 

person have come from the 
same division. This branch 
of Hewlett-Packard began in 
Cupertino, California, under 
the name of the Advanced 
Products Division (APO). In 
mid-1976, APO changed its 
name to the Corvallis Divi­
sion, when it moved to its 
current location in Corvallis, 
Oregon. 

In 1972, APO started the 
calculator boom with the in­
troduction of the HP-35, 
which was the first hand-
held calculator that could 
entirely replace the (then) 
common engineer's slide 
rule. In 1974, APO surprised 
an increasingly calculator-
oriented world with the in­
troduction of the HP-65, the 
first user-programmable 
calculator with magnetic 
card storage. 

The Corvallis Division has 
continued its orientation 
toward the personal user 
since its name and location 
change in 1976. Even before 
the move to Corvallis was 
made (some three years 
before the introduction of 
the first product), Hewlett-
Packard had already devised 
the code names of two 
already-planned products, 
known internally as 
Capricorn and Coconut. 

The Capricorn, Hewlett­
Packard's desktop computer 
(officially named the 
HP-85), has become a 
popular name by which the 
product is known. (For a 
review of the computer, see 
Christopher Morgan's article 
in the March 1980 BYTE, 
"Hewlett-Packard's New 
Personal Computer, The 
HP-85.") However, it was 
only recently discovered 
that the other name, 
"Coconut," referred to the 
HP-41C, the extended-
function hand-held program­
mable calculator introduced 
by the Corvallis Division 
last July. 

Hewlett-Packard has a 
large semiconductor produc­
tion line at the Corvallis 
plant; this facility is largely 

being used to produce 
custom integrated circuits 
and liquid-crystal displays 
(LCDs) used in the HP-41C. 
The Corvallis plant also 
manufactures a number of 
parts for the HP-85 com­
puter. 

Computer Camp 

Children can sign up for 
an overnight camp in 
Moodus, Connecticut, 
where this summer's main 
activity will be computers. 
This recreational and educa­
tional experience is directed 
by Fairfield University pro­
fessor Dr Michael Zabinski. 
One week is planned from 
June 29 to July 4. The 
campers, ages ten to seven­
teen, will have small group 
instruction along with mini­
computers and microcom­
puters for hands-on experi­
ence. The camp is for 
children of all levels of 
experience. In addition to 
computers, the campers will 
have the facilities of the 
Grand View Lodge including 
swimming and tennis. For 
further information, contact 
Dr Michael Zabinski PhD, 
{203) 795-9069, or write, 
Computer Camp, Grand 
View Lodge, POB 22, 
Moodus CT 06469. 

Drive Through Order 
Verification Screen 

If you have ever ordered 
a hamburger and french fries 
at a drive-through res­
taurant, then waited 
patiently only to receive a 
jar of horseradish and a 
pound of onions, you now 
have the ability to stop the 
problem before it begins. 
Scan-Data Corp, 800 E Main 
St, Norristown PA 19401, 
has developed the Positran 
Fast Food System which 
eliminates mistakes by 
allowing customers to view 
their order on a video screen 
as it is being placed. The 
system has been tested at 
restaurants around the 
country.• 
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Ohio Scientific 
Microcomputers for all reasons 
Ohio Scientific tias been building 
microcomputers longer than any com­
pany currently in the personal computer 
and sma ll business computer market· 
place. The company features a un iquely 
broad line of computer systems and in· 
terchangeable accessories . Ohio Scien­
tific computer models range from the 
$279 Superboard II which is the lowest 
cost complete computer on the market to 
the world's most powerful microcom­
puter: the C3-B GT which features a 74 
million byte, 10 millisecond access disk 
and a 300 nanosecond instruction cycle 
processor . Ohio Scientific computer 
products are sold and supported by a 
world-wide network of over 350 computer 
dealers_ The product line featured in 
this brochure is Ohio 
Scientific's professional 
series computers, soltware 
and accessories. All 
machines in this brochure 
incorporate dual 8" floppy 
disk drives and utilize the 
OS I 48 tine BUS architec· 
tu re of modular inter ­
changeable PC cards. This 
architecture allows easy 
servicing , modification and 
upgrading_ All machines in 
this brochure have internal 
firmware for instant disk 
loading and diagnostic 
test ing and come complete 
with connecting cables, 
operating manuals and OS· 
650 disk operating system 
with extended BASIC so 
they can be uti lized �
immediately when delivered by connec· �
lion to a standard RS-232 terminal. �

Business 
The most popular use of Ohio Scientific 
professional computers is in small 
business accounting . The minimum con­
figuration of each computer has dual 8" 
floppies, 48K bytes of RAM and an 
RS-232 port making each computer 
usable in business applications as 
delivered. All Ohio Scientific machines 
can operate as single-user, stand alone 
computers, but by simply adding one 
PC board , they can also be used as 
intelligent terminals in a distributed 
processing network. Business software 
includes an advanced BASIC operating 
system: OS-65U which features end user 
operating ease and security as well as 
highly advanced file structures and com­
munications protocols. OS·65U is unique 
in that programs written in this operating 
language are immediately upward com­
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patible from single-use r floppy systems 
to multi-user timeshare and/or distributed 
processing networks with hundreds of 
megabytes of hard disk. Specific 
business applications software include a 
complete word processor for use on any 
professional series computer (WP-2), a 
family of conventional fully integrated 
accounting systems (OS-AMCAP) and a 
highly advanced data base manager and 
information management system (OS· 
OMS). OMS based applications modules 
range from simple general accounting 
packages to Construct ion Quotation , 
Medical and Lega l billing systems in 
stand alone and/or integrated single-user, 
multi-user and network compatible con­
figurations. The data base structure of 

BUSINESS 

ll&«i!WIL11 ANll 
DEVELOftllM' 

these packages al lows a high degree of 
end user customization without prog1am­
ming through use of powerful general 
purpose report writers, mathematical 
packages and an on-l ine query fac il ity. 

Education 
Ohio Scientific personal computers are 
very popular in general education . The 
professional series offers capabilities for 
advanced educational use. Ohio Scien­
tific 's C1 P and C4P series computers can 
be connected to a C2 or C3 computer to 
uti lize its floppy disk and printer, and to 
allow teacher monitoring and com­
munications under OS-65U Level 1 
operating system . 
The Challenger II l's unique three· 
processor architecture provides oppor· 
!unities for students to compare archi· 
lecture, machine code. assemblers and 
upper level languages for three types of 
processors on one machine. OS-CP/M 

further' provides a wide range of language 
capabilities including BASIC, FORTRAN , 
COBOL, PASCAL, APL, FORTH , ALGOL 
and others. Ohio Scientific 's broad range 
of compatible accessories include a 
solderless interface prototyping board, a 
high speed analog 1/0 module and a 
PROM blaster for use in hardware labs. 
OS l's home security and control 110, 
unique voice 1/0, and new telephone in­
te rface coupled with the fast access high 
capacity CD-7 4 ha rd disk provide unique 
opportunities for advanced computer 
science investigations on an educational 
budget. 

Research and Development 
The C2 and C3 se ries com­
puters feature the most 
advanced 6500 family 
operating system and ar· 
chitecture complemented 
by a fast resident inter· 
active assembler/editor , 
on-line debugger and op­
tional PROM blaster 
capability. The C3 ex tends 
this development system 
capabi lities to the 6800 and 
Z80 family by nature of its 
three-processor architec· 
lure . Ohio Scientific 's 
broad range of plug com­
patible accessories include 
a unique voice recognition 
breadboard . a powerful 
Votrax · based voice output 
system, a general purpose 
telephone interface, a fast 
analog 1/0 module, very 

fast high storage capacity hard disks. 
and computer network capabilities. 
These leading edge technology products 
provide opportun ities for advanced ar· 
chitectural investigations and develop­
ment without extensive hardware 
modifications. To further enhance the 
C3's usefulness in RID applications, the 
company is currently developing a 
68000/Z8000 CPU expander board which 
is designed to plug-in to existing C3 
series computer systems. 

OEM 
Ohio Scientific's broad line of plug­�
compatible products and mass produc­�
tion economies provide a tremendous �
cost/performance benefit to both original �
equipment manufacturers and " systems �
houses". �
Contact your local dealer or the factory �
for OEM contract details on computers. �
accessories. complete systems and/or �
subassemblies. �



Ohio Scientific's new C2-0EM Is designed to be the cost effective 
solution to business and industrial applications which can effectively 
utilize typical microcomputer execution speed. The C2-0EM benefits 
from Ohio Scientific's years of volume microcomputer production 
experience yielding an extremely competitively priced medium 
performance microcomputer. 

The C2-0EM utilizes the popular 6502 microprocessor operated at 
1 MHz clock speed in conjunction with 48K or 450 NS Dynamic RAM 
memory. 

This hardware configuration when used in conjunction with Ohio 
Scientific's ultra fast BASIC by Microsoft yields Business 
environment performance equal to or better than competitive 
microcomputer systems. 

The C2-0EM is housed ln a versatile table top cabinet which can also 
be rack mounted or incorporated in a matching desk which also 
accommodates a CRT terminal and printer. 

The system features very simple physical construction and the use of 
industry standard parts for reliable operation and simple servicing . 
All circuitry is on two 8 x 10" OSI BUS compatible PC cards, one for 
the 48K memory and the other which contains the CPU , Firmware, 
RS-232 port and floppy controller. 

The cards are plugged into an 8 slot back plane which provides 
tremendous expansion capability. The unit features two industry 
standard 8" Floppy disk drives and is powered by two standard UL 
recognized open frame power supplies. 

The C2-0EM's low cost, simple construction, standard performance, 
and factory configuration make it the logical choice when a simple, 
rugged " no problems" computer is desired. 

Features: 
Simplest, most cost-effective computer when typical microcomputer 
execution speed is acceptable. 

• Full business configuration standard• 48K dynamic RAM 
• .35 MIPS 6502 CPU • RS-232 port at 300 to 19,200 baud 
• Dual 8" floppies store 600 Kbytes 
• OSI BUS oriented for modular expansion 
• Fast low overhead disk operating system standard 
• Microsoft BASIC with random and sequential access files 
• Instant load disk bootstrap and front panel emulator in ROM 

The C2-0EM with cover off showing the placement of 
floppy drives, UL recognized power supplies and 8-slot 
OSI 48 BUS backplane. 

Prices 
C2·0EM As specified above $2799 

Options 
·01 Double ·sided disks doubles ca­ 800 

pac\tv to 1.2 Mbythes. 

·02 Internal video board and keyboard 
with numeric pad provide complele 
terminal lunction with uppernower 
case and graphics within the com· 
puter (a low cost alternative lo con· 
ventional CRT terminals). Jusl adda 
TV monitor for a complete low cost 
system. 

299 

·03 Conversion to static RAM uses one 600 
more slot (2·24K boards) and adds 
4.5 amps additional power. 

·04 Double cases-uses separale 
cases for computer and floppies . 
ldenlical in appearance to lhe 
C3-S1 . 

200 

·05 OS-AMCAP package provides 
AMCAP V1.5 and OS·65U al a $300 

$875 

savings when purchased with the 
computer. 

Notable Accessories 
AC-3P � 12 · TV monitor for use with 129 

the 02 option 

CA-17 � Plug- i n board adds lnte l ll· 298 
gent terminal capability under Level 
3NET. 

DSK-5A 5 foot matching desk with slide·in 300 
mounting for C2-0EM. C3-0EM or 
C2·NET. 

Special System 
C2-NET � C2-0EM-04 wilh a CA·17 but with· $1499 

out the !loopy disk drives. Unit has 
special "down load "' bootslrao 
ROM which loads the operating 
system from a network data base on 
power up. Just add on RS-232 te r­
minal for the lowest cost intelligent 
terminal configuration. 
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Ohio Scientific �
Microcomputers for all reasons �

The Premium Performance 
C3 Series 
The Chal lenger Ill family of computers is 
one of the most popular small computers 
in existence with tens of thousands of 
units installed to date. The C3 series pro­
vides several unique features including: 

• 3 processors -� the 6502A, 68BOO and 
Z80A 

• User programmable interrupt vectors 
on all three processors 

• OSI 48 line BUS architecture with 16 
data lines and 20 address bi ts (1024K 
address space) 

• Upward expandability to 74 megabyte 
disk drives 

• Upward expandability to timeshare and 
distributed processing configurations 

• Broadest line of plug compatible 
accessories in the industry 

• Broadest line of systems 
and applications soft­
ware of any small 
computer (three 
processors is 
unbeatable here) 

• Fastest instruc­
tion execution 
speed commer­
cially avai lable in a 
microcomputer 
(with GT option) 

The C3's Z80 supports Ohio Scientif ic 's 
implementation of Digital Research's 
CP/M® operating system. This very 
popular operating system supports 
nearly a dozen upper level languages and 
hundreds of business, scientific and 
educational packages from several in­
dependent suppliers. The Challenger Ill 's 
4MHz Z80A processor, fast stepping rate 
floppies and large disk buffer size make it 
one of the fastest CP/M operating system 
compatible computers available. 

CP/M's excellent performance is over­
shadowed by the C3's 6502A ultra-high 
performance processor which executes 
Ohio Scientific 's OS-65D developmental 
operating system and OS-65U, a highly 
advanced business BASIC operating 
system with multi-user and distributed 
processing capabilities. The 6502A per­
forms a memory to accumulator ADD in 
1.0 µs. and a jump extended in 1.5 µs. 
with an overal l average of .7 Million In­
structions per Second (M.l.P.S.) making it 
far faster than any other wide ly used 
microprocessor (including the new 16-bit 
versions). 

The GT option further extends Challenger 
Ill performance by uti lizing the 6502C 
processor and high speed static RAM 
{150 ns. access) to achieve memory to 
accumulator ADD of 600 ns. and 1.2 
MIPS average operation. Th is perform­
ance level places the C3 GT models com­
parable to mid-range minicomputers 
($50,000 to $100,000 price range) in 
typical business and other information 

intensive applications. Such computers 
are much faster in arithmatic operations 
because of the ir wider wordwidth but this 
performance advantage is not cost effec­
tive in all but the most demanding 
number crunching applications. 

Upward Expandability 
Users can start with a relatively modest 
C3-0 EM table-top computer and 
transport all of their software and most , if 
not al l, of their hardware upward in 
simple plug-together expansion steps to 
hard disk storage, multi-programming ­
timesharing, distributed processing and 
final ly, to an " office of the future" 
computer network. 

Ohio Scienlific's plug-in options 
include the fu ll scope of 

business accessories 
including a word processing 

printer, modem and 
matching furniture. 

Para llel 1/0, AID D/A 
capability, PROM 

blaster, clock and 
prototyping options 
satisfy the needs 
of the educator and 
OEM. 

Voice 1/0 , the 
Universal Telephone 

Interface, AC remote 
control , wireless security systems. 
affordable ultra-fast execution speed, 
network capabil ity and huge storage 
capacity challenge the most creative 
innovators to develop the applicat ions 
of tomorrow. 
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Family Features 
Premium performance 3-processor com­
puter systems. 

• Full business configuration standard 

• 3-processors 6502A, 68BOO, Z80A 

• 6502A operation al .7 MIPS standard 

• Z80A operation 4MH z, 68BOO opera­
tion 2MHz 

• 48K high speed static RAM standard 

• 20 address bits with memory pager 
addresses 768K 

• User programmable interrupt vectors 

• 8-bit pa ral lel 1/0 port 

• Instant loading floppy disk bootstrap/ 
hard disk bootstrap/.front panel 
er.1ulator in ROM 

• �RS-232 port strappable from 300 to 
19,200 baud 

• Dual 8" floppies store SOOK bytes 

• �OSI 48 line BUS oriented for 
modular expansion 

• OS-65D fast low overhead develop­
ment operating system with ultra-fast 
BASIC standard 

• OS-65U advanced business operating 
system standard 

• Largest accessory fami ly in the micro­
computer industry 

• Largest software library in microcom­
puting (due to its unique 3-processor 
architecture) 

C3-S1, C3-0EM 
These two computers are table- top 
versions of the C3 system with a tota l of 
eight OSI BUS slots. They are ideally 
suited to applications which do not 
require hard disk drives and/or multiple 
users. Both systems can be enhanced by 
adding the GT opt ion and/or dual-sided 
drives. They support OS-CP/M by expan­
sion to 56K RAM and can be networked 
by expansion to 56K and a network 1/0 
port. (The CA-17 provides network and 
CP/M compatibi lity.) The C3-0EM is a 
single-case table-top unit similar to the 
C2-0EM except for larger power supplies 
and can be mounted in the DSK-5A. The 
C3-S1 is in two cases which can be 
shipped via U.P.S. (the C3-0EM must be 
shipped by fre ight). The C3-S1 's floppies 
can be independently turned off ; a useful 
feature for process control and security 
applications. 

C3-A 

Prices 
C3-S1 � As specified above $4095 

with 48K 

C3-0EM � As specified above 3995 
with 48K 

-GT Option Increases 6502 1500 
execution speed to 1.2 
MIPS average (150 ns 
main memory) 

C3-A 
The C3-A system is a 17-slot version of 
the C3 series in a styl ish free-standing 
equipment rack. Although the standard 
machine has the same c ircu it boards and 
hence the same funct ional specifications 
as the C3-0EM or C3-S1 , the system can 
be directly expanded to 8 users, hard 
disk operation and a network data base 
node configuration by simple plug-in 
operations. The rack also accom­
modates the PDS-1 system power se­
quencer and Alloy Engineering cart ridge 
tape back-up units. 

The C3-A features rack slide-mounted 
CPU and floppies as well as removable 
side panels and locking back door for 
convenient servicing and upgrading. 

Prices 
C3-A � As specified above $5995 

with 48K 

-GT Option Increases 6502 execu- 1950 
l ion speed to 1.2 MIPS 
average (150 ns main 
memory) and adds 
heavy duty switch ing 
power supplies. 

C3 Family Options 
-01 Doub le-s ided drives. $600 

doubles capacity to 1.2 
Mbytes 

-06 OS -AMCAP package 775 
provides AMCAP 1.5 at 
a $200 savings when 
purchased w i th the 
computer(65U is stand­
ard with C3's) 

-07 CP/M package requ ires 400 
CM -10 or CA-17 for 
operat ion . Prov ides 
OS-CP/M , Z80 
Assembler/Editor , 
Microsoft Z80 BASIC, 
FORTRAN and COBOL 
at a $250 savings over 
ind ividual prices when 
pu rchased w i th the 
computer. 

-08 Real time c lock option 100 
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Ohio Scientific 
Microcomputers for all reasons 

Winchester Technology Disks 
Floppy disks store from 250K bytes to 
500K bytes per surface in a series of 
concentric circles called tracks which 
each store 2.5K to 7K bytes. To access 
specific information a head must be 
mechanically positioned over the track, 
then the computer must wait for the in fo r­
mation to rotate under the head. On an 8" 
floppy accessing a specific piece of 
information this can take as long as 1.2 
seconds even though the computer could 
have processed the informaion in a few 
microseconds. (The access time of mini­
floppies is much worse.) Furthermore, in 
most business applications, it is impos­
sible to store all necessa ry in formation 
on one floppy disk; thus requiring several 
diskettes and frequent disk changes . 

The traditional solution to 
these problems is the con­
ventional removable platter 
hard disk. These disks rotate 
ten times faster than floppies 
and use more elaborate head 
positioners to move from 
track to track as much as ten 
times faster than floppies . Hard 
disk storage ranges from a few 
megabytes to a few hundred 
megabytes. 

There are several problems with 
conventional hard disks. First and fore­
most, the extremely high bit density on 
the disks makes them very sensitive to 
mechanical misadjustments and contam­
ination such as vibrations, dust and 
temperature differences of a few 
degrees, etc . Attempts to use removable 
hard disks in any other thao a big com· 
puter, air conditioned, clean room 
environment by other than experienced 
computer operators can result in expen­
sive head crashes and the complete loss 
of a disk pack. The second problem with 
these drives is that since they require 
close mechanical tolerances for bit 
density, disk removability and inter­
changeability, they are very complex 
mechanical devices. This results in large 
physica l size, high power requirements 
and, most of all, high initial cost and high 
maintenance cost. 

Enter the Winchester: 
In the mid-70's a new disk technology 
was developed which eliminates most of 
the undesirable features of hard disks for 
smal l computer users; the Winchester 
hard disk. Winchesters 
utilize fast rota ting high density disks and 
medium to high speed head positioners 
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to achieve performance comparable to 
the most expensive hard disks. However, 
to minimize mechanical complexity and 
difficulty of use, they use fixed or non­
removable media . Because the media is 
factory installed , the critical head-disk 
tolerances can be maintained with 
relat ively simple mechanics . The fixed 
nature of the drive allows the disk 
chamber to be sealed eliminating the 
possibility of con­
tam ination . 

Most Winchesters 
simply have an 
on-off switch 
making 

them even 
simpler than 
floppies to use 
from an operator viewpoint. In high 
storage capacity models they achieve 
the lowest cost per bit of any Ranclom Ac­
cess Memory technology now available. 

The Winchester disk solves all the prob ­
lems of f loppies and conventional hard 
disks but creates one big new one! Back 
Up. Ohio Scienti fic has effectively solved 
this problem with three approaches 
depending on the specific application, 
see the box below. 

Ohio Scientific Winchesters 
OSI pioneered the use of Winchesters 
with microcomputers In 1977. Since then, 
we have installed more units than anyone 
else and have developed the most 
sophisticated Winchester hardware and 
software products fo r microcomputer 
use. 

Hardware 
Ohio Scientific otters two Winchester 
disks; the CD-23 and CD-7 4 (see next 

page) although they use different disk 
drives, the basic architecture is the 
same. Both units use a dedicated but 
programmable hard disk controller which 
receives commands from the host proc­
essor and then performs disk transfers 
independent of the processor. Data 
transfers are to and from a large dual 
port memory buffer. The dual port archi· 
lecture and stand alone disk controller 
mean that virtua lly no processor 
overhead is required for disk transfers 
and that all segments of disk transfers 

are fully interruptable . Thus, disk 
operation does not degrade 
terminal interrupt response 
time in multi-user systems, a 
very important feature. 

OS-65U business operating 
systems and OS-OMS informa­
tion management systems were 

designed from the "ground up" for 
use on Winchester based computers. 
Programs in 65U can directly access 
files up to 100 megabytes in length 

and directly support fast access tech­
niques such as multi-key ISAM . 

OS-OMS, information management 
system, provides a high degree of intelli­
gence and end user versati li ty by its ability 
to utilize large disk files whereas most 
small business computers offer bare 
bones operation because of the need to 
pack information as tightly as possible on 
floppy disks. 

Ohio Scientific Winchester disk based 
computer offer business users a dramatic 
Improvement in total performance over 
floppy based micro and minlcomp1:1ters at 
a relatively modest cost. 

You now have three backup options 
for use with the C3-B and C3-C 
Winchester disk based computers: 

1. Fast floppy dumper under OS·HDM 
for small files (5 Mbytes m less). 
Dai ly to weekly backup. 

2. 3M tape t:ilackup unit from Alloy 
Engineering . About 11 Mbytes per 
tape,costabout$3500. For 
medium files {Under 11 Mbytes). 
Weekly backup. 

3. Networked C3-B's and/or C3-C's. 
.LJltrafast backup of fi les up to disk 
capacity for Large flies (over 11 
Mbytes) and/or frequent backup 
requirements. 

{Prices and specs subject to �
change without notice) �



Family Features 
All standard C3 features including: 

• 3-processor CPU 

• .7 MIPS 6502A 

• 48K static RAM 

• Dual 8" floppies 

• Free standing rack for direct expansion 
capabilities 

• 17-slot OSI 48 line BUS architecture for 
large system expansion 

• Directly accepts up to 8 users with cur­
rent ly available memory bo.ards, more 
with higher density boards in the future 

• Directly expandable for use as Network 
data bases 

• Slide-mounted subassemblies, 
removable side panels and locking rear 
door for easy expansions and service 

C3-A 
The floppy only rack based C3 for �u�~�e�r�s� 
who anticipate expansion to hard disk, 
multi-user and/or networking in the 
future. Additional specs are on the 
preceding pages. 
C3-A $5995 
CD-7 4expandsC3-A toC3·B 
CD-23 expandsC3·A toC3·C 

7500 
4500 

CA-16heavydutycoolingpack 150 
(specify B or C) 

C3-B 
The world's most powerful micro­
computer (when GT equipped). �~�e�a tu res 
the highly advanced and extensively field 
proven OKI DATA 3306 Winchester disk. 
Some 3306 drives have operated since 
1977 without a single failure . 

Features 

•System boots from floppies or hard disk 
on power up 

• 7 4 megabytes end user workspace 
under OS-65U, 80 megabytes 
unformatted 

• Ultra-high performance disk 

74 millisec worst case access 
38 millisec average 

10 millisec access on cylinder 
(215K user workspace) 
8 megabits per second transfer rate 

•Simple on/off disk operation with 
elaborate internal protection from 
improper temperature, line voltage and 
controller failures 

• Features spindle brake and designated 
head landing areas for much longer 
operational life than the newer low-cost 
Winchesters 

•H ighly advanced OS-65U operating 
system : 

Multiple level pass word security 

Multiple operating systems on disk 

Ultra-high speed "FIND " command 
for high speed string searches 
(Associative Access) 

Upward compatible with multi-user 
and network systems with full file, 
peripheral and communications 
arbitration between users 

• Expandable to CP/M operation by 
adding 4K (CM-2 memory) 

•Available factory configured for up to 8 
users and network data base operation 

•Comes standard with real time clock 
and heavy duty cooling package 

C3-B $12,995 
GT Option 
(as per C3-A)add 1,950 

C3-C 
A medium performance Winchester disk 
based system which provides the ideal 
cost/performance ratio in typical small 
business applications . The C3-C uses 
the Shugart SA4008 29 megabyte 
Winchester disk. 

Performance specifications, hardware 
configuration and software is identical 
to the C3-B with the following excep­
tions: 

• 23 megabytes of end user workspace 
under OS-65U 

• 29 megabytes unformatted capacity 

• Medium performance Winchester 

240 millisec worst case access 

87 millisec average access 

10 millisec access on cylinder �
(110K user workspace) �

• Simple on/off disk operation 

C3·C $9,995 
GT Option 
(asperC3-A)add 1,950 
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Microcomputers for all reasons �

Multiple User Systems 
In applications where several terminals 
are desired, but most of which will be 
utilized for entry and editing (such as 
order entry systems), multiple user micro­
computers are feasible. In environments 
where It is commonplace for more than 
one user to be processing information at 
a time. a single microcomputer may 
become annoyingly slow. A better con­
figuration for such appl ications is 
distributed processing as discussed later. 

All C3 series computers will support up 
to 16 timeshare users under 
OS-65U Level 3 providing that 
the computer has a real t ime 
clock , sufficient memory and the 
appropriate communications 
ports . 

C3 computers utilize bank 
switching for multiple users. 
Each user must have 32K to 48K 
RAM and an RS-232 port. The 
host machine must also have 4K 
RAM for the multi- tasking execu· 
live . The computer timeshares 
individua ls by interrupting a user 
after a set time (approximately 
100 milliseconds) and bank 
switches to the next user in a 
" round robin" fashion . Bank 
switching architec ture is not as 
memory efficient as techniques 
which use re-entrant code or 
swapping disks but is by fa r the 
fastest technique, requiring only 
a few mic roseconds of proc­
essor overhead per switch. a 
lea.tu re which Is most important 
in mu ltiple user systems. 

Although OS-65U Level 3 will support 
timesharing on any C3, it is only recom· 
mended on C3-B and C3·C computers. 
This is because of the desirability of 17 
BUS slots fo r multiple user memory 
pa rtitions and the dramatic performance 
advantages of Winchester disks over 
floppies . 

Networking 
In a distr ibuted processing system using 
OSI microcomputers as Intelligent ter· 
minals (local systems) most of the work 

load is handled local ly. Overal l system 
performance does not deg rade under 
heavy job loads. Each local system per­
forms entry, editing and execution while 
utilizing a central data base for disk 
storage, printer output , and other shared 
resources. 

For more demanding applications it is 
desirable to have several data bases. 
each with its own collection of local 
systems. Such an inter-connected set of 
data bases is called a network. Each data 
base and its local intelligent and dumb 
terminals is called a c luster. 

Level 3 NET 
OS·65U Level 3 NET supports this 
advanced networking and distribuled 
processing capability as well as con· 
ventional single user operation and time­
sharing. Level 3 NET supports local 
clusters of in telligent microcomputer 
systems as well as dumb termina ls for 
the purpose of util izing a central 
Winchester disk data base and other 
shared resources . The system also has 
full commun ications capability with other 
Level 3 data bases providing full network 
capability. 

Level 3 resides in each network data 
base. A subset system resides in each 
intelligent terminal. Each data base 
supports up to 16 in tell igent systems and 
up to 16 dumb terminals. Level 3 also 
supports a real time c lock, printer 
management, and other shared 
peripherals. 

Data Base Requirements 
Minimal requirements for a Level 3 net· 
work data base are a C3·C or C3-B com· 
pute r system with 23 or 74 megabytes 
respect ively, console termina l, 88K bytes 
RAM and a CA·10X 16 port 110 board for 
network and cluster commun icat ions . 

Intelligent Terminal 
Requirements 
Any Ohio Scientific 8" floppy based com· 
pu ter with 56K RAM and one data base 
communications port. 

Connections 
Intelligent terminals and net· 
worked data bases are connected 
by low-cost cabling . Each link can 
be up to 10,000 feet long at a 
transfe r rate of 500K bits per sec· 
ond, and will cost typically 30a: a 
foot (plus instal lation). 

Syntax 
Existing OS·65U based software 
can be directly installed on the 
network with only one statement 
change! Level 3 has the most 
elegantly simple programming 
syntax ever offered on a computer 
network. 

File syntax is as fol!ows: 

OEVA.B. 
C.D 

DEVE 

Local Floppies} 

Local Hard 

unchanged lrom 
single user and 
timeshare 

DEV K·Z 
disks 
Specific 
network 

system 

Data Bases 

Each of up to 8 open files per user can 
be from 8 separate origins . Specific fi le 
and shared peripheral contentions are 
handled by 256 network semaphores 
with the syntax Waite N 

Waite N, close 

The network automatical ly prioritizes 
multiple resource requests and each 
user can specify a timeout on resource 
requests. Semaphores are automatically 
reset on errors and program completion 
providing the system with a high degree 
of automatic recovery. 
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One Step at a Time 
Best of all, Ohio Scientific users can 
develop distributed processing systems 
economically one step at a time . A user 
can start with a single user floppy sys-
tern, add a hard disk, then timesharing, 
then a second Winchester data base for 
backup and, finally, cluster intelligent 
terminals to achieve a full network 
configuration. 

Level 3 Support Group Factory 
Con f igured Systems 

Prices include OS-65U Level 1 but do not 
include 65U Level 3 or Level 3 NET. 
Machines with NET prefix have the speci­
tied number of users plus NETWORK 
data base node capability. The NET­
WORK partit ion can be used as an extra 
user through its diagnostic RS-232 port. 

For example, a 4-user system with net· 
working can be used as a 5-user system 
wi thout networking. 

Network systems have ports for 4 In­
tel ligent terminals (cluster ports) and 1 
NET port. 

Time­

share 

Users 

1 

2 

3 

4 

5 

6 

7 

8 

C3-C 

.35MIPS 

NA 

$10,900 

C3-C-12 

11 ,700 

C3C-13 

12,400 

C3-C-14 

13,100 

C3-C-15 

13,800 

C3-C-16 

14,500 

C3-C-17 

15,200 

C3-C-18 

C3-B 

.35MIPS 

NA 

$13,900 

C3-B-12 

14,700 

C3-B-13 

15,400 

C3-B-14 

16,100 

C3-B- 15 

16,800 

C3-B-16 

17,500 

C3-B-17 

18,200 

C3-B-18 

Note 1. Uses 16·slots, 1 open, comes with printer and word processing ports installed. 
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Accessories for all reasons 

AC-7B 
CRT terminal for use on all OSI single and 
multi-user systems. Features upper/lower 
case 24x80 character display, numeric 
keypad, dual intensity, protected fields, 
cursor addressing and much more. $995 

AC-14 
High performance word processing 
printer. Produces typewriter quality 
output at up to 55 characters per second. 
Features qu ick-change ribbon cartridges 
and drop-in print wheels for 
interchangeable fonts. Prints up to 132 
columns, comes with friction-feed 
capability for stationary and adjustable 
width tractor· feed for computer forms. 
Complete with paper guides and silencer 
opt ions. Produces proportional spaced 
characters when used with WP-2 word 
processor package. Comes complete 
with high speed parallel interface, cable 
and one print wheel. $2795 

AC-9TP 
A rugged moderate performance 
business printer. Impact printing at 110 
characters per second, prints 80 or 132 
columns across the page, has adjustable 
width tractors and forms stacker. Comes 
complete with parallel interface and 
connecting cable. $1250 

�~� . 

AC-SA 
Deluxe business printer. This " Top of the 
line" shuttle printer very quietly prints an 
entire line at a time using dot matrix 
impact technology. The unit prints 160 
lines per minute at a 132 character 
column width. Features upper and lower 
case, 12 programmable fonts, 11 pro­
gram selectable form lengths and much 
more. Comes complete with adjt·stable 
width tractor-feed, high speed parallel 
interface and cable. $2950 

AC-11P 
300 baud 
modem for use 
with conventional 
telephone handsets. 
Features unique originate/answer back 
capability which allows two similarly 
equipped computers to talk to each other 
as well as communicating with timeshare 
services. Requires an RS-232 port for 
operation. $199 

OSI Desks 
DSK-3 � 3 foot wide CRT and printer 

stand. $175 

DSK·4 � 4 footwidedesk. $215 

DSK-5 � 5 foot wide desk. $250 

DSK-5A 5 foot desk with cutout and 
mounting brackets for C2·0EM. 
C2-NET and C3·0EM 
computers. $300 

DSK-6 6 foot wide desk (best for CRT 
and printer). $285 
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CA-10·16 �

OSI Power Sequencers Turn Entire Systems On/Off From One 
Keysw itch. 
PDS.1 Switch panel for C3-A, B, C. Sequences CPU, floppies, hard disk, CRTs, 

printer and other accessories. $350 
PDS.3 Switch panel for DKS-5A desk. Sequences CPU, floppies , CRT, printer and 

other accessories. $200 

Memo ries 

CM·2 4K 2MHz static for expanding C3-B, C3-C to 56K for CP/M and/or 
networking . $129 

CM·3A 16K2MHzlowpowerstaticstandardC3memory. $399 

CM ·6 48K 1 MHz dynamic forC2-0EM and some timeshare systems. $549 

CM -9 � 24K 2MHz medium power statics usable in computer with booster supplies or 
high current switchers . $450 

CM ·10 �8K 2MHz static for expanding C2 and C3 computers to networking or CP/M. 
(C3only) $198 

General 1/0 

CA·9 � Centron icsparal lel printer interface with cable. $175 

CA·10X � 1 to 16 RS-232 port 1/0 board. 300-19200 baud p lus synchronous operation 
at250Kand500Kbaud. 1 portstandard. $1 25 
Each additional port. � $ 50 

CA·10·N5 CA-10X port boa rd configured for four c lustercommunications ports and one 
network communications portal Iat SOOK baud for use in data bases. $349 

CA·18A 
Combinational 1/0 

CA·17 � 8K 2MHz RAM and 1 cluster port plus 1 auxi liary RS-232 port. (Converts any 
C2orC3tonetworking .) $298 

CA-18 � 1Centronics para llel printer port with cable, 1 parallel word processing printer 
port with cable, 2 RS-232 ports and 1 c luster port. $398 

CA·18A As above with 8K 2M Hz RAM and 2 additional RS-232 ports (4 tota l), i.e., ful ly 
populated 555. $598 
See the OEM and R/D section for more accessory boards. 
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Ohio Scientific 
Software for all reasons 

OS·AMCAP (Level 1.5) 
OS-AMCAP is a fully integrated small 
business accounting system. The 
software package runs on any Ohio 
Scientific dual-floppy, double-sided dual­
floppy or hard disk based 6502 system 
with at least 48K RAM. OS-AMCAP 
conta ins the fol lowing integrated 
modu les using a common data base: 

General Ledger, including a complete 
user defined chart of accounts , cash 
receipts, cash receipts journa l, cash 
disbursements, cash disbursements 
journal, journal entries, editing , 
balance sheet, tr ial balance and 
statement of earnings with complete 
edit ing for al l of the above. 

Accounts Receivable with and without 
ag ing, aged monthly statements. 

Accounts Payable with and without 
aging. 

Inventory, including inventory analysis, 
inventory by vendor, inventory 
overdue, inventory on order, inventory 
re-order , and detailed reports. 

Billing/Invoicing and order entry for the 
inventory which will optionally support 
customer files with bil l to, ship to, 
credit and customer mailing and 
monthly statements . 

Payroll 

For easy Installation, the AMCAP system 
includes the AM CAP configuration 
program which automatica_lly creates al l 
necessary disk files based on the user's 
requirements. An AMCAP training disk 
which is pre-loaded with information for a 
hypothetical company is also inc luded for 
demonstration and train ing purposes . A 
250-page AMCAP Leve l II manual is 
inc luded that describes Levels 1.5 and II. 

OS-AMCAP is designated by Ohio 
Scientific to be a small concise easy-lo­
use "turnkey" ousiness software 
package. OS-AMCAP has been in use at 
hundreds of locations for over two years. 

OS-AMCAP $975 

OS·AMCAP Level 11 
OS-AMCAP Level II contains all of the 
features included in Level 1.5 in addition 
to many other significant and valuable 
expansions that are a direct result of 
many end user requests. 

• Divisionalization and departmentaliza­
tion in the general ledger, inventory 
and payroll and al l accounting journa ls 
such as C/R, C/D, A/R, A/P, JE and 
aging reports, balance sheet and the 
statement of earnings. 
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• Multiple cash in bank accounts, 
multiple actounts receivable/payable 
accounts by divis ion or department. 

• List ing of genera l ledger journals by 
from-date-to-date. 

• Enhanced order ent ry to include 
temporary inventory items, specia l 
discounts and special list price 
considerations in addit ion to cred it 
memos and quotations. 

• Enhanced payroll which al lows for up 
to ten miscell aneous deductions and 
multi-state payroll withholding tax 
includes payroll 941 form, W2 forms 
and check reg isters plus an advanced 
employee fi le editor. 

• Monthly statements contain inclusion 
of automatic overdue charges as a 
service charge on each statement 
which is ready for window envelope 
malling. 

• Preset IBM compatible system 32 and 
IBM system 34 forms for monthly 
statements, invoices and payroll 
checks that are avai lable locally. 

• OS-AMCAP Level II is available only as 
an upgrade to AMCAP Level 1.5. 

AMCAP1.5toAMCAP II upgrade $995 

(AMCAP is a trademark ol American Intelligent 
Machines) 

OS-HOM Hard Disk Manager 
General 
The Hard Disk Manager is an end user 
oriented software package designed to 
allow mult iple independent systems to 
res ide on the hard disk at the same time . 
Each system can conta in over 150 
program or file ent ries in its separate 
directory. Each system can be of any 
length from 600K bytes to several mi llion 
bytes long . 

Any AMCAP, OMS or other BASIC 
programs that operate under OS-65U can 
occupy any system area of any length 
with in the Hard Disk Manager. Provisions 
are included to easi ly transfer an existing 
floppy based system to any system within 
the Hard Disk Manager. 

Fast Floppy Dumper 
With the Fast Floppy Dumper back-up 
feature a user can easily and conven­
iently back up on removable floppies any 
or al l systems (programs and files) 
residing on the hard with the standard 
hardware. 

It takes approximate ly 1.3 minutes for 
each 250K of memory to automat ica lly 

be placed on a floppy diskette and the 
HOM automatically prompts when one 
floppy is full and another should be 
inserted. 

Cartridge Tape Back-Up 
As with the Fast Floppy Dumper feature 
mentioned above , the OS-HDM package 
also contains a Cartridge Tape Back-Up 
feature. While this Cartridge Tape Back­
Up is somewhat slower than the Fast 
Floppy Dumper it does not necessitate 
the operator insert ing another floppy 
each time one becomes fi lled unless the 
size of a system on the hard disk exceeds 
the limit of the large capacity cartridge 
tape medium (approximately 11 mega· 
bytes). As with the Fast Floppy Dumper, 
the Cartridge Tape Back-Up is self­
identi fyi ng and easi ly used by 
inexperienced personnel. 

OS·HDM $675 

OS·TMUM Timesharing 
Multi-User Manager 
TMUM is a sophisticated and advanced 
software package that manages the 
timesharing features avai lable with hard 
disk based C3 computers and offers the 
user true large computer timesharing 
capability with Log-On , Log-Off features , 
account number track ing, connect time 
usage by account number and system 
plus many other inherent timesha ring 
system characteristics. 

TMUM is designated to be used either in­
house or with auto-answer modems and 
is thoroughly secure with non-echoing 
account number ent ry , system name, 
and classified password protection . The 
TMUM package is capable of accom­
modating up to 16 users and one console 
user depending upon machine 
configuration. 

To accommodate a variety of different �
systems on the hard disk TMUM utilizes �
some of the mu ltiple system techniques �
used with and explained in the Hard Disk �
Manager (HOM) package. This includes �
the ability to automatical ly back up any �
system of any size onto floppy diskettes. �
It also includes the ability to back up �
systems on the hard disk with the �
cartridge tape hardware now ava ilable. �

The TMUM package is capable of 
running OS-AMCAP, OMS and all other 
programs includ ing BASIC programs 
written in OS-65U. 

OS-TM UM is avai lable only as an upgrade 
to the Hard Disk Manager (HOM). 
OS-HOM toOS-TMUM upgrade $1095 



OS·DMS 
The OS-OMS Nucleus and supporting 
business packages make up an extremely 
powerful Data Base Management 
System and Inquiry System that lend 
themselves to a wide range of small 
business applications . Generally, any 
collection of information of primary 
importance to a business can be placed 
in this system. To clarify the application 
of OS-OMS an explanation is necessary 
of a Data Base Management System and 
an Inquiry System. 
Fundamentally, a data base is a 
collection of data. The data can be any 
information that is of value to a person, 
business or agency using the system . 
The data may be as varied as real estate 
files inventories, personnel files , or 
au to'motive sales . Typically, data is 
usually kept-in filing cabinets , card files , 
desk drawers , etc . Information in these 
categories are prime targets for a data 
base management system. 
The operator has the ability to access the 
information of the data base in a manner 
which makes the data useful. The user 
has the ability to enter, remove, or edit 
information in the files to keep it current 
with present activities. The user also may 
change the order of information in a file 
to su it a particular application . 
When the operator needs information, �~�r� 
a decision based on information in the file , 
a report of some kind wil l be generated. 
The user, in some cases, may set spec ific 
conditions re lated to the report. Examples 
of conditions are inventory items over a 
certain amount, age analysis of accounts 
receivable or payable, or houses costing 
between two dollar amounts. 
The emergence of OS-OMS makes 
computers immediately usab le for the 
untrained small businessman. The 
system finally brings the use of micro­
computers down to the level of non­
programmers. It means that virtually 
untrained computer users can take 
advantage of the speed and effic iency of 
a computer in their daily activities . 

OS, DMS Module s 
OS·DMS Nucleus 
OS-OMS Nucleus - provides the data 
base manager and information manage­
ment system for OMS compatible files . 
Can be used to " computerize " any 
collection of information. Since it is 
written primarily in BASIC it can be easi ly 
customized for specific app lications. It is 
also a useful maintenance tool to com­
plement other OMS modules. $300 

OMS modules- specia lized applicat ions 
packages based on the OS-OMS 
information management system. 

OS·DMS - Inventory I and II 
Inventory I is designed to be primari ly a 
finished goods inventory for manu­
facturers, wholesalers and retailers. The 
system incorporates an i.nventory file, an 
order entry system, rece1v1ng program 
and shipping program. $300 
Inventory II is primarily a manufacturing 
inven tory system which can be 
integrated with Purchasing system and 
Bills of Material system. These three 
packages collectively provide small 
manufacturing businesses with . 
capabilities comparable to those fou nd in 
MRP system, but with a higher degree of 
persona '. control. The Inventory system 
maintains an inventory with average 
weekly usage, weeks on hand, V<:'eeks on 
order with a shipping and receiving (or 
stock room control) program . $300 

OS·OMS Purchasing System 
The Purchasing System complements 
Inventory II by maintaining a file of open 
purchase orders and deliveries against 
those purchase orders. $300 

OS·DMS Bills of Material 
The Bills of Material System interfaces 
with Inventory II and the Purchasing . 
System and will provide bills of n:ate r1a_I 
for several levels of subassemb l1es. This 
program maintains bills of material with 
cost accounting and allows the user to 
break down any assembly to its subse­
quent subassef!1b lies , and �u�l�t�i�m�~�t�e�l �, �Y� to 
raw parts. This inventory explosion 1s 
highly useful for forecasting raw parts 
usage based on finished goods sales. It 
can also be used for inventory control 
applications to update raw parts and 
subassemblies inventories by the sub­
assemblles and finished goods shipped 
out of a department. $300 

OS·DMS A/R, A/P 
Accounts Receivable and Accounts 
Payable system maintains �~�c�c�o�u�n�t�s �.� 
receivable and payables aging , detailed 
reports and customer statements . $300 

OS-OMS General Ledger 
OMS General Ledger System maintains a 
detailed general ledger based on a user 
specified chart of accounts . Also produces 
monthly statements including balance 
sheet and profit and loss statements . $300 
OS-OMS Personnel Payroll 
The Personnel Payroll system provides 
payrol ls for a several hundred employee 

company inc luding check generation and 
quarterly reports . The Personnel Payrc:ill 
system maintains detailed personnel files 
for each employee. It contains general 
purpose report writing capabilities which 
can generate a broad range of manage­
ment requested reports. $300 

OS-OMS Query 
The Query System allows the computer 
operator to make queries about data 
stored in OMS compatible data bases. 
The result of this inquiry can be a simple 
answer or the generation of a report. 
Additionally the Query system allows end 
users to specify fairly complex report 
formats and store these report formats 
under user assigned names so that they 
can be recalled quickly for futu re use. 
OMS Query system effectively allows 
high-level utilization of the computer 's 
resources by non-programmers. $300 

OS·DMS Quotation Estimation 
The Quotat ion Estimation package is 
useful for providing quotations and 
estimations on tasks which are comprised 
of many well defined and often used 
sub-tasks and components , such as those 
found in the construction industry. $300 

OS-OMS Educational System 
OMS Educational system allows 
teachers to generate drills. quizzes and 
tests without programming . The system 
allows several forms of student inter­
action. Grades and responses can be 
stored for teacher examination . Grades 
for an entire period can be automatically 
tabu lated. $300 

Customized Fully Integrated 
Systems 
Customized fully integrated systems in 
the area of accounting, manufacturing, 
wholesaling, retailing and other services 
are available for multi-user timeshare 
and distributed processing based Ohio 
Scientific computer systems. These 
se rvices are available through your local 
dealer as well as through the company 's 
Level 3 Support Group. Contact your 
dealer for details. 

Specialty Applications 
Dozens of specialized applications have 
been generated by Ohio Scientific 
dealers and systems houses under 
OS-OMS including fully integrated 
Construction packages, Medical Billing 
systems, Legal Billing systems and '.1 
broad range of specialized information 
systems. Contact your dealer for the 
latest information concerning your 
specific application . 
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Ohio Scientific 
Accessories for all reasons 

Ohio Scientific's 
Revolutionary New 
16 Pin 110 BUS 
Modern technology has made it poss ible 
to pack far more 1/0 functions on a com­
puter board than one can practically con­
nect to. Ohio Scientific has solved this 
prob lem with a series of remote'' head 
end cards" which feature tremendous 
1/0 capabi lity and connect to the com­
puter via single inexpensive 16 pin DIP 
ribbon cables. Thus 1/0 connection can 
be made away from the computer's card 
cage. 

CA·20 
8-port 1/0 BUS interface and calendar 
clock provides interfaces for 8 head end 
cards and a battery back up clock' with 
hours, minutes, seconds, 1/10 second, 
day, and date. The automatically re­
charged batteries will power the clock for 
months. $175 

CA·20A 
As above without clock $95 

Head End Cards 
CA·21 
48 Line Parallel 1/0 card features 3 PIA's 
and prototyping area $45 

CA-22 
High speed analog 1/0 module. Two 
12-bit D/A converters, 1 12-bit/8-bit AID 
converter with 16 channel input 
multip lexer. Factory configured for ± 10V 
offset binary, user jumperable for other 
configurations. Max error ± 2 LSB. 
28,000 12-bit conversions per second. 
66,000 8-bit conversions per second, 
drift. -50 ppm per °C. Note, the CA-22 
can also be directly plugged into the 
computer without a CA-20, thus occupy­
ing one slot. $598 

CA-23 
PROM Blaster. Programs 2758, 2716, 
2732 and 2764. 8 through 65K EPROMS. 
Programs and verifys from memory or 
other EPROM. $195 

CA-24 
Solderless interlace prototyping board 
features a PIA and TIL 1/0 as well as pro­
visions fo r direct user connection of 
devices such as the 6850 ACIA. Board 
also features 16 switches and 16 LED 's. 
Has a large solderless breadboard for 
prototyping or educational lab exercises. 

$175 
CA·25 
Security and AC remote interface con­
nects theAC17P home security system 
and AC12P wireless remote control 
system to C2 and C3 computers. $45 

16 pin BUS family boards should be 
powered by external means where 
possible, however, a few modules 
can be supported by the host com­
puter' s supply if necessary. 

AC17P 

A home security system, that's wireless 
and includes a control console, a fire 
detector, two window protection devices 
and one door unit. Additional protection 
devices are commercially available. $249 

AC·12P 

Wireless AC remote control. AC Remote 
Control Starter Set includes control con­
sole and modules to operate two lamps 
and two appliances via remote control 
with home control software on disk. Addi· 
tional appliance and lamp modules are 
commercially available. $175 

Process Control BASIC 
A modified 9-digit BASIC under 65D with 
commands that support the real time 
clock, time of day clock (CA-20) , 48 line 
parallel 1/0 (CA-21} analog 1/0 model 
(CA-22}, AC remote(AC12P) and to a 
limited extent the UTI (AC15V} and 
security system (AC17P) . $250 

Security BASIC - Use your computer for 
business accounting during the day and 
office and plant security at night! 

A modified BASIC under 650 with com­
mands which support the real time clock, 
ACremote(AC12P}, security system 
(AC17P) and universal telephone inter­
face(AC15V}. Comes complete with a 
library of security program 
demonstrations. $95 
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CA-14A Votrax Voice 1/0 System 
This Votrax Voice Synthesizer modu le has the capability of generating English speech 
phonetlcally. The supporting software simply feeds the phonetic spelling of English 
words to the module which generates medium qual ity spoken words. This advanced 
Votrax system is capable of generat ing all English phonemes as well as four levels of in· 
flection on each phoneme. CA-14A also includes a voice recognition experimentation 
area which must be user populated. Th is experimentation board conta ins a five filter 
feature extractor with zero crossing detectors and envelope filters. The CA-14A in con­
junction with the CA-22 high speed analog 11 0 module provide a complete voice 
recogn ition lab. $399 

Voice Output Software 
OS-Vocalizer I 
" Generation by Rules System". Runs under OS-65 0 or OS-65U. Accepts conven­
tional Eng lish spel ling and outputs the phonetic spelling to the Votrax modu le in real 
time. Also, will print phonetic spellings for use by other programs. $150 

OS· Vocalizer II 
Runs in one partition of a 65U Level 3 system. Accepts normal print statements from 
other partitions(users) and vocal izes them in real time. Uses disk look up for the 
3000 most common words and generation by rules for words not on file. End user 
can add approximately 1500 additional words to file. Generates the most legible 
speech now attainab le via total ly synthetic means (i .e. not recorded human speech). 
Operates on a C3-B or C3-C with at least two partitions. $975 

CA-15 Universal Telephone Interface 
The Universal Telephone In terface provides the host computer with general purpose 
te lephone communications capability. The board can answer and originate calls. It 
can communicate with interna l 300 baud modem in originate or answer back mode. 
It can also commun icate with touch-tone and decode touch· tone. The board also 
has multiplexers to route spoken voice out to external devices such as recorders, 
voice recognit ion circuits, A/D converters and can accept spoken voice from 
several sources to dispatch to the telephone. The UTI can be used with touch-tone 
or rotary dial lines via its pulse code dialer. When equipped with a Votrax module or 
used in conjunction with a CA-14 voice 110, it can respond with computer generated 
English voice output. The UTI is connected to telephone lines via a CBT. CBT's can 
be rented along with the 1elephone lines from your local telephone company or can 
be purchased from your local dealer and connected in parallel with your existing 
telephone circuitry. $499 

UTI with Votrax CA-158 
The Universal Telephone Interface as above wi th Votrax Voice module allows your 
computer to generate English speech phonetically. It also includes an audio 
ampli fier to allow the Votrax module to be used stand alone independently of the 
telephone lines. $799 

CA-CBT 
FCC approved telephone line isolator for use with the UTI. It allows the UTI to con­
nect to any conventional telephone line. Note. CBT' s can also be leased from your 
telephone company along with the telephone line. $199 

See the next page for your nearest dealer. 
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DIALLENliEI DP 
0 

Ohio Scientific's top of the line personal com· 

puter., the CSP OF. This system Incorporates 

the most advanced technology now available 

In standard configurations and add-on options. 

The CSP OF has full capabillties as a personal 

computer, a small business computer, a home 

monitoring security system and an advanced 

process controller. 

Personal Computer Features 

The CSP OF features ultra-fast program execu­

tion. The standard model is twice as fast as 

other personal computers such as the Apple II 

and PET. The computer system Is avai lable 

with a GT option which nearly doubles the 

speed again, making it comparable to high end 

mini-computer systems. High speed execution 

makes elaborate video animation possible as 

well as other 110 functions which until now, 

have not been possible. The CSP DF features 

Ohio Scientiflc 's 32 x 64 character display with 

graphics and gaming elements for an effective 

resolution of 256 x 512 points and up to 16 

colors. Other features for personal use include 

a programmable tone generator from 200 to 

20KHz and an S bit companding digital to 

analog conver ter for music anti voice output, 

2·S axis joystick interfaces, and 2-10 key pad 

interfaces. Hundreds of personal applications, 

games and educational software packages are 

currently available for use with the CSP OF. 

Business Applications 

The CSP OF utllizes full size S" floppy disks 

and is compatible with Ohio Scientific 's ad· 

vanced small business operating system, 

OS-65U and two types of information manage­

ment !Jystems, OS-MDMS and OS-OMS. 


The computer system comes standard with a 
high-speed printer Interface and a modem in­
terface. It features a full 53·key ASCII 
keyboard as well as 204S character display 
with upper and lower case for business and 
word processing applications. 
Home Control 
The C8P OF has the most advanced home 
monitoring and control capabilities ever 
offered in a computer system. It Incorporates 
a real time clock and a unique FOREGROUND/ 
BACKGROUND operating system which allows 
the computer to function with normal BASIC 
programs at the same time it is monitoring 
external devices. The CSP OF comes standard 
with an AC remote control Interface which 
allows it to control a wide range of AC appli· 
ances and lights remotely without wiring and 
an interface for home security systems which 
monitors fire, Intrusion, car theft, water levels 
and freezer temperature, all without messy 
wiring. In addition, the CSP DF can accept 
Ohio Scienlific 's Votrax voice 1/0 board and/or 
Ohio Scientlf ic 's new universal telephone Inter­
face (UTI). The telephone Interface connects 
the computer to any touch-tone or rotary dial 
telephone line. The computer system Is able to 
answer calls, Initiate calls and communicate 
via touch-tone signals. voice output or 300 
baud modem signals. It can accept and 
decode touch-tone signals, 300 baud modem 
signals and record Incoming voice messages. 
These features collectively give the CSP DF 
capabilities to monitor and control home func ­
t ions with almost human-like capabilities. 
Process Controll11r 
The CSP DF incorporates a real time clock, 
FOREGROUND/BACKGROUND operation and 
16 parallel 110 lines. Additionally a universal 

accessory BUS csnnectsr Is accessible at the 
back of the computer t0<plug in additional 4S 
lines of parallel 1/0 and/or a complete analog 
signal 110 board with AID and D/A and 
multiplexers. 
Clearly, the CSP OF beats all existing small 
computers in conventional specifica tions plus 
It has capabllltles far beyond any other com· 
puter system on the market today. 
CSP OF is an S·slot mainframe class computer 
with 32K stat ic RAM, dual s • floppies, and 
several open slots for expansion. 

$ 9 
Or get started with a CSP with casset te inter­
face, BK BASIC·ln-ROM which includes mosl 
of the features of the CBP DF except the real 
time clock, 16 parallel 110 lines. home securi ty 
interface and accessory BUS. 11 comes with 
BK static RAM and Ohio Scientific 's ultra-fast 
BK BASIC·in·ROM. It can be exp.anded to a 
CSP OF later. Base price $S95. Virtually all the 
programs available on disk are also available 
for the CSP cassette system on audio 
cassette. 

Compulert c:ome wilh keyboards and Uoppia:s wh.ere 111pec1Hecf. 
Other equipment shown i.5 optio·nal . 

For literature and the name of your local 
dealer, CALL 1·800·321·6850 TOLL FREE. 

Circle 260 on Inquiry card. 
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