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WHY SETTLE FOR LESS-
THAN A 6800 SYSTEM 

MEMORY-
All static memory with selected 2102 IC's al
lows processor to run at its maximum 
speed at all times. No refresh system is 
needed and no time is lost in me-
mory refresh cycles. Each board 
holds 4,096 words of this 
proven reliable and trouble 
free memory. Cost-
only $125.00 for 
each full 4K 
memory. 

------
PROCESSOR-
"Motorola" M6800 processor 
with Mikbug® ROM operating 
system. Automatic reset and load
ing, plus full compatability with 
Motorola evaluation set software. Crystal 
controlled oscillator provides the clock signal 

INTERFACE-\ Serial control interface connects to any RS-232, or 
20 Ma. TTY contml te1·minal. Connectors pm

vided for expansion of up to eight interfaces. 
Unique programmable interface circuits 

allow you to match the interface to al
most any possible combination of 

polarity and contml signal ar
rangements. Baud rate selec

tion can be made on each 
individual interface. All 

this at a sensible cost 
of only $35.00 for 

either serial, or 
parallel type 

POWER 
SUPPLY-

for the processor and is divided down by the 
MC14411 to provide the various Baud rate outputs 

Heavy duty 10.0 Amp power 
supply capable of powering a 

fully expanded system of memory 
and interface boards. Note 25 Amp 

rectifier bridge and 91 ,000 mfd computer 
grade fi Iter capacitor. 

for the interface circuits. F u II buffer·i ng on a II data 
and address busses insures "glitch" free operation with 
full expansion of memory and interfaces. 

DOCUMENTATION-
Probably the most extensive and complete set of data available for any 
microprocessor system is supplied with our 6800 computer. This includes 
the Motorola programming manual, our own very complete assembly in
structions, plus a notebook full of information that we have compiled on 
the system hardware and programming. This includes diagnostic programs, 
sample programs and even a Tic Tac Toe listing. 

Mihbug® is a registered trademarh of 
Motorola Inc. 

Computer System 

with serial interface and 4,096 words 

of memory . . . . . . . . . ..... $395.00 
r-------------------------------

0 Enclosed is $395 for my SwTPC Computer Kit 0 Send Data 

0 or BAC-------------------------- #-----------------
0 or MC ------------------------- Ex Date ____________ __ 

NAME 

A D DRESS 

CITY STATE ZIP 

Southwest Technical Products Corp., Box 32040, San Antonio, Texas 78284 



Meet the most powerful 

p,C system available for dedicated work. 

Yet it's only $595! 

Here's the muscle you've been telling us you 
wanted: a powerful Cromemco microcomputer in a 
style and price range ideal for your dedicated com
puter jobs- ideal for industrial, business, instru
mentation and similar applications. 

It's the new Cromemco Z-2 Computer System. 
In the Z-2 you get all of the following for only $595: 
• The industry's fastest J.tp board (4 MHz or 250-

nanosecond cycle time). 
• The power and convenience of the well-known 

Z-80 JLP. 
• A power supply you won't believe ( + 8V @ 30A, 

+18V and -18V@ 15A. That's not only ample 
power for a full set of cards but ample additional 
power for other peripherals such as floppy disk 
drives). 

• A full-length shielded motherboard with 21 card 
slots to let you plug in almost any conceivable 
combination of memory, 1/0 or your own cus
tom circuits. 

• Power-on-jump circuitry to begin aLJtomatic pro
gram execution when power is 
turned on. 

• The S-100 bus that's widely 
supported Q.y a host of pe
ripherals manufacturers. 

• All-metal chassis and 
dust case. 

*kit price 

• Standard rack-mount style construction that's 
usable with a variety of cabinets and is upward 
compatible with larger systems. Bench cabinet 
optional. 

• Card retainer to secure cards in sockets under all 
conditions. 

• 110- or 220-volt operation. 

DEDICATED APPLICATIONS 
The new Z-2 is specifically designed as a powerful 

but economical dedicated computer for systems 
work. Notice that the front panel is entirely free of 
controls or switches of any kind. That makes the 
Z-2 virtually tamper-proof. No accidental program 
changes or surprise memory erasures. 

(For your custom work, Cromemco will supply 
blank panels.) 

4 MHz SPEED 
Cromemco's microcomputers are the fastest and 

most powerful available. The 4 MHz speed of the 
Z-2 means you get about twice the speed of nearly 
any other microcomputer. 
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Full-width motherboard 
has slots for 21 cards. 
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That 4 · MHz speed cuts running time in. 'half -·cuts 
your waiting time in half. Lets you do more sophisti
�Cated work that might .not otherwise be practical with a 
microcomputer. 

Z-80 GIVES MORE COMPUTER POWER 
The Z-2 uses the powerful Z-80 microprocessor with 

its .158-instruction set, 19 internal registers, 10 address
ing modes, a.nd 16 bit arithmetic operations. 

The Z-80 is widely regarded as the standard micro
processor of the future. So you're in the technical fore 
with tile Z-2. But you can also plug in other micro
processor boards if you wish. 

BROAD SOFTWARE SUPPORT 
Since the Z-2 uses the Z-80, your present 8080 soft

ware can be used with the Z-2. In addition, Cromemco . 
also of-fers software support including a monitor-,.ass�m-
bler, and a BASIC interpreter. 

· 

STANDARD S-100 BUS . 
The Z-2 wses the S-1 00 bus that has become standard 

in the microcomputer field. Dozens of manufacturers 
support it with compatible peripherals. 

Of course, all Cromemco peripherals such as our 
7-channel A/D and D/ A converter, our well-known 
BYTESAVER with its built-in PROM prog.ramm,�r,. ()Ur 
color graphics interface, etc., will also plug into"the .bus. 

LOW NOISE· 

.:Z-2: t!bf!.IJ""'"'yf!!trrlll_' 

Cromemco engineers have been careful to design. 
the Z-2 for reliable operation at its fast 4 MHz speed. 
Noise on the motherboard, for example, has been care
fully minimized li>y a wnit:JI.ie· ground-p/.ane design (we 
call it our 'Blitz BusTMI). With: this bus you won't get 
erratic operation due to ground current noise . 

RACK OR CABINET MOUNTING ·; 

------------ -----------
c: .. ., _ .... .. ., ..... 

Z-2 is supplied for rack mounting. 
Attractive bench cabinet shown is 
also available. 

Heavy-duty retainer bar insures that 
cards won'(jostle out of sockets. · 

The basic Z-2 is ?Upplied· in a black�anodited metal 
case for mounting in a standard 19-inch relay rack. A 
high-quality stylized bench cabinet in an attractive blue 
color is also available. 

KIT OR ASSEMBLED 
You. can get the Z-2 either kit or assembled. The kit 

includes the Z-2 for rack mounting, the Cromemco · 

4 MHz microprocessor ca,rd, full-length 21-card-slot 
motherboard, power supply, one card socket and card-
guide set, and front panel. 

· 

The assembled Z-2 includes the above .as well. as· all 
21 sockets and card guides _and a cooli

_
ng fan. 

LOW, LOW PRICE· . 
All who've seen the Z-2 have been surprised ·and 

impressed with its low price. 
You'll be impressed, too, with its technical excellence 

and quality. · 

So see it right away at your computer store -or order 
now directly from the factory. '< 

The sooner you put this advanced computer to work 
for you, the sooner you'll be solving problems and 
saving time/money. 

Z-2 Computer System kit '(Model Z-2K) -.. .' ... $595. 
Z-2 Computer System assembled . 

(Model Z-2W) .. -................ : ..... : ... :$995. 

[3 cromemeo . . 
i n c o r p o r a t e d  . 
Specialists in computers and peripherals 

• 2432 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 • (415) 964-7400 
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Many of the poss ib le app l i cations 
of smal l computers i nvo lve the mov ing 
of a mechanical devi ce. One poss ib le 
way to d ig i ta l ly control these devices 
is with servomechanisms such as those 
used in rad io contro l led model ai r
craft. In his artic le, Give Your M icro 

Some Muscles, Robert D G rappel 
descr i bes how simple i t  is to i n terface 
these devices with your computer to 
control your own mechan i cal devices. 

Since microprocessors have hit the 
hobby market, one of the larger d i ffi
cu l ties of the computer hacker has 
been obtain ing inexpensive hardware 
copy capab i l i t ies. Southwest Techn ical 
Products Corp h as i n troduced a l i ne  
pri n ter that is the  answer to  th is 
d i fficu l ty. Their i nexpensive impact 
dot matrix pr inter is described by 
Gary Kay i n  h is artic le  A Review of 

the SWTPC P R-40 A lphanumeric 
Printer. 

page 88 

page 26 

The aud io cassette is a k luge s imi lar  
to paper tape; i t  works but  is i ncon
ven ient. The "idea l "  cassette system is 
complete ly  contro l l ed by the com
puter's commands, the fu l l  d ig i ta l  cas
sette record ing fac i l i ty .  I n  h i s  article 
on Cassette Transports for the "Rol l 

Your Own" Hobbyist, Wi l l iam H 
Freeman takes a look at three d i f
ferent dr ives which have poten tial as 
mass storage subsystems for the per
sonal computing experimenter. 

Last mont!) we began an arti c le  on 
The Digital Cassette Subsystem, by 
jack Breimeir and I ra Ramp i l .  In this 
issue, we conti nue the d iscussion w i th 
part 2, concern ing d igital data formats 
and system considerations. 

Today's computer hobby wol" i d  is a 
k i t  or iented one. I n  h i s  ar·tic le, Kit 
B u i ld ing for the Computer Hobby ist, 
Lou i s  E Frenzel sets forth gu ide l i nes 
that al low the i nexperienced k i t  
bu i lder, the i nexperienced hardware 
person, or the software hacker who 
just  wants to get the basics, to con
struct a work ing computer or iented k i t  
on the  first attempt. 

Navigation has come a long way 
since the astrolabe, as exemp l i fied by 
the Omega system. In th is month 's 
BYTE, Ralph W Burhans continues h i s  
presentation of the hardware for an 
inexpensive Omega navigation system 
with some Simplified Omega Receiver 

Details. (The series concludes with an 
artic le  on software by R ichard J Salter 
J r in next month 's BYTE. ) 

4 

About the Cover 

This month 's cover is by Sandra D 
Crandal l ,  Narragansett R l  02882, a 
fi rst pr ize w inner of BYTE's  Computer  
Art  Contest. When she pa inted her  
updated "American Goth ic," she was 
complet ing her  B F A  i n  Art at the 
Un ivers i ty of Rhode I sl and ,  and as 
ass istant Art Department s l ide curator, 
main ta ined a l i brary of over 40,000 
sl ides. "My fi ance is fi n ish ing his BS in  
Computer Science and is an avid 
BYTE su bscr i ber from the word go," 
she wrote. 

To in 'teract with video games or 
graph ic  systems, i t  is often useful to 
i n terface devices such. as j oysti cks to 
the microprocessor. I n  h is arti c le , An 
Inexpensive J oysti c k  In terface ,  
Thomas Buschbach describes one 
method that w i l l  enab le  you to imp le
m e nt the convers ion process i n  
hardware. 

Over the years s ince the dem ise of 
the orig inal Star Trek televis ion series, 
there has been an increasing variety of 
peop le  enamored w i th the ideas that 
the program had to offer. Among 
these peop le  are personal com put ing 
enthus iasts who have turn ed these 
ideas i nto a l arge variety of com puter 
games. I n  Flights of Fancy with the 

Enterprise, David Price i n troduces h is 
own vers ion of the Star Tre k theme. 
His p rogram, though sma l l  enough to 
be p layed on many microcomputers, 
a l lows a w ide enough number of 
vari at ions in p l ay to satisfy even the 
most frequent users. This program is a 
must for Trekkies. 

Steve Ciarcia owns and uses a 
Digi ta l  Group  8080A system. Read · 

about h i s  exper iences and you migh t  
want t o  Try This Comp uter o n  for 

Size. 

Want 1 6  d igit BCD output  for your 
calcu lator software? Need an octal 
d i sp l ay to replace your b i nary lamps? 
Read jim Hogenson ' s  artic le  on how 
to Mu lti p l ex Your Digita l  LED D is

p lays to f ind ou t what it takes to make 
numer ic  d isplay output hardware. 

- I 





Sol Systems put it all together. 
One source for hardV�are and softV�are. 
One source for 
engineered compatibility 
of computer and peripherals. 
That's the Sol plan. 

Though the microprocessor made the 
powerful small computer possible, a lot of 
folks found out early efforts in the market
place were selling the sizzle a lot more than 
the steak. After an initial investment of sev
eral hundred dollars, you ended up with 
some nice parts, but no memory of any kind, 
no 1/0 devices or interfaces, no display, print
out or software. 

The Sol plan ends all that. Processor 
Technology takes the position that it's far 
better to be right than first. So let's get down 
to the Sol no tricks plan. 

For $995 in kit form, the first complete 
small computer 

Standard is a basic word at Processor 
Technology. The Sol-20 has more standard 
features than any other small computer we 
know of. Here's what you get. 

8080 microprocessor* 1024 character 
video display circuitry* 1024 words of static 
low-power RAM* 1 024 words of prepro
grammed PROM* a custom, almost sensual 
85-key solid-state keyboard* audio cassette 
interface capable of controlling two record
ers at 1200 baud* both parallel and serial 
standardized interface connectors* a com
plete power supply* a beautiful case with 
solid walnut sides* software which includes 
a preprogrammed Prom personality module 
and a cassette with Basic-S language plus 
two sophisticated computer video games* 
the ability to work with all S-100 bus 
(Altair 8800/IMSAI/PTC) products. 

There are no surprises. Everything 
you need to make it work is here. In kit 
form, nominal assembly time from our fully 
documented instructions is four to seven 

, evenings. 

Or start with the Soi-PC for just $475 
You can begin your Sol system with the 

all on one board Soi-PC kit. It has all the 

memory and interface electronics including 
video display, keyboard interface, audio 
cassette interface, all necessary software 
and the ability to accept the full Processor 
Technology line of memory and interface 
modules. Use the Soi-PC as the basis of a 
microcomputer, low cost CRT terminal or 
editing terminal 

The Sol plan, completely expandable. 
By filling the basic main frame with 

tailor made Processor Technology plug-in PC 
boards, you can really expand the computing 
power and flexibility of your Sol-20 Personal 
Computer. 

New items are being announced fre
quently, but right now, here are some of the 
things you can add to your Sol-20. The 
ALS-8 Firmware module is an assembly 
language operating system to give you the 
power to develop and run programs. Use 
it to quickly write, edit, assemble, de-bug 
and run your own programs. Some say it's 
the most useful software development on the 
market today, but modesty prohibits. 

And when it comes to add-on memory 
boards, you've come to the right place. 
We've probably got more than anyone else . 
Choose from 2K ROM or 4, 8 or 16K RAM. 
The PT 2KRO wi II accept up to eight 1702A or 
5203Q erasable, reprogrammable memories · 

(EPROM's) with the obi lity to store in a non
volatile fashion up to 2048 eight-bit words. 

Our read/write memories are the 
industry standards for high reliability. We 
know, because we have literally scores of 
customer letters saying "Your memory 
modules work and keep on working." 

A full line of Sol-20 tailored peripherals 
No computer can do the full job with

out the right set of peripheral gear. PT has 





sought out the best manufacturers of periph
eral equipment and worked with them to 
give you a choice of quality so you can get 
the most out of your Sol-20. Choose from 
line and serial printers, perforated tape 
readers and punches, floppy disk memories, 
black and white or color graphics displays, 
AID, D/A converters and more. 

Software, the Computer 
Power Essential 

A big part of making the first complete 
small computer is providing you with a wide 
range of easy to use, easy to obtain, low cost 
software. For the Sol-20, we've developed a 
whole group of offerings. And more are on 
their way. 

Sol Systems Price List 
(prices are net, effective Dec. I, 1976) 

SOFTWARE 
CUTS Paper 

ITEM with manual Source cassette tape 

BASIC 5 software 
#2 yes ** $19.50 

8K BASIC no $29.00 $37.00 
New 8080 Foca I no $14.50 N /A 
TREK 80 video 

game no $ 9.50 $14.50 
GAMEPAC 1 

video games no $ 9.50 $14.50 
MATHPACK video 

calculator yes $14.50 $19.50 
ASSEMBLER 

software #1 yes $14.50 $19.50 
••cuTS cassette of BASIC 5 is included FREE with all orders for Sol 

units or CUTS cassette interfaces. Additional cassettes available 
for $14.50. 

Sol system owners be sure to note Sol 
system on your order. These special versions 
use less code and provide easier loading 
along with more convenient operation. 
SOLOS, SOLED and CONSOL all have provi
sion for the special versions. 

All Processor Technology software is 
distributed on an individual sale basis for 
personal use. No license to copy, duplicate 
or sell is granted with this sale. Each software 
package has been copyrighted by Processor 
Technology and all rights therein are reserved. 

Sol Terminal Computers 

SOL-PC SINGLE BOARD TERMINAL 
COMPUTER™ 

Kit Price 

$475. * 

SOL-10 TERMINAL COMPUTER™ 
Soi-PC with case, power supply 
and 70 key solid state keyboard. $795.* 

SOL-20 TERMINAL COMPUTER™ 
all features of Soi-l 0 with larger. 
power supply, 85 key solid state 
keyboard, fan, and five slot 
expansion backplane. $995. * 

*Sol prices include CONSOL 
Personality Module. If SOLED Intelligent 
Editing Terminal Module or SOL OS Stand
alone Operating System Module is desired 
instead, add $100. If ordered separately, 
personality modules are $150 each. 

Mass Storage Systems 
Helios II Disk System™ 

includes dual PerSci 270 
floppy disk drive, cab-
inet, fan,S-100 bus compatible 
controller, power supply, sys
tem diskette with complete 
PTDOS software $1895 $2295 

Memory Modules 
ALS-8 PROM Resident Assembly 

Language Operating System 
SIM-1 Interpretive Simulator 

add-on option for ALS-8 
TXT-2 Text Editing add-on 

option for ALS-8 
2KRO Erasable PROM module 
4KRA 4096-word. L ow Power 

Static RAM 
8KRA 8192-word L ow Power 

Static RAM 
16KRA 16384-word Dynamic 

RAM 

Interface modules 
3P+S Parallel/Serial 1/0 

module 
CUTS Computer Users Tape 

System cassette interface 
VDM-1 Video Display Module 

Kit Asmbld. 

$425 
$ 95 
$ 95 

$ 65 $ 89 
$159 $195 
$295 $375 

$529 

$149 $199 
$ 87 $119 
$199 $295 

See your nearest dealer or contact us directly. 
Address Processor Technology, 
620GB Hollis Street, Emeryville CA 94608, 
Phone 415/ 652-8080. 



·-Give 

You r 
Micro 

Some 
Muscles 

Robert 0 Grappel 

148 Wood St 

Lexington MA 02173 

A lot of proposed m icrocomputer app l i 
cat ions requ i re t he  computer to  control 
various mechan ical devices. Open ing  and 
closing valves, moving thi ngs, push i ng, 
turn ing, etc, are not th ings that compu ters 
can do without he lp .  This arti c le  descr i bes a 
surpr is ingly easy way to turn d ig i ta l  s ignals 
into mechan i cal motion. This wi l l  make i t  
easier to design p lotters, contro l lers . . .  
anyth i ng that requ i res motion. 

Before I was b itten by the "computer 
bug," my hobby was bu i l d ing rad io con
tro l l ed a i rcraft. In try i ng to sol ve the prob
lem of transferr ing the posi t ion of the p i lot's 
hand to the posi t ion of a control surface on 
the ai rcraft, we modelers gradual ly came to 
use d igital systems.  The servomechanisms 
used i n  a i rcraft are very soph i st icated 
devices. They are t iny, less than 3 cub ic 
i nches (49 cub ic cent imeters ) . They are 
l igh t, l ess than 2 ounces (58 grams) . They 
provide  up to 4 pounds (1.8 k i l ograms) of 
thrust. Each servo requ i res l ess than 200 mA 
of current  at  5 Y .  They conti nue  to  work 
over a wide temperature range and in cond i -
t ions of extreme vibration .  I t  seems to me 
that such devices wou l d  make ideal muscles 
for our computers. Servos are read i ly  ava i l 

� able, and are relative ly cheap a t  around $25 
to $50. How does one i n terface an ai rcraft 
servo to a m icro.? Wou l d  you be l i eve three 
connect ions? Yes, it rea l ly  is that s imple .  

You w i l l  want to use what is cal l ed a 

See Sol now 
The full line of Processor Technology 
Sol Computers, systems, software and 
peripheral equipment is on display 
now at your nearby Sol store 
CALIFORNIA INDIANA OKLAHOMA 

1514 University Ave. The Data Dam a in High Technology 
Berkeley CA 94703 406 So. College Ave. 1020 We�t Wilshire Blvd. 

The Byte Shop Bloomington IN 47401 Oklahoma City OK 73116 

2559 South Bascom Ave. KANSAS RHODE ISLAND 
Campbell CA 95008 

The Computer Hut Computer Power, Inc. 
Byte Shop Computer 521 N. Hillside M24 Airport Mall 
Sto re Wichita, KS 67214 1800 Post Road 
6041 Greenback Lane Warwick Rl 02886 
Citrus Heights CA 95610 MICHIGAN 

The Byte Shop The Computer Store TEXAS 

16508 Hawthorne Blvd. of Ann Arbor The Micro Store 
Lawndale CA 90260 310 East Washington 634 South Central 

The Byte Shop Ann Arbor Ml 48104 Expressway 

1063 El Camino Real General Computer Store Richardson TX 75080 

Mountain View CA 94040 2011 Livernois WASHINGTON 
The Computer Mart Troy Ml 48084 

The Retail Computer 
624 West Katella #10 NEW JERSEY Store 
Orange CA 92667 

The Computer Mart 410 N.E. 72nd 
The Byte Shop of New Jersey Seattle, WA 98115 
2227 El Camino Real 501 Route 27 
Palo Alto CA 94306 Iselin NJ 08830 

WASHINGTON, D.C. area 

The Computer Store Hoboken Computer Works 
Media Reactions Inc. 

of San Francisco 11303 South Shore Dr. 

1093 Mission Street 
No. 20 Hudson Place Reston VA 22090 
Hoboken NJ 07030 

San Francisco CA 94103 WISCONSIN 
The Byte Shop NEW YORK 

The Milwaukee 
155 Blossom Hill Rd. Audio Design Electronics Computer Store 
San Jose, CA 95123 487 Broadway, Ste. 512 6916 W. North Ave. 
The Byte Shop New York NY 10013 Milwaukee WI 53213 
509 Francisco Blvd. The Computer Corner 
San Rafael CA 94901 200 Hamilton Ave. CANADA 

The Byte Shop White Plains NY 10601 The Computer Place 

3400 Er Camino Real The Computer Mart 186 Queen St. West 

Santa Clara CA 95051 of Long Island Toronto, Ontario M5V 1Z1 

The Byte Shop 2072 Front Street Trintronics 

2989 North Main St. East Meadow, L.l. NY 160 Elgin St. 

Walnut Creek CA 94596 11554 Place Bell Canada 

FLORIDA 
The Com puler Mart Ottawa, Ontario K2P 2C4 

of New York First Canadian 
Microcomputer 314 Fifth Ave. Com puler Store Ltd. 
Systems, Inc. New York NY 10001 44 Eglinton Ave. West 
144 So. Dale Mabry Hy. Synchro Sound Toronto, Ontario M4R 1A1 
Tampa FL 33609 Enterprises Pacific Com puler Store 

GEORGIA 193-25 Jamaica Ave. 4509-11 Rupert St. 

Atlanta Computer Mart Hollis NY 11423 Vancouver, B.C. V5R 2J4 

5091-B Buford Hwy. OREGON 
At Ia nta GA 30340 The Real Oregon 

ILLINOIS Computer Co. 

The Numbers Racket 205 West lOth Ave. 

518 East Green Street Eugene OR 97401 

Champaign IL 61820 Byte Shop Computer 

itty bitty Store 

machine co., inc. 2033 S.W. 4th Ave. 

1316 Chicago Ave. Portland OR 97201 

Evanston IL 60201 
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Figure 7: Timing diagram of the waveform that is needed to drive the 
servomechanism. The pulses are from 7 6 to 20 ms apart in time, and have a 
pulse width of 7 to 2 ms. This type of timing can be accomplished using your 
computer's internal clock as a reference in timing loops, or through a 
programmable real time clock. 
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three wire servo which is the modern type 
unit. These run on regulated 5 V supplies. 
That takes care of two of the necessary 
connections. The third lead is the input 
signal . This is a TTL compati ble signal, 
which can be driven from one bit of a 
typical output port. We wil l  use software to 
generate the proper waveform at this bit. 
Si nce each servo requires only one output 
bit, a typical byte port can drive up to 8 
servos. 

Servos are really pulse width feedback 

Notes on Trying Robert's Idea for Muscles 
by Carl Helmers, editor 

Using the servo we bought to take the 
picture of photo 7, I wrote the program 
shown in this listing to illustrate the opera
tion and test out the characteristics of the 
device. The program is written for my 
homebrew 6800 system, which has parallel 
interface ports at hexadecimal addresses 7 50 
to 7 57 in memory address space. The PIA 
port at locations 7 50 and 7 57 was used for 
this experiment, with some binary indicator 
lamps at location 7 4F used to tell what the 
current state of the command parameter 
was. This program uses a subroutine in my 
monitor called MIL/ which is a timing loop 
returning to the calling point 7 millisecond 
after entry. The interpu/se space was 
arbitrarily set at 250 ms (it worked) in order 
to allow observation of what was happening 

Continued on page 34 

Photo 7: A typical model aircraft servo, 
which we purchased at a local hobby shop in 
Greenville NH. The price of this unit was 
about $45, and the only documentation we 
could find on it, the catalog, said it could 
exert 5 pounds of force, presumably at the 
limit of the lever arm provided by the 
standard bell cranks and connection wheels 
which came with it. We took it apart after 
photography and found a gearbox with 
several gears, the motor, potentiometer 
slaved to the main output shaft, and electron
ics. Although the printed circuit board 
internal to the device had "made in japan" 
marked on it, the actual integrated circuit 
was clearly a result of international trade -
it was marked "Texas Instruments." After 
reassembly, it was tried out with the pro
gram shown in the box accompanying this 
article, using a PIA port at address location 
07 50 (hexadecimal}. 



un its .  The i nput  is a pu lse with a carefu l l y  
contro l led width .  The servo con ta ins  an 
electric motor, a gear trai n ,  a feedback 
potentiometer connected to the gearing, and 
some fai r ly soph ist icated e lectro n ics .  In 
modern servos,  al l the e l ectron i cs i s  con
tai ned i n  a custom in tegrated c i rcu i t .  The 
circu i t  generates an i n ternal pu l se every t ime 
i t  recei ves an input pu l se .  The i n ternal pu l se 
w idth is con tro l led by the feedback pot. The 
c i rcu i t  then compares the pu l se w idths .  If 
they match , then no current  goes to the 
motor. If they do not match, then curren t  is 
fed to the motor and it d ri ves the mechan ics, 
together with th e feedback pot, in the 
appropriate d i rection unti l  the pu l se w idths 
again match . By feed ing pu lses in  a rap id 
stream i n to the servo , i t  wi l l  appear to track 
the vary ing pu l se width . 

just about every servo so ld for use i n  
model ai rcraft expects pu l se w idth s  vary i ng 
between 1 and 2 ms. Most servos use posi t ive 
going pu lses, but  there are a few servos 
around which req u i re negat ive going  pu l ses. 
The pu lses shou ld  be repeated every 16 to 
20 ms. The repetit ion frequency is not cr i t i 
cal . The servo w i l l  run from extreme to 
extreme in about 0.5 s. To drive the servo, 
one then needs to generate a waveform l i ke 
that i n  figure 1 .  Th i s  can be done w i th 
t iming loops, i n te rrupts or programmable 
timers. Even the slowest processor can 
handle th is task .  

Model boats, an d some ai rcraft, use e lec
tric power plants. The same type of contro l s  
can be used to vary the speed and d i rect ion 
of el ectri c motors. For readers i n terested in 
contro l l i ng motors, and other h igh power 
devices, I wou l d  recommend the c i rcu i ts 
pub l i shed i n  RCM, ( Rad io Control M ode ler) . 
Page 1 66 i n the Apr i l  1 976 issue shows a 
circu i t  us ing the i n tegrated circu i t  from a 
servo and two external transistors to control 
a 20 A motor from fu l l  stop to fu l l  speed . 
Page 1 2  of the September 1 976 issue shows 
a sim i l ar c ircu i t  wh ich has the added feature 
of forward and reverse contro l .  Circu i ts l i ke 
these can a l so control other loads, l i ke l ights 
or heaters. Th is  is fu l l y  proportional contro l ,  
not just on  and  off. 

Now there is no excuse for not bu i l d ing 
that robot you were th ink ing about. You 
can use servos to control your tape cassettes 
by push ing the buttons u nder computer 
control .  Using two servos, one i n  the X 
d irection and another i n  the Y d i rect ion, a 
pen p lotter can give your com puter a hard 
copy graph ics capabi l i ty . There are hundreds 
of excit ing poss ib i l i t ies .  I hope to read of 
some of them in these pages soon .• 

computer music 
hits the big timewlth 
.hardware controlled 
waveforms, tone, 
volume and 9 
octave levels ... 
plus a new 
high level 
music language! 

Now you can create 
'
the real sounds of your 

favorite instrument, compose your own music, 
play your favorite sounds or do in-depth 

· 

musical research on your Altair or I MSAI S-100 
bus computer. 

The brand new SB-1 Music Board can generate 
complex waveforms easi ly because attack and 
sustain reside in hardware, not software. Since you 
can store several waveforms in memory, your 
computer wi l l  play more than one i nstrument. The 
new h igh-level language developed especial ly for 
the SB-1 al lows you to easily i nput the notes just as 
you would read them and adjust the sounds by 
contro l l i ng the waveform. The output of the SB-1 
provides a 2-pin connector for low-impedance 
output, or approxi mately 1 volt RMS with accurac¥, 
better than Y2% for one octave of the tempered 
scale. Multiple sounds can be generated with · 

additional boards. 

Put versatility and music into your computer today. 
Contact your local computer hobbyist store or 
write for complete details . 

A division of Solid State Music 

21 02A Walsh Avenue , 
Santa Clara, CA 95050 
(408) 246-2707 

Hear us at the First West Coast Computer Faire In San 
Francisco, April 16th and 17th, Booths 323 and 325. 
We're the blue boards. 
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It's a two touch aHair 

VECTOR 1 is based on the 8080A Microprocessor and S-1 00 Bus -

EASY TO ASSEMBLE, EASY TO ACCESSORIZE, EASY TO BUY AND VERY EASY TO OPERATE. 

717 LAKEfiELD ROAD, SUITE F 
w:ESTUdCE VILLAGE, CA 91361 e (805} .. 97-m:J3 



THE PERFECT MICROCOMPUTER 

-..J 
DEALERS 
EAST COAST 

VZCi:� 1 
Computer Mart of New York, Inc. 
314 Fifth Avenue 
New York, New York 10001 
212-279-1048 

Computer Mart of Long Island 
2072 Front Street 
East Meadow, New York, New York 11554 
516-794-0510 

The Computer Mart of New Jersey 
501 Route 27 
Iselin, New Jersey 
201-283-0600 

The Computer Mart 
1097 Lexington 
Waltham, Massachusetts 02154 
617-899-4540 

WEST COAST 
Byte Shop of Westminster 
14300 Beach Blvd. 
Westminster, Ca. 92683 
714-894-9131 

Byte Shop 
18424 Ventura Blvd. 
Tarzana, Ca. 91356 
213-343-3919 

Byte Shop 
Palm Plaza 
Thousand Oaks, Ca. 91360 
805-497-9595 

Byte Shop 
2559 S. Bascom Ave. 
Campbell, Calif. 95008 

Kentucky Fried Computers 
2465 Fourth Street 
Berkeley, Ca. 94710 

- 415-549-0858 

MIDWEST 
DATA DOMAIN -the Personal Computer Stores 

INDIANA 
(Home office) 
406 S. College Ave. 
Bloomington 47401 
812-334-3607 

7027 Michigan Rd. 
Indianapolis 46268 
317-251-3139 

219 Columbia 
West Lafayette 47905 
(Opening early December) 

ILLINOIS 
(illy billy machine co., inc.) 
1316 Chicago Ave. 
Evanston 60201 
312-328-6800 

42 W. Roosevelt 
Lombard 60148 

KENTUCKY 
506'12 Euclid Avenue 
Lexington 
606-233-3346 

3028 Hunsinger Lane 
Louisville 40220 
502-456-5242 

WISCONSIN 
2221 E. Capitol 
Shorewood 53211 
414-961-2430 

TEXAS 
The Micro Store 
634 S. Central Expressway 
Richardson, Texas 

�i:O=I C:Ui1' .. iC inC". 
717 LAKEFIELD RD., • SUITE F 
WESTLAKE VILLAGE, CA 91361 

P APERBYTES™ Forum 
Machine readable printed software is an exciting subject. Numerous 

comments have been received from various individuals regarding the idea of 
machine readable printed software as described in the November and 
December 7976 issues of B YTE. These are excerpts from various letters 
which often covered other topics as well: 

M u lt ip l e  Synch Characters . . .  

Several people have suggested that 
the format should contain multiple S YN 
characters. Here are a couple of 
examples of the comments: 

I h ave a few com m ents on the pro
posed stand ard for m ach ine  read ab le  
p ri n ted d ata. (My forte is not bu i l d ing 
bar code readers, but I d o  h ave some 
exper ience i n  h igh speed data trans· 
m ission . )  In the proposed frame l ayout  I 
wou l d  suggest dup l icati ng the SYNCH 
ch aracter a t  least one m ore ti me ,  and  
possi b ly  a couple more t imes. The  rea
soning is that even if the ti m i ng m arks 
are i nc luded (wh ich I don ' t  t h i nk  were i n  
the Dece m ber sam ples )  the adap tive 
algor ithm m ust estab l ish "bit synch"  to 
extract the b i ts correct ly ,  and then i t  
must  estab l i sh  "character synch"  to 
i nsure it h as gotten the character bound
ar ies  correct. I n  d ata transmission  
sc hemes, usual l y  two or fou r  synchs  are 
used depend ing on  whether the synch  
patte rn is to  establ ish on ly  ch aracter 
synch or  both c haracter and bit synch .  
The modu lation schemes you h ave p re
sen ted seem to h ave e nough transit ions 
in them to get b it  synch, so four  synchs 
probabl y aren ' t  needed.  But the algo
rithm wou ld be a lot more su re of what 
is goi ng o n  i f  there were at least two 
synchs:  one to get synched ,  and one to 
check the sy nch .  I th i n k  this is particu
l ar ly i m portan t considering the d ata 
fol lowing the synch is th e c hecksu m .  
S lop or  j i tter from the s tartup o f  the  
h u man  hand  cou l d  be parti cu lar ly  d am 
agi ng  here .  A few extra synchs th rown i n  
cou l d  solve that potential prob lem . 

M aybe I am trying to make th is  a l l  
too com p l icated ,  but  m y  backgrou nd  i s  
one of insur ing ro bustness i n  protocol s. 
The bar code wan d reader experts prob
ab ly h ave a better feel i n g  than I for 
th ings l i ke this. 

M i ke O'De l l  
U n iversi ty of O klahoma 

I nfor mation and Com puting Sc iences 
601 E l m ,  R m  926 

N orman O K  73069 

Another reader suggested putting a 
second S YN character at the end of the 
frame in order to allow scanning in 
either direction, a sentiment which was 
echoed by Tom Pittman of Tiny BA SIC 
fame, But using the sparse format shown 
in the examples in this issue [or for
mat  ( c )  of December BYTE, page 17], 
the frame capacity is only about 26 to 

13 

32 data bytes, depending on length, so a 
3 to 4% penalty in capacity is required. 
A lso, the main advan tage is to allow 
sweeps in both directions, which for 
manual scanning may not be particularly 
important since the rhythm of operation 
has to be interrupted by repositioning 
the guide straigh tedge between each 
swipe. 

Pr inted ,  M ach ine Readab le  Bra i l l e ?  

Totally unrelated to our bar code 
representation tor data, but nevertheless 
interesting, is this letter from C R 
Conkling jr, and his accompanying 
sample. 

The sample is a short segment of the 
text, reproduced here twice the original 
size, which was a test occupying two 
sides of a letter size sheet of enameled 
paper. 

I w as i n te rested i n  you r though ts on 
us ing ink pri n t  to transm i t  d igi tal i n for· 
mat ion .  I h ave enc losed an i n k  pr inted 
sheet of  paper wh i ch was pr inted using 
standard offset m ethods.  The paper con
tains  a com plete pocket pape rback size 
book .  I m u st say , h owever, that i t  is in 
grade 2 Brai l l e  wh ich  uses con tractions, 
as in speed writ i ng. Th e B rai l l e  code is a 
6 b i t  code,  and the paper is e ncoded to 
d ri ve a m echan i cal B rai l l e  ce l l  to repro
duce  the d ata. 

Why it was done i s  a long story. Why 
i t  was never com p le ted i s  even longer. 
One of  the reasons that it was never 
com p le ted w as that we h ad no luck 

Continued o n  page 82 
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E�iillPial 

by Carl Helmers 

BYTE Goes International 

Accompanying th is  ed i torial i s  a letter 
from an Austral ian reader, Kev in  C Barnes of 
Five Dock,  New South Wales. He's wri ting 
on the cond itions of the smal l computer 
person i n  Austra l ia  c irca September 1 976. 
We held onto the letter unt i l  it was poss ib le 
to announce an arrangement which shou ld  
he l p  promote and bu i l d  an  ind igenous sma l l  
computer i ndustry i n  Austral ia : the new Far 
East Asian ed it ions of BYTE magazine .  

When BYTE first began circu lat ion, an 

Are  Logic  States I n verted Down Under?  

Here are just a few notes that  might  
be of i n terest to you r readers abou t 
cond itions in Austral ia. I n terest in com
puting is just  about to happen down 
here .  Both nat iona l  e l ectron ics maga· 
z ines, Electronics A ustralia and E!ec· 
Ironies Today International have just  
( j u l y  1 976 issue )  started to ta l k  abou t 
microprocessors. They have started by 
rev iewing the d i fferen t  evaluation boards 
avai lab le .  But ne i ther  magazine has pub
l i shed any construction art ic les as ye t  on 
microp rocessor based microcompu ters. 
(EA did des ign and pub l ish an 8 b i t  
processor back in t h e  end o f  1 974 and 
begi nn ing of l 97 5 ,  but i t  was a seri4l 
processor which d id  not ga in  the popu· 
l ar ity of the present microp rocessor 
systems. That processor, the E D UC-8, 
was bu i l t  us ing TTL MSI and SSI ch ips  
and had a l i m i ted  memory of 256  
locations. I n  fact EA was beaten to  the 
honor of being the f irst to pub l ish a 
computer p lan by on ly  a few weeks by 
Radio Electronics ' pu bl ication of the 
Mark 8 . )  

Commercia l  i n terests now have a 
number of American designed and bu i l t 
systems offered for sa le,  but  unfortu· 
nately these people do not yet  carry 
much stock. M I TS equ ipment i s  offered 
clown here by a company cal led W H K of 
Melbourne,  and the proprietor has pub
l i shed a rather impressive catalog with a l l  
t he  M I TS hardware and  software l isted.  
J O LT is  also being advertised as we l l ,  
a l though ma in ly  through the  trade jour· 
nals. E PA's  Micro 68 a lso has been 
offered for sale and the agen t  has at least 
one i n  stock which he is w i l l ing to lend 
to people to look at and play wi th .  

I and th ree other  peop le  have formed 
a smal l  c lub and have th ree systems 
operating, us ing the 6800, 8080 and the 
SC/MP chi ps. They have been b u i l t  
a round evaluation boards. W e  also have 
an A S R·33  and A S R·38 Teletype and 

1 4  

e lectron i cs engineer ing consu l tant named 
J ohn  Bann i �ter, a native of Sydney, Aus
tra l ia, subscribed near ly i n stantaneously 
when he heard about i t  from an American 
fr iend . But he soon ran i n to a problem 
wh ich p lagues al l i nd iv idua l s  on the end of a 
long i n ternationa l  supp ly cha in  - it takes 
t ime and patience to awa i t  BYTE {or any US 
goods,  for that matter} in Austral ia, which is 

Continued on page 62 

our big project at the moment i s  a 
f loppy disk.  O u r  smal l project of the 
moment is a P RO M  p rogram mer to 
program 1 7 02s. In my conversations 
w i th various i n tegrated c i rcu i t  manufac
tu r ing company representatives, I 've 
gai ned information that a good propor
tion of the sales here have been to 
ind iv iduals ,  not  com panies ,  and that 
many boards bought by companies have 
been for i nd iv idua ls  w i th in  the com
panies and not for particu lar co mpany 
projects [standard practice in the US, 
too . . .  C H I .  

A lso very annoying is the rath e r  h igh 
pr ice marku p on the hard ware by the 
t ime it reaches Austral ia .  The lntel 8080 
Microprocessor System User's Manual 
for instance has sold for $20  even 
though i t  i s  marked $ 5 ,  w h i l e  the A l ta ir  
8 800A sel l s  for $6 1 9  Au stral ian ( $ 740 
US curre n t l y )  for the basic kit with no 
extra boards. We l l ,  I hope this has been 
of i n terest. 

Kevin C Barnes 
71 Barnstaple Rd 

Five Dock 
New South  Wales 2046 

A US T R A L I A  

Thanks for your comments, Kevin. 
By the time this letter is in print, it will 
be part of the third issue of our new 
A ustralian English language edition of 
B YTE, so with any luck you 'II soon start 
to find some increases in personal com
puting activity in your vicinity. Until 
there is local manufacture, there is no 
way you can beat the price penalty, as 
nearly as I can project: Shipping costs 
time and money. When a product is dear, 
whether through distance or natural scar� 
city, A dam Smith and Co long ago pre
dicted the price would rise. I understand 
from john Bannister, ho wever, that at 
least you don 't hao1e to pay an exorbi
tant import tariff as our Canadian 
friends do. 

• I 
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applieatior-1s . and .u�es at your 
. · fing�rtips. Ima!lJihe"' sitting at �our 

desk and enjoying ir�teraction with 
your rMSM 8080! Press the on 
switch and yml're ready for game 
playing, resear.ch, education, busi· 
ness applieations, or. for laborat0r.y 
instrument contt®l. It, has all the 

�Right mow you can add a module 
f0r misplaying colo;, §raphies and 
characters en 1V; a ready-to-use 

. keyboar.d; small and large printers, 
and a single rnterface that lets 
you attach multiple devices includ

. ing a cassette tape recoFder. Ex-
. pe€t tl;te latest, exciting equipment 

:. fr0m IMSAL We are,c@mrn;itfed 
: ... to 

'
!eaG!er.shi.p . in thi·s e�pandiAg 

· tecthnology. · 

.· 

EASY TO PROGRAM 

European Distributor 
Harper Industry P.rod 
6079 Sprendlii'I®R 2 
West Germany 



8080 T RI C KS A N D  FAST OPTICS 
FO R ISOLATION 

In  the Nove m be r  1 976 l etters co l 
umn,  reader  Bennett asked for  an easy 
way to do an arith m e tic sh ift righ t us ing 
the 8080. Try R LC, RAR, R A R ;  only 
three bytes, and the carry b it  ends up  
the  same as w i th S RA A on the Z80. 

By the way, if anyone wants to try 
an optical l y  coupled v ideo in terface to a 
television, look at HP's  5 082-4360 op
tica l l y  cou pled logic gate. I t's rated for 
1 0,000 b i ts per second and costs 
$6.30 in u n i t  quanti ty .  Cheaper optical 
cou p lers can handle  sync and, i f  neces
sary, an on/off control,  bu t  the  H P  
device i s  the first o n e  I 've seen that looks 
fast enough to hand le  video frequ encies. 
Using a sep·arate device for sync avoids  
cr i tical b ias ing adjustme n ts to make a 
s ingle device operate i n  the  l i near mode. 
With separate devices, the v ideo and sync 
mixer goes on the output s ide  of the 
d ev ices. Frequency response can go 
down to DC i f  you can avoid u psetting 
the te lev is ion 's v ideo stage b ias w i thout  
us ing a D C  b lock ing capacitor. 

Robert F M i les  
242 A bingdon Rd  N W  

Lenoir  N C  28645 

OOPS . . .  SUPPL IES  GON E 

After read ing  the "An I tem of I n ter
est" art ic le i n  the September issue of 
BYTE ( p age 1 00 ) ,  I wrote to SWTPC for 
the j u ne 1 97 6  newsletter. Bu t the news
letter is not i n  p r in t  any more. 

Is there any way I cou ld get a used 
or o ld  J u ne 1 97 6  newsletter? P lease 
respond.  

Robert Leong 
705 N Linden Dr 

Beverly H i l l s  CA 902 1 0 

WANTE D :  E L I ZA FO R TH E 
S M A L L  COM PUTE R 

M any years ago I h ad a ·d i alog (my 
first on l i ne  experience ! )  w i th a computer  
that conversed l i ke a psych iatrist, sel ect
ing p h rases from my i nput  and feed ing  
them back  in  new context or, i f  noth ing 
good suggested i tself,  i nject ing a random 
phrase such as "how d i d  you fee l  abou t 
your  father?" .  I t  was ca l led the E L I ZA 
program , because i t  l earned from its 
in put. Accord i ng  to o ne artic l e  I h ave 
read,  it was or ig inated at M I T. 

Now, after considerabl e t i mesh aring, 
I am a su bscriber to BYTE and am 
buy ing an A l ta i r  8800a on the K i t-a
Month p lan .  Is anyone in BYTEiand 
fam i l i ar w i th the software for E L I Z A ?  I n  
particu lar, d oes anyone know o f  a ver-

sion s u i tabl e for smal l mach ines? I ' l l  try 
to reinvent i t  i f  I m ust, b u t  it see ms s i l l y  
to  d o  so. 

J oh n  P Aure l i u s  
2568 l Oth Av  W 

Seattle WA 981 1 9  

ELIZA is a program created by 
joseph Weizenbaum at Massachusetts In
stitute of Technology, which has since 
spread somewhat widely - in ways not 
necessarily consistent with its creator's 
goals. See B YTE 's review of Weizen
baum 's book, Computer Power and 
H u man Reason, on page 7 7, january 
7977. The book is highly recommended 
reading for any intellectual. As to 
whether detail implemen tations of 
ELl  ZA style programs can be found, 
maybe a reader with academic connec
tions can enligh ten us. 

TH AT'S TH E R I G H T  I D E A  . . .  

I 'd l i ke to give my su pport to Charles 
Wortel l 's en try to the Program m ing 
Quick ies col u m n  [ D ecem ber 1 976 ,  page 
1 3 2 ] . A few months ago I thought of 
p resetting memory of my 6800 system 
to SWI (h exad ecimal 3 F )  to catch way
ward programs. I 'd l i ke to suggest the 
fol lowing to anyone consider ing a ROM 
operating system for a 6800: I 've re
p laced the M I KBUG mon itor in my 
SWTPC 6800 w i th a P RO M  m on i tor th at 
in i t ia l izes memory to S W I .  This is on ly  
done on pow�r up  reset and not on  
su bsequent resets. 

I 've changed all i n terru pt  vectors to 
ad d resses in  the processor board RAM.  
Th i s  al lows faster i n terru pt serv ice and  
frees the  SWI  for al ternate uses. As an 
added bonus an unexpected i n te rru pt  
from 1 0  wi l l  cause a register pr int  j u s t  
l i ke SWI .  

I 'd welcome correspondence from 
readers consi dering th is  and oth e r  rou 
tines I i nc l uded  in  m y  monitor. 

Leo Tay lor  
18 R idge Ct  W,  Apt 2 1 C  

West H aven C T  065 1 6  

You 've got the right idea with respect 
to customizing and extending monitors. 
I 've done a similar thing in my own 
machine by writing a monitor program 
much more capable than MIKBUG. 
How'd you like to start a 6800 systems 
p r o g r a m m ing sp e c ial in terest  
group ? . . . CH 

A LTA I R WORD 
P ROCESS I N G N E E D E D  

a m  i n terested i n  us ing m y  A l ta ir  
8800 to produce clean l e tters and re
ports from text entered through a key
board w i th ed i ting capab i l i t ies. Is  there 
anyone out there who h as an A l ta i r  
compatible software package who can 
he lp  me? 

A lso I 'd l i ke to inform you that we 
have formed a Stony Brook Homeb rew 
Compu ter C l ub, wh ich  is both hardware 
and software ori en ted .  We have friend ly  

1 6  

and informal m ee ti ngs and access to  
various  s imu lators and cross-assemblers 
on the school computer. Members have  
the i r  own systems to demonstrate and 
d iscuss (8080 and 6800) .  

Ludwig Braun 
Professor of E ngineering 

State U n iversity of N Y  at Stony Brook 
Stony Brook NY 1 1 794 

Text  editing is one area where we 
expect to use our office A ltair, among 
o ther things. Try writing in 6 months or 
a year if you haven't found a source by 
then. 

Y E  O L D E  BOA R D  
SWITCH E M A N O E U V R E  

Th e fo l low ing  i s  a s imple  fix I found 
for a crash ing  A l ta ir  8800. The symptom 
was appare n t  false j umps when loading 
and operating 1 2  K B A S I C  for a few 
m inu te s. These errors wiped out  parts of 
the l 6aded software, outputting "sy n
tax" errors, garbage or noth ing. The fix 
was to move the p rocessor card to the 
cente r  of the case (near the fan) ,  away 
from other boards, and to tape (doub le  
back st icky ) an al u m in u m  foi l  ( - 1  X 2 
inch )  heat s i n k  (convection cooled ) onto 
the S N 74 1 2 3. No prob lems  have oc
cu rred s ince. 

D r  F R R uckdeschel 
Pr inc ipa l  Scientist 

Xerox Corp 
PCDD/P&MS/EDPA 

800 Ph i l l i ps Rd 
Bldg 1 29 

W eb ster NY 1 4580 

WANTE D - 6502 U S E RS 

wou ld  l i ke to say that I enjoy your  
m agaz ine  very  m uch,  and look forward 
to it every month.  It al ways seems to 
have the artic les I am looking for, and 
they are al ways ente rtai n ing. 

I am p resent ly  b ringing up  a 6502 on 
an OSI su perboard and am i n terested in 
speaking to anyone w i th a micro, espe
c ial l y  a 650x series com pu ter. If anyone 
has a mon i tor  that they th ink  is real l y  
great, o r  a t  l east perfect, pl ease give me  a 
cal l or d rop m e  a l i n e .  My phone number 
i s  (6 1 3 ) 692-3786.  Ask for Kevin. 

Kevin Szabo 
Box 86, H i l lcrest Dr 

R R  1 ,  Manot ick, Ontario 
C A N A D A  KOA 2NO 

P A G I N G  W I TH AN 1 802 

F irst of al l ,  thanks for com ing up  
w i th a com pute r  m agazi ne for  the  ex
per imenter j ust  when I needed i t .  

I n  regards to the e d i torial "Th e Ad
d ress Space Satu ration Prob lem" by Carl 
He l mers in your  November 1 976 issue, 
page 1 6 , I w ou l d  l i ke to make a sugges
tion. The RCA Cosm ac 1 802 micro
p rocessor, wh i ch w as used i n  the recen t  

Continued on page 94 



Print Your Heart Out. 
With help from the Digital Group, naturally. 

Now, that small computer system you own or have been 
considering for personal or business use suddenly be
comes a lot more usable-with the addition of a full-size 
impact printer from the Digital Group. A printer designed 
for small computers that need big output (like yours). 

With the Digital Group printer, you can print your heart 
out . . .  and it won't cost an arm and a feg. The Digital 
Group printer is available for less than $500 . That's 
right-$500. 

Just look at these specifications: 
• Fast-120 characters per second 
• 96 characters per line 
• 12 characters per inch horizontal 
• 6 lines per inch 
• Makes up to 4 copies simultaneously 
• Character set and J?itch variable under software 

control-double w1dth characters, etc. 
• 5 x 7 character rna trix 
• Ribbon has built-in re-inkers for a life of 

10,000,000 characters 
• Paper can be either a standard 81/z-inch roll, fanfold 

or cut page 
• Interfaces to 8-bit parallel ports 

There are lots of capabilities and outstanding features of the 
Digital Group printer. . .  and (as always) the best news is 
our price. Kit prices start as low as $495 for the printer and 
interface card . It simply can't be beat. 

Find out all the facts about the Digital Group printer now. 
Just fill in the coupon below or give us a call for the details. 
We think you'll find a place for our printer in your system 
. . .  and in your heart. 

- - - - - - - - - - - - - - - - - - -

P.O. Box 6528 
Denver, Colorado 80206 
(303) 777-7133 
Quick. I want to print my heart out. 
Send me all the details on your full-size impact printer. 

Name _______________________________________ _ 

Address -----------------------------------------

City /State I Zip _________________________________ _ 

Please print. . 
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A Review of 
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Photo 7 :  The PR-40 dot 
matrix printer as assem
bled from the kit dis
tributed by Southwest 
Technical Products. The 
printer is not enclosed in a 
case but is mounted on a 
black anodized aluminum 
chassis with overall dimen
sions of 9. 63 by 7 0.50 by 
8. 75 inches (24.45 em by 
26. 67 em by 22.23 em). 

the SWTPC PR-40 Alphanumeric Printer 

Gary Kay 

Southwest Technical Products Corp 

2 1 9  W R hapsody 

San Antonio TX 782 1 6  

Ever s i nce the  microprocessor's i n troduc- . 
t ion, computer hobbyists everywhere have 
been search i ng for a low cost a lphanumeric 
pr i nter. One p lace the search can stop i s  at 
the un i t  presented here :  a 5 by 7 dot matrix 
impact p ri n ter .  It pr in ts the 64 character 
u pper case ASCII set with 40 characters per 
l ine at a rate of 75 l i nes per minute on 
standard 3.87 5 i nch (9.843 em ) rol l s  of 
add ing mach ine  paper, as shown in  figu re 1 .  
One complete l i ne is pr inted at a time hom 
an i n ternal 40 character fi rst i n  fi rst out 
buffer memory. Pri n ting takes p lace e i ther 
on recei p t  of a carriage retu rn -or automati
cal ly whenever the l i ne  buffer memory is 
fi l led .  

The pr inter can  accept character data as 
fast as one character per m icrosecond (unti l  

18 

the buffer is fu l l ) or as s low as you wish to 
send i t. The pr inter 's  seven paral le l  d ata l i nes 
are TTL compat ib le  and may be enabled by 
a s ingle data ready control l ine or by 
separate data ready and data accepted hand
shake control l i nes. This un iversal approach 
makes the pr inte r  compatib le with a l l  com
pu ter and term inal systems hav ing an eight  
b i t  para l l e l  i n terface port; i nc lud i ng, of 
course, the SWTPC 6800 and M ITS Altair 
8800 computer  systems. 

The pr i n ter mechan ism i s  attached to a 
black anod ized alum i n um  chassis with front 
trim panel which houses the c i rcu i try inc lud
ing its own 1 20 or 240 VAC 50 to 60 Hz 
power supp ly  c i rcu i t  shown in  figure 2 ,  
making the  pr in te r's overa l l  d imensions 
9 .625 by 1 0.50 by 8 .  75 i nches (24.45 by 
26.67 by 22.23 em ) . 
The- Mechanics 

The ent i re design, shown in photo 2, i s  
based on a s imp le and re l iable p r i n t  mecha
n ism i n tended or ig ina l ly for po int  of sale 
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Figure 7 :  Example print
out demonstrating the 
type of characters that are 
generated by the PR-40 
dot matrix printer. The 
printout is the width of 
readily available 3. 875 
inch (9.843 em) adding 
machine paper. The test 
program of listing 7 gen
erated this printout. 

termi nal use. The pr in ted characters are 
formed by moving the pr in t  head horizon
tal ly across the paper wh i l e  selectively ener
gizing solenoid d riven pr int  wi res on the 
head wh ich strike an i n ked r ibbon and 
impri n t  dots on standard add i ng mach ine  
paper. A l l  seven of these solenoid dr iven 
pr int wi res converge at the t ip of the p r i n t  
head in  a vertical l i ne  which i s  perpend icu lar 
to the horizontal d i rection of movement of 
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@fiBCVEFGH l JKUINOPQf:STU\'HXYZ [ \ J t 
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! " u:·: & :' o ·•=+, - . t'B12�:45t.789 : ; <=>? 

@A8CDEFGH l JKUINOPQRSTU\.'�J>:n [ \J 1 

the pri n t  head. By selectively fi r i ng the p ri n t  
wi res, 5 dot wide by  7 do t  h igh characters 
are pr inted as the pri n t  head moves across 
the paper. A one dot t ime spac ing is l eft for 
separation between the p ri n ted characters. 

Th is method of pr int ing characters is not 
new but  the method of moving th is w i re 
impact pri n t  head is u n ique.  Rather than 
us ing dual motors, cl utches, t iming bars and 
the other· hardware usual l y  associated with 

R5 
120 
.5 W 

09 

IN4742 

C4 R6 
4000fLF 2.2 K 
50V IW 

1 9  

R l  
2 . 2 K 

R 2  
820 

GNO 2 

+ B VOC 

- 1 2VOC 

G NO I 

MOTOR 
CONTROL 

Figure 2: The schematic 
diagram of the power sup
ply circuit for the PR-40 
printer. This power supply 
can be run on either 7 20 
or 240 VA C depending on 
whether the primary wind
ing is wired in parallel or 
series. The power trans
former, Tl, has a 7 20, or 
240 V primary,· 32 V 
@2 A, 7 2. 5 V @7 A center 
tapped, 7 20 V @200 mA 
center tapped secondaries. 
As can be seen in the 
diagram, the printer motor 
is triac controlled, taking 
its on and off states from 
the position of the printer 
head on the page. All re
sistors are measured in 
ohms and are 0.25 W un
less otherwise stated. 

I • 
� 

I ' 



A Printer Testing Program 

The printer diagnostic program of 
l isti ng 1 has been written to test and 
debug the SWTPC PR-40 printer  when it  
has been interfaced to the SWTPC 6800 
computer system through one of the MP 
L parallel interface boards. I t  i s  assumed 
that before loading this program, the rest 
of the system is  functioning normal ly 
with no problems. The program itself 
uses 60 words and is loaded with in  the 
1 28 word programmable memory used 
by the Ml  K 8 U G® operating system on 
the MP A microprocessor and system 
board. A program may reside in external 
programmable memory s imu ltaneously 
with the d iagnostic l oaded with i n  the 
1 28 word programmable memory , or  the 
diagnostic may be run with no MP M 
memory boards i nstal led on the system 
at a l l .  The diagnostic may be loaded 
either from tape or i nstruction by in
struction using Ml  K8UG starting from 
hexadecimal  address A01 4 through 
A024 and then from hexadecimal ad
dress A048 through A072. The address 
of the MP L paral le l  i nterface board 
feeding the pri nter must be set using 
M l  K8UG to load the hexadecimal  ad
dress of the selected port i nto hexadeci-

mal memory locations A002 and A003 
with the most sign ificant byte going into 
A002 and the least significant byte go i ng 
i nto A003. The starting address locations 
of the interface ports are given in  tab le  
1 .  

Since the program counter is set when 
the program is  i nit ia l ly  loaded, the d iag
nostic i s  i n itiated as described in the "go 
to user's program" section of Engi neer
ing Note 1 00 .  Once in itiated, the pro
gram can be stopped only by depressing 
the reset button. The program may then 
be restarted after resetting the program 
counter to hexadecimal A04A as de
scribed in the "display contents of proc
essor registers function" section of Engi
neering Note 1 00. 

The d iagnostic works by send i ng out 
an ASCI I carriage retu rn, hexadecimal 
O D ,  fol lowed by hexadec ima l  ASCI I 
characters 21 through 3 F  fol lowed by 
another carriage return OD, followed by 
h exadecimal ASCII characters 40 
through 5E inclusive, repeating i tself 
unt i l  stopped with the reset switch. 

Each character is outpUt to the 
printer by f i rst stori ng the ASC I I  char
acter's bits 0 through 6 on output l i nes 
00 through 06 of the selected MP L 

Listing 7 :  A debug and test program written for a 6800 type system with 
MIKBUG. The hexadecimal address of the selected port is loaded into 
memory locations A 002 and A 003 which are referred to by PA RA DR. The 
program counter is initiated at the beginning of the program. The program 
sends out a carriage return, hexadecimal ASCII characters 27 through 3F 
followed by a carriage return, followed by hexadecimal ASCII characters 40 
through SE, and repeated indefinitely. 

Address Op Operand Label Mnemonic Commentary 

A0 1 4  A7 00 OUTCHR STA A O,X PARADR :=A ;  
A0 1 6  C6 37 LOA 8 #37 } PARAOR+1 :=37;  
A01 8 E7 01  STA 8 1 ,X [data ready port] 
A01 A C6 3 F  LOA 8 #3 F } PARADR+1 · =3 F ·  
A01 C E7 01  STA 8 1 ,X . [data ready �art] ' 
A01 E 6 0  01  LOOP3 TST 1 ,X check if data accepted signal 

received; 
A020 2 A  F C  8 P L  LOOP3 if signal not present go to 

LOOP3; 
A022 E6 00 LDA 8 O,X else 8 : =  PARADR 
A024 39 RTS return;  
A048 AO MSB } [program counter] A049 4A LSB 
A04A F E  A O  02 START LOX PARADR X := PARADR;  [ 10  port 

address] 
A04D C6 F F  LOA B #FF  } PA RADR : = F F ;  A04 F E7 00 STA B O,X 
A051 C6 3 F  LOA B #3 F } PARADR+1 : =3F ;  A053 E7 01 STA 8 1 ,X 
A055 86 00 FST L I N  LOA A #0 0 output carriage retu rn ;  

para l lel i nterface port, then bringing the 
normal ly h igh data ready l i ne low via 
interface output control l ine  C2 for at 
least 1 J.lS, then return ing the l i ne high 
aga in .  The data must be held stable on 
the interface output l i nes, however, u nt i l  
the pri nter acknowledges data receipt by 
br inging its normal ly  h igh data accepted 
line momentarily low and then high 
aga in .  This latter low to h igh transition 
sign ifies that the pri nter has accepted the 
character. The M P L control l i ne C1 fed 
by th is  I ine  has been programmed to see 
the low to h igh data accepted transition 
and responds by a l lowing the program 
to output the next sequentia l  ASC I I  
character. 

To set the printer's l i ne width adjust
ment, you should use M I K8 U G  to 
change the data in  hexadecim

.
al  memory 

locations A056 and A065 from OD to 
00. This wi l l  e l im i nate the transmitted 
carriage retu rns and force the pri nter to 
print a fu l l  40 co lumn l i ne. The l ine 
width control should then be adjusted 
for symmetrical margi ns. The characters 
wi l l  sti l l  be pri nted sequentia l ly but wi l l  
not b e  identical from l i ne t o  l i ne. 

Do not operate the pr inter more than 
a m inute or so wh i l e  runn ing this d iag
nostic. Continuous pr int ing of fu l l  length 
l i nes with no  spacing between characters 
overheats the solenoids on the print 
mechan ism wh ich may decrease its oper
ating l ife .  

I f  you are using the SWTPC P R-40 
printer with the SWTPC 6800 computer 
system, you may use the O UTCHR 
subroutine l i sted f ro m  address A01 4 
through A024 in the P R N TST d iagnostic 
within your own program for outputting 
characters to the pri nter. The i ndex 
register must be loaded with the starting 
address of the MP L paral le l  interface 
board feeding the pr inter. The character 
to be pr inted must be loaded i nto 
accu mulator A and the contents of 
accu mu lator B are destroyed dur ing the 
subroutine. 

Never i nsta l l  or remove the interface 
board when the system is powered up. 
Doing so i s  not on ly  hazardous to the 
equipment, but bypasses the normal 
power up seq uence requ ired by the 
i nternal registers with i n  the 6820 i nte
grated ci rcu it  in order to guarantee 
proper operation . •  

Note: M I KB UG is  a trademark of 
Motoro la I nc .  

A057 8 0  B B  
A059 86 20 
A05 B 4C LOOP1 
A05C 8 1  40 
A05E 27 04 

BSR OUTCHR 
LOA A #20 
I N C A 
CMP A #40 
B E Q  N X T L I N  

} 
A : =20; 
A : =A+1 ; 
compare A to 40; 
if A=40 go to NXTLI N ;  

Table 7 :  Hexadecimal starting addresses of 
the parallel 10 port interfaces used by 
MIKBUG. 

A060 80 B2 
A062 20 F7 
A064 86 OD N X T L I N  
A066 80 AC 
A068 86 3 F  
A06A 4C LOOP2 
A06 B 8 1  6 0  
A06D 27 E6 
A06 F 80 A3 
A071 20 F7 

BSR OUTCHR 
B R A  LOOP1 
LOA A #OD 
BSR OUTCHR 
LOA A #3 F 
I N C A 
CMP A #60 
B E Q  F ST L I N  
B S R  OUTCHR 
B R A  LOOP2 

go to OUTCHR;  
go  to  LOOP1 ; 

} output carriage return ;  

A : =3 F ;  
A : =A+1 ; 
compare A to 60; 
if A=60 go to FSTLI N ;  
go to OUTC H R ;  
g u  t o  LOOP2; 
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Port Address in Hexadecimal 

10 0 8000 
1 0  1 8004 ( reserved for control i nterface) 
10 2 8008 
1 0  3 800C 
10 4 80 1 0  
1 0  5 801 4 
1 0  6 801 8 
1 0 7 80 1 C  



this type of p r i n t  head, th is  pr in ter r·otates a 
long cy l i nder just  beneath the p r· i n t  head .  
The length of the cy l i nder i tse l f  is a l i tt le 
longer  than the head's p ri n ti ng width on the 
paper . "  The cy l i nder  has a u n i form cyc l i c  
zigzag track formed on i ts outer c i rcu mfer
ence, runn ing fmm the left side of the 
cyl i nder to the right side and then back to 
the left again .  A smal l  p roject ion on the 
bottom of the pr int  head rides in this track 
so that as the cy l i nder rotates, the pr in t  head 
moves back and forth fmm left to righ t . Th is  
techn ique moves the p ri n t  head across the 
paper  at a constan t ve loc i ty excep t  for the 
extreme ends, where noth ing i s  be ing 
pr inted.  This approach greatly simp l i fies the 
electron ics needed to d rive the p ri n te r  s ince 
no head posit ion ing  circu i try is necessary. 
The cyl i nder  i tse l f  is turned by an AC motor 

on the lower- r igh t  hand side of the p r i n t  
mechan ism.  (See photo 1 . ) A sma l l  r ibbed 
nylon belt in terconnecting the two r ides on 
gear teeth of both the motor and cy l i nder. 
Also attached to the righ t side of the 
cy l i nder is a cam that actuates a rol l e r  arm 
microswitch riding on the cam. This is how 
the p ri n ter's e lectron ic  c i rcu i try senses the 
start of l ine posit ion of the p r· i n t  head. On 
the l eft s ide of the cy l i nder i s  an eccentr ic  
d ri ven  pawl arm that advances the paper one 
l i ne for each revo lu tion of the cy l inder  
which is the same as  one cyc le  of the pri n t  
head . 

Let's go through a s ingle cycle of opera
tion of a pr in ted l i ne where we w i l l  fi rst 
assu me the head is i n  rest position j u st l eft 
of center. When a l i ne  pr in t  command i s  
i n i t iated by the con trol circu i try, the motor 

2 1  

Photo 2:  This photograph 
displays the mechanical 
parts of the PR-40 printer. 
The seven solenoids can be 
seen to converge in a line 
at the print head. The po
sitioning mechanism for 
the printing head is seen as 
the spiral groove under the 
head mechanism. 

I I I  
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starts and the head begi ns to move from the 
center pos i tion toward the far left s ide of 
the pr inte r  where the head reverses d i rec
tion. Th i s  nonpr int  dead zone gives the 
motor, cyl i nder and pr in t  head t ime to 
attain fu l l  speed. As the head beg ins i ts 
movement from left to right, the cam 
actuated microswitch opens te l l i ng the elec
tron ic  c i rcu i try to start send ing  soleno id 
dr iv i ng p u lses for the character. Somewhere 
before the pr in t  head reaches the far r igh t 
hand edge of the paper, the sol eno id  pu lses 
wi l l  cease wh i l e  the head cont inues to move. 
When the head reaches the right end of its 
travel, i t  w i l l  mechanica l ly reverse d i rection 
and begin to move back toward the center of 
the p r i n ter. Duri ng th is return movement, 
the pawl arm wi l l  rotate the p l aten one l i ne 
for the l i ne feed. The motor is then turned 
off j u st to the l eft of cen ter where i t  started 
original ly .  With our con trol ler for th is  mech
an ism, character data is not accepted by 
the prin ter's c ircu i try dur ing  an actual p r i n t  
cyc le ;  however, feed ing cont inua l  p ri n t  d ata 
from a computer to the p r i n ter may take 
p lace so fast that the pr i n t  motor may never 
appear to stop between repeated ly  pr in ted 
l i nes al though i t  actua l ly  does. 

The operat ion of the p r i n ting r ibbon used 
on the un i t  i s  a lso amazi ngly s imp le .  A 
ratchet techn ique not  on ly advances the 
ribbon incrementa l l y  for each cycle of the 
prin t  head but automatical ly reverses i t  
when i t  reaches the e n d  o f  o n e  o f  the two 
spools. 

The Electronics 

The electron ic  c i rcu i try designed to dr ive 
the pri n t  mechan ism can vary from noth i ng 
but motor and so lenoid d rivers constant ly 
serviced by the m icrop rocessor to a fu l ly 
self-conta ined hardware control u n i t  with 

Table 2: Power pins for the circuit of figure 
3. 

Nu mber Device +5 v G N D  - 5 V - 1 2  v 

IC1  3351  26 28 27 
IC2 524 1 1 2  23 ,23 
IC3 7407 1 4  7 
I C4 7490 5 1 0  
IC5 555 8 1 
I C6 74 1 2 1  1 4  7 
IC7 7407 1 4  7 
IC8 7474 1 4  7 
IC9 7420 1 4  7 
IC1 0 555 1 4  8 
IC1 1 7400 1 4  7 
I C 1 2  7404 1 4  7 
IC1 3 7430 1 4  7 
I C 1 4  7400 1 4  7 
I C 1 5 7402 1 4  7 
IC 1 6  7400 1 4  7 
IC 1 7  7805 3 
IC1 8 7474 1 4  7 

l 

memory need i ng on ly 7 b i t  paral l e l  ASCI I 
data and a data ready strobe con trol l i ne 
from the computer. The pr in ter e lectron i cs 
of the PR-40 fi ts i n to the l atter category. 
The PR-40's control ler has i ts own 40 
character first in fi rst out memory al lowing 
the computer to send character data at 
whateve1· speed it wishes. The ent i re l i ne is 
pr in ted upon recei p t  of a carriage re turn,  
hexadecimal 00, or au tomatical l y  whenever 
the 40 character l i ne  buffer has been fi l l ed .  
Al l  con trol characters with the except ion of 
a carriage return are ignored by the p r i n ter .  
They are not stored i n  the buffer l i ne 
memory s i nce they cannot be p r i n ted any
way. Repeated l i ne feeds are i n i ti ated by 
send ing repeated carriage return control 
commands. Si nce the contro l l e r  generates 
upper case ASCI I characters on ly, all lower 

Photo 3: A view from the bottom of the PR-40 impact printer displaying the 
electronic circuitry of the system. The circuit board at the top left of the 
picture is the circuit for the power supply as described in figure 2. The circuit 
at the bottom of the picture is the electronic assembly for the print head 
driver. The large chip at the bottom left of the picture is the first in first. out 
memory chip. The IC chip directly above it is the read only memory 
character generator. 
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The PR-40 alphanu
meric printer is manu
factured by Southwest 
Technical Products Corp, 
2 7 9 W Rhapsody, San 
Antonio TX 782 76. It is 
sold in kit form only. The 
kit number is #PR-40 for 
$250 post paid in the 
United States. The !?it 
includes the print mech-
anism, chassis, circuit 
b oards, components, 
power supply, assembly 
instructions, one ribbon 
and one roll of paper. 

case characters sent to the con trol ler are 
transposed to the i 1· upper case equ iva lent 
before pr inti ng. The pr inter's l ine buffer 
memory is automatical ly c leared by a hard
ware power up reset c ircu i t  when pr inte 1· 
power . is fi rst app l ied. The p i- i n ter's triac 
contro l l ed  motor is powered by a 1 20 V AC 
secondary on the power  supp ly 's power 
transformer, as shown in  figure 2. Th is not 
on ly provides power l i ne isol ation but al lows 
the enti re un i t  to be 1·un on either 1 20 V AC 
or European 240 V AC power  sys�ems si nce 
the power transformer has two primary 
wind ings which may be e i ther paral le l  or 
series connected. 

The seven ASCI I paral le l  data i npu t  l i nes, 
data ready ,  and data accepted con trol l i nes 
are al l TTL compati b le .  The inputs represent 
a max imum of two standa1·d TTL l oads 
wh i l e  the data accepted output wil l d rive ten 
standard TTL loads. Data i s  p 1·esented to the 
pr inter by storing the sel ected ASCI I data on 
the seven data i nput  l i nes and strob ing the 
no1·mal l y  h igh ,  logic 1 ,  data ready i nput  l i ne  
low. This l i ne  shou ld  go low, logic 0 ,  for at  
least 1 ps  and when i t  does the normal ly 
h igh data accepted wi l l  a l so go low. The 
character i s  not actua l ly loaded unti l  the 
data ready i npu t  is re turned to i ts normal ly 
h igh state. The data accepted l i ne wi l l  then 
norma l ly  return h igh as we l l ,  ind icating that 
the character has been l oaded . Howeve1· ,  
when loading the 40th character on a pr in t 
l i ne or a carri age retu rn command, th is data 
accepted l i ne wi l l  not 1·eturn h igh unti l  a l l  
t he  previously stored data has been pr inted 
and the pri nter memory is ready for more 
data. The P R-40's p r i n ter contro l ler  wi l l  
ignore a l l  data sent to i t  whi le the data 
accepted l i ne is low. So you wi l l  u sua l ly 
want to make sure the data accepted outpu t  
l i ne  is h igh before sending t he  con tro l ler  
more data to be pr inted. 

If you are careful not to output data 
faster than one character per ps and al low a 
m in imum one second de lay before send ing 
data after send ing a carriage return or the 
40th character of each l i ne  then you may 
avoid  us ing the data accepted l i ne  al together. 
However, using the data accepted l i ne  w i l l  
give your system the fastest possib le p r i n t  
speed. 

How It  Works 

Al l ASCI I character data is presen ted to 
the first in first out memory, I C1 , through 
hex inverter and buffer, IC1 2. NAND gate 
I C1 4A makes any necessary conversions 
from lower to u pper case characters. 8 input  
NAN D gate IC1 3 monitors the incom ing 
ASCI I data i n  search of _a carriage retu rn, 
hexadecimal OD ,  con trol command. I f  i t  
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decodes a carriage return it wi l l  prepare 
normal ly h igh contro l fl i p  f lop IC8A to go 
low on the fal l i ng edge of the data ready 
control signa l .  NOR gate I C1 5A  decodes all 
control characters and a long with IC1 5B  
i nh ib its any con trol characters from being 
loaded i n to the buffer memory. NAND gate 
I C9A is respons ib le  for generating the data 
accep ted control output  whenever data has 
been accepted by the buffer memory or 
acknowledged by the control character de
code logic. I t  also i nh ib i ts the d ata accepted 
output wh i le  the pr inter is in the process of 
pr inting a l i ne. 

Control fl i p  f lop JC8A's Q output i s  h igh 
when the pr i n ter is i n  the i d l e  state. A buffer 
memory fu l l  signal d ecoded by NOR gate 
IC 1 5 D  or a decoded carriage ·return com
mand by I C1 3 resets this fl i p  flop low which 
turns the pr inter 's motor on through transis
tors Q1 and Q2 located on the power supply 
board which starts a l i ne pr int seq uence. 

When the pr i nt  head advances to the start 
of l i ne  posi t ion, the rol l er arm microswitch 
changes states wh ich 

·
fl ips  RS l atch NAND 

gate I C1 1 D low wh ich al lows free runn ing 
osc i l l ator, I C1 0, to feed d iv ide by 2 fl i p  flop, 
I C8B .  This d iv ide by 2 feed s  both the dot 
coun ter, I C4, and soleno id timer, I C6. This 
solenoid t imer is used to set the on time of 
the pr inter's solenoids. If set too long, the 
solenoids w i l l  overheat; if  set too short, the 
pr inted l i nes wi l l  be too l ight. An on t ime 
du ration of 400 ps is the best compromise 
setting. Decode counter I C4 has i ts B and C 
outputs tied back to i ts zero reset inputs 
forcing it to become a modu lo 6 counter. As 
the coun ter progresses from 0 to 4 inc lus ive, 
the se lected character l i nes are decoded by 
the read on ly  memory ,  I C2, using the ASCI I 
d ata fed to it by the buffer memory, IC1 , 
and fed onto the solenoids through buffers 
IC3  and I C7 and Dar l i ngton d rivers 01 and 
Q7. Coun ter  state 5 is decoded by the read 
on ly memory as a b l an k  for the one dot 
space necessary to separate the pri nted 
characte 1·s. In the l atter phase of the five 
coun t  the memory buffer is shifted ,  the 
coun ter resets, and the seq uence repeats. 
When the memory buffer final l y  empties, 
the read on ly  memory is d i sabled and b lanks  
the output for the rest  of the pr int cycle. 
When the sti l l  moving pr in t  head reaches its 
normal rest posit ion, the rol ler arm micro
swi tch agai n  changes states. Th is time RS 
l atch NAND gate I C1 1 C fl ips  low, sett ing 
contro l  fl i p  fl op, I C8A, back to normal ly 
h igh state. Timer I C5 i s  a power up  c lear 
c i rcu i t  which empties the first i n  fi rst out 
buffer memory and he lps p revent random 
fi r ing of the pri n t  solenoids d u ring power 
up .•  



The 
POLY 88 Microcomputer 

System 
If you are into computers or considering a system, the 

POLY 88 is the machine to contemplate . 

HARDWARE 
• Popular 8080 central processor • Single-board CPU 
with ROM ,  RAM , vectored interrupt, real time clock, 

single-step logic and serial I/0 • Video interface card 
generates video to TV monitor and provides parallel 

keyboard input port • Serial and cassette mini-cards plug 
directly into CPU with ribbon cables • Cassette 

• ROM monitor with powerful debugger, video software, 
bootstrap loader • Backplane a n� power supply on one 

board simplifies construction • Rugged 6 amp power 
supply • All circuit boards are high quality, double-sided 
with plated-through holes • System is  compatible with 
a wide range of Altair peripherals • Minimum point to 

point wiring means that the POLY 88 kit can go 
together in three evenings !  

ABOUT SOFTWARE 
Software is the reason the POLY 88 was designed. The 

operator can proceed from higher level languages like 
BASIC to developing machine code with the aid of our 

assembler .  Our BASIC is  a full 8 K  BASIC with character 
and byte manipulation. Best of  all, the programmer is 

finally free of the teletype emulation mode so the video 
display can be u sed to full advantage. 

The video display provides a unique opportunity to write 
new types of programs and games.  Cha racters (16 lines 

of 64) and graphics (48 by 128 grid) a re part of the 
processor's memory, s o  the display may be altered 
rapidly - the entire screen written in less than 20 

millis econd s .  
POLY 88 hardware provides many 

additional features that 
programmers have come to expect, 
such as vectored interrupt and real 

time clock. 

See it  at  your local computer store. 

ARE YOU NEW TO COMPUTER S ?  
The POLY 88 w a s  designed for ease of use.  N o  one 
should have to learn all the inner workings of computers 
j ust to enjoy one a t  a reasonable price . With the POLY 
88, you can "play" pre-developed programs or explore 
the world of computer l anguages as your interests expand. 

THE POLY 88 IS FOR EVERYONE 
Want to develop a new computer language ? Wa nt to 
fight Klingons ?  The POLY 88 provides a firm foundation 
upon which to build your interests and develop your skills .  

POLY 88 SYSTEM PRICES: 
SYSTEM 1 - Kit includes 8080 vectored interrupt 
processor with real time clock, Vz K of RAM and 1 K  
monitor o n  ROM: Video Terminal Interface displays 16 
lines of 32 characters on a video screen and has a 
keyboard input port; cabinet, backplane, and power 
supply; complete assembly, operation and theory 
manual. $595.  
SYSTEM 2 - System 1 plus 64 character l ine option and 
Byte /biphase cassette interface ki t .  $690.  
SYSTEM 3 - System 2 plus 8K of RAM with BASIC 
and assembler programs on cassette tape. $990.  
SYSTEM 4 - The complete kit .  It  includes system 3 and 
TV monitor, keyboard and cassette recorder with all 
necessary cables and connectors . $1350.  
SYSTEM 7 - System 4 assem bled, tested and ready to 
run . $1750.  
ACCESSORIES - 8 K  RAM kit ,  $300 . Assembled $385 
POLY I/0 Ideaboard, h ardware prototyping kit board . $55.  
Analog Interface (1 channel) kit . $145 . 

Prices effective until January 15, 1976. Prepaid orders shipped postpaid. 

PolyMorphic 
Systems 

737 S.  Kellogg, Goleta, CA 93017 
(805) 967-2351 
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Cassette Transports for the 

''Roll  Your  Own'' H obbyist 

William H Freeman 

8 1 6  Meadowlark Ln 

Glenview I L 60025 

Use of the Ph i l l i p s  Compact Cassette as a 
storage med ium has been wel l  estab l ished . 
Artic l es i n  BYTE and other pub l ications 
have made the audio cassette just abou t the 
only storage device for the computer hobby
ist. However, not enough attention has been 
given to the mach ine i n  which the cassette is 
operated. From various articles the u sual 
transport mechanism i s  usual ly referred to as 
a cheap ie  or $30 cassette 1·ecorder. The usual  
control i s  a re lay used to turn on the ent i re 
device. I regard this method as less than 
satisfactory and suggest that thNe are bette1· 
ways. 

When the low cost cassette mach ine is 

Photo 7: The Ami/on A9 cassette transport. It is similar to the A 7 transport 
varying only in a different head mount and the lack of an index counter on 
the A 7 model. 
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turned on or off with a re l ay, two d if
ficu lt ies are immed iate ly  apparent. Fi rst the 
p i nch rol l e r  is a lways engaged,  which can 
cause a dent in the rol le r  if l eft too long in  
th i s  posi t ion.  The dent w i l l  cause serious 
wows in the tape speed . Second, the startup 
time wi l l  be excessive ly  long. This leads to 
the conclus ion that the ent i re tape transport 
mechanism shou ld  be contro l led by the 
compu ter. All of the transport fu nctions, 
p lay, stop, rew ind  and fast forward, should 
be avai l ab l e  on command by the computer. 

Aud io cassette transports which w i l l  meet 
the requ i rement of being contro l l ed by logic 
signa ls  are avai l ab l e  and can be purchased by 
the computer  hobby ist. These transports 
have usual ly been avai lab le  to the original 
equ i pment manufacturer (OEM ) , but the 
var ious manufacturers have i n d icated that 
they w i l l  sel l to i nd iv idua l s  or groups. One of 
the manufactu rers of cassette transports, the 
Economy Company, has been actively p ro
moting use of the i r  deck for d ata storage, 
bu t  more about it l ater. 

To the best of my knowledge, there are 
on ly fou r  compan ies in the US making and 
sel l i ng "bare bones" cassette transports. One 
of these compan ies, TE LEX Commun ica
t ions, on ly has a manua l ly operated trans
port, which cannot be contro l l ed by a 
compu ter and is of no real i n te rest to the 
computer hobby ist, even though it is a wel l  
constructed, rugged u n it .  The three re
ma in ing compan ies, Ami lon Corporation, 
the Economy Company and the M i ncom 
Divis ion (Wol lensak) of 3M, all have trans
pons which are amenable to logic con trol 
s ince they have soleno ids do ing the work .  

The Ami lon Corp has  two cassette trans
pol·t models wh ich m ight be used by the 
computer hobby ist. One model, the A9, is 
pr imar i ly an aud io un i t  with mono or stereo 
heads for p lay ing or record ing usual aud io 
type i nformation .  The other  mode l ,  the A 7, 
has characteristics s lanted to the data storage 
bus iness. The two mach ines are very much 
al i ke structu ral ly, be ing bu i l t  on the same 
basic frame. They are the same in s ize and 
weight, and requ i re the same e lectr ical in
puts .  Table 1 l i sts the performance de
tai l s  and shows the sim i l ar i ty of the two 
transports. 

Opti cal end of tape sens ing i s  avai lab le  as 
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PROGRAMMING 
LANGUAGES: 
History and 
Fundamentals 
by J. E. 
Sammett 

Pub. price, $21.00 
Club price, $17.50 

767/53X 

PROGRAM 
STYLE, DESIGN, 
EFFICIENCY, 
DEBUGGING 
AND TESTING 
by D. V. Tassel 

Pub. price, $12.00 
Club price, $9.95 
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WHY INFORMA
TION SYSTEMS 
FAIL 
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Pub. price, $ 1 1.00 
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I NTRODUCTION 
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Pub. price, $ 1 3.50 
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SYSTEMS 
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THE INFORMA
TION SYSTEMS 
HANDBOOK 
by F.  W. 
McFarlan and 
R. L. N o l a n  
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COMPUTER DATA 
SECURITY 
by H .  
Katzan, J r. 

Pub. price, $12.95 
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767/343 
DATA 
MANAGEMENT 
FOR O N-LINE 
SYSTEMS 
by D. Lefkovitz 

Pub. price, $14.95 
Club price, $ 1 1 .95 

THE SUN NEVER 
SETS ON IBM 
by N.  Fay 

Special $1 .89 bonus book comes to you 
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SYSTEMS 
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and Applications 
by C. Weitzman Pub. price, $7.95 
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PEOPLE
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COMPUTER 
SYSTEMS 
by E. A. 
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Pub. price, $13.95 
Club price, $10.75 

save t i m e  and m o n ey 
by j o i n i n g  M c G raw-H i l l 's n e w  

497/672 

INFORMATION 
SYSTEMS 
THROUGH 
COBOL 
by A. S. 
Phi l ippakis and 
L. I .  Kazmier 
Pub. price, $15.95 
Club price, $12.50 

C O M P UTER P R O FESSI O NALS' 
B O O K  C L U B  

T
H I S  new professional  c l u b  is designed to meet yo u r  day-to-day on-the-job 
needs by providing practical books in your f ield o n  a regu l a r  basis at below 

publisher prices. I f  you ' re m i ssing o u t  o n  i m portant technical  literatu re-if 
today's h igh cost of reading curbs the growth of your l i b ra ry-here ' s  the solution 
to your problem. 

The Computer Professionals'  Book Club was organized for you,  to provide a n  
economical read ing program that c a n n ot f a i l  t o  b e  of value.  Administered by 
the McGraw- H i l l  Book Company, a l l  books a re chosen by q u a lified editors and 
consultants. Their u n d ersta nding of the standards and values of the l iterature in 
your f ie ld guarantees the a ppropriateness of the selections. 

How the Club operates: Every month you receive free of charge The Computer 
Professionals' Book Club B u lletin. This a n n o u nces and describes the Club's  
featured book of  the month a s  well  as a lternate selections avai l a b l e  at spec i � l  
members' prices. I f  y o u  want to exa m i n e  the C l u b ' s  feature o f  the month, y o u  d o  
nothing. I f  y o u  prefer one o f  the a lternate selections-or i f  y o u  w a n t  no b o o k  a t  
all-you notify t h e  C l u b  by retu rning the card enclosed with each Bulletin. 

As a Club Member, you agree o n ly to the purchase of four books ( including 
your fi rst selection) over a two-year period . Considering the many books publ ished 
annual ly, there wi l l  s u rely be at least four you wou ld want to own anyway. By 
joining the c l u b ,  you save both money a n d  the trou b l e  of search ing for the best 
books. 
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PROCESSOR 
APPLICATIONS 
MANUAL 
by Motorola 
Semiconductor 
Products, I nc. 

Pub. price, $28.50 
Club price, $22.50 

Pub. price, $19.50 
Club price, $14.50 
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COMPUTER 
ALGORITHMS 
AND FLOW
CHARTING 
by G .  A. Silver 
and J.  B. Silver 
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Table 7 :  Comparison of 
the A 7 and A9 cassette 
transports manufactured 
by Ami/on comparing 
sp eed, accuracy, and 
power requirements of the 
two units. 

an opt ion.  The lamp used is a 5 V, ·1 00,000 
hour rated lamp. Four k inds of cassette 
sensing opt ions are avai lab le using up to fou r  
m icro switches to sense t he  cassette i n  p lace, 
record tab A and tab B and side A. Side A 
sensi ng is detecting the off center s lot on the 
back edge of the cassette which is p resent i n  
a computer cassette. 

Both the capstan and reel motors are AC 
induction motors which means long, re l i ab le 
operation w i th no brush no ise prob lems. The 
capstan motor is a synchronous one and i s  
used to  d rive on ly the  capstan, i nsur ing 
accu rate speed. The other motor is used to 
d r ive either the takeup sp ind le  in the p lay, 
record, and fast forward modes or to dr ive 
the supp ly sp ind le  in the t·ewind mode. 
Ami lon c la ims th is  is the reason for the 
exce l l en t  wow and fluttet" performance as 
there i s  no motor acti ng as a d rag when i n  
the p l ay or  record mode. The mechanical 
structure i s  sol i d  and stiff, assu ring con
t inued al ignment of a l l  parts. In part icu lar, 
the p inch ro l ler  i s  mechanica l ly i sol ated 
from the heads and is mounted on se lf
a l ign ing i n strument bal l  bearings to give even 
pressure on the capstan and min imiz ing any 
skew of the ro l l er. 

A7 

I was greatl y  impressed with the qua l i ty 
and atten tion to deta i l  i n  tb i s  mach i ne when 
the A9 model was demonstrated. Amilon 
Corp i s  also i nvolved wi th d ig i tal cassette 
transports and some of the ir  th in k i ng has 
1·u bbed off on the aud io cassette transport's 
design , to the aud io  transport's advantage. 
Photo 1 shows the Model  A9 transport. The 
A7 model i s  a lmost identica l ,  d i ffer ing on ly 
i n  the head mount and i ts lack of an i ndex 
counter. 

You wan t to know what it costs? OK! 
Prices for the A 7 transport, the d ata un it, 
start at $2 1 0 for one { $ 1 1 3. 5 1  each in  
quantit ies of 1 00)  wh ich  inc ludes a p recis ion 
head mount and a two track read and wr ite 
head.  End of tape sens ing and cassette 
sens ing switches are extra. Pr ices for the A9 
transport start at $ 1 64.75  for one ( $87.79 
each i n  quanti ties of 1 00} wh ich i nc ludes 
standard head mounts, stereo erase, . and 
record and p l ay heads. End of tape and 
cassette sens ing switches are extra. 

Next on the l i st of transports, a lpha
betical ly ,  is the Economy Com pany with i ts 
Phi-Deck. The Economy Co is a school book 
pub l i sher for e lementary education. Some 
yeat·s ago they added educational cassette 

A9 

Play or Record Speed 1 .875 to 1 0.0 in per sect 
4. 763 to 25.4 em per sec 

1 .875 or 3 .75 in per .sec* 
4 .763 or  9.53 em per sec 

Speed Accuracy 

Wow and Flutter 

Reel Control led Search Speed 

Fast Wind or Rewind 

Start Time 

±2% at any speed 

not stated 

50 in per sec average 
1 2 7  em per sec average 

not ava i lable 

<40 ms 

± 1 %  ( ±0.3% avai lab le )  at any speed 

<0. 1 %  N AB weighted 

not avai lable 

70 sec for C60 cassette 

<300 ms 
with speedup circuit <25 ms 

Stop T i me 

Sensor Switches 

Operating H umidity 

Operating Temperature 

Storage Temperature 

Size 

Weight 

Capstan motor (synchronous) 

Reel motor (fast mode) 
(play mode) 

Solenoids 

tTen different speeds avai lable: 

* Dual speed pul ley available. 
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<60 ms 

SPOT 

< 50 ms 

SPOT 

0 to 95% noncondensing 

5 . 1 6 by 7.00 by 4.61  i n  
1 3 . 1 0  b y  1 7 .78 b y  1 1 .7 1  em 

5.00 pounds 
2.27 k i l ograms 

1 1 7  V ± 1 0%, 50 or  60 Hz, 1 1  W 

24 V ± 1 0%, 50 or 60 Hz, 1 3  W. 
1 8  V ± 1 0%, 50 or 60 Hz,  8 W 

24 V OC,  ± 5%, 600 rnA 

1 .875, 2 .0 ,  3 .0 ,  4 .0 ,  5 .0 ,  6 .0, 7 .0 , 8 .0 ,  9 .0, 1 0.0 in  per  sec 
4 .763, 5 . 1 , 7 .6, 1 0 .2 ,  1 2 . 7 ,  1 5 .2 ,  1 7 .8, 20.3, 22.86, 25.4 em per sec 



SCElBI 
Here's SCELBI's First Book of 
Computer Games for the 8008/8080. 
Action-packed. And fun. 

· ' Try to beat the computer at its own game. 

�··--·············· �� .. --"' ........ ..... . ����, . ....... � .. . ��- : . . f . Introducing SCELBAL, 
the new microcomputer 
language that's simpler 
than machine language. 

Here's the fi rst complete machine language 
computer manual for computer games to 
include source l istings, flow charts, 
routines and more. Space Capture - You 
against the computer using "search and 
destroy" strategy to shoot down roaming 
alien spaceships i n  outerspace. Haxpawn 
·- a  m i n i-chess game that lets the 

computer make mistakes . . .  but only 
once. Hangman - an updated version 

. 
p. \.E.'IIE.\. '€t�t�t Jl. \-\IG�0� os/S()SO ..,_ ...... . 

A complete language for 
"8008" /"8080" systems 
including source listings, 
routines, flow charts and 
more! 

of the great kid game. Computer selects 
words at random from long, expandable 
l ist. Try to beat it in  8 moves or less. 
I l l ustrated. Fun extras to put your 
compute r to chal lenging,  competitive, 
fun use. 1495 Order yours today! ppd. 

f0� 8 ., .... . 

SCELBAL. SCientif ic Elementary 
BAsic Language for "8008" I "8080" 

systems. A complete, i l l ustrated program book. Routines. 
Techniques. Sou rce Listings. Flow Charts. And more. 
Took several years to develop.  Now you rs for many years 
to come. Fi rst time that intimate detai l s  of h i g her level 
language has been offered for such a low price. Only $49! 
You get 5 Commands: SCR, LI ST, RUN, SAVE, LOAD. 1 4  Statements: REM, LET, IF . . .  THEN,  GOTO, FOR with 
STEP, END, I N PUT, PRI NT, NEXT, GOSUB, RETURN and 
optional D I M .  7 Functions: I NT, SGN, ABS, SQ"R, RND, 
CHR, TAB. And, it  runs i n  8K and more.  Here's al l  the 
data needed to customize a high level language for your 
system . . .  at a fraction of the cost! 

Order your copy today! Get $49 
started advancing your system! ppd. 

''8080" 
SOFTWARE MANUALS 

Three new basic, comp Jete 
"MUST" manuals! "8080" 
Assembler Program operates 
easily in 4K bytes of RAM 
(Including symbol table). 
Unique feature: How to accept 
mnemonics related to "8080" 
based machines on "8080". 
Includes all major routines, 
pertinent flow charts, highly 
commented assembled listing 
and more. $19.95 
An "8080" Editor Program. 
Describes variations that can 
reside in 2K of memory. How 
to increase buffer size. How 
to manipulate "text" for 
"source listings" and other 

text preparations. Discussion 
of routines, flow charts, 
assembled listings, more. 
Order now! $17.95 
"8080" Monitor Routines. 
Describes "Monitor Control"  
package to control operation 
from external "keyboard". 
Routines to examine and 
modify memory locations, CPU 
registers, set "breakpoints", 
"debugging" programs, control 
bulk storage l/0 devices and 
more. Includes subroutine 
explanations, flow charts, 
assembled highly commented 
program l isting. Order today! 
$14.95 ----- "" 

1995 
ppd 

SCELBI's new microcomputer ��L4){Y 
Game Book of Outer Space . . .  � 

Captain your own crusadi n g  starshlp 
against the logic of your "8008" or "8080". You must destroy a random 
number of allen ships without run ning 
out  of  stardates, out  of fuel ,  out 
of ammunition or out of the galaxy. 
Plan your mission. How much fuel is  
used for  your  warp factor? Don 't  run 
Into roam ing stars that can damage you r 
shi p. Suddenly! Condition Red! Allen In 
sight! How big is he? Fire a phasor or 
torpedo! He's damaged or destroyed. 
But, you've used valuable fuel. That's 
just the begi n n i n g. A new game every 
lime. Complete program book in machine 
language for  4K memory, i n c l uding 
source l istings, flow charts, routines, etc. 
G reat Intergalactic adventure and fun. 

Order "GALAXY" today! 14 95 ppd. 

ppd ppd 

Now you can cook-up hot programs 
for your own "8080" 

Prices shown for North American customers. 
Master Charge, Postal and Bank Money Orders 
preferred. Personal checks d e l ay shipping 
u p  to 4 weeks. Pr ic ing,  specifications, 
avai l a b i l i ty subject to change without notice. 

G obble up practical " how to" 
facts, including the desc ription 
of "8080'' instruction set. 
How to manipu late the "8080" 
stack. F l ow charts and source 
l istings. General purpose 
routines for multiple prec ision 
operation. Program ming t i me 
de lays for real time applica
tions. Random number gener
ators. And many other basic 
program ming function 
comestibles. 

llllml lOMI>IJIIII 

The "Cook Book" even i n
cludes a completely assem
bled floating point arithmetic 
program . . .  p l us i nput/ output 
processing for your basic 1 / 0  
program ming through inter
rupt processing.  Code and 
numeric conversion routines. 
Real time programming.  
Search and sort routines. And 
many,  many more finger-l ickin'  
goodies.  Order your copy of 
Scelbi's "8080" Software 
Gourmet Guide & Cook Book 
today. Only $9.95 ppd. 

Bon appetite ! 

I.O .. IIJ(J"I .. (i ... ( 1 322 Rear Boston Post Rd., 

� .... .... .... 1 Telephone: 203/874-1 573 
M i lford, CT 06460 
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pub l ish ing to the i r  product l ine .  This p ro
duced demand for an audio u n i t  to p lay the 
cassettes, with Phi-Deck the resu lt . Over a 
year ago I saw the Ph i-Deck demonstrated. 
S i nce that t ime the n u m ber of Phi-Deck 
models has i ncreased to three; th e advanced 
model i s  shown in p ho to 2 .  I n  add i tion to 
the transports themse lves, the Economy Co 
is offer ing control boards to do al l the tr icky 
fu nct ions o n  command.  The th ree models 
are referred to as fixed speed, variable speed, 
and Super Deck ;  the ir  performance is tabu
l ated in tab l e  2. At least one personal 
computing manufacturer (Digita l  G roup) i s  
now offer ing Phi -Deck as part of a system 
product  at q u i te reason ab l e  pr ices. 

Photo 2: The Phi-Dec!? Super Dec!? model manufactured by the Economy 
Company: This model allows varying tape speeds by varying the voltage to 
the capstan motor. The frame of the cassette transport is die cast, reducing 
alignment problems and making it quite rigid. 

· As i s  usua l l y  the case, the performance 
figu res i n  tab le  2 do not  te l l  the whole story. 
All th ree transports have fou r  DC motors. 
One moto1· d rives j u st the capstan, the speed 
being ma inta ined by a vol tage regu lator 
supp ly ing current to the capstan d r ive 
motor. Anothe1· motor is used to dr ive the 
supp ly sp ind le. S ti l l  another i s  u sed to d rive 
the takeup sp ind le. And the fou rth motor 
actuates the yoke on which are mou nted the 
heads and the p i nch ro l l e r  by means of a 
Geneva movement. (A Geneva movement 
trans lates rotary motion i n to l i near motion .  
One revo l u tion of the motor pu l l s the heads 
and p i nch ro l l e r  i n to position and another 
revo l ut ion moves them out of posi t ion. The 
motor a,lways turns i n  the same d i rection ! ) 

These DC motors are ideal for d i rect 
control with transistors s ince they run off 

Table 2: Comparison of the three cassette transports manufactured by the Economy Company giving electrical comparisons and 
the physical dimensions and weight of the transports. 

Speeds 

Wow and F l utter 

Bit to Bit Jitter 

Speed Accuracy 

Start Time 

Stop T i me 

Forward and R ew i nd Time 

Power Required 

Size 

Weight 

F ixed 

1 .88 in per sec standard 
2.00, 3 .75, 4 .00, 5.00, 6 .00 
in per sec opti onal  

4.77 em per sec standard 
5.08, 9.53, 1 0 . 1 6, 1 2 .70, 
1 5.24 em per sec optional 

<0.25% at 1 .88 i n  per sec 
4.77 em per sec 

not stated 

not stated 

< 1 00 ms 

< 1 00 ms 

<30 sec for C60 cassette 

+ 1 2  V D C  a t  900 mA 

2 .60 by 5 .40 by 6.30 i n  
6.60 by  1 3 .72 by 1 6 .00 e m  

2 .20 pounds 
1 .00 ki l ograms 

Variable 

0 .40 to 20.00 in per sec 
1 .02 to 50.80 e m  per sec 

<0.25% at 1 .88 in per sec 
4.77  e m  per sec 

±2% 

±3% 

< 1 00 ms 

< 1 00 ms 

<30 sec for C60 cassette 

+ 1 2  VDC at 900 m A  

2 .60 by  5 .40 by 6 .30  i n  
6 .60 by  1 3 .72 by  1 6.00 em 

30 

2.20 pounds 
1 .00 k i l ograms 

Super 

1 .00 to 1 0 .00 i n  per sec standard 
0.40 to 3 .00, 0.60 to 5.50, 0.85 to 8.50 
i n  per sec optional 

2 .54 to 25.40 em per sec standard 
1 .02 to 7.62, 1 . 52 to 1 3 .97, 2 . 1 6  to 
2 1 .59 em per sec optional 

n ot stated 

±2% 

±3% 

< 1 00 ms 

< 1 00 ms 

<30 sec for C60 cassette 

+1 8 V DC, -1 8 VDC,  +1 1 VDC,  +7 VDC, 
+5 VDC 

3 .00 by 5 .50 by 6.20 i n  
7B2 by 1 3 37 by 1 5 .75 cm 

2.80 pounds 
1 .27 k i l ograms 

.• 



1 2  V. A transistor i n  series with the motor 
acts as a swi tch contro l led d i rectly from the 
logic c i rcu i ts. Very straightforward and s im
ple. The log ic and control c i rcu its, which can 
be purchased or bu i lt , can do a lot of e legant 
performing on the part of the transport. I n  
connection with end o f  tape and beg i nn i ng 
of tape sensing opt ions,  one can cause the 
cassette to p l ay to the end, then rewind to 
the begin n ing, stop or start p l ay i ng al l  over 
aga in .  By contro l l ing the regu lator supp ly ing 
the capstan motor, d i fferent speeds of p l ay
ing can be obtained . Cassette in p l ace and 
record tab sensing are a l so options that are 
ava i lable. · With the var iab le speed mode l ,  a 
d ifferent pu l l ey is u sed for each speed range. 
The Super Deck model covers i ts enti re 
speed range with on ly one pu l ley. 

Of the three models ,  the one I rec
ommend is the Super Dec k as shown 
in photo 2. It has a d iecast frame, 
making it q u i te rigid ,  reduc ing a l ignment 
maintenance prob lems. The other two 
mode ls, the fixed speed and the var iab le 
speed, have a sheet meta l  frame that is 
somewhat fl imsy and leaves someth i ng to be 
desired i n  ruggedness. L i terature supp l ied by 
the Economy Co suggests that the Super 
Deck mode l  was designed with data appl ica
tions i n  m ind ,  and as such, wou ld  be more 
attractive .to the computer hobby ist. 

The pr ice of the fixed speed Phi-Deck, 
incl ud i ng a stereo head, i s  l i sted at $ 94.50 
for one. The variab l e  speed mode l ,  w i th  a l l  
options, l i sts for $99.50, with e ither a two 
halftrack d igita l  head or a regu lar aud io 
stereo head .  The Super Deck ,  with al l 
control and sensing options, l i sts for $ 1 69 
for just one at the t ime this was wri tten. 
E lectronic control board, remote con trol 
boxes and power supp l ies are a l so ava i l ab le .  

Because of my past experience with 
maintenance p rob lems, I have a p rejud ice 
against the use of DC motors. However, 
from data su pp l ied by the Economy Co, i t  
appears that they have made a very strong 
effort to improve the performance of their 
DC motors. Their data i nd icates that a mean 
time before fai l u re of 5000 hours is a 
reasonab le  value .  This wou ld  mean 2 .5 years 
of operating time, assuming 40 hou r·s a week 
for 50 weeks a year. 

I have two object ions to DC motors. F i rst 
is the fact that the motors have b ru shes and 
commutators which wear, the brushes pr in 
c ipa l ly ,  and need to be rep l aced at i n tervals. 
In the case of the smal l motOI's being 
.onsidered, many have no pmvision for 
. ep lacing the b r·ushes, so one must  r·ep lace 
the whole motor. The second objection is 
that the brushes can cause noise i n  the 
associated c ircu i try, req u i r ing add it iona l  

Photo 3: Wo/lensal? Model 9576 and 9577 cassette transports. The two 
transports are identical, except the 95 77 has an optical end of tape sensing 
unit. The basic construction consists of two heavy metal plates separated by 
standoffs to form the frame. A flat panel supplied by the user is put on the 
top of the transport to protect the inner mechanisms. 

Play and Record Speed 

Speed Accuracy 

Wow and Flutter 

Rewind and Fast Forward T imes 

Solenoids 

Model 9576 and 9577 

1 .875 in per sec 
4. 763 em per sec 

±2% 

<0.25% 

45 sec for C60 cassette 

24 V D C  72 ohms 

Light Source (Model 9577 ) 

(Model 9577 ) 

submi niature lamp 5.0 VDC @ 0.075 A 
Sensor 

Size 

Motor Power 

parts to suppress it. AC induction motors 
have no brushes, hence no no ise or wear· 
problems. With o i l i te sl eeve beari ngs they 
run qu ietly for a long, long time. 

The l ast transport models to be described 
are made by the M incom Divis ion of the 3 M  
Company. There are th ree versions, very 
much a l i ke :  Model 9575,  Model 9576 and 
Mode l  9577 .  Mode l  9575 is a manua l ly 
contro l led mechan ism and is of no  in terest 
to us. Models 9576 and 9577 are so lenoid 
control led mechan isms which are what we 
want. Al l  models have the same bas ic d rive 
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2 N 5778 Photodarl i ngton 

5 .63 by 6 .75 by 4.78 in 
1 4 .29 by 1 7 . 1 5 by 1 2 . 1 4  em 

1 1 7 V, 50 or 60 Hz, 1 0 W 

Table 3: Performance 
characteristics of the cas
sette transports manu
factured by Wollensak. 
The two models are the 
same except that the 95 77 
has an optical end of tape 
sensing unit that the 95 76 
does not have. 

• 
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Mean Time 
Price Performance Before Fai lure 

AMI LON high excellent very good 

P H I -D E C K  medium very good very good 

WO L L E NSAK med ium very good excellent 

Table 4: The author 's 
comparison of the best 
tape transports manufac
tured by Ami/on, Econo
my Company, and Wol/en
sak. The ratings are in rela
tion to how well the objec
tives of low price, high 
performance, and a long 
mean time before failure, 
are achieved. 

arrangement. An AC induction motor, 
shaded pole ,  d r ives a l arge flywheel th rough 
a rubber ti red id l er. The flywheel is on the 
capstan shaft. The supply and takeup  
sp ind les are d r iven from the flywheel with 
ru bber ti red id l ers. No  be l ts are used in the 
d rive mechanism. There is one be l t  but i t  is 
used to run the i ndex counter. In the two 
models of i n terest, th t·ee solenoids con trol 
the operating fu nctions. One solenoid is 
pu l l ed up for p lay or record ; another is 
pu l led up  for fast forward ; and a third for 
rewi nd. 

The Model 9576 and Model 9577 are 
identical in a l l  respects except that the 
Model 9577 has an optical sensing c ircui� 
i nc luded. This opt ica l  sensi ng consists of a 
smal l  5 V l amp and a phototransistor. This 
wi l l  p rovide end of tape and begi nn ing of 
tape sensi ng. Table 3 l ists the performance 
of both models. 

Photo 3 shows the basic construction of 
the Wol lensak transport, consisting of two 
heavy p lates separated by standoffs forming 
the hame. The user must supp ly some k ind 
of f lat  pane l  with cutou ts for the cassette 
tray, the eject lever and the index counter. 
Four screws wi l l  attach the, un i t  to this 
panel . This transport, l i ke i ts b ig brother 
un i ts made by Wol lensak, is we l l  bu i l t  and 
shou ld  have a long set·vice l i fe with a 
m in imum of maintenance. My expet· ience 
with the fu l l  s ize Wollensak cassette un i ts is 
that they run, and run, and run.  

The l atest p rices avai lable to me are 
$79.50 for Model 9576 and $85.75 for 
Model 9577 in quant ities of 1 -9. I n  1 00 lot 
quantit ies pr ices are $65 and $7 1 .25, re
spective ly .  Heads for the tra_nsport are extra. 

How shou ld  these three cassette trans
pons be evaluated ? We can use th ree cri
ter ia :  pr ice, performance and t·e l i ab i l ity. 
Pr ice is easy, just look at the figu res. 
Performance and re l i abi l i ty are not so easy 
to estab l i sh because each potential u se r  wi l l  
assign d iffe rent  values to the various detai l s  
of performance depend ing on the end objec
tive and his or her bias. My b ias has a l ready 
been stated. My eva luations are given in 
tab le 4. 

Some explanation may be necessary. 
Am i lon i s  rated exce l l ent  in performance 
because of i ts very low wow and flu tter 
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figu re and its tigh t speed control with a 
synchronous motor. Wol lensak is rated ex
ce l l en t  in the mean time before fai l u re 
col umn  becau se of my  past experience with 
Wo l l ensak cassette u n i ts covering more than 
six years of usage in the school environment. 

I f  I had an overflowing pu rse, I wou ld  
buy the  Am i lon un i t  because of i t s  excel l ent  
performance. Pr ice i s ,  however, a very de
manding factor, so the Wol lensak is my 
choice as the best buy. The Ph i -Deck comes 
in very close in this decis ion. I t  is a certainty 
that not a l l  t·eadet·s w i l l  agree with th is 
evaluation, which is certa in ly your p rivi lege. 
The i nd iv idual who is putting out the green 
stuff is ent it led to make h i s  or her  own 
choice based on what is fe l t  to be important. 
As they say, "That's what makes a horse 
race. "  

Where can you  get one  of these cassette 
transports? I n  a lphabetical order: for an 
Ami lon deck wri te to Leonard Rosenb latt, 
Ami lon Corp, 49- 1 2 30th Av, Woodside NY 
1 1 377 ;  for a Phi -Deck you can fi nd the 
add ress i n  ads in BYTE, but  here it is 
anyway - The Economy Co, Tri p le I Divi
sion, 1 901  N Wal nu t, Ok lahoma City OK 
73 1 05 ;  and for the Wol lensak deck, write to 
Scott Goff, Sales Manager, Wol lensak  OEM 
Products, M incom Div is ion, 3M Co, 3M 
Center, St Pau l M N  55 1 01 . 

As a k ind of post scr ipt  t:o this article, I 
have inc luded a few words of wisdom about 
us ing cassette transports, or any tape 
machine .  Preventive maintenance wi l l  keep 
your cassette transport ru nn i ng without 
p rob lems. Regu lar ly do the fol lowing: 

1 .  Clean the capstan, p inch rol ler ,  heads 
and gu ides after every 1 0  hours of 
operation. U se a good fl uorocarbon, 
low tox ic i ty head cleaner; one that 
wi l l  not attack rubber or p lastic parts. 

2. Keep a l l  parts as dust free as poss ib le. 
Use a dust  cover over the transport 
when not in use. 

3. Lubricate as often as the manufacturer 
speci fies. Do not over lubricate ; be 
sparing with the o i l .  

4 .  Demagnetize the  heads, capstan and 
guides with a good head demagnetizer 
after evet·y 1 0 hours of operation, 

Overa l l  performance wi l l  be considerably 
affected by the qua l i ty of the cassette used. 
Use a good to h igh qua l i ty cassette. Cheap 
cassettes w i l l  have poor tape qua l i ty and,  
even. worse, poor mechan ical performance 
which w i l l  adverse ly affect the tape speed . 
You wi l l  f ind that with the better to best 
tapes, you get better record i ngs with better 
frequency response and al l around better 
pe t·formance.• 



Meet the Challenger=;" 

The Challenger 
Self Portrait 

The new price and performance champ from 051. 
He's got his act together! · 

Even o ur l owest-cost Chal l e n ger 
comes fu l ly  assembled,  compl ete 
with a 500 ns 6502A,· serial i n terface,  
1 ,024 words of memory and a 
UL- approved p ower supply,  all for 
$439. Every Chal lenger comes ready 
for easy expansion with an 8-sl ot 
mother board,  backplane expansi on 
capabi l i ty,  and a power s u pply 
heavy e n ough to handle  a ful l  
complement of system boards. Our 
4K Challenger comes ready to run 
BAS I C  m i n utes after you u np a c k  it .  
And there 's more.  

He packs some heavy hardware. 
You 've never seen memory and 
i n terface options l i ke these-not at 
our prices, fu l ly  assem bled!  4K 
RAM memory boards $1 39! (see 
bel ow). S i n g l e  drive OSI Chal l e n ger 
Fl oppy Disk $990! Dual  drive 
Floppy $1 490! Plus 8K P ROM 
boards! A Video Grap h i cs board, 
i n c l u d i n g  al p ha be t i cs ,  graph i cs ,  
a n d  color! An a u d i o  c assette, 
AID,  D /  A and p aral le l  1/0 board!.  
A backpl ane exte nder board!  . 
A prototy p i n g  board! And o ur extra
ord i n ary CPU Expander Board-it l ets 
you run a Z-80, and 61 00 ( P D P-8 
equivalent) concurrently with The 
Chal l e n ger's 6502, or under i ts c ontro l .  

There's nothing soft about 
his software! 
OSI has ful l  software su pport for our 
Chal l e n gers. I n c l u d i n g  exte nded 
BAS IC,  exte nded Video M o n i tor, a 
Disk Operat i n g  System, some 
very Hol lywood real time programs 
for Video Grap h i cs,  An imat i o n ,  
S o u n d  Process i n g  a n d  so fort h ,  p l us 
PROM firmware, with more to come. 

He's fast! 
You can order The Chal l e n ger with 
a 6502C for a 250 ns cycle t ime,  
with a standard 6502A for 500 ns · 
cycle t ime,  or with a 6800 for 1 
mi crosecond cycle t ime.  And with  

our CPU Expander Board , you 
can always update to  any new CPU 
to be as fast as fast can be.  

And he isn't j ust good! 
H e 's better! By d esi g n .  The OSI  
Chal len ger is the only compl etely
assembled,  u l tra- h i gh-performan ce,  
ful ly-expand able mainframe computer 
that d oes this much for this l i ttl e .  
G e t  your h ands o n  one n ow.  
Send for  your  Chal lenger today. 

You can't beat The Challenger! 
The O S I  Challe nger 65-1 K. Fu l ly 
assembled.  Features 6502A CPU,  
serial i n terface, 1 ,024 words of  
memory. $439. 
The OSI Chal l e n ger 65-4K. Same as 
65-1 K but with 4,096 words of 
memory. W i l l  r u n  Tiny BAS I C  with
out  expansi on.  $529. 
The OSI Chal le nger 65V-4K. NO 
NEED for an expensive term i n a l .  
Connects to your AS C I I  keyboard 
and v ideo monitor through i n cl uded 
OSI  440 Video Board . Features 
s oftware ut i l ity that s imulates a 
deluxe CRT term i nal .  $675. 
The OSI Chal lenger 68-1 K. Based 
on 6800 CPU.  For the c asual 
hobbyist, smal ler systems. The 
Chal l e n ger 68 series comes only in 
serial i nterface forms and is 
compati ble with M I K B u g  software 
through an i n cl uded OSI software 
ut i l i t ies p ackage. $459. 
The OSI  Chal lenger 68-4K. With 
O S I  4K BAS IC on paper tape. $529 
S PECIAL! ADDITIONAL 4K MEMORY 
BOARDS. Ordered with your Chal-

. I e nger, l imit  3 more at this special 
Low Pri c e ,  (total 1 6K, i n cl u d i n g  4K 
already on- board i n  mainframe). $139 
Buy 1 2K or l arger Chal l e n ger 65 
system and we i n clude Exte nded 

, BAS I C  FREE! 

I I  

O S I  C h a l l enger Floppy Disk System. 
F u l l y  assembled,  for use with O S I  
Com p u ters o n l y .  $990 S i n g l e  drive 
$1490 D ual drive. 
OSI  Aud i o  Cassette I n terfa c e .  
C omes assembl e d ,  b u t  w i th room 
for you to p o p u l ate with A/ D and 
D/ A c h i ps l ater. (OS I 430 based) $89 
And al l the baseboards and kits of ' 
the p owerful OSI  400 System. 

O K, OSI,  I ' m  ready to buy! 
To order your Chal l e n ger System, 
send the total  amount of your 
p u r c h ase p l us $4.00 for s h i p p i n g  and 
i nsurance (pl us sales tax for O h i o  
orders) b y  person a l  m o n ey order or 
c h e ck.  Or i n d i cate all n um bers 
on your Ban kAmeri c ard or Master 
C h arge to c h arge your order. 
Or se nd a 20% (n on-refund able) 
d eposit t o  receive your order C.O.D.  
Del ivery is typ i cal ly  60 d ays (except 
when p ayme n t  is by c h e c k, w h i c h  
m ust cl ear before s h i p m e n t  can b e  
m ad e). Del iveries are s c h e d u l e d  on 
a first ord ered , first s h i p ped basis. 

Name ____________________ __ 

Address __________ _ 

City _______ State __ Zip ____ _ 
Telephone __________________ _ 
Bank card i nfo I nter Bank # ___ _ 

Expiration Date ______________ __ 

Ac count # 

Check 0 M. 0. 0 BAG 0 MC 0 
20%, bal.  C.O.D. D 

D Order attached. 
D Send addit ional i nforma-

tion on The OSI Challenger. 

D Send add itional informa
tion on OSI 400 Kits. 

D $1 .00 enclosed 
for complete 
OSI Catalog. 

OHIO SCIENTIFIC INSTRUMENTS 
D e pt.  B 1 1 679 HAYDEN STREET, H I RAM, O H  44234 
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Continued from page 1 0  

at the servo and in the displays used to 
monitor the position count. 

The program is quite simple: It generates 
a positive going pulse on the bit 0 line of the 
PIA

. 
output port, a pulse which lasts from 

7 ms in length to 7 + 0. 07 2 n ms where n is 

COLOR KEY -
- MOVABLE SERVO ARM AND 

ITS ARC RANGE WITH FIXED 
SERVO POSITION SHOWN . 

- FIXED SERVO ARM AND ITS 
ARC RANGE.  

- ENVELOPE OF TYPICAL 
MOVABLE SERVO POSITIONS. 

y 

Figure 2: This diagram shows the concept of 
how to build a plotting bed based upon two 
m odel aircraft servomechanisms. The 
method of building consists of fixing one 
servo to the plotting bed, with a lever arm of 
length R. A t  the end of that lever arm, fix 
the second servo with a second lever arm of 
length R also. The end of the second arm 
should have a pen affixed to a solenoid 
mechanism or other actuator, allowing the 
pen to be raised or lowered. Due to weight 
considerations, the second servo should be 
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an 8 bit number which is incremented once 
each time around the outer loop of the 
program. The 0. 07 2 ms factor is based on 
the processor's clock at the time of the test, 
500 kHz, and the 6 state loop at addresses 
20 7 F and 2020 which times the width of the 
variable portion of the pulse. With the servo 
illustrated in photo 7, the wiring used was as 

X 

mounted so that it slides on a teflon skid or 
rolls on some form of loose ball roller. The 
mathematics of calculating X and Y given 
angles ¢ and 8 is shown in the drawing. To 
invert the calculation requires use of a 
reiterating calculation to a set of ¢ and e 
values which solves the desired X and Y 
position. To use this plotter requires a 
system which has sufficient memory to run 
fixed point trigonometric package with a, 
least 7 6 bits of precision, assuming a 7 3 bit 
precision for the angular parameters of the 
servos. 
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follows:· +5 V was the red wire, ground was 
the black wire, and the TTL output of PIA 
bit zero was used to drive the blue wire. 

The results of the test are somewhat 
interesting. When this program was run, the 
servo was observed to have a total travel of 
7 80° rotationally. A unique relationship 
between the integer pulse width parameter 
stored in DA TA in this program and the 
shaft position was observed, but the mini
mum acceptable pulse width for the device 
we purchased was probably 7 .3 ms. The 
reason for this conclusion is that the servo 
illustrated two regimes of settings: For 
counts of 00 to 79 hexadecimal (0 to 25 
decimal) it swept out clockwise motion from 
780° to 0° {relative angles). The motion was 
partitioned into very noticeable and large 
steps over this range. Then, from counts 7 9 
to D6 the servo swept counterclocl? wise 
from 7 80° to 0° with what looked like 
roughly linear steps. This range of 7 89 steps 
is about 0. 95° per step. A t  the high end of 
the count range, D9, the servo hit its limit 
stop. Thus, based on this experiment the 
actual numbers work out as fol!o

.
ws: 

' 

Minimum pulse width: 
1 + 0. 07 2 X 25 = 7. 3 ms 

II 

Maximum pulse width: 
7 + 0. 0 7 2 X 2 7 4 = 3. 6 m s 

In using this servo, or any similar mechanism 
for an experimental project, readers would 
want to investigate the linearity of the 
position output with respect to the control 
parameter, and use a higher resolution 
timing method. For example, to mal?e the 
world 's least expensive plotter, using a 7 3 bit 
counter with a 2 MHz crystal clocl?, decimal 
counts of from 2600 to 7200 would cover 
the range of timing values found above 
giving a control parameter range of 0 t; 
4600, approximately 0. 04° per step as
suming linear characteristics. Using trigonom
etry, this corresponds to an arc motion of 
0. 00683 inches per step at  the end of a 
7 0 inch lever arm (0. 7 7 mm per step at the 
end of a 25 em lever arm). Using two such 
servos, and working out the trigonometry of 
two connected lever arms, one on a servo 
fixed to the plane and one on a servo at the 
end of the fixed servo 's lever arm, it should 
be possible to homebrew an X Y  plotter for 
less than $ 7  00 by just buying two such 
model aircraft servos. Since I have no en
gineering specs yet on these devices, I can 't 
say how accurate the plotter would be, but 
it would certainly draw! See figure 2. • 
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A 6502 Op Code Table 

Table 7 :  An  explanation 
of the abbreviations used 
in the 6502 reference 
chart. 

LEAST 

SIGN I F I CANT 

4 B I TS 

I� 0 
B R K  

0 i m p  

ORA 1 
i , x  

. 
2 

. 
3 

. 
4 

O R A  
5 

zer 

ASL 
6 zer 

. 
7 

8 
P H P  
imp 

9 
ORA 
i mm 

ASL 
A ace 

* 
8 

. 
c 

O R A  
D 

abs 

E 
ASL 
abs  

. 
F 

1 2 

B P L  JSR 
re i abs 

O R A  A N O  
i , y i , x  

. . 

. . 

. B IT 
zer 

ORA A N D  
z p x  zer 

ASL R O L  
zpx zer 

. * 

C LC P L P  
imp i m p  

O R A  A N D  
a by i m m  

. R O L  
ace 

* * 

. B I T 
abs 

O R A  A N D  
abx abs 

ASL R O L  
a b x  abs 

. . 

abs: 
abx: 
ace : 
aby : 
i ,x :  
i ,y : 
imm:  
imp :  
ind : 
re i :  
zer: 
zpx : 
zpy : 

3 

B M I 
rei  

A N O  
i , y  

. 

. 

. 

A N D  
zpx 

R O L  
zpx 

. 

S E C  
i m p  

AND 
. a by 

. 

* 

. 

A N D  
abx 

R O L  
a b x  

* 

abso l ute. 
indexed abso l ute using x register. 
accumulator. 
i ndexed abso lute using y register. 
indexed indirect using x register. 
indexed ind irect using y register. 
immed iate. 
impl ied. 
abso lute ind irect. 
relative. 
zero page. 
indexed zero page using x register. 
indexed zero page using y register. 
not implemented. 

MOST S I G N I F I CANT 4 B I TS 

4 5 6 7 8 

R T I  B V C  RTS BVS ·• 

i m p  r e i  i m p  re i 

EOR EOR ADC ADC STA 
i , x i ,y  i , x i , y i , x 

. . . . . 

. . . . . 

. ·• . . STY 
ze r 

EOR EOR ADC ADC STA 
zer zpx zer zpx z e r  

LSR LSR . . STX 
zer zpx zer 

* . . * * 

PHA C L I · P LA SE I D E Y 
i m p  i m p  i m p  i mp i m p  

EOR EOR ADC ADC . 

i m m  a by i m m  a by 

LSR . * . TXA 
ace i m p  

. . . * . 

J M P  . JM P . STY 
abs i n d abs 

EOR EOR ADC ADC STA 
abs a b x  abs abx abs 

LSR LSR . STX 
abs abx abs 

. * . . . 
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BCC 
rei 

STA 
i , y  

. 

. 

STY 
zpx 

STA 
z p x  

STX 
zpy 

. 

TYA 
i m p  

STA 
a by 

TXS 
i m p 

* 

. 

STA 
abx 

·• 

. 

Lemuel A Fugitt 

1 1 3 1 6  Linares St 

San D iego CA 921 29 

Here's a n ice compact reference ch art to 
he l p  you d ebug those hexadecimal dumps 
from your 6502 microp rocessor. To use the 
tab le ,  find the most s ignificant d igit along 
the top of the chart and fol low the column 
down u n ti l  you reach the  va l ue  of the least 
sign i fican t b i t  of the hexadec imal code on 
the hor izontal row. You now have not on ly 
the m nemonic but a l so the add 1·ess ing mode 
being used. Table 1 is an exp lanat ion of the 
abbreviations used in the chart. • 

A B c D E F 

LOY BCS  CPY B N E  CPX B E Q  
i rnrn rei imm re i i m m  re i 

LOA L OA CMP C M P  SBC SBC 
i , x i , y  i , x i , y i , x i , y 

LOX . . . . . 
i n1n1 

. . . . . . 

LOY LOY CPY . CPX . 

zer zpx zer zer 

LOA L OA C M P  C M P  SBC sse 
zer zp x  zer z p x  z e r  z p x  

LOX L O X  D E C  DEC I N C  I N C  
zer zpy ze r zpx ze r z p x  

. * . . . . 

TAY C LV I N Y C LD I N X  SED 
i m p  imp i mp imp imp i mp 
LOA LOA C M P  CMP SBC SBC 
1 m m  a b y  i m m  a by i mn1 a by 

TAX TSX DEX . N O P  . 

i m p  i m p  i m p  i m p  

. * . . * . 

LOY LOY CPY . CPX . 

abs abx abs abs 

LOA LOA C M P  CMP sse SBC 
abs a b x  abs a b x  abs a b x  

L O X  L O X  D E C  D E C  I N C  I N C 
abs a by abs abx abs abx 

. . . . . . 



DIGITAL DATA 
RECORDERS 

USING 3M DATA 

BRAN D NEW DESI G N  

Model 3M3 
$199 .95 

Featuring the radically new "UN I B O A R D "  method of construc
tion for data cartridge drives. The major computer manufacturers 
are changing from cassettes to cartridges at a rapid pace because of 
freedom from binding and greater data reliabil ity. N ow, these 
professional type units are priced within the range of all data users. 
Being made primarily as OEM data storage u nits for the world's 
major manufacturers, these un its, together with controller board 
and software R O M ,  are being made available to the individual user 
as well. 

Model 3M1 
$169.95 

* Appearance and specifications may be changed slightly foll owing 
acceptance tests now being conducted by 0 EM users. 

M O D E L  3M3 - Uses the 3M Data Cartridge, model D C300. This 
cartridge contains 300 feet of .250 tape in a sealed container. 
Records and plays at 9600 bau d N RZ, 4800 bau d P.E. Nominal 
speed 8" per second. Max. recommended flux density 1 200 fcpi. 
Using fou r tracks, you can store nearly 2 megabytes of data on a 
cartridge. Cartridge measures 4" by 6". Turns cou nter indicates tape 
position. I nter-record gap l ight gives more accurate position. 
2SI 0( R) is not required for use, but is h ighly recommended for 
8080 and Z80 systems. 

COMMON SPE C I F I CATI ONS: F U L L  SO FTWA R E  C O NTR O L  of 
record, play, fast forward and rewind. LED indicates inter-record 
gaps. E DT and BOT are sensed and automatically shut down , 
recorder. Can also be manually operated usi ng the switches on top 
which parallel the software control signals when not u nder software 
control. Signal feedback makes it possible to software search for 
inter-record gaps at high speed. 1 1 7V - 60 Hz - 5 watts. 

TWO 1/0 PORT C O NTR O L L E R  WITH R OM - Controls your 
terminal and one or two cassettes or cartridge u nits. On  board R O M  
( For 8080 a n d  Z80) has terminal a n d  cassette software for turn o n  
and g o  operation.  N O  M O R E  B O OTST RAPPI N G .  Plug in  compat
ible with Altair and I MSAI. Loads and D u mps memory in Hex from 
the keyboard, formats tape files, punches tape, functions as a word 
processor and searches for files and four letter strings within files. 
Keyboard controls the cartridge units above on rewin d  and fast 
forward. Special keyboard codes enable you to dump arid read 
Phase Encoded tapes as well as N R Z  tapes. ( I ncluding K.C. Std.) 
Call routines give access to these from your software. 

M O D E L  2SI O ( R ) - With 1 R O M  for N R Z  Cassettes $1 69.95 
(Assembled & Tested) ( Half of above Program) 

With 2 R O M's for Data Cartridges and 
P.E. cassettes. $1 89.95 ( Full  Program) 

Kits available for $30 off above prices. 

OVERSEAS: E X PORT V E R S I O N  - 220 V - 50 Hz. Write Factory 
or- Megatron KG, 801 1 Putzbrunn ,  Munch en, W. Germany; Nippon 
Automation 5-1 6-7 Shiba, M inato-Ku, Tokyo;  E BASA, Enrique 
B arges, 1 7  Barcelona, Spain;  Hobby Data, SpireaVagen 5, Malmo, 
Sweden ;  G.Ashbee, 1 72 1 field R oad, London SW 1 0-9AG. 

M O D E L  3M1 - Uses the 3M Data Cartridge type D C 1 00A. This 
cartridge contains 1 50 feet of . 1 50 tape and is the same cartridge 
used by H.P. and others. R u ns at 4800 bau d  N RZ, 2400 baud P.E. 
Tape speed adjustable, but no minally set at 5"/second. Maximum 
recommended flux density 1 200 fcpi.  Cartridge measures 2-1 /8" by 
3-1 /4". This model is u ltra compact, yet extremely capable. It is 
intended for word processing, mail ing l ist use and other applications 
requ iring the compact storage of data. Data l ocation is by 
inter-record gaps and auto matic file search. See Common Specs and 
2SI 0( R) below. 2SI O( R)  is not required for use, but is highly 
recommended for 8080 and Z80 users. 

For 8080 and Z80 users: Comes complete with software program 
l istings for the programs on the 2SI O ( R )  R O M  below. 6800 
software is being written, but not yet completed. These programs 
give F U L L  SO FTWAR E  C ON T R O L. 

CARTR I D G E  AVAI L A BI L ITY: Cartridges are made by 3M, lTC, 
Wabash and others. They are available at al l computer supply houses 
and most major computer service centers. We can also supply them 
at normal current l ist prices. 

N EW: A U D I O  CASSETTE I N TE R FACE* Phase E ncoding interface 
for use with au dio cassettes or N R Z recorders. R u ns 2400 baud 
phase encoded on good quality audio cassette recorders. May also be 
used with 2SI O ( R )  above to use the 2SI O ( R) cassette programs with 
your audio cassette player. Can also accomm odate "Tarbell" tapes 
and K.C. Std. tapes. 

$50.00, Wired & Tested. - $35.00, Kit Form. 

* N OT E :  You do not require an interface with the 3 M 1  and 3M3 
unless you Phase Encode. But, you do need an interface to 
use the 2SI O ( R) with your own audio cassette. 

"CO M PUT E R  A I D "  and " U N I B O A R D" are trademarks of the 
NATI O N A L  M U LT I P L E X  C O R PO RATI O N .  The 3M Data Cart
ridges are covered by 3M Patents and Marks. " U N  I B OA R D" Patents 
Pending. 

For U.P.S. delivery, add $3.00 each item. Overseas and air 
shipments charges collect. N.J. Residents add 5% Sales Tax. WRITE 
or CALL for further information. Phone Orders on Master Charge 
and Ban kAmericard accepted. 

NATIONAL MULTIPLEX CORPORATION 
3474 Rand Avenue, South Plainfield, N.J. 07080, Box 288 

Phone (201) 561-3600 TWX 71 0-997-9530 
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We've now seen an i l l ustration of the 
tech n iques i nvol ved i n  the record i ng and 
p layback of b inary stri ngs on  magnet ic tape 
( i n  part one last month} .  These techn iques 
are a l l  that wou ld be requ i red if the cassette 
tape transport mechan i sm had i nstantaneous 
start and stop, and perfect speed regu lat ion. 
The read and wri te e lectron i cs wou ld  need 
to have very wide bandwidth, as sha l l  be 
seen later, and the tape itself wou l d  have to 
be abso l u te ly error free. S ince there are 
problems in meet ing each of these requ i re
ments, a great deal of effort has gone i n to 
data code conversion  schemes that tend to 
a l leviate the problems. Many d i fferent  codes 
have been developed, but only a few have 
found widespread appl i cation  and usage. The 
number  of codes in use, in fact, is l i ke ly  to 
decrease in comi ng years, as there are strong 
i ncentives in the i ndustry to settle on stan
dard cod i ng schemes wh ich wou ld  then be 
used by everyone. There i s  no u rgen t  reason ,  
however, for amateurs t o  embrace the i n 
dustrial standard, especial ly if there is no  
in tent t o  exchange tapes us ing t h e  med i um .  

There are several specific q ua l i t i es to 
examine when selecting a cod i ng scheme. Dr  
A E Whitehouse of the  Dept of  Compu ter  
Science, Un ivers i ty of Manchester, i n  h i s  
doctoral thesis, sel ected the fo l lowing seven 
characterist ics i nheren t  in each scheme to 
which rel at ive ratings can be ass igned. These 
cri ter ia are the col u m n  head i ngs of tab le  1 ,  
which compares a number of cod i ng 
schemes. 

1 .  Bandwidth :  The range of frequencies 
requ i red to be passed by the read or 
wri te amp l ifiers for a g iven rate of data 
throughout shou l d  be m in ima l .  Most 
i mportant ly ,  low frequency response 
requ i rements shou ld  be avoided 
because 
a} low freq uencies contain much noi se · 

l i ke rumble ,  wow and fl u tter, and 
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Subsystem: 
Part 2, 

Digital Data Formats and System Considerations 

b ) d ifficu l ties i n  design o f  the read 
e lectron ics. I n  general ,  the narrower 
the signal bandwidth, the better the 
signal to noise ratio. [Compare 
N RZ (nonreturn to zero) and PE 
(phase encod i ng) methods of en
coding as  seen i n  figu re 1 . ] 

2. Ci rcu it Complexity :  The cost of any 
system is proportional to i ts com
plex ity. However, as can be  seen in 
tab le  1 ,' there are many performance 
trade-offs that i mprove with i ncreasing 
complex ity. 

3. Effic iency: The effic iency of a code i s  
a measure of data densi ty p roduced by 
i t. Effic iency: =: 1 00 7 (flux  changes 
per b i t) 

-

4. I n ter Symbol Correlation : For the best 
performance, the codes used to repre
sent bi nary ones and zeros shou l d  be 
as d i fferent from each other as pos
s ib le .  One hundred percent corre lat ion 
occurs when the symbols used for ones 
and zeros are equal and opposite. 

5 .  Noise: A qua l i tative measu re of sensi
tivi ty to tape noises such as drop ou ts. 

6. Read Reso lution :  The percentage of 
time in each bit that i s  a l lowed in 
order to decide whether i t  i s  a one or a 
zero. 

7. Se lf Clocki ng: Does this code in 
herentl y provide i t s  own b i t  rate c lock 
for data reconstruct ion? I f  not ,  an  
external c lock  must  be p rovided and 

Table 7 :  Comparison of magnetic media encoding formats. This is an overall chart of several different characteristics; several of 
the methods are discussed in more detail in the text. In  the waveform samples, the vertical lines mark data bit times, and the 
horizontal reference line separates north from south magnetization (or vice versa). 

N u mber I n ter-
of Sample Signal symbol I s  I t  Transport 

Data Wave· Band- C i rcuit Storage Correia- Noise Resolu- Self Speed 

Code Name Tracks forms width Complexity Efficiency tion I mmunity tion Clocking Li mitations Applications and Comments 

Return to zero (RZ,  1 -A- wide s imple 50% 50% poor poor no strict O f  h i storical i n terest, not 

RZ pulse) self erasing 

Bipolar RZ 1 -8- medium moderate 50% 1 00% poor poor yes lenient Of historical i n terest only 

Return to b i as (RB) 1 -C- wide si mple 50% 1 00% poor poor no strict O f  h istorical i n terest only 

Non return to zero 1 -D- wide s imple 1 00% 1 00% fair  1 00% no strict Used on older 7 and 9 track 

(NRZ, N R Z 1 ,  N R EC )  commercial magnetic tape 

drives 

N RZ-mark (N RZM, 1 -E- wide si mple 1 00% 75% fai r 1 00% no strict Used on con temporary com-
N R Z 1 )  mercial tape d rives 

Complimentary N R Z  2 -F- wide si mple 50% fair fair 1 00% yes very I n c remental recorders and 
(CN RZ) lenient• data loggers, calculator strip 

recorders. 

Compli mentary RB 2 -G- wide si mple 25% 50% good good yes very Off l i n e  term inals ;  uses much 
(CRB, 4 phase) lenient*  tape due to low efficiency 

Pulse ratio recording 1 -H- med i u m  moderate 33% good good >=50% yes tolerant of Useful on hub driven tape 
(PR, PW, SRT) slow dri fts drives (eg:  Redactron) 

Phase Encoding ( P E ,  1 - I - narrow compl ete 50% 1 00% good 75% yes tolerant of Currently the i ndustry stand-
split phase, Man- fast and ard for al l  tape systems, com-
chester 1 1 + 1 80) s l ow change manly used for floppy d i s ks.  

Manchester I 1 -J- n a rrow complex 50% 1 00% good 75% yes tolerant of 
(also PE) fast and Same as above. 

s l ow change 

· Note : Two channel recordi n g  methods are lenient with respect to speed variations, but have tight head s kew requirements which do not exist for single channel 
record i n g  methods. 
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A M PLITUDE 
( POWE R )  

( a )  

A M PLITUDE 
( POWE R )  

( b )  

NRZ: 

PE : 

NON RETURN TO ZERO 

\ 

LOG FREQUENCY 

,.- NOISE 

LOG FREQUE NCY 

fPHASE ENCODED ( PE )  

DATA 
RATE 

GOOD S I G N A L  TO 
NOISE RATIO 

TYPICAL DATA -WAVEFORMS 

0 0 I 0 I 0 0 0 0 I 0 I 0 

Figure 7 :  Frequency spectrum requirements for a practical system depend 
upon the nature of the encoding and the noise characteristics. A t  (a), two 
common encoding methods, non return to zero (NRZ) and phase encoded 
(PE) data are shown as a spectrum of amplitude versus frequency. NRZ 
reguires a flat response virtually from zero frequency up to the data rate. PE 
requires a frequency band response characteristic of one octave in the vicinity 
of the data rate. Looking only at the signal, and knowing electronic design 
rules of thumb such as the one that it is easier to make a narrow band 
amplifier than a wide band one, PE looks like a better method. Then, adding 
in a sy�tem noise characteristic as at (b), it becomes obvious that PE or any 
system with limited bandwidth is to be preferred over NRZ. NRZ is the 
simple method to generate (it is just a time ordered stream of data bit values), 
but its signal to noise ratio runs into problems due to noise at the low 
frequencies. 

s i nce it is asynchronous to the data, 
this code cannot be used re l iab ly at 
h igh data rates. 

For add i t ional i nformation beyond Wh i te
house 's criteria, two extra co l umns have 
been added to tab le 1 .  

8. Tape Transport L im itat ions: What re
qu i rements does th is particu lar code 
p lace on tape speed accuracy and 
stab i l ity ? 

9. Usual App l icat ion : These var ious 
cod i ng schemes p resent d ifferent 
trade-off balances, and therefore have 
found themselves in a wide variety of 
d i fferen t  appl ications. A typical app l i 
cation is presented for each code. 
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To effic ient ly analyze the en tries i n  the 
table ,  i t  is poss ib l e  to d iv ide them into two 
groups. The d iv is ion concerns the number of 
tracks requ i red to write or recover data. 
Some codes req u i re two channels of re
cord i ng to recover one channe l  of data. 
These codes are, for the most part, older and 
space i neffic ient techn iques. The advantage 
in us ing them is that the cod ing c i rcui try is 
relatively s imp le  and these codes tend to be 
very speed tolerant. For the amateur, how
ever, the cost red uction in logic is more than 
offset by the add i t ional cost of a two track 
tape head, an extra signal p rocess ing chan
nel, and the problem of i n tertrack head 
misal ignment or head skew as i l l ustrated i n  
figure 2 .  Therefore, w i th the  advent of 
qua l i ty low cost tape transports and speed 
tolerant one track codes, i t  is wisest to stick 
with single track recording. There is an 
exception cal led "mark track" recording 
which wi l l  be d i scussed later. There are four  
techn iques which have found app l ication 
among amateur  appl ications. 

Non Return to Zero {N RZ ) 
Convent ional  N RZ consists of record i ng a 

constant saturated l evel for the du ration of 
the b i t .  For examp le ,  a stri ng of ones i nput 
to the cassette wi  I I  be recorded as a constant 
north magnet ic l evel wh ich wi l l  persist unt i l  
a zero occurs i n  the input stri ng. Obviously 
the effi c iency is h igh ;  there i s  a max imum of 
one trans it ion per b it, usua l ly  l ess. The 
possib i l i ty of long stri ngs of either zeros or 
ones requ i res that the signal p rocessing chain 
have a very wide bandwidth, extend ing 
down to near zero freq uency. Another p rob
lem with th is  system _ i s  that i t  is not self 
c locki ng, therefore an asynchronous receiver 
such as a UART must be used to convert the 
output of the tape back to synchron ized 
para l l e l  bytes. Assum ing a very stable  tape 
speed, both in the long term and short term, 
th i s  techn ique is l im i ted by tape noise, the 
magnetic data transfer head, and the l im it ing 
speed of ti:Je UART. There is a way· of 
improvi ng the rel i ab i l i ty of asynchronous 
N RZ by making i t  synchronous:  Record ing a 
separate c lock track at the data rate wh i l e  
s imu l taneously record ing data in  another 
channe l  p rovides a means of synchronously 
gat i ng the data at p l ayback, thus e l im i nating 
the need for a UART (assu ming skew i s  not 
a problem) .  The National Mu l t ip lex Co of 
South P l a inf ie ld N J  p rovides amateu r  d ig ital · 
cassette recorders us ing . N RZ or c locked 
N R Z - at up  to 2400 bits per second ; they 
also se l l  N RZ e lectron ics boards that can be 
p lanted i n  an ord inary audio tape recorder. 
This product is capable of up to 4800 b its 
per second,  depend ing on tape speed. 



Comp l imentary Return  to Bias (CRB) 
Comp l imentary return to bias is a two 

track tech n ique which resembles the RB 
code. In RB each data ce l l  has a b inary state, 
north or south,  and so i n  two track C R B  
each data cel l  i s  set t o  o n e  o f  fou r  states: 

1 .  Both tracks at south 
2. Track A at south, track B at north 
3. Track A at north, track B at sou th 
4. Both tracks at north 

State 1 represents a "no data" cond i tion as 
in an i n ter record gap. States 2 and 3 
respective ly represen t  zero and one.  State 4 
is a framing signal which can be used to 
represent condi t ions l i ke end of b lock o r  end 
of  byte. This  code i s  both noise and speed 
tol erant. I ts clock signal can be der ived from 
a s imp le  OR of both tracks, si nce except i n  
state 1 ,  there are trans it ions every b i t. Th is 
code, however, has poor ut i l ization of avai l 
abl e  tape. I n  other words, i t  i s  a low dens i ty 
techn ique  and the bandwidth is even wider 
than for N RZ. As a two track techn ique  i t  i s  
subject to skew p roblems. The c ircu i try to 
implement CRB i s  a fair ly  s imple l ogic 
network. 

Pulse Ratio Record i ng (PR) 
I n  the pu lse ratio cod i ng method each 

data cel l  u ses two f lux trans it ions in th ree 
possib le  locations. The first fl ux  transit ion 
of each cel l  is a posi tive trans it ion, from 
sou th to north. I ts p resence defi nes the 
beg inn ing of the data ce l l  and gates a clock 
on .  The con tents of the data cel l ,  i e :  the b i t, 
is determined by the percentage of t ime 
spent at north as compared to south,  with in 
each data cel l .  There i s  a very s imple method 
to decode PR by the use of a b id i rectional 
counter i n  hardware or software. The previ· 
ously mentioned positive fl ux  trans ition 
starts the counter  going up .  The next fl ux 
transit ion i s  of course a negative one. I ts 
arrival switches the mode of the counter i n to 
down counting. The transit ion after that i s  
the clock pu l se for the next cel l ;  i t  resets the 
coun ter and c locks out the contents of a fl i p  
flop wh ich records the  poss ib le  transit ion of  
the  BORROW output of  the counter - then 
the p rocess starts over. It i s  the borrow 
signal which contains  the data in the ce l l .  I f  
for a o n e  b it ,  a s  i n  table 1 ,  the north t ime 
was greater than the south t ime, then the 
counter  resu l t  is a posi tive number ;  no 
borrow was requ i red and the fl i p  f lop ho lds  
a one, the contents of the cel l .  A zero on 
tape has a longer south t ime than north 
time: The coun ter  going in to u nderflow 
drops the BOR ROW to zero for one c lock 
cycle. The fl i p  flo p  records the d rop and 
holds a zero. This method p rovides excel lent 

resistance to long term speed variations, 
provided the coun ter has enough precis ion. 
The b it·to-b i t  j i tter resistance, however, i s  
not so good due  to the less than 50% read 
resol ut ion. This resistance and reso l u tion can 
be improved by accentuating the pu l se width 
d ifference; but then noise immun i ty suffers 
because the bandwidth goes up. Th i s  tech
n iq ue 's pr imary advantage i s  that the c i r
cu itry is the s imp lest for a one track self 
clocking code. 

Phase Encoding (PE ) 
Phase encod i ng has been selected by a l l  of 

the re levant standards organ izations as the 
way to go.  Most commercial manufacturers 
provide a PE option for the i r  cassette decks 
sold  to original equ ipment manufacturers 
(OEMs) . The most widely used form of PE ,  
also known as  " sp l i t  phase" or "Manchester 
I I  + 1 80" i s  a single track, self c locking 
tech n ique. The defi n i tion of the code p l aces 
two land marks in each data cel l .  The l and
marks are actual ly t imes dur i ng a data cel l  
when transit ions are made in the tape 
magnetization leve l .  The data is actua l ly  
stored i n  the d irection of the m agnetic 
transit ion at the midpoint of the cel l .  Th i s  
transition occurs at  "data t ime" and i s  
specified as south to north for a one ,  and 
north to south for  a zero. In  order  to assu re 
that the magnetic signal w i l l  be at the righ t 

HEAD ALIGNMENT PROBLEMS 

BUS I NESS END OF 
A TAPE HEAD 

- GAP SKEW CAUSED BY L IM ITA
TIONS IN MANUFACTUR ING 
ACCURACY 

' 

I 

- 1-- GAP SKEW CAUSED BY 
T ILTED HEAD MOUNTING 

Figure 2: Head alignment and manufacturing tolerances cause a phenome
non called gap skew in multitrack heads. A t  (a), the tolerances in 
manufacturing of the head itself cause one component of skew. A t  {b), a 
second source of skew is due to the fact that the head may not be perfectly 
mounted relative to the tape. The tilt causes a skew between otherwise 
perfectly manufactured gaps. The actual skew measured is a combination of 
both effects. The picture is exaggerated, but a small misalignment of, for 
example, 0. 005 inch (0. 7 3 mm) means a difference of 200 ms in the relative 
timing of two tracks being read at 25 inches per second {64 em per second}. 
A typical manual for a tape drive unit will warn the controller builder to put 
in circuitry to compensate for intertrack skew totalling several bits if parallel 
data is used. This skew problem argues strongly in favor of single track 
recording techniques. 
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Sample Circuitry for Several Different 
Coding Techniques 

This circuitry assumes that the tape deck write 
head is  driven directly for output, and that tape 
input signal processing electronics produces the + 
and - flux transition clocks ( low going "1r........J ) 
as output. Encoding consists of preparing the 

. proper signal to drive the write head from N R Z  
data, and decoding consists o f  converting the flux · 

transition i nformation back into N R Z  data, pas· 
sibly along with clock information derived from 
the tape. 

a) N R Z  coding. The output N R Z  data simply 
drives the head directly. A UART or other 
asynchronous data format must be used for 
the parallel to serial conversion, and clock 
references used in  writing are assumed to be 

polar ity for the next data time, an add it ional 
trans it ion can occur  if  needed at "phase 
t ime." Phase t ime occurs at the beg inn ing of 
each data cel l .  The phase transit ion occurs at 
phase t ime on ly  if the preced ing b i t  is the 
same as the bit to be written .  The phase b i t  
i s  ignored by the read c i rcu i try except for 
c locking purposes. I n  the i nevitable com
parison of phase encod ing with non retu rn 
to zero, i t  fi rst appears as though non retu rn 
to zero p rovides h igh bit density per u ni t  
l ength of  tape. True, phase encoding is l ess 
space effic ient than non return to zero, 
requ i r i ng the time budget of two fl ux 
trans it ions per data b i t  compared to one fl ux  
change per b it. There are, however, extenu
at ing c i rcumstances which throw the balance 
i n  favor of phase encod i ng. The advantages 
come from phase encod ing's requ irement 
that each data cel l  have at least one flux  
change and not  more than two. Thus  the 
bandwidth needed for a phase encoded 
signal processing chain extends only one 
octave, from the data rate to twice the data 
rate. The bandwidth for non return to zero 
e lectron ics extends from zero up to the data 
rate, possib ly 5 to 1 0  octaves. The wide 
range of fl ux  change frequencies a lso wreaks 
h avoc on peak sh ift and ampl i tude fluctu
ation phenomena due to the tape i tself. As 
we saw previously, peak sh ift and amp l i tude 
fl uctuation cause problems in  the recovery 
of raw b i t  stri ngs from the tape. These 
phenomena are wel l  defined in phase en
cod ing: Their effects are smal l and easi ly 
compensated .  Self clocking is another s ide 
benefit of havi ng at l east one transit ion per 
b i t. A very s imp le  form of self clocking 
derived from phase encod ing is a monostab le 
set to the data rate. Triggered by each data 
transit ion,  i ts output provides clock gating 
for each p revious data b i t. More soph isti
cated techn iques wh ich have great tol erance 
for tape speed var iation and no ise i nvolve 
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valid within a few percent when reading the 
data back, hence the tight tolerances on 
speed. Decoding of the flux transition clocks 
is  done simply by drivi ng an RS flip flop. 

b) N R Z 1  coding. The output N RZ data is 
converted to N RZ1 by using it to gate the 
clock driving a toggle f l ip flop (here a JK flip 
flop set u p  to togg le ) .  The input flux 
transition data is  converted back to NRZ by 
using the logical O R  of the two transition 
clocks to drive a retriggerable oneshot with 
period (R and C) set up equal to the bit 
period. The fixed width of this oneshot also 
makes this  method h ighly speed dependent. 

c) PE coding. The output .PE data is generated 

tracking osc i l l ators or phase locked loops. 
Such systems w i l l  compensate for m issing 
pu l ses by p rov id i ng clock pu l ses of their own 
if the tape messes up momentar i ly .  Phase 
encod i ng requ i res that the first byte wri tten 
in each b lock be a p reamble word consist ing 
of 8 data trans it ions l i ke the byte 01 01 01 01 . 
The p reamble a l lows time for the phase 
locked loop to get i nto lock step with the 
data rate. B l ock d iagrams for various forms 
of data encod ing and recovery w i l l  be 
i l l u strated l ater. 

S ince they have now appeared on the 
personal com p ut ing market, a few words are 
in order concern i ng GCR,  G roup Coded 
Record i ng. GCR is d ifferent from the previ
ously d i scussed codes in that here code b its 
do not bear a one to one correspondence to 
the i r  i nput  bits. I nstead, a code converter 
ROM ,  l i ke an ASCI I to E BCD IC  converter, 
transforms each para l l e l  i nput  group i n to a 
s l ight ly longer output group which is then 
put on the tape. P layback i nvolves the 
opposite p rocess. This type of cod ing was 
or ig ina l ly developed for u l tra h igh per
formance n i ne track d r ives and comb ines the 
best features of phase encod i ng and non 
return to zero. The circui try, however, i s  
very comp lex. 

Error Detect ion 

There i s  no easy and cheap method for 
self correcting data errors that occu r on tape 
read operations. There are redu ndant data 
techn iques which wou ld  work but at a great 
sacr ifice in data throughpu t. On the other 
hand, there are several ways of detecting 
errors. This is a lmost as good as correcting 
the errors, s ince about 9 out of 1 0 errors are 
soft errors; that is to say they d i sappear 
upon retry ing the read. Only about 1 in 1 07 
to 1 o9 b its read resu l t  in a hard, or 
permanent, error. There are also two very 



from N R Z  data using a clock at twice the 
data rate, and the N R Z  data itself. Two 
methods are shown here, one which can be 
built from gates, and a second using an R CA 
CD4037 A integrated circuit. The i nput de-

(a) 

(b) 

HEAD D R I V E R  

N R Z  [:>------,[> 
F R O M  
CONTROLLER 

O U T P U T  N R Z  E N C O D E  

+ 5 V 

coding methods can range from the simple 
oneshot method shown here to complicated 
phase lock loops which are much more error 
resistant. For the oneshot version,  !!. T 
should be set to be 1 .5 bit cel ls .  

H EA D  DR I V E R  
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I N P U T  P H A S E  E N C O DED DATA DECODER 

( US I N G  R E TR I G G ERABLE O N E  S H O T )  
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1 1 000000000000101 
( CR- 16 POLYNOM I A L )  

17 BITS LONG 

1 1 00 - ----- ----------- 100001 R 000101 1000000 1 1 0  
) 1 1 1 1 0 - - - - - - - - - - - - -- ---- 10001 1 

( DATA BLOC K )  
n B ITS LONG 

( CRCC )  
16 BITS 

Figure 3: A hypothetical cyclic redundancy checl< polynomial division. In a 
CRC calculation, the data is divided by a 7 7 bit cyclic redundancy polynomial 
to yield a result and a 7 6 bit remainder term. It is the remainder term which is 
used as the check word for error detection. The beauly of the whole method 
lies in the fact that it is very easy to perform the division in hardware, one bit 
at a time as the serial data goes flying by. There are even LSI circuits which 
can be used in the hardware of a controller and formatter device. 

i nexpensive p recau t ions to take to p reven t  
errors: 

·1 .  Keep al l tapes immacu lately c lean. 
Don 't ever smoke in  their p resence. 
The smoke part icu lates are murder to 
magnetic tape. 

2. A lways rewind tape before remov ing 
from the dr ive .  Th is helps prevent d irt 
and cr ink les from affecting the tape. 

Three methods of ermr detection par
t icu l ar ly app ly to cassette operations. Only 
one method need be used at a t ime. The first 
techn ique is the commonly used parity bit .  
A parity b i t  i s  s imply an extra b it tacked on 
to each byte of data. An odd parity system 
sets the parity bit to one if the one's 
comp lement  sum of the data bits i n  the byte 
is equal to zero. I n  other words, the par ity 
b it is set equa l  to one i f  there is an even 
number of one b i ts i n  th e data byte. Dur ing 
a read operat ion, a new pari ty b i t  is gene-
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rated and compared to the par i ty bit written 
previous ly on the tape. If they are d ifferent 
there is an error somewhere .  The d isad
vantage of a par i ty check is that it wi l l  not 
detect an error if an even number  of bits i n  a 
s ingle byte is wrong. Another d i sadvantage 
is that a parity b i t  per byte eats up 1 1 . 1 % of 
the ava i l ab l e  room for data. For b locks 
longer than 1 6  bytes, there are more effi
c ient techn iques which use two bytes per 
b lock regard less of block length . These 
techn iq ues are the checksum word and the 
cycl ic redu ndancy check (CRC) word . The 
checksum techn ique  s imp ly sums a l l  the data 
in the b lock ,  byte by byte, module 2. The 
resu l tant n b i t  su m is wr itten on the tape as 
the last i nformation i n  a b lock. During a 
read operat ion,  the data is again check
summed as it en ters the computer and the 
new resu l t  i s  compared to the sum on tape. 
Agai n ,  a mismatch i nd icates an error has 
occurred somewhere along the I in e .  

A l though the  theory of cyc l i c  error codes 
is somewhat comp l ex for d i scussion here, 
the fo l lowing is a fai r ly s imp le  exp lanation 
of how cyc l ic  redundancy checks work. 
Consider any random block of data to be a 
binary polynomia l  of degree N ,  where N + 1 
is the number of data b i ts i n  the b lock. A 
CRC check is performed by seri a l l y  d iv id ing 
the en tire d ata b lock (modu lo  2 )  by a b inary 
polynomia l  of degree 1 6. Such a polynomial 
cou ld look l i ke " 1 1 0000000000001 01 , "  
which happens t o  b e  the standard CR-1 6 
polynomia l  otherwise represented as X 1 6  + 
X 1 5  + X2 + 1 .  Th i s  d iv is ion process is 

Photo 7 :  The works of a 
Ph i-Deck m echanism, 
viewed from the rear. The 
four DC motors of the 
drive can be seen in this 
photo: Two are used as 
direct drive for the tape 
reels, one drives the tape 
capstan via the pu//y and 
belt arrangement seen, and 
the third drives a gearbox 
which actuates the tape 
head engage mechanism. 
For a view from the front, 
see photo 2. 



PA R ITY 
SYSTEM 

CHECKSUM 
AND CRC DATA BLOCK 

I R G  

I R G  DATA BLOCK 

Figure 4: The relationship of error detection data to data constitutes the beginning of a format for the tape data. In a parity 
system, each data byte has an extra parity bit associated with it, and blocks of data are just groups of such data and parity 
combinations between inter record gaps. In a checksum or cyclic redundancy check system, the data bytes have no detail error 
detection code associated with them and a single check word, with enough bits to guarantee error detection given the size of the 
block, suffices. Cyclic redundancy checks are easily generated in hardware, and checl?sums are the easier route given software as 
the means of error detection. 

i l l u strated i n  figure 3. Each un i que  data 
block generates a un i que 1 6  b i t  remainder 
term after d iv is ion.  The remainder word,  or 
cycl ic redundancy check character (C RCC) , 
is written out  to tape and is compared to the 
CRCC fresh l y  generated dur ing a read opera
t ion. Once aga i n ,  a m ismatch s ign ifies an 
error. A CRC generator and checker can be 
implemented i n  e ither hardware or software. 
Several manufactu rers such as AM I ,  Mo
torola and S igrlet ics offer LSI ch ip s  wh ich 
do the whole job i n  one  package conta in i ng 
a sh ift regi ster and some gates, so CRC is 
best left to hardware. CRC with the 1 7  bit 
polynomia l  is capab le  of detecting any num
ber of  s ingle b i t  errors and  a l arge portion of  
any  "burst" (mult ib i t) errors that  occur i n  a 
block less than or equal  to 4096 b i ts long 
(for a 1 6  bit cyc l ic  redundancy check code ) . 
CRC is fast becom ing a standard for flopp ies 
and commercial cassette equ ipment  due to 
its ease of generation in hardware. 

The relationsh ips  of the error detecti ng 
codes to the data they protect i s  i l l u strated 
in figure 4. It i s  important to keep in m i nd 
the complete l y  serial nature of such s ing le 
track record i ng .  

Tape Transport Hardware 

The choice of h ardware is another p l ace 
i n  which many a lternatives are possi b le .  
Ordinary aud io cassette decks have exce l l en t  
speed regu lat ion ,  but  they have low tape 
speed ; and i ncl uded i n  the ir  pr ice are expen
s ive audio record i ng and playback amp l ifi e rs 
which are not needed for d ig i ta l  service. I n  
add it ional ,  rare is the aud io  deck which 
permits d ig ita l  control of the m echanism. 
Most decks designed for d ig ital service have 
good speed regu lat ion,  h igh tape  speed, and 
fu l l  d igital control of tape  motion. The i r  
problem,  i n  terms of amateurs, i s  pr i ce .  The 
majority of d ig ita l  cassette decks start i n  the 
vicin ity of $ 500 for the deck i tse l f  and a 
circuit board with the motion control logic. 

Some decks p rovide tape transfer h eads with 
preamps on the read s ide ;  some do not. Most 
manufacturers offer at addi t ional cost a data 
encod i ng and decod ing boa1·d . Power sup
p l ies, al though usual ly  tr iv ia l ,  are not cheap. 
Fortunate ly,  there are cu rrent ly avai l ab l e  
several i nexpens ive cassette decks wh ich  
meet  a l l  of  the  requ i rements fm d igi ta l  
service. One such unit i s  the Ph i-Deck, from 
the  Tri p l e  I Company, which has a cu rren t  
pr ice tag, for the same package ment ioned 
above, of between $ 200 and $ 300. The d eck  
itself was origi na l ly designed for aud io  u se i n  
a l anguage l a b  environment where remote 
control and good speed regu lation are im 
portant  factors. With the  add it ion of regu
lated h igh speed (up to 20 inches per 

Photo 2: Ira Ramp if's homebrew mount for the Phi-Deck mechanism he will 
be using with his PDP-7 7/20 system as a mass storage file subsystem. 
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second ) , the deck is fu l ly  adequate for 
d ig i ta l  u se. S ince the Ph i-Deck is representa
t ive of a large c lass of deck hardware and is 
i tsel f l i kely to be the first cho ice of personal 
comput ing equ ipment designers, a few words 
cou l d  usefu l l y  be spent i n  a descript ion of 
the deck. 

The Phi-Deck obtains its speed regu lat ion 
from a tape capstan as do aud io decks. Many 
other d ig i tal decks use a hub to hub  drive 
techn ique which then requ i res a servo loop 
for speed regu lat ion. The capstan i s  con-· 
tro l led by a separate motor, as are each of 
the reels. The head is a lso contro l led by a 
separate motor to engage and d i sengage i t  
from the tape. A mot ion control board 
receives s ignals from the processor such as 
forward, rewind and stop. I t  converts these 
control signa ls  i nto the proper sequence of 
vol tages to con trol the sma l l  DC motors. The 
control board a lso relays back to the proc
essor var ious status l ines to confirm that the 
deck i s  o perating as i nstructed. The i nnards 
of the Super Phi-Deck are p ictured in 
photo 1 ;  photo 2 shows a Super Ph i-Deck in 
a mount ing designed by author Rampi l  for 
use i n  h i s  personal PDP- 1 1 based system. 
F igure 5 i l l u strates the deck i n  its relation
sh i p  to the rest of a cassette memory system. 

Data Formatting and Appl icat ions 

Once a means of record ing and recovering 
data on cassette tape is secured, some 
decis ions must be made on the formatting or 
l ayout of data on the tape. There is a wide 
variety of possib le  formats. The one to select 
depends on the app l ication. Whatever the 
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app-l i cation, the overa l l  tape format shou l d  
be  a s  represented i n  figure 6 :  c lear leader, 
b lank tape, str ings of recorded data sep
arated by i n ter record gaps ( I RG ) , b lank 
tape, and f ina l ly clear tra i l er. Certified d igi
tal cassette tapes and cartridges have smal l 
ho les punched i n  the tape at the beginn ing 
and end of the usab l e  magnetic surface. 
Essent ia l ly ,  the app l ication dependent var i 
ab l e  is t he  way the  data i s  grouped on the 
tape. Group i ng data i n to blocks is a key 
feature of most tape memory systems. 

The concept  of b lock ing began as logical 
records bei ng stored as separate en ti ties on 
tape. Stori ng an entire p rogram, for exam
p le ,  as a contiguous  string of data separate 
from other logical records, has some merit. 
A block has clearly defi ned starti ng and end 
po ints, and thus  e l im i nates word by word 
search ing through an en ti re tape to fin d  and 
process a p articu l ar p rogram. As the hard
ware and the operati ng systems grew i n  
soph i stication, t h e  concept o f  buffer ing was 
app l ied to i npu t  and output operations. 
Buffering is the process by wh ich data from 
the outs ide is first read i n to a ded icated area 
of ma in  memory by a moni tor program, 
checked over, and then forwarded to the 
program which i n i t i a l ly  requested the data 
transfer. For examp le ,  i f  a p rogram wishes to 
read some data po in ts from the cassette 
memory, a su brou ti n e  ca l l  is p l aced to the 
monitor program request ing the read, the 
mon i tor does al l the work of fin d ing and 
read ing the data, checks i t  for errors, and 
then relocates it to the appropr iate locations 
ins ide the request ing program 's memory 

14----71--ITAPE T R AN S PO R T  

I 
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Figure 5: An overall block diagram of a digitally controlled magnetic film memory 
subsystem. The addition of complete tape motion control and use of direct digital 
recording make such a Philips cassette subsystem a vast improvement over the 
manually oriented lower speed audio versions of tape mass storage. Functionally, 
this same block diagram applies whether the drive is for a reel to reel tape, a Philips 
cassette, cr 3M cartridge or other magnetic media. The next step up in terms of 
performance (and price} is probably a floppy disk. A floppy disk subsystem has a 
very similar arrangement, but a slightly more complicated motion control section 
needed to manipulate its movable head. 
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C L E A R  

OPTIONAL BOT HOLE\ ��ASTJC ••••a�\J 
Figure 6: The anatomy of a Philips cassette recording. A t  the beginning and end of the tape is a 
clear plastic leader area. The magnetic tape (symbolized by the black area with dropped out 
lettering) has an optional EOT (end of tape) hole at each end. Data is typically grouped into 
blocks, separated by inter record gaps (I R G) which are erased regions without data. The 
content of the blocks is specified by software and hardware depending upon the particular 
system used. 

space. A l though the advantages of buffer ing 
1 0  are beyond the scope of th i s  art ic le ,  i t  
shou ld be suffic ient  to say that they are 
important. Except in very l arge commercial 
machi nes, buffer areas are seldom large 
enough to con ta i n  an ent i re p rogram as a 
s ingle logical record .  Therefore, logical 
records are often broken up i n to several 
smal ler blocks on the tape. Not on ly is the 
requ irement for buffer memory redu ced ; bu t  
i n  add it ion, error hand l i ng  i s  easier. Con
versel y, i f  the logical records are very smal l ,  
for i n stance, one output character data, the 
buffer ing software col lects several outputs 
together and sh ips i t  out  to the tape as one 
block. The number of logical records per 
tape block i s  known as the b lock ing factor. 
Effective b locking represents a com promise 
between the smal lest buffer area and the 
max imum tape ut i l i zation,  ie: the m i n imum 
number o f  blocks and  the ir  assoc iated i n te r  
record gaps. A graph portray i ng the approxi
mate relat ionsh i p  between the l ength of data 
blocks, assum ing they are a l l  the same fixed 
length, and th,e total data capacity of a C-30  
cassette i s  presented i n  figure 7 .  

The s imp lest app l icat ion lends i tself to 
the s imp lest formatting. A d ig i ta l l y  con
tro l l ed cassette system or manua l ly con
tro l led system may be used as an i nexpensive 
substitute for a h igh speed paper tape reader 
punch. I n  fact, several manufacturers offer 
cassette systems that are p l ug compatib l e  
with paper tape equ ip ment .  The  data i s  
b locked byte by byte, or not at a l l .  S ince 
there i s  no fi le structure, the data appears on 
the cassette exact ly as i t  wou l d  on paper 
tape. There i s  no need for i n ter record gaps 
between bytes i n  th is  format, for by p lac ing 
very long gaps between logical records on 
the order of a foot or two of tape a human 
operator can locate a particu l ar logical re-

cord with the aid of a tape coun ter  mech
anism, j ust as an audioph i l e  wou l d  fi nd  a 
particular song. A UART is a very neat way 
to generate the para l l el-ser ia l  data conversion 
for th is  byte or iented format. The d i sad
vantage of us ing a UART here i s  that i t  adds 
at least three extra b i ts, start, stop and 
pari ty, to every byte thus reduc ing the data 
density on the tape. 

For more effic ient and usefu l operation, a 
fi l e  structure shou ld  be added to the d igi-
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Figure 7: Cassette capacity versus block size. The inter record gap (I RG) is 
essentially wasted space on the tape. By increasing the size of the block, the 
percentage of tape wasted on I RGs declines toward a limit of zero. As the size 
of the block is decreased (ultimately to its limit of a single byte separated by 
I RGs on either side) the total number of bytes available on a tape declines. 
For any given set of parameters (inter record gap length in inches, flux 
density in bits per inch, and data format), the total useful data per cassette 
can be calculated and plotted as one point on a curve such as this. 
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tal ly contro l l ed transport. By b locking the 
data i nto chu n ks of convenient size with 
identification i nformation, software can then 
examine each buffer as i t  i s  read i n  to search 
for any part icu lar fi le  (a group of such 
blocks) on the tape. A fi le  is considered to 
be a s i ngl e logical record even though i t  
m ight cover many blocks. I n  a fi le  structured 
system with a remotely contro l led tape 
deck, keyboard commands or commands 
generated by a p rogram replace manual 
i ntervent ion  and the automatic operations 
make the system much more conven ient. 
Sti l l  lacking, however, i s  a very usefu l b lock 
rep lacabi l i ty feature si nce there is no way to 
synchron ize the star-t of overwr it ing with the 
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begin n ing of a data b lock, espec ia l ly if the 
drive has stopped in the p reced i ng gap. 
A l though it i s  not poss ib l e  in this system to 
over lay a corrected or u pdated program into 
the space it formerly occup ied ,  it can eas i ly 
be added on 'to the end of the tape. 

Musings on  the Ult imate 

The u l t imate cassette memory system 
i n corporates b lock rep l aceab i l i ty and sector 
address ing to s imu late random access stor
age. The techn ique  p roposed here for Ph i 
Decks i s  s im i lar to that u sed so successfu l ly 
by Dig i ta l  Equ i pment Corporation in their 
DECtape u n its. I n  fact the Sykes Corporation 
deve loped and m arketed such a system for 
cassettes unt i l  the i r  attent ions turned to 
floppy d i sks. The tr ick is u se one track for 
normal phase encoded o r  p u lse ratio data 
and a second track as a p rewritten mark 
track. The mark track i s  first wr itten to 
i n it ia l ize the tape and i t  is on ly read there
after. I t  contains, in the same code as the 
data track, var ious sorts of de l i n eators, o r  
marks, and a l so the b l ock  address n umbers 
of the data blocks res id ing on  the adjacent 
data track (s) . Data i s  wri tten in fixed sized 
blocks i n  synchron ization with the areas 
designated by the mark track. By observ i ng 
the trans it ions on the mark track, the tape 
contro l ler w i l l  h ave no d ifficulty in over
l ay i ng or rep lacing p reviously written data. 
The advantage of i nc l ud ing  b lock numbers 
on  the mark track i s  that as they are read in ,  
they can  easi ly be compared w i th  a register 
conta i n ing a b lock n u m ber be ing sought, 
thus e l im inat ing the need for a software 
search p rogram. Usual ly  a d i rectory data 
b lock is i nc luded on  the tape, most fre
quent ly as the first data b lock.  I ts contents 
genera l l y  i nc lude  the f i le names and their 
start ing b lock addresses. When a cassette i s  
first mounted in  the dr ive, i t s  d irectory is 
read in. Whenever the computer needs access 
to a tape fi le ,  it gets the b lock address from 
the d i rectory and i n it iates a hardware search. 
Each t ime a change i s  made to the tape, the 
d i rectory copy in memory i s  updated and a 
copy of i t  i s  wri tten back to the tape. Using 
one's imagination ,  many d ifferent fi le  
man ipu lat ions a re poss ib le  with such a sys
tem. Anyth ing poss ib le  with a floppy d isk 
operating system is in fact poss ib le  with a 
mark track cassette system.  The tradeoff is 
j u st t ime versus pr ice .  A floppy is essent ia l ly 
i n stantaneous, from a human standpo int. A 
cassette system takes from seconds  to a few 
m inu tes, a t  about one fou rth the pr ice of a 
f loppy. Even with these t ime constra in ts a · .  

fu l l  d ig i ta l  cassette system is a Jot l�ss 
' 

painfu l than Teletype  paper tape or aud io 
cassette.• 





What's Involved 
A collection of typical 
tools useful in building a 
!?it. This collection in
cludes several sizes and 
types of screwdrivers, 
needle nose pliers, side 
cutter (diagonals), a set of 
nut drivers, pliers, wire 
stripper, lmife, soldering 
iron and solder. A solder 
removal device, such as a 
bulb sucker or a mechani
cal action sucker, is also 
most useful. 

Louis  E Frenzel 

1 588 O�k Ter 

• 1n  

St Joseph M l  49085 

Kit Building? 
Most of the personal comput ing equ ip

ment avai lable to the hobbyist today is i n  k i t  
form. As  a resu l t, the fie ld of  personal 
comput ing as i t  is now known essent ia l ly  
cen ters ar·ound the bu i l d i ng, test ing and 
troub leshooting of computer k i ts. Many 
i nd iv idua l s  with a "computer· hobbyist" 
approach to the fie ld  are e lectr-on ic types 
who enjoy k i t  bu i l d i ng and consider their 
work with the equ ipment to be the main 
focus of the i r  i n terests. 

However, many other people wou l d  
ra ther concentrate on the programming and 
appl ication of the equ ipment. Such in 
d iv idua l s  may not en joy or even consider 
themselves capab le of bu i l d ing  some of the 
soph isticated computer k i ts avai lab le .  Yet 
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many of these nonhardware types are taking 
a chance on  thei r· being ab le to successfu l l y  
l earn k i t  b u i l d i ng. They do so si mply t o  be 
ab le to have the equ ipment that is avai lable 
today. At th is  poi n t  i n  the deve lopment of 
the personal use computer· fie ld ,  be ing able 
to bu i l d  a k i t  often means the d i fference 
between be ing ab le  to own a fair ly sophisti
cated computer o r· not. 

There are many benefits to be gained by 
bu i l d i ng a k i t. Kit bu i l d ing is someth ing that 
can be learned and easi ly mastered even by 
i nd iv iduals  who do not know and under
stand e lectron ics. The purpose of this art ic le 
is to out l i ne  the benefits of kit bu i l d i ng and 
to present some bas ic gu ide l i nes and p ro
cedu r·es that anyone can learn to successfu l ly 



Kit  build ing is something that can be learned and 

easi ly mastered even by i n d ividuals who do not know 

and understand e lectronics . . .  

construct a k i t. The personal use computer 
fie ld  w i l l  cont inue to remain esse n tia l ly  a k i t  
busi ness for the  immed iate fu ture .  Why not  
jo in  oth ers in experienc ing the  benefits that 
come from th is activity? 

Benefits of Kit Bui lding 

Most inexpensive computer equ ipment  is 
avai lab le in kit form because sometimes th is 
is the fastest and easiest way for a manu
facturer to develop and offer the product. 
Th is has a l lowed many smal l  compan ies to 
enter the market q u ick ly .  K i ts have been 
large ly  responsib le for exped it ing the growth 
of hobby and persona l  comput ing by a l low
ing young manufactu rers to se l l  more 
products sooner. 

Wh i le k i ts offer benefits to the manu
facturer and to the bu i lder  overa l l ,  the real 
benefits of kit bu i l d i ng  go to the bu i l der .  
Some of the benefits are obvious ,  but others 
are more subt le .  Let's consider them .  

Save money. One of the obvious benefi ts 
of purchasi ng k i t  equ ipment  is the resu l t i ng 
savi ngs i n  money. K its a lmost always cost 
less than equ ivalent  wi red and tested prod
ucts s imp ly because the cost of labor i s  
removed . I n  some cases, the  p r i ce  of a k i t  
can be as  low as  one ha l f  the  assembled 
price. Such savi ngs are sign ificant and have 
often made the d i fference between  an i n
dividual be ing able to afford a computer or 
not. The cost sav ings has fu rthe r  benefited 
the fi e ld by a l l owing many more i n d iv idua l s  
to participate. I t  certai n l y  makes sense to 
assemb le  the equ ipment  yourself i f  you can . 
For a given upper l im i t  dol lar i nvestmen t, 
you can afford sign ificant ly more equ ipment 
if  you p u rchase k i ts. 

Pride of accomplishment. A benefit not 
as obvious to those who have never bu i l t  a 
k i t  is the sense of achievement that i t  
p roduces. This is part icu lar ly  true of l arge, 
complex and d i fficu l t  k its. When an i n 
d iv idual successfu l l y  assemb les a soph isti
cated kit and makes i t  work, he cir she is 
rewarded with a real sense of accomp l ish 
ment .  This is a fee l ing that  is hard to 
descr ibe, but one that becomes obvious 
when you bu i l d  your first successfu l k i t. 

Fun and enjoyment. Th is is a do i t  
yourself age. Most peop le  enjoy do ing th i ngs 
for themselves if  they can .  There is a certa in  
amoun t  of enjoyment i n  tu n i ng your own 
car, growi ng your· own gMden, or pane l i ng 
your basement. The same is true in the 
computer fie ld .  Peop le  want  to do it them
sel ves and fi nd enjoyment In i t .  Kit bu i l d i ng 
as a hobby fu l fi l l s  th is need for fu n and 
i nvolvement. L i ke other hobb ies, k i t  bu i ld 
ing is re l ax ing s ince you become occup ied i n  
an act iv ity that demands your fu l l  atten t ion 
and sk i l l .  I t  takes your m i nd off other 
problems and worries. 

Learning. One of the most subt le benefi ts 
of k i t  bu i l d ing is l ear· n i ng. Whenever you pu t  
a k i t  together and  make i t  work ,  you 
automatical ly learn more than you rea l i ze .  
The whole p r·ocess of k i t  bu i l d i ng i s  educa
t ional .  This is particuar ly true for those 
i nd iv idua ls  who are not e lectron ic  experts. 
Begi nners q u ick ly learn basic sk i l l s  such as 
solderi ng, iden tify ing e lectron ic  com
ponents, theory of operation and basic 
test ing and troub leshoot ing methods. The 
learn i ng may not be obvious as you are 
construct ing the k i t, ·but it is the re and 
sooner or later you wi l l  real ize i t. 

Kits can:  save money,  give 

pride of accom pl ishment, 

provide fun, en joyment 

and learning, and prepare 

the owner for maintenance. 

Lou Frenzel has been an enthusiastic personal computing advocate of the 
"build it yourself " variety for some time. His personal systems presently 
include an IMSAI 8080 kit product with 8 K of memory, an evaluation board 
6800 system from Motorola with enough additional memo1y to run Tom 
Pittman 's Tiny BASIC, an A SR 33 Teletype, audio cassette interfaces, serial 
and parallel interfaces for custom peripherals. One projected applicatipn for 
the computers is to amateur radio, where he aims to use the processors for 
station conrrol, and processing ef ·message and Jogging data for his station, 
WBL} R. Professionally, Lou is Director of Computer Products for the Heath 
Company, a firm which started the electronics kit business as it is known 
today. 
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A "begi n ner's" kit assumes 

no kn owledge of elec

tronics and is  exhaustively 

documented. 

An "experienced bui lder 's" 

kit  assumes some knowl

edge and famil iarity with 

electron ics and as a result 

is less expensive due to 

savings in documentation 
cost. 

Preparation for maintenance. Electron ic 
eq u i pment  i s  much easier to set·vi ce, t·epair 
or mod ify i f  you are fami l iar with it. Once 
computer equ ipment has been assembled 
and made operable, it is genera l ly re l iable .  
But  should service be requ i red, i t  wi l l  be 
easier i f  you know and u nderstand the 
equ i pment. K i t  bu i l d ing  gives you much of 
that knowledge and fam i l i ar ity. 

These are on ly a few of the most im
portant benefits of k i t  bu i ld ing. If you want 
total i nvolvement from your use of com
puters, you should partici pate i n  as many of 
the d ifferent facets of it as you can. K i t  
bu i ld i ng i s  one  of the  best ways of  achiev ing 
th is participation. 

Types of Kits 

A l l  k i ts are not equa l .  There are b ig k i ts 
and l i tt le k i ts, easy k i ts and complex k i ts. I n  
add i tion, there are d ifferent types o f  k i ts 
depending on the approach taken by the 
manufacturer and the i n tended customer. 
Before you pu rchase a k it  and attempt to 
assemb le  i t, it is a good idea to be aware of 
the types of k i ts avai lab le .  

There are two broad, general c lassi fica
t ions of e lectronic kits, those for begi nnet·s 
and those for exper ienced hardware people . 
These c lassifications rea l ly represent the 
extremes of a range of types of kits ;  but  for 
pu rposes of d iscussion such " ideal types" are 
usefu l .  K i ts designed for the begi nne r  are 
general ly s imp le r  and more thoroughly docu
mented. Even an i nd ividual who knows 
noth i ng about e lectronics can usual ly 
assemble such k i ts successfu l l y. The assem
b ly ,  test and troub leshooting i nstructions are 
thowugh, take noth ing for granted and lead 
the kit bu i lder by the hand through a step 
by step process of assembly. With such a kit, 
most peop le  have l i tt le or no difficu l ty in 
assemb l ing  the product and getting i t  to 
work · regard less of the i r  knowledge and 
experience. Even though you may not  be a 
beg inner, this type of k it  is often the best i n  
terms of va lue  because i t  p t·actical ly i nsu t·es 
hassle free bu i l d ing  and a workable end 
product. 

Another type of kit is one designed for 
the experienced k i t  bu i ldet· or e lectron ics 
expert. Such k i ts are fu rn ished with a 
m i n imum of documentation and assembly 
instructions. In  some cases on ly a schematic 
d i agram, a pr inted c i rcu i t  board l ayout 
showing component p lacement, and a parts 
l ist are supp l ied. To an expet· ienced bu i l der, 
th is is usua l ly  sufficie.n t  information to 
assemb le  the p roduct and get it to work 
p roper ly. Many of the computer hobby kits 
ava i lab le  today are of th is type. They assume 
that the bu i l der  is fam i l iar with such eq u i p-
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ment or it wou ld  not be pu rchased in the 
first p l ace. Many novices and beginners have 
d iscovered th i s  too l ate. There's noth ing 
wrong with th i s  type of k it because i t  does 
produce a useab le  end p roduct. The p roblem 
comes when an inexper ienced bu i lder at
tempts. to construct a k i t  of this k ind and 
makes mistakes due to e ither l ack of knowl
edge or exper ience. Such k i ts are h igh ly 
des ired by the experienced bu i lder because 
they give h i m  far greater satisfaction and a 
fee l i ng of mme i nvolvement  than the s impler 
k i ts, and u l t imate ly have a l ower cost si nce 
" id iot p roofi ng" the documentation is a 
s ign ificant cost i tem in any kit .  Experi enced 
e lectron ic  k i t  bu i l ders rece ive great satisfac
t ion from us ing the i r  knowledge and experi
ence i n  such p rojects. Many even enjoy 
d iscovering etTot·s o r  hav i ng to supp ly miss
ing i nformation. They l i ke to do the research 
necessary to bu i l d  a p roduct successfu l ly. 
What may be a p rob l em and big frustration 
to some is a real cha l lenge and enjoyment to 
others. 

Qualities of a Good Kit 

j ust what are the qua l i ties of a good k i t? 
I t  is desi rab le to know the e lements of a 
good kit so that when you evaluate a 
product or compare compet i t ive u n its, you 
wi l l  choose the best product for you. Here 
are several th ings you shou ld look for in 
choosing a kit p roduct. 

Well designed. This is a subjective po in t  
yet  an important one .  A good design i s  or)e 
that works, has pwven i tse l f  re l iable and 
accomp l i shes i ts pu rpose. Other e lements of 
good design i nvolve the use of modern 
components and tech n iques. Good design is 
d i fficu l t  to assess i f  you are not fam i l iar with 
the specifics of the equ i pment ot· the l atest 
techno logy. However, good product design 
genera l l y  shows up as a good reputation in 
the fie ld ,  posi tive comments from owners, 
and favorable magazine test reports. If you 
are a newcomer, read every scrap of l itet'ature 
you can fi nd ,  ta l k  to people at your local 
computer c lub ,  and keep an open m ind ! 

Good documentation. j ust as important 
as good design is good documentation. Th is 
is an abso l u te necess i ty for a successfu l k i t. 
The manufactu rer s imp ly must supp ly suf
fic ient i n fot·mation to bu i ld ,  test and apply 
the product. Poor documentation usual ly 
means the d i fference between a good k it  and 
a bad kit . A we l l  designed k it  can be bad 
because poor documentation makes it d i ffi
cu l t  if not imposs ib le  to assemble and use. 
Look for and ins ist upon good documenta
tion to the level of deta i l  you requ i re . 

Quality components. Qual i ty or fi rst 
grade components are a major part of any 



Some Typical I ntroductory K its 

The Heath Company is the oldest and largest manufacturer of kits. For those computer people who are wary of trying a 
complicated kit, author Frenzel suggests several of his company 's products as a means of seeing what it takes to build a kit by 
trying out the concept on simple items. Each of these items will result in a useful accessory for the computer lab, as well as 
introducing the builder to the process of building kits. 

a. A prototyping breadboard. In computer 
applications, such a breadboard can be used 
to temporarily try out a circuit before com
mitting it to permanent form using wires, 
sockets, Vectorboard and solder or wire 
wrap. Power supplies at standard logic (+5 V) 
and typical analog (± 7 2 V) levels aid proto
typing with this unit. 

good k i t .  I f  a manufactu rer u ses  regu l a r· 
commercial g r·ade componen ts, then the 
qua l i ty i s  good. Qual i ty components he l p  
insure re l i ab i l i ty and a m in imum of de fects 
and prob lems in assemb ly .  Kit supp l iers can 
sometimes pu rch ase su rp l u s  or degraded 
components at  sign i ficant sav ings. As a resu l t  
they can pass a long majo r- cost savings to 
you. Wh i l e  lowe r· cost is ce r-ta i n ly a s ign i fi 
cant benefi t, i t  i s  often offset by the 
problems encountered by the poor· com
ponent qua l i ty .  Un l ess you ar·e p repared to 
deal with the l im i tat ions and p rob l ems  
brough t about  by low qua l i ty components, 
it is best to st ick with the h igher pr iced but  
more rel i ab l e  u n i ts us ing qual i ty pans. 

Designed as a l<it. Many p r·od ucts a re not 
designed to be k i ts. Such products are 
designed first to h ave specific features and to 
meet cer-ta in pe r-formance spec i ficat ions .  The 
fact that it i s  to be offer·ed i n  kit form  is 
often seconda r·y .  The des igner 's main pu r-
pose is to ach ieve a sa leab le and wor· kab l e  
product. Once  th i s  has been  done ,  many 
designers fee l  that i t  i s  on ly  necessary to  
supp ly  the  components i n  a bag  wh ich  the 
customer can assemb le .  If the product is 
designed as a k i t, the des igne r· is constant ly  
r·eminded that the p roduct  mus t  be easy to 
assemble and se r·v ice. Fo r· that r·eason, k i t  
design and thorough docu men tat ion i s  some-

b. A /aboratoty bench power supply. Once 
built, this instrument is used to simulta
neously power logic (+5 V) and provide 
variable metered analog levels from ±0 to 
±20 V. 

c. A mu!timeter. This all around useful test 
instrument can be built from a kit and later 
used to measure miscellaneous voltages, cur
rent and resistance when diagnosing or 
using the hardware of a computer and its 
interfaces. 

what more d i ffi cu l t  and t ime consum ing 
than des ign ing equ ipmen t  that wi l l  be manu
factured . Such products gener·a l l y  come 
from those manufactu rers ded icated to the 
k i t  bus iness. 

Manufacturer support. A good kit manu
facturer· is one that supp l ies p l e n ty of ser·v ice 
and support .  A customer can make wir ing 
error-s, receive a defective component  or 
s imp ly  have d i fficu l ty i ri i n terpret ing the 
docu mentat ion .  The customer must h ave 
some way of dea l i ng w i th these p rob l ems  if 
he  or she is to be satisfied wi th the product 
and comp le te i ts assemb ly .  A lways look  for 
a kit manufacturer which has a s ign ificant 
amount of backup.  Th is  means the manu
facturer· wi l l  answer your l e tters and te le
phone ca l l s  r·egard ing p rob lems. I n  add i t ion ,  
the  manu factu r·er shou l d  o ffer comp lete 
service and repair fac i l i ti i es at  r·easonab le  
pr ices. A l so check the warran ty .  Before you 
purchase a k i t, be su r·e that you sati sfy your 
own requ i rements wi th regard to the suppo r-t 
and service ava i lab le .  

These ar·e the main qua l i ties of a good k i t .  
Before spend ing  hundreds or even thousands 
o f  do l l ar·s on compute r· eq u i pmen t, i nvest i 
gate these po ints car-efu l l y .  You r sati sfact ion 
wi th the  p r-oducts wi l l  be greater i f  you do. 
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A good design is one that 

works, has proven itself 
re l iable,  and accompl ishes 

its pu rpose. 
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Key 7 :  A low wattage 
soldering iron is a must for 
building computer kits (or 
any kit with delicate 
printed circuit runs) . Here 
is a typical low wattage 
iron with a small tip, along 
with a suction bulb device 
which can be used to 
remove solder if necessary. 

r' -

P h o t o  su p p l i e d  by t h e  H e a t 11  C o m pa n y  

Read test r·eports on the p r-oducts that you 
are cons ider ing. Ask friends, assoc iates and 
fe l l ow c l ub  members for the i r  op in ions on 
the pmduct. Often the exper· iences of others 
can he l p  you dec ide .  A l so get as much 
i n fo r·mation from the manufactu r-er· as you 
can . I f  the data sheets and cata l ogs supp l i ed 
are i n suffic ient, wr· i te for fu r-ther i nforma
t ion .  A reputab le manufactu r-er w i l l  answer 
your specif ic questions and provide add i 
t iona l  i nformation as requ i red .  

One of the best  ways to s ize up a product 
i s  to pu r-chase the documentation for the k i t. 
Most manufacturers wi l l  a l low you to pu r-
chase the assemb ly  and ope r·ation manuals . 
Th i s  w i l l  give you fu l l  deta i l s  on the product 
and wi l l  g ive you an advanced look at the 
assemb ly  i nstructions _?nd other information .  
I f  you ' re se r ious abou t a product, th i s  i s  a 
smal l investment to make to i n su r·e that you 
obta in  a good product. 

Bu i l d i ng  the K i t  

Here are some tips, based on exper ience, 
that can help you bu i l d  k i ts successfu l l y  
even if  you are a beginner :  

Practice first. Befor·e you wade i n to a 
$ 1 000 computer k i t, perhaps you shou ld  
test  or· improve you r sk i l l s  fir·st on a s imp le ,  
low cost k i t. Th is  i s  par-t icu lar ly t rue if  you 
are a novice. I f  you have never assemb led a 
k i t  before, s.tart out  with a smal l ,  easy to 
bu i l d  project fi r·st. You wi l l  learn a lot  by 
assemb l ing th i s  s imp le  pmject fi rst, and you 
w i l l  get a feel for- what kit bu i l d ing is a l l  
about. 
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There are a wide variety of s imp le  l ow 
cost k i ts avai l ab le .  Many  accessories and  
p ieces of test equ ipment  fa l l  i nto th i s  
category. Try to  choose a p roject that wi l l  
be  usefu l t o  you when you get to the 
computer  k i t, or in some other way. A good 
examp le  of equ i pment that cou l d  be of value 
to you when wor k i ng with computers i s  a 
vo l t  ohmmeter or a power supp ly .  Both of 
these items are re l at ive ly easy to bu i ld  and 
you w i l l  find much use for them later when 
wor· k i ng  w i th your  comp u te r  system. 

Obtain the proper tools. You w i l l  need a 
variety of too l s  to bu i l d  a k i t  successfu l ly .  
Ther·e i s  noth i ng more aggravat ing than to 
come · to a po int  i n  the assemb ly  p rocess 
where you do not have the too l s  needed. 
Wh i l e  most k i ts can be assembled with 
common tools, you shou l d  provide yourse l f  
with a m i n imu m set pr ior  t o  bu i l d ing you r 
k i t. I t  w i l l  make the k i t  b u i l d i ng p rocess go 
faster and eas ier .  Here is a I ist of the most 
common too l s  you w i l l  need : 

·1 .  screwdrivers of several s izes :  b l ade  and 
Ph i l l i p s  types 

2. need l e  nose p l i e r·s 
3. side cutters 
4. nut d r ivers (0 .25 i nch is the most 

usefu l . )  
5.  p l i ers 
6. wire str i ppers 
7. kn i fe 
8. so l der ing i ron 
9. solder 

· 1  0. so lder removal dev ice 

Learn to solder. The most important sk i l l  
requ i red to b u i l d  a k i t  i s  so lder ing. The 
majority of computer equ i pment  i s  con
structed by attach i ng e l ectron ic  components 
to pr in ted c i rcu i t  boards. The c i rcu i t  boards 
ar·e then i n terconnected to one another 
through other p r i n ted c i rcu i t  boards, con
nectors and cables .  So lde r  i s  the common 
bond ing  e l ement  i n  a l l  cases. You s imp ly  
must l ea rn  to  so lder  i f  the k i t  is to  work 
proper ly .  

So lde r· ing is the process of melt ing an 
a l loy of t in  and l ead known as solder, 
wetting the component l eads wi th the hot 
mo l ten so lder·, then <! l l owing i t  to coo l  and 
p rov ide a permanent e l ectrical i n terconnec
t ion .  The components to be jo ined are 
b r·ough t together p hysical ly  and the jo in t  
made mechan ica l l y  secure. Then a so lder ing 
i ron  i s  touched to the jo int so that the 
component leads are heated.  Once the jo int  
i s  hot  enough, so lde r· i s  app l i ed and al l owed 
to flow over the connect ion .  Then the heat 
i s  removed and the solder i s  a l l owed to 
harden .  The resu l t  is an exce l l ent  mechan i ca l  
and e l ectrical connect ion. 
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To solder proper ly ,  you must have the 
righ t equ i pment. Pr imari l y  th i s  means a 
sol der ing i ron and solder .  Fa t· most e l ec
tron ic construction, a smal l ,  low wattage, 
hand hel d penc i l  type sol der ing i ron shou l d  
be  used. One  with a wattage rati ng  of  25 to  
40 watts i s  best. Th i s  wi l l  provide more than 
suffi c ient heat but  a t  the same t ime i s  low 
enough in wattage to p reven t  damage to 
e lectron ic  components .  The solder ing i ron 
shou l d  a l so h ave a sma l l ,  fi ne t ip  so that 
sol der can be successfu l l y  app l ied to the very 
smal l connection pads on most computer 
c i rcu i t  boards. 

The type of so lder used i s  a l so i mportan t. 
Many k i ts are supp l ied with the proper 
sol der .  I f  so l der i s  supp l i ed ,  use i t. If you 
buy your own, be su t·e to pu rchase qua l i ty 
el ectwn ic  grade solder .  The best is a 60-40 
msin cme solder. The 60-40 t·efers to the 
percen tages of tin and lead respectively i n  
the solder. The  ws in  core means  that  the 
solder con ta ins  a c lean ing e l ement  that he l p s  
to  remove the  oxidat ion from the  connec
tions when heat is app l ied .  ( Do not use ac id 
core solder which can destroy e l ectwnic 
components. I t  wi l l  l i tera l l y  d igest your 
computer. ) 

The size of the sol der is a lso important. 
For the t i ny c i rcu i t  board wot· k  found in 
most compute t· products, a th in  solder is 
best as i t  is easier to contml the t·ate of f low. 
Solder smal ler than 0.032 i nches i n  d i ameter 
is best. This wi l l  prevent excess so lder from 

be ing  app l ied and wi l l  red uce the  possi b i l i ty 
of mak ing solder br idges. 

Next you shou ld deve lop your so lder ing 
s k i l l s. The best way to do th i s  i s  to p t·actice. 
The p ropet· pwcedure i s  to f i rst physica l l y  
connect the components .  Usual l y  t h i s  i n 
vo lves bend ing t h e  leads o f  the component  
and mou nt ing i t  on a pr in ted c i t·cu i t  board. 
The sol der ing i ron i s  then used to h eat the 
junct ion of the component lead and the fo i l  
o n  t h e  pri n ted c ircuit board . I t  takes o n l y  
several seconds fat· the jo int  t o  become ho t  
enough to me l t  solder .  So lder i s  then app l ied 
to the ju nction and a l l owed to flow over the 
leads and copper fo i l .  The solder and imn 
are removed and the connect ion i s  a l lowed 
to cool and ha t·den. 

Wh i l e  the procedu t·e sounds  s imp le ,  i t  i s  a 
b i t  subt le .  The subt l ety has tci do with the 
amount of t ime you heat the j unct ion p t· im 
to app ly ing so lder and the amoun t  of t ime 
the i ron is left on the jo int  after so lder  i s  
removed .  I f  you app ly too much heat i n  the 
begi nn i ng you can damage the component  or 
cau se the copper fo i l  on the pr in ted c i rcu i t  
board to  peel off. Yet if you do not  app ly  
enough heat, the  jo in t  wi l l  not  become 
suffic ient ly hot to melt the so lder pmper ly .  
I f  the so lder i s  not me l ted thorough ly  i t  wi l l  
cause a so ca l l ed "cold so lder" jo i n t. These 
ar-e cond i tions where p roper bond ing does 
not take p l ace. The amount of t ime that the 
heat i s  appl ied i s  a bal ance between that 
wh ich pt·events damage and that which 
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S i m p l e  points : Practice 

first, obtain proper tools, 

learn how to solder, learn 

how to u nsolder, and if a l l  

e l se  fai l s, read the 

d irections.  

One of the best ways to 

size up  a computer p rod

uct i s  to p u rchase the 

documentation ( or borrow 

it  from a fr iend) . This  is 

true whether the p roduct 

i s  i n  k it  form or not. (A  
coro l lary i s  the thought 

that good looking and 

comp lete documentation is 

an excel lent sales tool for 

the manufactu rer. ) 

Key 2: One key to good 
soldering is a clean solder
ing tip. There are several 
different brands of  wet 
sponges like this one, 
which can be used to clean 
the tip during use. Many 
of these products are 
treated with special chem
icals to help improve the 
cleaning properties. 

P h o t o  s u p p l ied by t h e  

H e a t h  C o m p a n y  

... , 

•• 

• 



a l lows the solder to melt  and flow as i t  
shou l d .  The sk i l l  and t iming i n  th i s  operation 
comes on ly  from practice. 

Learn unsoldering. Another ski l l  practi
ca l ly  as important as soldering i s  u n
so lder ing. I t  is often necessary to remove a 
component  from a pr in ted c i rcu i t  board. 
The component may become defective and 
need rep l aci ng. Or you may have d i scovered 
that you connected the component incor
rect ly .  I f  you learn the techn ique of u n
soldering, the · component can be removed 
w i thout damaging it ot· the pr in ted c i t·cu i t  
board . 

Unso lder ing is best accomp l ished by re
moving the solder on the connection. Do not 
attempt to remove a component by s imply 
reheati ng the connection and p t·y ing the 
componen t  from the pr in ted c ircu i t  board . 
Damage wi l l  usual ly resu l t. A l though it takes 

damage e i ther the component or the pr in ted 
circu i t  board. 

So lder  can be removed from the ··connec
tion by first heating the connection with 
your solder ing i ron and and then us ing a 
suction bu lb .  This  is a device designed to 
pu I I  the so lder from the connection by a 
vacuum created i n  a ru bber bu lb .  A . p lunget· 
type device known as a so lde t· sucker can 
a lso be u sed . 

I t  may take several app l i cations of the 
tool to remove a l l  of the so lder . Get as much 
off the connect ion as you can. Then use a 
kn i fe or need le  nose p l iers to carefu l ly break 
the component lead loose. 

Another method of removing solder from 
a connection is to use a wi re b t·aid coated 
w i th I'Os in .  The b t·a ided wi re i s  coarse and 

a l i tt le more t ime and care, removal of the r-------------------.., S O L DE R I N G  
I RON sol der fi rst wi l l  i nsure that you do not 

Key 3: Use proper solder
ing technique. This set of 
illustrations pro 11ided from 
the Heath Company docu
mentation of !<its illus
trates proper soldering 
technique when assem
bling circuit boards. As 
noted at the bottom, it is 
important to heat both the 
component lead and the 
printed circuit board con
tact. If either is missed, 
then a bad joint as at 8 or 
C could result. 

Be sure the solder made a good electrical connection. 
When both the lead and the circuit board foil are 
heated at the same time, the solder will flow onto the 
lead and the foil evenly. See Illustration A. The solder 
will then make a good electrical connection between 
the lead and the foil. 

When the lead is not heated sufficiently, the solder 
will not flow onto the lead as shown at B. Reheat the 
connection and, if necessary, apply a small amount of 
additional solder to obtain a good connection as 
shown at A. 

When the foil is not heated sufficiently, the solder 
will blob on the circuit board as shown at C. Reheat 
the connection and, if necessary, apply a small 
amount of additional solder to obtain a good connec-
tion as shown at A. 

· 
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1. Place the soldering iron tip 
against both the lead and the 
circuit board foiL Heat both 
for 2 or 3 seconds. 

2. Then apply solder to the other 
side of the connection, 
IMPORT ANT: Let the heated 
lead and the circuit board foil 
melt the solder. 

3. As the solder begins to melt. 
allow it to flow around the 
connection. Then remove the 
solder and the iron ond let the 
connection cool. 

C O M P Q N [ N l  
l ( A O  

4. Hold the lead with one hand while you cut o ff  the excess lead 
length close to the connection. This will keep you from being hit 
in the eye by the flying lead. 

) Q L O U I  F l O W S  O U T W A R D  
A N D  G R A D U A L L Y  B l E N D S  
W l l H  I H [  f O I L  A N D I H [  
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I H l  C O N N E C I I ON � 
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can soak up  a lot of solder. The ros in  c l eans 
the br·a id and the connection and encou rages 
the capi l l ary action that l i tera l l y  s l u r·ps the 
solder off the connect ion. To use the b r·a id 
you s imp ly  p l ace i t  on the connect ion and 
heat i t  with the so lder ing i r·on. The so lder 
wi l l  f low up  i n to the braid leav ing the 
connection c lean and open. Aga in ,  several 
appl ications may be necessary to remove a l l  
of  the  so lder .  Solder removal b ra id  is ava i l 
ab le at most stores se l l ing so lder ing i rons and 
rel ated equ i pment. I t  is extremely effective 
and w i l l  save you much t ime and possi b ly  
some expensive components and p r i n ted 
c i rcu i t  boards. 

Follow directions. It seems al most r id icu
lous to po int  th is out, but  one of the most 
common fau l ts of k i t  bu i l ders is not fo l low
ing the assembly i nstructions. The assemb ly  
i nstructions have usua l ly  been tested to 
i nsure that they work. I f  you use a d i fferen t  
assembly sequence o r  fai l  to  note some of 
the specia l  i nstructions, you are most I i ke ly 
to make a mi stake. Even though you may be 

an experienced kit bu i lder ,  sometimes the r·e 
ar·e su btleties in the assembly process that 
make i t  abso l u te ly essentia l that you fol low 
the  given d i rections. 

Another p recaution is to look for any 
errata sheets or correct ion notices before 
you begin the assembly .  Some erTata sheets 
are i nc l uded randomly or at the end of the 
suppl ied documentat ion.  Don ' t  ta ke 
chances; catch the errors in the documenta
tion first to avoid m i stakes. 

Don ' t  ru in  your i nvestment by assum ing 
that you can do it by you rse l f. Pr·o tect your 
i nvestment and fol low the i nstruct ions .  Re
member· the old say ing, " I f  a l l  e l se fai l s, read 
the instruction manual , "  is true. 

Take your time. When bu i ld i ng a k i t, take 
your· t ime. The faster you go the more l i ke ly  
you are  to make a m i.sta ke . Most peop le  who 
purchase k i ts are anxious to put them 
together and use them. Th is is on ly  h uman 
and cer-ta in ly  under·standab le .  But un less you 
have patience and take yom time to fo l low 
the i 11str"uct ions and do qua l i ty work, your 

Use of sockets rema ins  a 
h igh ly recommended p rac
tice - bu t  use qua l i ty 
sockets by a l l  means. 

Key 4: If you make a mistake, fix it. To remove solder, use a bulb sucker (see l?ey I), a mechanical solder sucker tool (a), or a 
solder removal braid (b). 

(a) Photo su p p l ied  by t h e  

H e a t h  C o m p a n y  

{b) P l1 o t o  cou rtesy o f  W i k - 1  t 
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Key 5: A detailed solder 
braid removal sequence, 
supplied by Wik-/t. (a) 
Find the connection to be 
desoldered. (b) Heat the 
connection through the 
braid, causing capillary 
action to suck up the 
solder. (c) Remove solder
ing iron and braid, to view 
the desoldered connection. 

(b) 

(c) 

Ill 

(a) 
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chance of achiev ing a successfu l bu i l d  are 
much l ower. A better end product wi l l  resu l t  
i f  you take care a n d  t ime. 

Pat"t of the concept of taking your t ime i s  
to spread the k i t  b u i l d ing  process out over a 
long period .  I t  is a lot  bet t� to have eight 
one hour  or fou r two hour kit bu i l d ing 
sess ions than i t  is to have a s ing le  e ight hour 
sess ion .  The longer the k i t  bu i l d ing sess ion, 
the more m i s takes you are l i ke ly to make. 
When you fi nd yourse l f  getting t i red, losing 
i n terest, or attempt ing to short cut the 
instruct ions, stop. Go bac k to bu i l d i ng when 
you have had a chance to rest. 

Wh i l e  i t ' s  good to take your t ime in 
bu i l d ing a k i t, just keep in m i nd that most 
k i ts come with a l im i ted t ime warranty .  
Th i rty and n i nety day warran ties are typical ,  
so i t  i s  h igh ly  des irab l e  that you assemble 
the k i t  i n  less than that t ime .  If you d i scover 
any defect ive parts or other prob lems, you 
can get them rep laced wi th i n  the warranty 
per iod. Take your t ime, b u t  don ' t  l ose the 
benefi t of any warranty that you may 
rece ive. 

As!< questions. As you ' re b u i l d i ng a kit 
you may have q uest ions about the assemb ly.  
If  the i n s tt·uct ions are not c lear or problems 
ar ise, don't guess .  Don ' t  take anyth ing for 
gt·anted. Attempt to answer the question 
you rself, of course. Study the d i rections 
more carefu l l y .  Ask a fr iend who has bu i l t  a 
s im i lar product. Cal l or wri te the manu
facturer to be sure of  what you 're supposed 
to do before you go on. You can save a lot  
of t ime, money,  grief and d issati sfact ion if  
you get answers to quest ions before going 
ahead wi th what may be an i ncorrect 
dec is ion .  

Use sockets. Many e l ectron ic k i ts do not 
su pp ly  sockets for the var ious components. 
Trans istors, d i odes and in tegrated c i rcu i ts 
are usua l ly  soldered d i rect ly to the pr in ted 
c i rcu i t  board. Some of the more expensive 
and de l icate components may use sockets. 
Wh i l e  soc kets may not be supp l ied, i t  i s  
genera l l y  a good idea to add them you rself. 
The sockets wi l l  a l low you to remove com
ponen ts for troub leshooting pu rposes or to 
rep lace them if  they become defec t i ve. The 
socket wi l l  add a l i tt l e  ext ra cost to your k i t, 
bu t  the advantages are wonh i t. The ease 
with which a produc t  can be serviced when 
al l  of the i n tegt·ated c i rcu i ts are in sockets is 
exce l l ent .  I t  i s  one i nvestment that you may 
quest ion in the beg inn ing  bu t  w i l l  certa in ly  
fi nd  worthwhi le  l ate1· shou l d  you have d i f
fic u l ty .  I f  you choose to use sockets, how
ever, be su re to use h i gh qual i ty new sockets, 
prefet·ably w i th gol d  or other nontarn i sh ing  
fi n i sh on the con tacts. 

Provide yourself with reference resources. 



Many manufacturers supp ly a l l  the i n forma
tion needed to construct the k i t  successfu l l y .  
Add it ional i nformation s imp ly  is not  neces
sary. But  there are some k i ts that requ i re 
you to have add i tional i n formation. For 
examp le, i t  may be necessary for you to 
know the p inouts or theory of operat ion of 
the v.ar ious TTL or MOS i n tegrated c i rcu i ts 
used i n  the k i t. Because of th i s, i t  is a good 
idea to provide you rse l f  with a reference 
l i brary of books, catalogs, data sheets and 
any other i nformation you can get your 
hands on .  You wi l l  a l so find general text
books and app l icat ion notes from the i n te
grated c i rcu i t  manufacturers to be he lpfu l .  
When you run ·i n to troub le  o r  have ques
tions, you r  references can p rovide the 
answers. It is an excel lent i nvestment  that 
you should make at the t ime th at you 
purchase your k i t. 

Two of the most important references 
you shou ld have Me the Texas Instruments 
TTL Data Book or i ts equ ivalent  and the 
catalog or data sheets from the manufactu rer 
of the m icroprocessor used . Adam Osborne 's  
series of microprocessor boo ks are particu
lar ly good and wi l l  a lso make exce l l en t  
background reference sou rces. 

Be careful with components. Most e l ec
tron ic  components are smal l and de l i cate. 
They can be eas i ly damaged phys ical l y  and 
most can certa in ly  be destroyed by excessive 
heat. D iodes, polarized capacitors and most 
in tegrated circuits can be pu t  in backwards 
which wou ld cause improper operation and 
poss ib le electrical damage. I n tegrated c i rcu i t  
p i n s  can a l so be  ben t  and  broken off very 
eas i ly .  Be very carefu l with every component 
as you i nstal l o r  sol der i t .  

Another important p recaut ion concerns 
the i nstal l at ion of MOS i n tegrated c i rcu i ts .  
These devices can be destroyed by static 
electricity. A stat ic charge can be transferred 
to a MOS device by your hand or the 
solder ing iron. Most MOS devices are sup
p l ied mounted i n  p rotective foam to keep 
the pins shorted . Leave the devices i n  this 
foam un ti l  you are ready to i nsta l l  them. 
When you do, be sure you ground  yourse l f  
or  remove any stat ic charge before you p i ck  
up  the dev ice .  I f  you  use sockets, the  MOS 
damage from static charges can be great ly 
reduced. Any charge from the solder ing iron 
wi l l  be dissi pated i n  mount ing the sockets, 
not i nstal l i ng the integrated c i rcu i ts. 
Further, when i n sta l l i ng the i ntegrated c i r
cu i t  in the socket, you can short a l l  the leads 
together by p ress ing the board and soc ket 
against conductive foam.  

Al l  of the above recommendat ions and 
precautions are  obvious for the most part. 
I t's easy to read them and agree with them, 

Provi de yourself with a l i brary of reference i nforma
tion about computers, i ntegrated c i rcu i t  l ogic data, 
etc. I t  wi l l  p rove to be one of the most  val uab le  
p ieces of "equ ipment" in  your personal computing 
endeavors. 

but if  you are · to assemb le  your· kit success
fu l ly, you abso lute ly  must fol low them. I t ' s  
a smal l pr ice to  pay for protecting you r 
investment. 

What to Do If You Have Trouble 

Whenever you pu rchase a k i t  you shou ld  
prepare you rsel f  for the fact that you  may 
make a wir ing m istake o1· encounter a 
defective component. I f  you p l an for th is i n  
the  beginn ing you wi l l  not be surprised if  i t  
happens. In  most cases you wi l l  fi nd that i t  
is no t  a serious problem. I n stead i t  i s  simp ly  
an i nconvenience to ovet·come. I f  you  ap
proach i t  with the right attitude, you wi l l  
no t  be d issatisfied with you r  k i t. Here are 
sam e tips on what to do if  you exper ience 
d i fficu l ty .  

When you fin i sh bu i l d i ng  the  k i t, fo l low 
the  test, checkout and troub leshooting 
i nstructions given by the manufacturer. The 
qual i ty of th is i nformation var ies from one 
manufactu r·et· to another. Some su pp ly  no 
information wh i l e  others fu rn ish deta i led 
troub leshooting charts. Use whatever i nfor
mation is avai lab le to you fi rst before go ing 
on with the recommendations given be low. 

Question the problem. The first th ing to 
ask you rself :  I s  the troub le  you exper ienced 
rea l ly  a problem? It may indeed be, bu t  i t  
may a l so b e  that you are us ing the equ ip 
ment  improperly. The contro l s  may have 
been set i ncorrectly or you may be wrongly 
i n terpreting the resu lts. The so l u t ion to th i s  
is to read the i n struction manua l  carefu l ly to 
be sure that you are doing th ings proper ly .  
In computers, as i n  fly ing, cockp i t  pmb lems 
or p i lot errors are a typical sou rce of 
troub le .  The hardware may be good, but the 
operator may be defective. Even in s imp le  
k i ts th is i s  a very common prob lem.  Due to 
the complex i ty of computers, no k i t  wi l l  be 
tota l ly  immune from this prob lem.  

Checl? your assembly. Once you have 
e l im inated ope t·ator et-rm as the troub le, you 
can assume that you have a hardware 
prob lem.  The first suspect is assemb ly  errors. 
Go back and doub le  check your assemb ly .  
Th i s  is t ime consum ing but  i t  can often turn 
up the prob lem. A good way to do it is to 
have a fr iend help you. Often by work ing 
wi th someone e lse you can find  the prob lem 
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Be su re to remember the 
motto of a certa i n  very 
large computer company:  
T H I N K. The app l icat ion 
of computers as general 
purpose problem solvers 
requ i res thought on the 
part of the user, whether 
the computer is a kit or a 
tradi t ional high pr iced 
p roduct. The only com
puters which have any 
hope of being tota l ly  
" id iot p roof" are those 
which have had the 
thought requ i rements d is
t i l led into a we l l  designed 
app l icat ion program in 
p roducts such as a hand 
calcu lator, a m icrowave 
oven control ler ,  a " turn 
key" app l ication system or 
any s i tuat ion where the 
p rogramming i s  supp l ied i n  
a packaged solut ion to  a 
problem. 

that you may have overlooked yourself. A 
common mistake is poor solder connections. 
It may be d iffi c u l t  to spot one bad solder 
connect ion among thousands, and even a 
bad solder join t  sometimes looks good. As a 
t·esu l t, the first step shou ld be to 1·esolder 
each and every connect ion in the kit .  Aga i n  
th i s  is ted ious but  wi l l  often solve the 
prob lem.  To do this, s imply touch the 
so lder ing i t·on to each soldet· connection 
briefly to remelt the soldet· . I f  you see a wisp 
of smoke come out of the connect ion ,  i t  
may i nd i cate that the rosi n  i n  the j o i n t  was 
not  suffic ien t ly mel ted thereby caus ing a 
poor con nection .  The joi n t  may have been a 
cold solder jo i n t  where no electri cal con
t i n u i ty ex isted at  al l .  S imp ly reheating the 
connect ion made it good. 

As you at·e t·eso ldet· ing the connections, 
look for solder br idges. This i s  a th in trace of 
so lder that is acc ident ly drawn between 
adjacen t  pads on the c i rcu i t  board. The 
solde t· bridge causes a short. These br idges 
are usual ly e l im i nated as each solder connec
t ion is reheated. Bu t  they may not be. As 
you Me resolder ing. each connection, look 
carefu l l y  at adjacent pins to be sure that 
shmts do not exist. Some soldet· br idges are 
so f ine that they are d iffi cu l t  to fi nd .  Use a 
magn i fy ing gl ass and strong l igh t to he lp .  As 
you go through a comp lete c i rcu i t  board you 
may d iscovet· connections that you forgot to 
solder or components that did not get 
insta l l ed pwpe l' iy .  S imply reso lder ing a l l  the 
connect ions i s  an exce l l en t  way to recheck 
you r assembly s ince i t  method ica l ly  covet·s 
a l l  poi n ts. 

Once you have doub le checked your 
so lder ing and assembly ,  again test the equ i p
ment.  Many times the p roblem wi l l  be solved 
and proper operation wi l l  t·esu l t .  I f  the 
d i ffic u l ty s t i l l  exi sts, the prob lem may be a 
defect ive component .  Un less you have had 
spec i fic  experience i n  troub leshooti ng e l ec
tron ic  and d igital equ ipment, locating a 
defect ive component can be d i ffi cu l t . For 
that reason ,  i t  is best to ca l l  for hel p .  

See!? help. The  first step is to  ask a ft· iend 
or the manufactu rer for he lp .  You may be 
ab le to fi nd a ft' iend who has bu i l t  a si m i lar 
p iece of equ ipment or who has experience in  
twub l eshooting. Don' t  hesi tate to cal l or 
wr i te the manufacturer for he lp .  I t  is the 
manufacturer's respons ib i l i ty to he l p  you get 
the k i t  work ing proper ly .  

Anothet· altemative is to see k he lp  ft'om 
your local computer store. Most store 
owners wi l l  be fam i l i ar with common prob
lems and may have j ust the advice, i nfor
mation ot· he l p  you need. 

Before you ask for he lp ,  however, i t  is 
best to isol ate the problem yourself if you 
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can. Write down a l l  of the sy mptoms. Make 
some tests yourse l f  to try to determine what 
i s  happen i ng or not happen ing. I f  the proc
essor runs at al l ,  run some s imp le d iagnostic 
programs · to attempt to isolate the problem. 
Try to obta in as much i nformation as 
possi b le  before you ask for he lp .  The more 
i nfmmation that you supply the better the 
qua l i ty of the he l p  that you wi l l  receive. For 
examp le, one of the t h i ngs that you can do 
is measure the power supp ly  vol tages. Often 
the equ i pmen t is not  work i ng s imply be
cause it . is not rece iv ing power. Use a 
vol tmeter to check power supp ly vol tage at 
each of the p r i n ted c i rcu i t  boards in the 
equ ipment .  I f  an osc i l l oscope is ava i l able, 
check for the p t·esence of c lock pu lses. 

Once you have accumu l ated as much 
i nformation as poss ib le ,  wri te a letter or 
make a phone cal l to the manufacturer. 
Cont inue  this p rocess u n t i l  the troub le is 
located. If a l l  e l se fa i l s, return the kit to the 
manufactu rer or  your local  computer store 
fot· repair .  Above a l l ,  don ' t  g ive up. The t·eal 
fu n beg ins  when you get your computer 
ru nn i ng. 

Kit Versus W i red Products: Your Deci sion 

Kit  bu i l d i ng i s  fu n ,  cha l leng ing and 
sat is fy i ng. I t is educational ,  and you can save 
a lot  of money. Most peop l e  who have bu i l t  
k i t s  successfu l l y  h igh I y recommend i t .  Yet 
some computer hobbyists s imp ly do not 
wan t  to spend the t ime or become i nvolved 
wi th kit bu i l d i ng. They wan t  to concen trate 
on p rogramm i ng and app l i cat ion s. I t  is 
pwbably best that these i t1d iv iduals buy 
wired and tested u n i ts .  Al though th is  re
duces the nu mber of products avai lab le ,  i t  
does e l im i nate the poten tial problems associ
ated with k i t  bu i l d i ng. I t  also e l im i nates the 
benef its .  

Before you decide to buy a wired 
p roduct, you should also consider having a 
fr iend or other i nd iv idua l  bu i l d  the k i t  for 
you. Often you can l ocate someone who is 
wi l l i ng to bu i l d  a kit for a pr ice far lower 
than you wou l d  pay fot· an assembled u n i t  
from the manufactu rer. I h ave heard of 
several examp les where ind iv idua ls  have 
assembled k i ts for others s imp ly to be ab le 
to have the exper ience of bu i l d i ng and us ing 
the k i t  themse lves fot· a period of t ime. 
Thet·e are a n umbet· of sma l l  companies who 
are in bus iness to bu i l d  k i ts for i nd iv idua ls. 
The pr ices are usual ly . less than the assem
b led and tested u n i ts avai lab le from the 
manufactu rer. 

Even though you may have sh ied away 
from bu i l d i ng  a k i t, tt·y it. You may fi nd 
that i t  is easier and more fun than you 
suspected .• 
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Guess who just bought our · 
new MicrofloppY for $1095 

including software? 
Plug-compatible 
for $1095 
iCOM's brand new Micro

floppy@ is specifically designed 
for the personal computer 
user. I t's smaller, using the 
new 5%-inch diskette, and is 
priced at only $1095 including 
disk drive, power supply, 
cabinet, controller/ interface 
card, all cables and connec
tors, �Ius, on diskette, iCOM's 
new FDOS-M software, 
including assembler, editor, 
and file manager. And for a 
l imited time; you also get an 
8K Disk BASIC package at no 
extra cost. 

Best of al l ,  iCOM's Microfloppy@ is 
fully assembled and tested . It's 100% 
compatible with Altair, I MSAI,  Poly 88 
and other microcomputers using the 
Altair bus format. 

*Offer good through April 15, 1 977 

Much faster than a cassette 
This compact, economical Floppy 
Disk System is 10 to 15 times faster 
than a cassette. Programs can be 
loaded in seconds, a source program 
of several thousand characters can 
be corrected and a new file stored on 
diskette in less than a m inute. Any of 
up to 175 f i les can be reached i n  
1 . 5  seconds. 

a division of Pertec Computer Corporation 

iCOM - the leader 
We've been bu i lding Floppy 
Disk Systems for m icro
computers for nearly three 
years. Thousands of our 
systems are operating per
fectly in the field .  Many major 
computer manufacturers have 
incorporated our Floppy Disks 
into their systems. We deliver, 
and we' l l  be around to give 
you service whenever you 
may need it. You see, we're a 
division of Pertec Computer 
Corp . ,  one of the largest and 
most respected manufact

urers of peripherals, microsystems, 
data entry products, and data 
processing systems. 

So you don't need to risk g etting 
burned by a fly-by-night company. 
Order an iCOM ® Microfloppy@l and 
be sure of g etting the best. 

See iCOM's Microfloppy@ now at 
your local computer store. Or contact 
us for the name of your d ealer. 

6741 Variel Ave . ,  Canoga Park, CA 91303 U.S.A. 
(213) 348-1391 TWX 910-494-2788 
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Articles Policy 

BYTE is continually seek
ing quality manuscripts writ
ten b y  individuals who are 
applying personal systems, or 
who have knowledge which 
will prove useful to our 
readers. Manuscripts should 
have double spaced type
written texts with wide mar
gins. Numbering sequences 
should be ma intained sepa
rately for figures, tables, 
photos and listings. Figures 
and tables should be provided 
on separate sheets of paper. 
Photos of technical subjects 
should be taken with uniform 
lighting, sharp focus and 
should be supplied in the form 
o f  clear glossy black and white 
or color prints ( if you do not 
have access to quality photog
raphy, items to be photo
graphed can be shipped to us 
in many cases). Computer 
listings should be supplied 
using the darkest ribbons pos
sible on new (not recycled) 
blank white compu ter forms 
or bond paper. Where 'possible, 
we would like authors to sup
ply a short statement about 
their background and experi
ence. 

Articles which are accepted 
are typically acknowledged 
with a binder check 4 to 8 
weeks after receipt. H onorar
iums for articles are based 
upon the technical quality and 
suitability for BYTE's reader
ship and are typically $ 2 5  to 
$ 5 0  per typeset magazine 
page. We recommend that 
authors record their name and 
address information redun
dantly on materials submitted, 
and that a return envelope 
with postage be supplied in 
the event the article is not 
accepted. • 

Continued from page 14 

pel" iups the extreme case fat- sh ipment of 
BYTE magazines to foreign subsuibers. Not 
sat i sfied with wa it ing th ree months or so for 
the very current i nformation we put '  out  i n  
BYTE each month ,  he started immediate ly 
to search for a l ternat ives. 

H i s  first urge was to impon BYTEs in 
suffi c ient quantity to se l l  to his neigh bors in 
the Sydney area, thereby assur ing ( so the 
theory went)  that he got them on a t ime ly  
basis by way of a bu l k  sh i pment .  W i th that 
in m ind ,  he figut-ed that he 'd send them air 
fre ight to h is shop, then d istri bu te them . N ice 
theory, bu t, i n  bu l k  it cost US $ 1 .50 or 
more to sh i p  each magazine by air -- so h i s  
bu l k  sh i pments ended up  going on the  same 
boats wh ich carry the surface mai l .  ( I t  costs 
nearly US $6 to send just one copy by a i t
ma i l t )  So much for that theot-y. After tak i ng 
a b u l k  sh ipment of BYTE each month for 
several mon ths, j oh n  h i t  upon another solu
t ion to the prob lem : Maybe he cou l d  tal k 
BYTE i n to p t· in t ing loca l l y  for d i str ibu t ion 
i n  Au stral ia .  Short ly after that brain storm 
struck ,  we got ou t- first long d istance phone 
cal l from j ohn  Bannister. 

Phone cal l s  from Austra l i a  are most i n ter
est ing. You 'd expect that a ccnain decay in  
q ual i ty wou ld  occur as the d istance in 
creases. But  much to our surprise, the phone 
conversat ions with J ohn ,  whether by cab le ,  
rad io or sate l l i te, often came through with a 
qua l i ty perhaps ha lf  an order of magn itude 
better than a s imp le  tt·anscon t inenta l  con 
versation w i th  an advertiser i n  Ca l i forn ia !  Of  

6 2  
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course, for such ca l l s ,  e i ther one party or the 
other i s  bound to be half asleep, for the t ime  
d i fferent ia l  i s  1 1  hours between EST and  the 
t ime zone which encompasses Sydney. At 
any rate, the f irst phone cal l was to exp lore 
the possib i l i ty of set t ing up  a new Austral ian 
pub l i sh ing house with j oh n  as the pr inc ipal , 
whose purpose wou l d  be to print an Aus
u-a l ian Eng l ish language version of BYTE.  
Thu s  began a series of long d istance nego
t iat ions,  proposa l s ,  Te lex messages and 
phone ca l l s  concern ing  the arrangements. 
Now that a l l  the negot iat ing and arrange
ments have been crysta l ized i n to a signed 
con tract, we can an nounce what has 
transp i red . 

Beginn i ng  w i th the J anuary 1 977 i ssue of 
BYTE magaz ine ,  two new ed it ions w i l l  be 
pub l i shed for readers in the more tech no
logical l y  soph ist icated areas of Southeast 
Asia .  One ed i t ion, in Eng l i sh ,  wi l l  be pr inted 
and d istr i bu ted to subscr ibers - in Austral ia ,  
New Zealand , S ingapore, Hong Kong, the 
Ph i l i pp ines  and other countries where 
readers of Eng l i sh  are i n terested . . A second 
Asian ed i t ion w i l l  be translated i n to 
J apariese and d i st r ibuted  in J apan .  The 
ed i tor ia l  content of both new ed it ions wi l l  
b e  ident ical ( E ng l ish ed it ion) o r  identical 
semant ica l l y  i f  d i fferen t  in detai l ( j apanese 
ed i t ion ) .  For the first issues, the advertising 
copy w i l l  a l so be ident ica l ;  but John 's office 
in Sydney and h i s  agent in Tokyo w i l l  so l ic it 
loca l advert is ing for these ed i t ions, wh i le  
preservi ng  the opt ion for our  US  advertisers 
to reach these foreign markets .  

Techno logical l y ,  the arrangement is fa irly 

A 8 YTE family portrait, 
circa December 7 976. 
Clockwise from top left 
are Manfred Peschke, Vir
ginia Peschl?e, john Ban
nister and Carl Helmers. 
(Note : the reader probably 
suspects that all those im
pressive lool?ing bool?s in 
the bac/?ground are the 
world 's greatest �ol!ection 
of computer tomes. While 
they do indeed look im
pressive, they 'd really only 
impress a farmer since 
they contain the genea
logical records and trivia 
of the Guernsey cow 
breed.) 
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Subsystem "B" makes the 
· · computer you already have 
work almost as well as 
a new Sol-20. 

Add it now, and for a l imited time 
we' l l  throw in a new module 
with 51 2 bytes 
of preprogrammed PROM 
and 1 024 bytes 
of RAM memory free ! 

Processor Technology's Subsystem " B" 
puts together the major system elements you need 
to get your Altair or IMSA I up and running. 

You get both RAM and PROM memory, 
parallel, serial, cassette and video display inter
faces, and software. Software includes a 512 
byte bootstrap loader program so you can load 
any Processor Technology CUTS ("Byte/Kansas 
City") 1200 BAUD cassette tapes. Standardized 
subroutines in ROM , similar to those in a Sol 
personality module, are used by many Processor 
Technology software packages to improve 
program efficiency. You'll find you rarely need to 
touch your front panel switches. With our 
Subsystem "B" you are up and run ning as soon 
as you turn on the power. 

Three subsystems are available, depending 
on your memory requirements. Each Subsystem 
"B" includes five S-100 bus compatible modules 
as listed below. Each is dependent upon our new 
GPM module (G PM = General Purpose 
Memory) which provides 1024 bytes of low power 
static RAM and 512 bytes of preprogrammed 
EPROM as well as space for up to 8192 bytes 
more of ROM or 2708 type EPROM . The G PM 

module accepts the new ROM version of our well 
known ALS -8 Editor/ Assembler software package. 

With Subsystem "B" you have guaranteed 
compatibil ity with all Processor Technology 
software and hardware products. 

Subsystem Model B55 B95 B175 

Total memory 
provided (bytes) 5632 9728 17920 

Display I/0 VDM-1 VDM-1 VDM-1 

Parallel, Serial I/0 3P + S  3P + S  3P + S  

Tape Cassette I/0 CUTS C UTS C UTS 

Memory 4KRA 8KRA 16KRA 
Price $594 5730 $964 

NOTE: The GPM module with both RAM and PROM 
is included FREE in all the above subsystems. The GPM kit 
is $129 if purchased separately. 

The ALS-8/ROM chip set is $159. SIM-I & TXT- 2/ROM 
add-on set is $60 and requires both GPM and ALS-8/ROM. 

r------ - - - - -- - - - - -- - - - , 

I want Subsystem "B" to get my Alta ir or 
IMSAI up and running. 

D Enclosed is a check for S __ . 

California residents add sales tax. 
No shipping charge. 

D Mastercharge # ____ _ 

( include Interbank No. and 
expiration date) 

D Send more information 

I want :  

D B55 a t  $594 

D B95 at $730 
D B 175 at $964 

Name ______________ _ 

Address _____________ _ 

City ______ State __ Zip ___ _ 

6200 Hollis Street,  Box B 
Emeryvi l le.  CA 94608 (415) 652·8080 

�--- - - - - - - - - - - - - - - - - - - �  
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john Bannister (left) and 
Carl Helmers discussing 
the problems of translating 
B YTE into japanese, while 
perusing the japanese edi
tion of Scient ific Ameri
can, December 7 976. It 
turns out that translators 
do some interesting things. 
For example, in the trans
lated version of an article 
by an author with a name 
of, for example, "Lane, " 
the initials stay in Roman 
characters, but the sur: 
name - since it has a 
generic equivalent in 
japanese script - is trans
lated. But if the surname 
has no immediately identi
fiable generic root or 
equivalent, it remains in 
English spellihg as do tech
nical terms with no direct 
equivalent. 

s imple .  At the t ime we give the final OK to 
the negat ives from which BYTE is pr inted 
each month, our pt· i n ter, The Gemge Banta 
Company of Menasha W I ,  wi l l  make dup l i
cate copies of a l l  the negatives, and  send 
them to Sydney where J ohn  w i l l  modify the 
book to fi t the local ed i t ion .  Eventua l ly this 
wi l l  i nc l ude  loca l adverti s ing, loca l  c l ub  and 
newsletter i nformat ion,  and poss ib ly putting 
in new product i n formation and rel ated 
items of in terest to local readet·s. The bu l k  
of the material i n  the magaz i ne w i l l ,  how
ever, remain identical to the US ed i t ion .  

A l l  ou t· Austra l ian ,  J apanese and  Asian 
subscr ibe t·s wi l l  be given the option of 
convert ing their subscript ions to the local 
ed i t ion which ,  due to its s imu l taneous pub
l i cat ion, wi l l  be up to date as opposed to 
th ree months beh ind  cl ue to sh ipp ing delay. 

Once i t  became apparent that we wou ld 
be ab le  to get together on this venture, J ohn  
made the  tr ip from Sydney to  Peterborough 
NH via Lost Angeles. I cal l it Lost Ange les 
because the a i r l i ne  on which he was trave l ing 
managed to lose h is l uggage i n  the transfer. 
At-r iv ing at Logan Ai rpot·t, Boston (after 
neglect ing to te l l  anybody what f l ight he was 
com ing on ) ,  he was met by Debra "Sher
lock"  Boucl r ieau of BYTE, who in a feat of 
deductive reason ing and i nvestigation ,  
managed to p inpoint the fl ight and J ohn  
Bann ister, us ing on ly  h i s  one  statement, " I ' l l  
b e  there a t  8 : 30 tomorrow morn i ng. " As 
recounted later, it was a s imple deduct ion :  
There was on l y  one transcon t inenta l  fl ight 
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out of Los Ange les which arr ived at Logan at 
8 : 30 AM,  and an  Austra l ian newly arrived is 
easy to spot: Aftet· an e l apsed travel t ime of 
22 hours with essen t ia l ly no s leep, watch for 
the on ly person who is wal k ing i n  a daze. , 

After i n i tia l  gt·eetings on arrival in Peter
bmough, J oh n  sacked out for about  1 5  
hours ,  after wh i ch we began an  i n tensive 
series of conferences on the deta i l s  of 
pub l i sh ing remote ly ,  how to atnnge sh ip
men t of the negat ives, t iming the mon thly 
operat ion ,  etc. After a busy two days, I 
p ic ked up J ohn  at m idn ight on December 1 ,  
and we spent the wee hou t·s at my home and 
labot·atmy d iscussing th ings and  comparing 
notes on the prob l ems of computer enthu
siasts in  our respect ive coun tries. After I 
d ropped h im off back at the motel around 4 
AM,  we a l l  showed up at the BYTE offices 
and took the p ictures accompanying th is  
ed itor ia l .  Then , with the contract signed, 
Virg in ia  and Manfred Pesch ke and J ohn 
went  to  New York  (by way of  Boston )  for a 
vis it to Scientific American ( see box) and 
some of the fab led surp lu s  out lets which are 
repu ted to st i l l  ex i st in that c i ty. Manfred 
and V i rg in i a  fi na l ly  saw J ohn off to Aus
ual ia from New York and re turned to 
Peterbomugh that weekend.  

One of the deta i l s  of the Austra l ian  
arrangement i s  a surpr ise and del ight to 
Debot·ah Luh rs, who has been with BYTE 
nearly from the begin n i ng. In order to assure 
a bit of experience, as far as hand I ing 
subscr iber orders and managing an offi ce is 



IF YOU'RE STILL PLAYING GAMES 
IT'S BECAUSE YOU HAVENT SEEN OUR SOFTWARE LIBRARY 

Bond 
Bui lding 
Compound 
Cyclic 
Decision 1 
Decision 2 
Depreciation 
Efficient 
Flow 
Installment 
Interest 
Investments 
Mortgage 
Optimize 
Order 
Pert Tree 
Rate 
Return1 
Return 2 
Schedule 1 
Part 2 
GAMES 
Animals Four 
Astronaut 
Bagel 
Bio Cycle 
Cannons 
Checkers 
Craps 
Dogfight 
Golf 
Judy 
Line Up 
Pony 
Roulette 
Sky Diver 
Tank 
Teach Me 

PICTURES 
A. Newman 
J . F.K. 
Linus 
Ms. Santa 
Nixon 
Noel Noel 
Nude 
Peace 
Policeman 
Santa's Sleigh 
Snoopy 
Virgin 

VOLUM E  TWO 

Part 3 
MATH & ENGINEERING 
Beam 
Conv. 
Filter 
Fit 
Integration 1 
Integration 2 
Intensity 
Lola 
Macro 
Max. Min. 
Navaid 
Optical 
Planet 
PSD 
Rand 1 
Rand 2 
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This BASIC SOFTWARE LIBRARY is a complete do it yourself kit. 
Written in everybodys BASIC immediately executable in ANY computer 
with at least 4K, no other peripherals needed. Over 1000 pages of source 
codes, descriptions and instructions. 

* * Also available at most computer stores * * 

This  l i b rary is the most comprehensive work done of its k i n d  to date. There are 
other software books o n  the market today but they are dedicated to computer 
games. The intention of this work is to allow the average i n d iv idual  the capabi l ity to 
easi ly perform useful and productive tasks with a computer. A l l  of the p rograms 
contai ned within this L ibrary have been thoroughly tested and executed o n  several 
systems.  I ncluded with each program is a description of the program, a l i st of 
potential users, instructions for execution and possible l im itations that may arise 
when r u n n i ng it on various systems. Listed in  the l i mitations section is the amount 
of memory that i s  req uired to store and execute the program i n  K Bytes. 

Your Library 11 Welting 
The much req uested Vol u mes I l l  & IV are ready. I f  you already have Volu mes I 

and II you' l l  want to add these to your set. With the addition of Volume IV there is 
n o  reason why anyone who even THINKS of using a computer can't own their own 
SOFTWARE LIBRA R Y. You can start yours for less than $ 1 0  plus postage and 
h an d l i n g .  These programs are 1M MEDIA TEL Y executable in  A N Y  computer with at 
least 4K. The entire L ibrary is 1 000 pages long,  chocked Fu l l  of Program sou rce 
code, i nstructions, conversions, memory requ i rements, examples and m uch 
more. A L L  are written in  com pati b le  BASIC executable i n  4 K  MITS, S P H ER E, I M S, 
SWTPC, P D P ,  etc. BASIC compi lers avai lable for 8080 & 6800 under $ 1 0  
elsewhere. 

V O L U M E  I & I I  - $24.95 each 
V O L U M E  I l l - $39.95 each 
VOLU M E  IV - $ 9.95 each 

add $1 .50 per volume for postage and handling. 1 0% discounts on purchases of 
any three (3) volumes. 
Volume d i scou nts are avai lable to q ualif ied users & dealers. 

Personal checks - al low 4 weeks for shipping. Pricing subject to change without 
notice. I f  air mail sh ipping desi red add $3 per volume to price, Continental U . S .  
only.  Foreign orders a d d  $8 for each volume. e SCIENTIFIC RESEARCH 

w�aw BANKAMERICARD 

... 
1 7 1 2-B FARM I NGTON COURT 

CROFTON, MD 2 1 1 1 4 181 
P H O N ES O R DERS CALL 

(800) 638-9 1 94 

I N FO RMATION a n d  MARYLA N D  R ES I D ENTS 
CALL (30 1 ) 721 - 1 1 48 

I m" "".'' ��o��e 
Sphere Trian 
Stars 
Track 
Triangle 
Variable 
Vector 

Part 4 

PLOTTING & STAT 
Binomial  
Chi-Sq. 
Coeff 
Confidence 1 
Confidence 2 
Correlations 
Curve 
Differences 
Dual Plot 
Exp Distri 
Least Squares 
Paired 
Plot 
Plotpts 
Polynomial Fit 
Regression 
Stat 1 
Stat 2 
T -Distribution 
U n paired 
Variance 1 
Variance 2 
XY 

APPENDIX A 
BASIC STATEMENT D E F  

VOLUME THREE 

Part 5 

ADVANCED B U S I N ESS 
Bi l l ing 
I n ventory 
Payroll 
Risk 
Schedule 2 
Shipping 
Slocks 
Switch 

VOLUME FOUR 

G E N ERAL PURPOSE 

PROGRAMS 
Bingo 
Bonds 
Bull 
Enterprise 
Football 
Funds 1 
Funds 2 
Go-Moku 
Jack 
Life 
Loans 
Mazes 
Poker 
Popul 
Profits 
Qubic 
Rates 
Retire 
Savings 
SBA 
Tic-Tac-Toe 
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A Note of Thanks to Scientific American 

We at B YTE wish to thal'll? David Trussell 
of Scientific American for taking time out of 
a busy schedule to meet with Virginia and 
Manfred Peschke and john Bannister of 
B YTE zo discuss some of the problems and 
pitfalls of publishing foreign language edi
tions of magazines. With the japanese km

guage edition ofi B YTE we begin our first 
such version in translation, and it proved 
quite helpful to us to have a bit: of informal 
and friendly advice from people experienced 
in that endeavor. 

We also learned that Scientific American, 
which is printed on extremely high quality 
paper, has lately been having trouble procur
ing supplies. The paper is necessaty to 
achieve good reproduction of the color 
images which are so characteristic of their 
product. Who could possibly be eating &p all 
the good quality paper? It tums out that 
there is a hot competition between Scien tific 
American, Ou i  and Penthouse to see who 
can buy all the special paper. This quality 
magazine is being skinned alive.' 

WHO NEEDS IT? Z-80 
COM PUT E R 

B i p h a se cassette recorder i nter
face, d i g ital c o m p a rator, no 
adj ustments, switch - se lecta ble 
speeds. Alta i r, I MSAI,  Ta rbe l l  
compatible.  M a n u a l  $2.50 Kit 
$1 20.00. Assembled $1 60.00. 

N EW 

U n ivers a l  cassette i nterface with 
i ndependent latched i n put port 
for keyboard or other use, inter
r u pt c a p a b i l ities, switch-select
a b l e  baud rates, 800 to over 1 0,000 
baud, d ig ital  comparator, level 
a n d  sync ind icators, status ports, 
extra IC pads for recorder relay. 
User sel ecta b l e  sync c h aracter. 
Alta i r, I M SAI,  Tarbel l ,  Kansas 
City. M a n u a l  $3.50 Kit  $1 35.00. 
Assembled $1 80.00. C.O.D. $1 .50. 

DAJ EN Electronics 
721 4  Spr ing leaf Ct. 
Citrus He ights, CA 9561 0 
(91 6) 723-1 050 

SYSTEM with RAM/P R O M  M o d u l e  
Cabi net & E x pans ion P / C  Backp lane 
Co ntro ls  a n d  Power S u p p l ies M a n ua l s  
- 1 /0 O pt i o ns, K it $395 .  

ALTAI R/I MSAI/PO LY/S O L  
Compatible Modu les 

Z-80 Processor B oard $ 1 50.  
8080/6800 CPU B oard 1 30. 
8080A C P U  & R A M /P R O M  2 1 0. 

Memory Modules 
4/8/ 1 6/3 2 K  R A M  fro m 1 00. 
2/4/8/1 6 K  P R O M  from 90. 
1 -0/Co mmun ications m o d. 9 5. 
V ideo D isplay M o d u l e  1 80. 
3M Cartridge & I nterface 290. 
F l o p py D isc & I nterface 690. 
D E C  LS I - 1 1 /4 K M o d u l e  800. 

COMPUTER SYST E MS 
( 3 1 3) 779-8 700 

26401 Harper Ave. 
St. C la ir  Shores, M ich. 48081 
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concerned, j oh n  thought it a good idea to 
take u p  a suggest ion which Virgi n ia made: 
that Debbie shou ld travel to Austra l i a  for a 
few months to he lp set up the office of the 
new fi rm,  BYTE Pub l icat ions [ Austr! J apan ] 
Pty Ltd . A l though Debbie left today 
( December 6 1 976} as th is  ed itoria l is being 
w1· i tten ,  she sti l l  doesn ' t  q u ite bel ieve that 
i t 's a l l  rea l ly  happen ing !  

Who i s  J oh n  Bann i ster, our  new "Affi l iate 
Pub l i sher - Southeast Asian Ed i t ions" 7  
j ohn  i s  a man  of  considerab le experience i n  
the  Austra l ian e lectron i cs i ndu stry, i n  the 
Sydney area. He  became i n te rested i n  sma l l  
scale data processing systems fo l lowing Don 
Lancaster 's  or ig ina l  TV typewr i ter art icles in  
Radio Electronics and the l ater art ic les by 
j onathan Ti tus  and company on the Mark-8 
processor i n  that same pub l ication .  His 
assistant i n  bu siness operations (book
keep ing and moral support department} is 
his wife Pame la, and he 's we l l  aware of the 
possi b i l i t ies fo1· us ing persona l  computers i n  
the  educat ion of h i s  two preschoo l age 
ch i l dren. He ' s  conv inced (as are we) that it is 
j u st a matter of t ime unt i l  the revo lu t ion of  
personal comput ing we 've seen in th is 
coun try f ina l ly reaches h i s  own country and 
j apan - to say nothing of the other tech
nologica l l y  or iented countr ies of the wor ld .•  

WHEN YOU NEED 

SOLDER 

SPECIFY: NOKORODE 
"P. C." SOLDER 

LET OUR REPUTATION GIVE YOU THAT 

EXTRA M ARGIN OF 
S A F E T Y . 

AT FINE ELECTRONICS STORES EVERYWHERE. 

MFG. BY: 
M. W. DUNTON COMPANY 
350 KINSLEY AVE. - BOX 6205 
PROVIDENCE. A. I. 02940 
401 - 331- 3600 

11lU!>l lt<E 51GII 
or '"£ 
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M O R E  il1£i1£1JN M AG I C ! ! !  

Now . . .  the al ready tremendous val ue of M E RLI N ,  t h e  best , most versat i l e  video i nterface, 

is an even g reater val ue w i t h  the introd uct i o n  of two i nexpensive add-on feat u res . 

SOFTWARE CASSETTE 1/0 
$29 .00 

1 500 BAU D 
M ER L I N ' s  Software 1 500 Baud Cassette 1 / 0  is an 
external add-on to the M ER L I N  V ideo I nterface. I t  
connects, a l o n g  with a keyboard , to t h e  M E R L I N  KYBD 
and 1/0 Port t h rough a 16 cond uctor f lat cable.  The kit 
incl udes a manual with a l ist ing of al l  necessary 
software, also avai lable as part of the M El ROM . 

SU PER DENSE G RAPH ICS 
$39 .00 

320H X 200V R ESOLUTION 
M ER L I N 's S u per Dense G ra p h i cs i s  an add-on board 
which mou nts d i rect l y  to the M ER L I N  Video I nterface. 
Each of 64,000 g raphic  dots is individually control lable 
and located on-screen. The kit  i n c l udes a manual with 
X-Y coord i nate transformat i o n  software l i st i n g .  

For more i nformat i o n ,  fast , write u s  d i rect . 

Pricing : M ER L I N  Manual . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 1 0 .00 
M ER L I N  Assm . . . . . . . . . . . . . . . . . . . . . . . . . . . . $349.00 M ER L I N  Kit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $269 .00 
M B I  RO M / R A M  . . . . . . . . . . . . . . . . . . . . . . . . . . $ 39.95 M El ROM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 34.95 
Su per Dense Add-on . . . . . . . . . . . . . . . . . . . . . .  $ 39 .00 Cassette 1 / 0  Add-on . . . . . . . . . . . . . . . . . . . . . .  $ 29 .00 

M aster Charge and BankAmericard accepted . 

_.... M 1 n 1Term Assoc1 ates , 1 nc .  �-a--.... .... �����_,.. ... a... . Box 268, Bedford , M ass. 01 730 (61 7) 648-1 200 
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San Fran cisco Bay A rea - Where It A ll Started - Has Its First Home Co mpu ting Con ven tion 

7 ,000 to 1 0,000 People 
1 00 Conference Presentations 

200 Commercial & Homebrew Exhibits 
Two Banquets with Outstanding Speakers 

Special-Interest Social Centers 
Publication of Proceedings Being Planned 

In Northern California 's Largest Con ven tion Facility, San Fran cisco 's Civic A uditorium 

ONFERENCE SECTIONS ON HOME COMPUTING 
Being Pla n n e d  

• <;:omputer Graphics on Home Computers 
• Computer-Driven & Computer-Assisted Music Systems 
• Speech Synthesis Using Home Computers 
• Computers & Amateur Radio 
• Computer Games: Alphanumeric & Graphic 
• Personal Computers for the Physically Handicapped 
• Computers & Systems for Small Businesses 
• Tutorials for Hardware Novices & Software Novices 

• Software Design for Personal Computers 
• Microprogrammable Microprocessors for Hobbyists 
• Optical Scanning for Inexpensive Program & Data Input 
• Floppy Disc Systems for Home Computers 
• Hardware & Software Standards for Personal Systems 
• Seminars for Club Leaders, Editors, Organizers, etc. 
• Personal Computers in Education (associated with a 

University of California short-course) 

- - A ND M UCH M O R E --

PRESENT-WORLD & FUTURE-WORLD BANQUET SPEAKERS 
Ban quets to be Held in San Francisco 's St. Fran cis Ho tel 

Fascinating Speakers will Discuss the Past , Presen t ,  & Future 
• Frederik Pohl,  Science Fiction Writer; 

Lecturer to NASA, American Astronautical 
Society, New York Academy of Sciences, 
World Future Society, etc. 

Robots You Can Make for Fun & Profit 

• John Whitney , Pioneer Computer Film Maker, 
Computer graphics experimenter under grants 
from NEA , Guggenheim Foundation, & IBM 

Digital Pyrotechnics: The Computer in Visual Arts 

• Henry Tropp , Mathematician, and Principal 
Investigator for History of Computers 
Project jointly sponsored by the 
Smithsonian I nstitution & AFIPS 

The 1 940's: The FIRST Personal Computing Era 

• Ted Nelson, Author & Fantast, Director of the 
Xanadu Electronic Literary Network, 
Lecturer at Swarthmore College 

Those Unforgettable Next Two Years 

:15-::1..7, :1877 • 1!1&.:0. £:ra.:n.ci.I!ICO 
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GET YOUR FREE COPY 
O F  THE 

SILICON GULCH GAZETTE 
• Details of the programs & speakers 
• Information about the banquets' arrangements 
• Accommodations information , & registration forms 

for the St Francis Hotel ( Faire Headquarters Hotel ) ,  
& the other three Computer Faire hotels 

• Pre-registration details for the Faire 
(reduced admission for those who pre-register) 

• Details of the Pro ceedings expected to be published 
• Articles about the homebrew exhibits 
• Weather information , & tourist trivia regarding 

San Francisco 
• Listings of the commercial exhibitors 
• AND ,  j ust to make it interesting : 

- "Hot news': & raging rumors from "Silicon Valley" 
( the San Francisco Bay Area) 

- Product announcements, equipment descriptions, 
hardware & software news, etc. 

CO-SPONSORS INCLUDE AMATEUR, 
PROFESSIONAL, & EDUCATIONAL GROUPS 

• The two largest amateur computer groups:  
Homebrew Computer Club 
Southern California Computer Society ( SCCS) 

• Both Bay Area Chapters of the Association for 
Computing Machinery (ACM) 

San Francisco Peninsula Chapter 
Golden Gate Chapter 

• IEEE Computer Society's Santa Clara Valley Chapter 
• California Mathematics Council 
• Stanford University's Electrical Engineering Dept. 
• University of California's Lawrence Hall of Science 
• People's Computer Company ( PCC ) 
• Community Computer Center 
• Bay Area Microcomputer Users Group ( B AMUG) 
• Professional & Technical Consultants Assn ( PATCA) 
• Amateur Research Center 

april 15-17, 1977 · sa.:n. :fra.:n.cisco 
@77·1 · 1 2  by Computer Fa i re 
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Simplified Omega 

Photo 7 :  Mini-0 microcomputer interface, with the radio frequency front 
end. The RF front end (in the foreground) is essentially a receiver for 7 0 I< Hz 
radio signals broadcast by Omega transmitters widely spaced around our 
planet. The device was built in prototype form using perforated board and 
sockets, as seen here. The microcomputer interface (to a jOL T system) is via 
the mounted plug at the right of the interface box (rear unit in photograph). 

WHIP 
A NTENNA 
I N PUT 

I K  

.0 1  

TO FRONT E N D  

( FI G  2 )  
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Antennas 

Ralph W Burhans 

Research E ngineer and Lecturer 

Ohio U n i versity 

Electrical E ngineering Dept 

Athens OH 457 0 1  

The receiver i s  designed to u se an E-fie ld 
short whip or wire antenna of random 
length . This type of antenna  is often cal led 
an "E-fi e ld"  an tenna because it responds to 
the e lectric fie l d  component of the rad io 
signal .  A 20 em wire wil l do  in many cases if 
the antenna i s  mounted i n  the c lear. A 1 0  
meter length wi t·e works wel l  i n  cases where 
there is not a lot  of local 60 Hz harmonic 
in terference. Unfortu nate ly ,  the Omega 
System 's 1 0. 2  kHz  is exactly the 1 70th 
harmonic of 60 Hz and u rban laboratory 
mon itors sometimes have prob lems with 
bursts of 60 Hz  in te rference from h igh 
power SCR-T R I AC contro ls  or rotating elec
trical machinery. The boat owner or aviation 
.buff usua l ly  doesn 't  have problems with AC 
l i ne i n terference and a short whip mounted 
verti cal ly w i l l  often suffice for the antenna. 

Preamp l ifier 

The p reamp l ifier of figu re 1 is con
structed in a sma l l  weatherproof box with a 
t igh t feed th rough i nsu l ator or fi tti ng righ t at 
the antenna and a coax ial cable lead- in for 
the s ignal back to the receiver (see photo 1 ) . 
The coax supp l ies both power to the preamp 
and a preamp l i fied Omega signal bac k to the 
fron t  end module .  The circuit i s  not cr it ica l 
but  shou ld  be adjusted for a broadband peak 
at about 1 0.2 kHz by m inor changes i n  the 
0.02 11F capacitor across the i nductor. 
Tapp ing down on the 600 ohm l i ne  output 
transforme1· improves the Q of th is  s imp le  
bandpass fi l te r  c i rcuit .  

Figure 7: Mini-0 antenna preamplifier, 7 0.2 
kHz. This preamplifier is shown as con
structed in one version in photo 4. The 
2N5 7 39 transistor must be selected for a 
high �- Power for this preamp is sent up the 
coaxial cable from the front end unit, thus 
sharing the same wire with the signal. The 
transformer, T, is a 600 ohm center tapped 
to 600 ohm center tapped line to line 
transformer, a Mouser 80TM07 6  or 
80TM009 part number in electronics cata
logs. The Q factor for this amplifier is 2, 
with a gain of 20 dB at 7 0.2 kHz. 



Receiver Details 

ping down o n  the 600 ohm l i n e  output  
transformer improves the  Q of th is  s imp le  
bandpass fi l ter c i rcu i t. 

The preampl ifier has an i npu t  impedance 
of 1 megohm with a 1 k ohm series resistor 
as a current l im iter for gross i n te rference 
such as from nearby l ightn ing d ischarges. We 
have yet to bu rn out a 2N38 1 9  J F ET in 
these fron t  ends but have had troub le with 
s imi lar  MOS FET input  transistors in  ear l ier 
preampl ifier systems. Other J FETs l i ke the 
M PF1 02 wi l l  work j u st as wel l .  

The 2N5 1 39 PNP  transistor p rovides a 
gai n  of 20 d B  or so in th is c i rcu i t  and the 
transistor shou ld  be selected for a h igh beta, 
greater than 1 00 if poss ib le .  The Q of th is  
ci rcu it i s  about 2 which supp l ies som e  
desirable reduction of low frequency and 
high frequency in terference i n  the very first 
stages of the receiver. 

Front End 

The heart of the rad io frequency analog 
circu itry involves a mu l t i stage bandpass fi l ter  
with two active fi l ters and two passive 
mechanical fi l ters, as in figure 2. The signal 
from the preampl i fier drives the first Sei ko 
SM-31 R mechan ical fi l ter d i rect ly from the 

Omega Navigation is a method of determining where your boat or plane is 
currently located, anywhere on the globe. It is a "free " method of navigation 
to a certain extent, since it is sent out by the cooperating nations via radio 
transmissions for shipping and defense traffic, but is available to any 
technological hitchhiker willing and able to build the proper interface. (Free 
in this instance is defined to mean the accounting for each person 5 share of 
the tax cost is so diffuse it can 't be traced.) 

In this month 's installment, Ralph W Burhans continues the Omega 
information with the description of the detailed function and circuitry of an 
Omega navigation receiver which can play with any microprocessor system 
possessing an 8 bit input port. [The M i n i-0 Om ega receiver design is i n tended 
for an experienced amateur  e lectron ics person, and to the best. of our 
knowledge i s  not yet ava i l ab l e  i n  k i t  form for the novice. ] How do you use it 
once it s built? The details of the software will have to wait until the third 
and final part of this series, by Richard j Salter, which will appear in the next 
B YTE. 

680 ohm isol ating resistor which su pp l ies 
power to the preampl i fier. Th is f irst stage of 
mechanical passive fi l ter ing i s  fol lowed by an 
active tu nable bandpass fi l ter  to he lp  1·educe 
sideband responses and increase the system 
gain. A 1 k ohm pot at the output of th is  
fi rst active fi l ter i s  used as a rad io frequency 
ga in contro l .  The next stage i s  qu i te sim i l ar. 

LM324 QUAD OP AMPS 

01� 500 01� 500 

IN9 14 DIODE 
BR I DGE L IM ITER 

6. 8 K  

I K  

+ 5V 47K 
V/2 BUS 

IOK 

V/2 BUS 

IK OUTPUT 
TO ZERO 
CROSSING 
DETECTOR 

Figure 2: Mini-0 mechanical filter front end amplifiers. This active circuit uses two mechanical filters manufactured by Seiko to 
provide a narrow bandwidth of 74 Hz at the -3 dB points and a gain of 40 to 60 dB. The output passes through a diode bridge 
limiter implemented with an operational amplifier section, prior to reaching the zero crossing detector of figure 3. The physical 
construction of this circuit is sho wn in photo 3. 

7 1  

• 



Photo 2: Mini-0 in operation on the bench. The setup shown here uses a Teletype Model 33 ASR with the } OL T computer (at 
right in front  of power supply), and the Sinclair clocl? reference (in front of interface box on bench). The display on the 
oscilloscope shows output from a lines of position digital to analog conversion output described (in concept) in part 7 of this 
article. 

The Seiko filters are ava i lable 
from: 

Se i  ko I nstruments I nc 
2990 W Lomita Blvd 
Torrance CA 90505 
Phone ( 2 1 3) 530-3400 

Seiko also has fi lters for the 
1 1  .333 and 1 3 .600 kHz  
Omega channels ;  write for 
i n formati on.  The orig ina l  
SM·B fi l te r  has now been 
changed to type SM-31 R .  

Order a SM·3 1 R 1 0.200 kHz 
2 piece k it :  u n it cost $8.50 X 
2 pes = $1 7 ,  postage and 
handl i ng charge $1 .50 
[6% sales tax for Ca l i fornia 
Residents on ly ] . 

We have fou nd that it is usual ly necessary to 
provide the 1 k load resistors to ground at 
the output  o f  each of the operationa l  ampl i 
fier stages as  shown, to help 1-educe regene
ration prob lems [ ie :  osci l l at ions neither 
p lanned or  desi red ! which depend on the 
part icu lar pal-ts l ayout on the c i rcu i t  board. 

The overal l  system gain  and frequency 
response can be altered by changing the 
6.8 k ohm feedback resistors across the first 
two op amps to 1 5  k ohms or so. However, 
too much gain here resu lts i n  instab i l i ty. The 
overa l l  gain of this fi l ter and l im iter c i l-cu i t  is 
about 40 dB as shown. The bandwidth i s  
about 14  Hz at  the  -3 d B  points and the 
sk i rt selectiv i ty is exce l l ent, about -80 d B  
down a t  the next Omega channel  frequency 
of 1 1 . 33  kHz !  

Several other types of front end bandpass 
fi I ter arrangements have been used with 
Verni tron ceramic fi l ters and with Statek 
quartz tu n i ng fork  fi l ters. However, these Me 
more d iffi cu l t  to fabr i cate and adjust prop
edy or i nvolve more expensive ci rcu i try 
compai-ed to that req u i l-ed for the Sei ko 
SM-31 R mechan ical fi l ters. 

A l ignmen t of the fi l ter of figure 2 is q u i te 
s imple .  A stable fu nction generator with a 
s ine wave output at 1 0.200 kHz is fed to the 
input termina l  th rough an iso lat ing capac itor 
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and attenuator. The output from the l im iter 
stage i s  obse l-ved on an osc i l loscope and 
tu ned for a peak amp l i tude  by adjust ing 
both 500 ohm tr immer resi stors on the 
bandpass stages. It might be desirable to 
check the impedance match i ng by al ter ing 
the 0.002 .uF  input capac itors from each 
SM-31 R fi l ter. These se rve to "tune" the fi l ter 
peak to about 1 0.200 kHz bu t  are rather 
broad. A capac itance between 0.002 and 
0.003 mF i s  usua l ly requ i red and a fixed 
ceram ic type capac i tor i s  adequate or 
perhaps two para l l e l  ceramic capacitors to 
adj ust each fi l te r  peak to 1 0.200 kHz (such 
as 0.002 in paral l e l  with 0.0005} .  In tu n ing 
the fi l te r  c ircu i t  be sure to attenuate the 
signal generator to a low level so that the 
l im i ter is not c l i pp i ng  the peaks at the 
output. The operation of the l im i ter  can be 
checked by i ncreas ing the dr ive to the fi l ter 
to the point where the output  starts to look 
l i ke a square wave with munded-off corners. 
The l im i ter peak-to-peak th resho ld i s  about 
1 V us ing 1 N91 4 d iodes. Other types of 
l im i te r  c i rcu i ts us ing the MC1 357 or 
LM21 1 1  IC chips have also been used but  
the  s imp le  d iode b l- idge c i rcu i t  of figure 2 i s  
adequate for most Omega u sers. I f  you 
happen to have a dual channe l  osc i l l oscope, 
the phase shift versus s ignal amp l i tude may 



Photo 3: Mechanical filter front  end board. This picture details the construction of the mechanical filter front end for the 
Mini-0 receiver, described by the circuit diagram of figure 2. The potentiometer hanging loose at the left is the 7 k RF gain 
potentiometer, R 7 in figure 2. The board shown here also includes the zero crossing detector of figure 3, at the right. 

be checked by observing the i npu t  signal on 
one channe l  and us ing this to synchron ize 
the scope sweep wh i l e  observing the fi l te r  
output  on the  other channe l .  There shou ld  
be very l i tt le  sh ift of  the  phase as  the  signal 
level i s  increased up to the point of l im it ing. 
At the l im i ter th resho ld on ly  a sl ight phase 
shift shou ld be observed. If a l arge change i n  
the phase when l im it ing i s  observed, i t  
usua l ly  means the  c i rcu i t  l ayout i s  poor and 
some kind of regeneration i s  tak ing p l ace, or 
undesirable feedback; extra bypassing of the 
V/2 power bus with a tanta lum low i n
ductance capacitor of 1 0  p F  might he lp, or 
reduce the overa l l  c i rcu i t  gain by changing 
the act ive fi l ter feedback resistors to a lower 
value. 

Zero Crossing Comparator 
and Envelope Gate Generator 

The output of the l im i ter of figu re 2 
dr ives the comparator c i rcu i t  of figure 3 .  
The 1 0.2  kHz zero crossi ngs are obtained 
from one section of a quad LM339 com
parator i n tegrated c i rcu i t. This  c i rcu i t  is 
designed with a smal l amount of  hysteres is 
and is i n tended to be cente red on the V /2 
output  level of the l i m i ter stage output DC 
leve l .  LM339s are not perfect and u sua l ly  
have a sl ight offset so that i t  is desirable to 
trim the exact operati ng po int  by summ ing a 

very smal l  correct ion from a resistor re
turned to the posi tive power supp ly of +5 V. 
A va lue of 500 k ohms to 2 megohms i s  
usua l ly suffic ient with 750 k shown i n  the 

IOK 
OUTPUT 
10. 2 zx 

+_j_r----<1�6;;��VPIN BY-'1:: IOOJLF PASSING ON LM339 ;;; O ( I 2 ) GND 

( Z E RO CROSS INGS PER SECOND) 
( TO F IG 7 )  

+ 5V 

IOK 470 

IOK 

SIGNAL LEVEL IND ICATOR 

Figure 3: Zero crossing detector. This circuit shows the LM339 comparator 
sections used lo determine zero crossing transitions (A), monitor the current 
signal level (B) and generate the automatic starting gate output (C) based on 
current signal level. The zero crossings output threshold is set by resistor R2, 
which must be selected to give the best threshold response. The auto start 
output is an "envelope gate ": It is high when the signal is above the threshold 
set by R3, and low when below that threshold. 
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AUTO- START 
GATE FROM 
FRONT· END 

� 

- -

AUTO I 
MANUAL f:o------' 

u o-o --<t'cr' a---, 
CLEAR r. rfl .. 

START I 

47K 
+ 5V 

STOP 47K 
BUTTON 

+5V 401 1 

40 1 1 

\ I \ /-PIC K  ONE 

7 B  

' 
1- - ·. 1 Hz CYCLE � ( 10 SEC ) 

125mS STROBES 

TIM ING TO 
I NTERFACE 
FIG 7 

FOR MEASUREMENT 
WINDOW FL IP FLOP (F IG 7l 

LED STATION IND ICATORS D E F G H A c 

Figure 4: Housekeeping timer circuit (HKT). The housel?eeping timer is used 
to generate all the signals needed by the interface. A crystal oscillator is 
shown with a 215 Hz (32. 768 kHz) frequency, with wiring indicated for use 
of the Sinclair Radionics "Black watch " wristwatch as an alternative source of 
the signal. (If the watch is used, omit the crystal oscillator.) A three position 
slide switch is used to control operation modes, which include automatic 
start, manual starting or a clear operation. The LED display driver outputs of 
the DM8865 provide a continuous monitor of the Omega cycle, and the A 
slot is monitored by the interface to the computer to give software a timing 
reference to stations. 

d iagram of figure 3. The idea here is to 
adj ust the comparator such that it wi l l  
p rovide a square wave output with a s  low as 
1 0  mV peak-to-peak i nput  centered on abou t 
V/2. Th is  thresho ld wi l l  correspond to about 
1 0  jJ.V peak-to-peak at the antenna termina l  
(about 3 jJ.V rms) which is usua l ly  wel l  
below t h e  antenna noise level when the gai n 
ahead of the comparator is abou t 60 d B. The 
front end gain wi I I  be abou t 20 dB for the 
p reamp l ifier p l u s  a m in imum of 40 dB for 
the fi l ter and l imi ter which provides 60 d B  
tota l .  More gai n  can b e  provided i f  requ i red 
by changing the amp l i fier feedback resistors 
on the active fi l ters as mentioned previously. 
Thus the zero crossi ng comparator shou ld 
p rovide an output square wave for essen
t ia l ly a l l  s ignals and noise when the antenna 
is connected to the p 1·eamp l i fier. The output  
of the  comparator i s  a hard l im i ted square 
wave, bu t  the fi l ter- l im iter c i rcu i t  has what is 
known in the trade as a c l i pped l i near 
character i st ic. The edge posit ion of the 
comparator square wave contains the basic 
phase i nformation of the Omega signal p l u s  
the  noi se developed a t  t he  antenna with in  
the  fi l ter bandwidth used.  

The other sections of the comparator are 
used to provide an envelope output signal 
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with a peak detector and an adjustab le 
th reshold gati ng c i rcu i t. The peak detector 
dri ves a signal level i nd i cator which i s  handy 
for observing strong signa ls  l i ke the North 
American 0 channel on 1 0.2  k Hz, as wel l  as 
the overa l l  rece iver noise leve l .  The meter 
shou l d  k i ck  u pscale sl ightly when the anten
na i s  connected even in a very e lectrical ly 
qu iet  env i ronment. The typical no ise leve l  in  
the 1 0 k Hz reg ion wi l l  vary from 1 0  jJ.V to 
1 00 jJ.V per meter of antenna length (assum
ing a perfect energy transfer at the antenna) 
for a receiver bandwid th of 1 5  Hz or  
so. The Omega signals w i l l  vary from a low 
of about 1 0 J.1V to a h igh of 1 000 jJ.V 
depending on the range of the observer to 
the Omega transmi tter. The noise level 
du ri ng local thundershowers can be much 
greater than the s ignal ,  and 60 Hz harmonic 
i n te rference can often comp letely ob l i terate 
Omega signa ls  as observed on a scope at
tached to the rad io  frequency front end . 
However, the d ig i ta l  p rocessors which fol l ow 
the zero crossing edge output can track 
s ignals bur ied in a l arge amou n t  of noise 
with p roper p rog1·amm ing. [Software is the 
touchstone of computer applications./ 

The adjustable th resho ld gate is used as 
an automatic start signal for operati ng the 
housekeep ing  timer (HKT) c i rcu i try. We 
usua l ly  a l so connect an LED  from +5 V 
through a 330 ohm series resi stor d i rectly to 
th i s  gate output poi n t  to ind icate when the 
strong 0 channel  i s  on. An audio beeper 



circu i t  connected at th i s  po int  is a l so a 
handy device when first start ing to observe 
Omega signals. Th is  amp l i tude gate output is 
zero when on, so it operates as a current s ink  
when dr iv ing external d ig i ta l  i n te rface hard
ware. We have found that th i s  c ircu i t  wi l l  
start the d igital log ic operati ng 95%  o f  the 
time or more, even i n  the presence of a iot 
of noise b_ecause the D channel  Omega signal 
is qu i te strong for most observers in North 
America. For others, a manual start opt ion is 
p rovided in  the housekeep ing tim er c i rcu i t, 
and for the very soph i st icated u ser, an 
au tomatic synchronization rou tine  can be 
developed us ing the m icroprocessor w i th 
appropriate software. 

Housekeeping Ti mer and Local 
Clock Osci l lator 

I n  order to operate an Omega rece iver i t  
is necessary to  have some sort of  t imer 
c i rcu itry and reference c lock osci l l ator. The 
timer provides a means of tel l i ng the receiver 
which stations are being received, and the 
clock p rovides a reference for comparing the 
phase d i fferences among stati ons. The c lock 
osc i l l ator drives the t imer c ircu i try through 
an appropriate series of d iv ider stages. A 
very s imp le housekeep ing t imer c i rcu i t  based 
on a clock frequency of 2 1 5  Hz is shown in  
figure 4. 

A 32.768 kHz  quartz crystal of the type 
found in d ig ita l  wristwatches is u sed.  The 
timer c i rcu i try here p rovides a n umber  of 
very conven ient  gat ing and contro l  signa ls  
for operating external m icroprocessors or 
hardware d igital sensor systems. The timer is 
started with a master reset gate ( M R) ob
tained from the front end automatic start 
output or from a manual pushbu tton. A 
set-reset fl i p  flop ho lds  the t imer on as long 
as the rece iver is operating. The t imer can be 
reset by switch ing to the stop pos it ion (or 
clear) and momentari ly operating the same 

control pushbutton. The housekeep ing t imer 
tel l s  the rece iver user where the Omega 
sequence is with LED  ind icators. For a 
microprocessor i n terface on ly  one of the 
stations need be se lected to iden tify where 
the Omega sequence is, such as starti ng at 
the A or D channels .  Beg inn ners m ight fin d  
that a str ing o f  eigh t LEOs, o n e  for each 
time slot, i s  a value in u nderstand ing the 
operation of the Omega sequence. 

A un iform measu rement window method 
has been used in  this housekeep ing t imer 
c i rcu i t. I f  the c lock is started at the be
g inn ing of the D Omega t ime s lot, then the 
sequence of gates is as shown i n  figure 5 .  A 
measu rement window for each Omega t ime 
s lot is obtained with add it ional c lear, stop ,  
and read gates for each one .  The measu re
ment  window width can be a l te red by start
i ng on pu l se 1 and stopp ing on 8 i n stead of 
2 and 7 as shown in figure 4. The goal here i s  
to  prov ide an easy way of  te l l i ng the 
m ic roprocessor when the measu rement is 
val id. The HKT generates e ight time slots 
every 1 0  seconds with 1 0  shorter 1 25 ms 
control gates for each one u nder the option 
of whatever the u ser desires to p rogram.  

Clo_ck Adjustments 

The 32.768 kHz clock shou ld  be ad justed 
for an offset of 5X 1 o-6 or less. A reasonably 
good frequency counter with a b u i l t- i n  
1 MHz  temperatu re compensated crystal 
osc i l l ator time base can be used. F i rst adj ust 
the tr imming capacitor on the c lock osci l l a
tor to read 32.768 with a 1 second coun ter 
gate t ime. Then adjust  for 32.7680 w i th a 1 0  
second gate t ime. I f  a period averag i ng 
feature is avai lab le on the frequency 
counter, 1 o4 periods of the 32.768 fre
quency wi l l  resu l t  in a number l i ke 30. 5 1 757 
microseconds which gives a read ing of ±3 
parts i n  1 o7 precision w i th respect to the 
frequency counter  t ime base crysta l .  I f  you 
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Photo 4 :  The RF preampli
fier, shown built with a 
homebrew printed circuit 
board and mounted in a 
shielded metal housing. 
The antenna is mounted at 
the left, with the connec
tion to the receiver front 
end box via coaxial cable 
at the right. 
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Figure . 5: Timing diagram, 
showing how the logic of 
figures 4 and 7 combine to 
produce a hardware de
fined measurement win
dow which will validly 
sample a segment of the 
signal from each station. 
The diagram assumes that 
the automatic start begins 
on the leading edge of the 
signal from the D station. 
The portion of the trans
miSSIOn interval between 
dotted lines in the E, F, G, 
H; A, 8 and C station 
signals is monitored by the 
Mini-0 software through 
the interface. 
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do not have a frequency counter, the nearest 
CB repa i r  shop usua l ly does, and the c lock 
may be carried to the frequency coun te r· 
location for i n i tial adj ustment. Once 
adjusted the c lock may be operated in the 
on-off . mode with occasional checks us ing 
the Omega signal to estimate the offset for 
period ic reca l i bration. 

Commercia l  and m i l i tary Omega receivers 
often use a temperatu re compensated crystal 
osc i l l ator clock on a frequency l i ke 
2 .61 1 200 M Hz (28 X 1 0.200 kHz) .  Su i tab le 
d iv ider chains can be easi ly assemb led to 
generate a l l  of the Omega time slot functions 
from th is  particu lar frequency. It is a lso 
possib le  to devise frequency synthesizer c i r
cu i ts based on 5 MHz standards and some 
receivers have an atomic clock reference for 
use i n  the d i rect ranging mode. The 2 1 5  Hz 
watch crystal osci l lator provides adequate 
stab i l i ty when treated with some care and is 
many orders of magnitude less expensive 
than other methods. 

Other 21 5 Hz Clocks 

A S i ncla ir B lackwatch or the Westclock 
GT-500 wal l  c lock movement have been 
used to provide the 2 1 5  Hz signal with an 
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i solat ing h igh impedance buffer amp l i fier. A 
c i rcu i t  to modify the S i nc la i r  watch k i t  is 
shown in  figu re 6. The output of th is  c i rcu i t  
i s  used to d rive the osci l l ator of figure 4 by 
removi ng the crystal from the c i rcu i t  of 
figu re 4 and d r iv ing between ground and the 
i nput  s ide of the osci l l ator gate r ight across 
the frequency trim capac i tor. The GT-500 
c lock requ ires an addi t ional 4024 d iv ider 
stage to generate 2 1 5  Hz from the crystal 
frequency of 22 1  Hz.  

Marine navigator types m ight f ind that a 
c lock such as the S i nc la i r  B l ackwatch which 
has a d igita l  d i sp l ay for t ime. of day in 
hours-m inutes, or m inu tes-seconds, is of 
val ue a l so as a ce lestial navigation chro
nometer. Once the c lock has been properly 
adjusted, the user can even est imate when 
the D channel shou ld  be operati ng by 
keep ing track of the c lock offset on a dai ly 
bas is us ing the seconds readout. The S incla ir 
watch kit can p rovide better than 1 second 
per  week offset w i th  respect to  Omega. Thus 
the receiver user can also start the receiver 
manua l ly by operating the pushbutton when 
the est imated D channel  second  in terval is 
d i sp layed on the c lock readout. The gati ng 
system of figu re 5 w i th u n iform t ime s lots i s  
designed such that  ·errors up  to  a q uarter of  a 
second can be tolerated and sti l l  p rovide 
some measu remen t window. The automatic 
start ing gate wi l l  start u sing the strong D 
channel  with in 50 ms of the correct station 
spac ing i l l u strated in figure 5 ,  and manual 
push to start operat ion can be  achieved 
with i n  1 00 ms with some p ractice in "clock 
watch ing. " 

M icroprocessor I nterface 

The next step in the receiver operation 
i nvolves convert ing the 1 0.2  kHz Omega 
zero crossings to a samp led set of 6 b i t  
numbers. F i rst a s ing le  ch ip  rate mu l ti p i  ier, 
an RCA CD4089BE ,  mu lt ip l ies the 
32.768 kHz frequency by 5/ 1 6  to generate 
1 0240 zps (zero crossi ngs per second) clock 
rate. There wi l l  be some j i tter at the LSB 
rate but th i s  wi l l  wash ou t i n  the p rocessor 
wh ich needs on ly  six of the eight b i ts for 
Omega use. 

The Omega zero crossings are fed to a 
d igital m ixer c i 1·c u i t  consist ing of one D fl ip  
f lop ( l-'2401 3)  and m ixed with 2 1 1  Hz ob
tained from the house keep ing t imer c i rcu i t  
of figu re 4 .  The mix ing formu la  here i s :  

I F =  f - (m+ 1 )  2n 

where : 

I F  is the i n te rmediate frequency i n  Hz, 
f i s  the i nput  frequency, 
m is the harmonic number of 2n Hz 

, 



which is nearest and lower th an the i npu t  
frequency, 
n is an i n teger. 

The resu l t  for Omega is I F  = 40 Hz when 
2n = 2048 Hz and m = 4. We have now 
converted the Omega 1 0.2  kHz signal to a 
40 Hz signal us ing s imp le  d ig i ta l  mix ing 
where the phase of the edges of the 40 Hz 
track the  Omega phase with i n  2048/40 or 
with i n  5 1 .2 parts per cycle .  Th is  i s  a con
ven ient numbe r  i n  that 5 X 5 1 .2 = 28 . A 
6 b it  number ( 1  part i n  64) can specify the 
Omega phase but the p recis ion of measu re
ment wi l l  only be 1 part in 5 1 .2 of the 
actual Omega phase. This i s  more than 
adequate for s imp le  Omega receivers which 
typica l ly  have errors of ±1  naut ica l  m i le, and 
8 mi les represents an Omega lane. In effect 
the b i nary system generates phase to with in 
2/1  OOths of an Omega cyc le or lane as 
app l ied to d i stance measu rement  over the 
earth surface. It i s  a l so worth not ing here 
that the phase d i rection of the 40 Hz signal 
changes opposite to that of the Omega 
signal ,  that i s, the effective LO is on the h igh 
side of the Omega signal or 1 0240 Hz is 
above 1 0200 Hz by 40 Hz. This  is of no 
consequence s ince the subtraction to obtain 
the correct l i ne of posit ion d i rect ion can be 
reversed us ing complementary ar i thmetic. 

The 40 Hz output signal from the m ixer 
i s  i nherently noisy and a l so contains  h igher 
harmonics of the LO. A b inary phase lock 
loop ( BPLL)  consisti ng of the 4030-40 1 1 
and 4040 CMOS ch ips of figu re 7, p rovides 
n ine bi ts of fi lter ing and a c lean 40 Hz 
signal .  The phase data contained i n  the 
40 Hz edges may actua l ly  be u sed at th i s  
point without any m icroprocessor by start
ing an RS fl i p  flop With an 8 Hz edge 
obtained from the housekeep ing t imer and 
stopp ing with the next 40 Hz edge. The 
width of the resu lt ing on-off p u l se i s  d i rectly 
proport ional to the phase of the orig in al 
1 0.2  kHz Omega signal with respect to the 
local c lock which generates the 8 Hz ref
erence. A su i tab le cou nter, averaging, and 
subtraction c i rcu i t  can be devised in hard
ware to measu re Omega l i nes of posit ion 
where the fi l ter ing t ime constan t wi l l  be the 
width of the gating i n terval of figure 5 ,  or 
about 8 Hz/5 for a bandwidth of 2 Hz. 

For m icroprocessor use we samp le  the 
cycl ing 40 Hz clock obtained from the rate 
mu lt ip l ier and 8 stage counter of figure 7, 
with the 40 Hz Omega signal from the 
binary phase lock loop fi l ter .  An 8 b i t  th r·ee 
state l atch (4508) stores the i nd iv idua l  
Omega phase readings as 6 b i t  data and the 
other two b i ts of the latch are used to store 
the station status i nformation from the 
gating c i rcu i try of figu re 7. These 8 b i t  

I ntegrated Circuits for VL F- L F  Receivers 

In our VLF·LF navigation 
lab at Ohio University we have 
found a great many standard 
I C  chips useful for Omega 
( 1 0 kHz range) or Loran·C 
( 1 00 k Hz range) receivers. 
Experimenters ski l led in  the 
art of fabricating h igh gain 
receiver circu itry might wish 
to substitute various other cir· 
cuits for the Mini·O front end 
system. The fol lowing l ist of 
I Cs has been used with both 
Omega and Loran·C systems: 

AM Receiver Chips 
( identical circu its) 

Fairchi ld uA 720 
National LM 1 820 
RCA CA3 1 23 
Signetics N546 

AM-FM.SSB Receiver C h i ps 
( not identical circuits) 

Fairchi ld uA721 
National 
Plessey 
RCA 

LM373 or LM374 
S L1 624C 
CA3089 

FM L i miter-Detector Chips 
( used as envelope detectors 

TUN I NG 
CAPACITOR 
IN WATCH 
C IRCU IT 

- 32.768 KHz 
CRYSTAL 

ADDED BUFFER C IRCU IT 
24 pF 470K 

by feeding input to l i miter, 
also to quadrature i n put) 

Fairchi ld uA 721 

National  LM21 1 1  
rdentrcal 

Signetics U LN21 1 1  � . . 
RCA 

.
CA2 1 1 1  

types 

FM L imiter A mpl ifiers 
( not identical circu its) 

Signetics 
Signetics 
National 
National 
National 
Fairchi ld 
RCA 
R CA 

U LN2208 
U LN2209 
LM703 
LM37 1 
LM370 (AGC type) 
uA757 (AGC type) 
CA3028 
CA3053 

There are probably others 
which would  be suitable; refer 
to the manufactur-!!r's l itera· 
ture and application notes. 
One of the newest types, the 
Fairchi ld uA721 , appears to 
work for both Loran-C and 
Omega receivers and has the 
potential for providing a noise 
blanker  using the mixer stage, 
without addi ng any additional 
active circu itry to the front 
end. 

20M 

Figure 6: Use of the Sin
clair "Black watch " wrist
watch kit as a source of 
the 215 Hz reference sig
nal (32. 768 kHz). This cir
cuit was used by the au
thor to provide both chro
nometer functions and 
Omega reference timing by 
mounting it in a plastic 
case so that the L EDs 
could be seen (see photo 
2). 

2 15 H z 
ALTERNATE REFERENCE 
CLOCK SOURCE 

TO 
SEGMENTS 
OF WATCH 
D ISPLAY 

(TO F IG 4 )  
+3V 

.....____.� 
:�} TO DIG ITS 

OF WATCH 
D3 D ISPLAY 

D4 

rC_A_U_TI_O_N_: -----, \__ IC NO. I IN SINCLAIR 
SOME MODELS MAY HAVE " BLACKWATCH "  K IT 
SL IGHTLY DIFFERENT 
PI NOUT NUMBER ING . 
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MIXER 
14 ( F IG  4 )  

4040 

INTERRUPT 
TO NMI -OR IRQ-

40Hz LOCKED S IGNAL OF 6502 p. P  

2 15 X 5/16 • 40 X 2 8 ,-----�------------t-,_------� OUT 

+5V 4520 

OUT 4099 

Eo 
" 15 " 

c s 

BINARY 
RATE 
MULT I PL IER 

Figure 7: 8 bit processor interface. This is the interface used with the jOL T 
or KIM- 7 versions of an M OS Technology 6502 in the author's laborat01y. 
The address selection logic is shown in figure 8. Tfie mixer and phase lock 
loop generate a 40 Hz difference frequency which drives the processor's 
interrupt line. This signal also provides the latching signal to the 4508 bus 
interface, so that when the processor responds to the interrupt it will have the 
data which was current at the time of the interrupt. The binary rate 
multiplier (4089) is used to divide the reference frequency to provide a 
crystal controlled clocl? into the reference counters, so that the count of 
CJystal controlled cycles can be read following the interrupt. 

numbers now become the raw Omega data 
for processing and status using interrupt  
req uests to  the  m icwprocessor at  every 
40 Hz posi tive going edge. The data is used 
as i f  it were h igh order memory add ress with 
a decoder from the microprocessor address 
l i nes and output to the 8 bit data bus with 
appropriate software, figure 8. There are 
other ways of imp lementing the i n terface 
with about the same hardware depend ing on 
the particu la 1· m icroprocessor system used. 

If the 625 ms sample window of figure 5 
is used, then there are 25 Om ega phase 
read ings va l id for each t ime slot. That is, 
there wi l l  be 25 cycles of the 40 Hz signal i n  
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8 B IT 

4049 PROCESSOR 

DATA BUS TO 
PROCESSOR 

D6 ON FOR A ONLY 
D7 ON FOR 625 ms OF EACH 

TIME SLOT 
4013 
MEASUREMENT 
WINDOW 
FLIP FLOP 

625 ms. The microprocessor software de
signer can man i pu late th is data i n  various 
ways. Some receivers fi rst est imate a mean 
or mode value. Many Omega p rocessing 
systems create a software track ing loop 
wh ich i s  s im i l a r  i n  pr inc ip le  to a phase 
loc ked trac king loop as used in analog 
c i rcu i ts. Th is  can be done 'i n the 40 Hz case 
by p rogramming i n  i ncrement-decrement ad
d i t ion to the 40 Hz i n terrupt edge posit ion 
such that the new calcul ated posit ion wi l l  
tend t o  b e  exactly at the same phase value 
for each readi ng. This estimate is stored in 
memory for each t ime slot creating what we 
wou ld cal l  a software memory aided phase 
locked track i ng · l oop. The loop output  be
comes the phase of each t ime slot with 
respect to the cyc l ing 40 Hz reference c lock 
and i s  subtracted i n  pa i rs to generate l i nes of 
posi t ion. 

A microprocessor can be p rogrammed to 
do th i s  with 1 00 or so i n structions. An 
equ ivalent hardware memory aided phase 
locked loop and l i nes of posit ion subtraction 
wou ld requ ire at least 20 add i t ional i n te
grated c i rcu i ts as wel l  as a memory. Thus the 
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SELECTED 
WITH THESE 
INPUTS 4 0 4 9  

0 

0 

0 

UPPER 4 BITS OF 
MEMORY ADDRESS 

Figure 8: Partial address 
decoder. In a small system, 
where only a portion of 
the total address space is 
actually used, it is possible 
to get away with partial 
decoding of addresses. 
This decoder lumps all ad
dresses of the form hexa
decimal 8xxx together as 
the (single) address for the 
Omega interface; for sys
tems where memory ad
dress space utilization is a 
problem, other address de
coding con figurations 
should be used. 
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TO 
D I SA B LE OF 
4508 LATCH 
(SEE FIG 7 )  

microprocessor can do  th is j o b  a s  we l l  as a l l  
the remai n i ng computation to output  some 
usefu l navigat ion information and st i l l  have 
space left for whatever the system designer 
wishes to do. 

At th is point we leave i t  up  to the 
software designer to implement a navigation 
system on the m icroprocessor. We have 
su pp l ied raw phase data at a su itab le low 
data rate (40 Hz) ,  a col l ection of Om ega 
sequence and t ime signals for i n terrupt and 
control of microprocessor fu nctions, and 
means of i9entification of where the Omega 
sequence is at a particu lar time. The first 
stage in p rogramming involves deve lop ing 
sensor p rocessor fi ltering of the data down 
to the l i nes of position level. The s implest 
marine  receiver m ight req u i re only two l i nes 
of position outputs. Further soph istication 
wou ld  involve conversion to l atitude and 
longitude, range angle, d i u rnal corrections, 
mu l ti p l e  frequency redu ndant systems, d i f
ferent ia l  corrections, etc. The next article i n  
th i s  series, by Richard Sal ter of our labora
tory, p resents some of the sensor software 
deta i l s. 

Test Equ ipment Recommended 

The M i n i -0 rece iver system i s  intended 
for fabri cation by those sk i l led in modern 
e lectron i c  c i rcu it arts. It is not recom
mended for the total novice. Access to some 
test equ ipment i s  requ i red for al ignment and 
checkout. An osc i l loscope, preferably a trig
gered sweep model, a stable aud io fu nction 
generator, and a frequency counter with a 
quartz crystal t ime base, are suggested.  

The fu nction generator shou ld be capab le 
of tu n i ng the range of 5 kHz to 20 kHz with 
some reasonable stab i l i ty (with an i n ternal 
regu lated DC supply) and a tun ing rate such 
that the frequency of 1 0.200 kHz may be 
set to with in  a few Hertz. The adjustment of 
the very narrowband front  end requ i res 
setting the fu nction generator to the center 
frequency of 1 0.200 kHz and th is should, be 
checked with the aid of a frequency counter 
operat ing i n  para l l e l  or triggered from the 
fu nction generator synch ron iz ing output. We 
have used the EXAR m odel X R-2206KA k i t  
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{ava i l ab l e  from J ames E lectron ics, POB 822, 
Be lmont CA 94002, for about $ 1 8  as a basic 
chip p l u s  c i rcu i t  board ) .  Th i s  provides a 
conven ient squarewave output  for checking 
frequency in  paral le l  with the s ine wave 
output. A good q ual i ty logarithm ic tun ing 
potentiometer i s  requ ired i n  these types of 
function generators. 

The frequency counter  shou ld have a 
1 0  second  t ime base w i th a quartz crystal 
reference that is accu rate to with in ±1 X 1 o-6, 
or has a low offset. I f  you do  not have th is 
item, many rad io  amateurs often use them in 
the i r  shacks, as wel l  as CB  repa i r  shops. 
Some frequency counters have p rovis ion for 
us ing an external t ime base which can 
p rovide the req u i red p recis ion for in i tial 
adj ustmen t  of the 32.768 k Hz clock osc i l la
tor. The S inc la i r  B lackwatch k it a lso has 
i nstructions for adjust ing the offset us ing 
WWV time ticks on the h igh frequency 
(short wave) rad io  bands. Th is  takes longer 
than us ing a good frequency counter but is 
adequate for the patient  exper imenter. For 
the experimenter  who is i nvolved with time 
and frequency measu rements, a good 1 M Hz 
secondary standard i s  suggested.  Many oven 
con tro l led crystal osc i l lators are on the 
surp l u s  market. (He rbach and Rademan, 
401 E E rie Av, Ph i l ade lph ia  PA 1 9 1 34, h as 
several with p roportional oven controls in 
the $ 30 to $50 p ri ce range; a reasonably 
pr iced temperatu re com pensated crystal 
osc i l l ator is ava i l ab le  from Bl i l ey E l ectric Co, 
2545 W G randview Blvd,  Er ie PA 1 6508, the 
model TCCO which requ i res 26 mA +5 VDC 
and costs about $75 . )  

Some exper imenters m ight even wish to 
consider the poss ib i l i ty of us ing an external 
1 M Hz frequency standard as the m icro
p rocessor c lock system so that a l l  of the 
t im ing fu nctions cou l d  be accomp l i shed with 
prec i sion us ing the m icrocomputer  i tse lf  
without ever us ing a spec ia l  pu rpose Omega 
clock in the i n te rface. 

When us ing an osci l l oscope, it is suggested 
that most measurements be made with a low 
capaci tance p robe so that the waveform 
d isp layed w i l l  not be d i storted by the l ead 
capacitance to the scope. When observing 
the i npu t  signal at the p reamp l i fier  output 
term inal or at the i npu t  to the front end, an 
ord i nary coax ia l  lead to the scope may be 
used because the impedance at th i s  point is 
abou t 680 ohms. However, the output of 
many of the CMOS logic c i rcu i ts is a much 
h igher impedance, and d istortion of the 
actua l  waveform wi l l  take p l ace un l ess a low 
capaci tance p robe is used.  The CMOS logic 
c ircu its wi l l  tolerate up to someth i ng l i ke 
1 30 p F  add i tiona l  capacitance, but th is can 
d istort a 1 MHz signal .• 



FLIP OVER 
OUR FLOPPY 
Only $750 from Peripheral Vision. 

Peripheral Vision is a brand-new company that's dedi
cated to sell ing reasonably priced peripherals for various 
manufacturers' C PU's. 

We think you' l l  f l ip over our  first product. 
It's a ful l-size floppy disk for the Altair-lmsai plug-in 

compatible S-1 00 BUS. And it's available for as low as $750. 

Here are the features: 

• 1 interface card supports 4 d rives 

• Stores over 300,000 bytes per floppy 

• Bootstrap E PROM included-no more togg ling or 
paper tape 

• Completely S-100 plug-in compatible 

• Interface cabling included 

• Drive is from l nnovex (the originator of the floppy 
concept)-assembled and tested 

• Interface card design is l icensed from Dr. Kenneth 
Welles and the Digital G roup 

• Disk operating system with f i le management system 
included on floppy 

• Cabinet and power supply optional 

Prices: 

Interface card kit and 
assembled and tested drive 

Power supply- +24V at 2A 
Cabinet-Optima, blue 

Kit Assm. 

$750 $850 
45 65 
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Now, a l ittle more about our company. 
Peripheral Vision may be brand-new, but we have some 

old-fashioned ideas about how to run o u r  business. 
We know there are serious incompatibilities among the 

different manufacture rs' periphe rals and CP U's. We want to 
get them together. And, we want to bring sign ificant new 
products to market- products consisting of everything from 
adaptation instructions/kits for hardware and software to 
major new products. 

It's a tall order, but we feel we' re up to the task. 
Peripheral Vision has already obtai ned a l icense from 
The Digital G roup to adapt versions of some of their prod
ucts to the S-100 BUS. And we' re working on getting more 
from other companies. 

Most important to our customers, Peripheral Vision is 
committed to helping you get along with your computer. 
We' l l  do all we can to make it easy. 

Write us now for all the i nformation on o u r  company, 
our  phi losophy and o u r  exciting l ine of products. And be 
prepared to fl ip over all of it. 

PO. Box 6267 / Denver. Colorado 80206/ (303) 733-1678 
Send me the works, and I j ust might flip over it! 

Name ________________________________ __ 

Address ______________________________ ___ 

City I State/Zip __________________________ _ 



Continued from page 1 3  

attem pt ing to se l l  the user the idea that 
the D E C  P D P-8 that d rove the reader 
wou ld  f i t  i n  the palm of his hand in  a 
few y ears. _The I n te l 8008 was j u st out ,  
and those outs ide  the in tegrated c i rcu i t  
worl d cou l d  not unde rstand i ts poten tial . 

I n  p ri nters '  terms the paper has a l i ne  
screen of 25% dens i ty ,  si m i lar  to  a 
pri n ted photograph .  A l l  we d id was to 
p lace the dots where we wanted them.  
To d o  th is the RCA Vid iocorn p  was 
d ri ven  with our dot " font ." Th e worst 
problem in producing th e m aster was 
th at the tech n ic ians adjust ing the V id io
com p  did not real l y  d o  a good job on the 
sweep l inear ity .  I t  was n 't necessary in 
text, bu t  i t  real l y  carn e out  in  our  read er. 
Th e data is encoded in  a phase-l i ke 
method where a long the scan l i ne  the 
b lack dot is pl aced to e ither the righ t or 
l eft s ide of  the cel l ,  thus a b lack wh i te or  
a wh i te b lac k. When scanned and con
verted to an an alog signal , you have 
e i ther  a posit ive or negative transi t ion at 
the ce l l  center the same as many cassette 
tape recorde rs. This was done as we had 
just  f in i shed a cassette recorder d esign. 
Th e reader  h as a three cel l  scan h ead . 
Two ce l l s  track the l i ne ,  and the th i rd i s  
the data cel l .  The organ izat ion i s  l i ke a 
d i sk ,  where the first few l i nes at the 
begi nn i ng are a d isk d i rectory - i n  this 
case chap ter paragraph l i ne number  
starts. You can  use  the runout  on each 
sid e  to cou n t  your  posi t ion the same as a 
d i sk  head position encoder. 

If anyone wants more i n formation 
p l ease contact me,  C R Conk l ing  j r, at 
P O B  3 1 0, Sh oreh am N Y  1 1 7 86,  
(5 1 6 ) 744-9475.  

G RA Y  SCA L E ?  

I a m  fol lowing y o u r  series of art ic les 
on the optical bar code readers w i th 
great i nterest. Basical l y  I agree with 
Messrs Ban ks and Sanderson ( D ecem ber 
1 976 BYTE,  page 1 2 )  that opt ical bar 
code read ers and low cost pr int ing w i l l  
be " the  way t o  fl y . "  I w o u l d  ad d that 
software wou ld  best be d istri b u ted as 
source code, al though the techn ique  
cou l d  obvious ly be u sed  for sou rce or  
object code. I wou l d  suggest that the 
S!Jggested format ( figu re 2 ,  page 1 6 ) be 
en l arged to inc lude a one byte " record 
ty pe"  code. Th is wou ld  al low for a far 
more f lex ib l e  system at very small cost. 

I borrowed my son's ( inexpensive )  
m icroscope and gave the sam p le  bar 
codes ( figu re 4, page 1 7 )  a c lose look.  
One th ing  became qu ick ly  apparen t :  
Even  on t he  low d ens i ty sam ple  a lens  
system of at l east 200X was req u i red ! 
Any l ess and I cou ld  see more than one 
bar at a t ime.  Secon d l y ,  ho l d i ng the 
pape r flat to preven t  m isfocus ing  was a 
p rob l em .  The h igh d ens i ty sam p les had a 
p rob lem obvious to the u naid ed eye -
the i n k  sm eared (see copy enc losed ) .  My 
experimen t  i nd icated that  your  sam ple  
( e )  was abou t the best .  Sample  (c )  carne 
c lose ,  bu t  m igh t  presen t  prob lems in  
trac king.  

Several thoughts on the su bject :  
Some form of audio feed back from the 
computer (h ave the processor make a 
"c l i ck"  noise by toggl ing  a one b i t  
output  port i n to a speaker )  wou ld  h e l p  
maintain t h e  correct scan rate a n d  te l l  
when you had strayed off the t rack. 
Perhaps the bar code system is not  the 
u l ti mate way to go; how abo u t  a " gray 
scal e"  - you cou l d  pr int  wh ite ,  3 3 %  
ha lftone, 66% halftone, and b lack (giving 
fou r  levels)  or  what have you. The 
hal ftone system wou l d  al low pr int ing of 
w ider  bars whi le  y i e l d i ng h igh b i t  
density , thus  reduc ing the req u i rem ents 
of the lens system .  One f inal  though t :  
W i th proper forethough t, t h e  b a r  code 
"penci l" cou l d  double as a " l ight pen ."  

Please keep up  the good work,  espe
cia l ly on this subject .  I bel ieve you are 
on to som eth ing very worth wh i l e .  

Car l  K Z eltner WSH FG 
1 08 M oss Dr 

San Antonio TX 7821 3 

As noted earlier (see january 8 YTE, 
page 7 7) the smearing of the high 
density samples and variability of the 
spacing rule out their use. The actual 
problem can be attributed to a nonuni
formity in the response of the photo
graphic preparation of the plates for the 
print run, since the smearing was seen in 
our "blueprint "  proof copy of December 
B YTE. 

The magnification of the optics is not 
the problem; rather it is the aperture of 
the lens, and masking of that aperture so 
that only one bar width at a time is 
viewed. The slit method (see comments 
in another section of this forum) shows 
good promise as an inexpensive but quite 
usable form of optics for bars such as 
those we've printed in recent tests. The 
larger the area of the opening, the 
greater the amount of the bar which is 
sensed. The narrower the effective aper
ture (whether or not a lens is used), the 
higher the density can be made. 

N RZ ,  ANYON E ?  

was very g lad to see your art ic le o n  
bar coding, and I h ope i t  w i l l  b e  a 
su'cces

.
s. There are a cou p le  of improve

ments I 'd l i ke to see, though . 
S ince you 're pr int ing the bar code,  

won't  you please pr int  the same data in 
human readable form,  too? The U n i 
versal Product  Code has the n u m bers 
p ri n ted .  Punch cards have the i r  p rob
lems,  b u t  at least with them you can te l l  
exactl y ,  ch aracter fo r character,  what's 
going i n to the mach ine .  With paper tape 
(or your bar code formats) you can 
puzzle i t  out, but only with a lot of 
work. Of cou rse, with magnetic tape 
there's no hope. Y ou ' re suggest ing 5 0  
bi ts per inch ! n o t  anymore 1 s o  you 
could prin t  the correspond ing  hexa
decimal characters immed iate ly be low 
the bars at 1 2 .5 characters per inch .  ( I 've 
fou nd 1 2  to 21 characters per inch in 
BYTE artic les.)  Of course, i f  you ' re 
pr int ing ASC I I  ch aracters, the ch aracters 
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themse l ves cou l d  be used i n stead. I f  a 
m ispr in t  keeps one  fram e of bars from 
being read , I 'd su re rather key in 1 25 
hexadec i m al characters than 500 pain
fu l l y  dec iphered  b i ts .  

Si nce bar  codes  can  be the sam e as 
saturated magnetic tape codes,  I 'm sur
p rised you d i d n ' t  suggest the N RZ ( N on 
Return to Zero)  code.  In i t ,  the medium 
is d i vided i n to equal cel l s .  A trans i t ion 
( from wh i te to bl ac k  or b lack  to white)  
i n  the center  of a ce l l  represents a one,  
w h i l e  n o  trans i t ion represen ts a zero.  A 
transi t ion also occurs at the end of every 
ce l l  for t im i ng. A l though m ore diff icult  
to read manua l l y  than your formats two 
or  three, th i s  code h as even spacing and 
is more co m p ac t :  

TB + 0 
' TO 

T B  TO ' t 
TB 

0 

0 

0 

0 

0 

I f  we assu m e ,  i n  each of th ese for
mats, that the short spaces and bars are 
ha l f  the w id th of the long spaces and 
bars, and that 5 0  b i ts per i n ch is a 
reasonable dens i ty for format 2, we can 
cal cu l ate the correspond ing  dens i t ies  for 
the oth e r  form ats :  

Format 

1 
2 
3 

N RZ 

Dens i ty 
(b i ts per i nch )  

75- 1 5 0, average 1 00 
50  

50 -75 ,  average 60 
75 

{ We have to figure out how to do it 
first . . .  but maybe . . .  J 

I th ink  the N RZ code w i th hexa
decimal  or A SC I I  ch aracters wou l d  be a 
good com prom ise. 

To encou rage use of your  bar code 
standard ,  BYTE cou ld  offer to convert 
data from tape to bar code fo r anybody 
at a standard p rice.  Th at way other  
magazines, p art icu lar ly  those on sma l l  
budge ts l i ke cl u b  newsletters, cou l d  use 
it .  If it were on l y  a few do l lars a page, 
bar coding wou ld  be cheaper than cas
settes ( thou gh s lower to read ) even for a 
"p roduct ion r un"  of ha l f  a dozen ! 

F i na l l y ,  a hard copy pr in ter  or even a 
ty pewriter can p r in t  a low dens i ty bar 
code:  0 1 000 1 1 0 1  can be scan ned right 
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down the center  of the characters '  {See 
Fred Ho ward's letter. / 

Keep u p  the good work .  

j a mes R Van Zandt  
26 S h e l to n  S t  

Nashua N H  03060 

Using software (although this may be 
premature}, N RZ may very well be much 
more complicated to decode. But it may 
be worth trying. Since the format of the 
ligh t and dark we print has no bearing on 
the hardware, provided we use bars with 
physical minimum size parameters set by 
an aperture standard, it only requires a 
night or weekend's worth of software 
and some experiments with PC layout 
tape, white paper, a darkroom and a 
camera to try out a different format at 
the bit level. In actual program object or 
source code, we plan to print an exact 
hexadecimal map of each bar code 
frame, thus allo wing both hand and 
machine readable data entry. 

SPAC E S  C A R R Y  N O  I N FO RM ATI ON ? 

Harold Mauch sends us this commen
tary, which we print with a fe w words at 
the end: 

I would  l i ke to take except ion to the 
choice of p roposed format for the 
" M ach ine  Read able Pr inted Software" 
descr i bed on p ages 1 2- '17 , BYTE m aga
z ine  for Decem ber 1 976 .  Of the th ree 
formats descr ibed ,  the se lected fo rmat 
(fonnat 3 ,  page 'l 4 , figure .l ) h as the 
leas t  going for i t. 

• I t  is lower d ensity than form at  ·1 
s ince the spaces carry no usefu l  
i n formation.  

• Con trary to the assertions of the 
a u thor ,  the spaces p rovide on ly  a 
m argi n al re fe rence for d iscr imi 
nat ing wide from narrow b ars. 

• The hardware an d/or software 
needed to i m pl emen t  format 3 is 
more comp l i cated than that 
req u i red to read e i the r  format ·1 
or 2. 

Examinat ion of the test str ings on 
page 1 7  i n d icate the typesett ing ,  l i tho
graph ic  and pr int ing  process is far frorn 
"perfec t" i n  ma i n ta i n i ng bar to space 
ratios. To com pensa te for this i m perfec
tio n ,  au thor Ke i th  Regl i added a " bias 
com pu tat ion an d ad j u s tment"  to the 
space coun t ,  thus com p l i cat ing the 
software. 

Such ad h oc m easu res could be e l im i 
n ated  w i th  format 1. The  pri n t ing  proc
ess ma in ta ins  exce l l en t  bar to bar and  
space to  space rat ios,  b u t  poor  bar to 
space ratios. The l i thograp her may h ave 
over or  u nder  exposed the pl ate or  the 
pr in t ing  press may be runn ing too much 
or too l i t t l e  ink .  A more sat isf�c tory 
approach for d i scr im ina t i ng  between 
wide and narrow bars is to com p u te the 
average of known wide  and narrow bars 
(add the cou nts and sh i ft l e ft once ) _  Th is  
provides a d i scr im inat ion threshold w i th 
which other  bars in the l ocal area may be 
compared . The same proced u re wou ld  

app ly to w ide  and narrow spaces. E ven 
with the ad d i t ion of refe rence bars and 
spaces, the average data densi ty of  for
mat  1 is 33% greater than format 3 and 
60% greater than  fo rmat 2. 

Whi le on the subject of refe rence 
bars , format 3 needs them also. I f  the 
data  i s  a str ing of Leros, I c la im that the 
prin t i ng  var ia t ions evident i n  the  test 
str ings on  page 1 7  w i l l  even tua l l y  con
fuse the decoding algori th m .  This  can be  
resolved by add i ng  a reference or par i ty  
bar,  preferab ly  to each 8 b i t  b y te .  Th is  
requ i red add i t ion thus gives form at  1 a 
5 0% densi ty advantage ove r fo rmat 3 .  

I presen t ly  use a n d  prefer a s ignal 
cond i tioner circuit near ly iden t ical  to 
that desc ribed i n  au thor Merkowi tz's 
article (page 8 1 , figure 3 ) .  Th e supe r  
d i fferent ia tor c i r cu i t  of figure 4 is  better  
for  low dens ity waveforms si nce the 
photo sensor output is near ly a squ are 
wave. However ,  when bar and space 
width is decreased to the d imens ion of 
the photo sensor's e ffe ctive aperture 
(0 .005-0. 0 10  inch i n  m y  equ ipmen t } , the 
photo sensor output  looks m ore l i ke a 
s ine wave which does not d i ffe rent iate 
into the narrow pu l ses req u i red by the 
th reshold comparator of  figu re 4. 

One fi n al note: My experience is that 
ti m i ng b i ts  a l l uded  to i n  figure 2, 
page 1 6 , are req u i red ,  not for t im ing ,  but 
to permit the s ignal  cond i t ioner  de tec
tors to stab i l i ze. Referr ing to figure 3 ,  
page 8 1 :  When the photo sensor i s  res t
ing on the white page before a l i ne  of 
code is scanned , the peak detectors w i l l  
decay to  the  "wh i te"  l eve l .  Th is  creates a 
severe wh i te b ias unt i l  the " bl ac k "  peak 
detector stabi l izes. The resu l t  is that the 
measured du rat ion of the f irst  few bars 
and spaces of a l i ne  wi l l  be grossly 
d isto rted and not su itable for da ta .  

Haro ld  A Mauch  
D irector of E ngi neer ing 

PerCom Data C o  
4021 Wi ndsor 

Garland TX 7 5042 

The point about format 7 versus for
mat 3 needs some comment. First, the 
format 3 spaces do carry useful informa
tion - they give the timing values 
needed to discriminate bit widths. The 
bias calculation is required also in for
mat 7, which will suffer from the same 
problems in the switching of the le vels. 
(This problem is caused by the tendency 
of the system to tal<e different amounts 
of time to change state from black to 
white than vice versa.) By using explicit 
blacl< mar/?s for each bit, at least we are 
guaranteeing that each bit has the same 
biases (one rising edge to black, one 
falling edge to ' white). We don 't care 
about bar to space ratios other than the 
fact that they are locally constant within 
a space of se 11eral bits retained in the 
running a11erage of the input algorithm. 

The startup bias also depends upon 
your detector design, and later conversa
tions with se 11eral engineers suggests that 
the circuits of Fred Merko witz 's articles 
are overly complex for this applica
tion . _ .  CH • 
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ALTA I R  C O M P UTER C ENTERS 

B E AV E R T O N ,  O R  9 7 0 0 5  

8 1 0 5  SW N i m b u s  Ave. 
1 5 0 3 1- 6 4 4- 2 3 1 4  

B E R K E LE Y, C A  9 4 7 1 0 

1 0 4 4  University Ave 
1 4 1 5 1- 8 4 5 - 5 3 00 

S A N TA M O N I C A ,  CA 90401 

820 Broadway 
1 2 1 3 1 - 4 5 1 -0 7 1 3  

D E N V E R ,  C O  B 0 2 1 1  

2 8 3 9  W. 4 4 t h  Ave 
( 3 0 3 )-4 5 8 - 5 4 4 4  

A L B U Q U E R Q U E, 'N M B 7 1 1 0  

3 1 2 0  S a n  Mateo N . E . 
( 5 0 5 )- 8 8 3 - 8  2 8  2 ; 8 8 3 -8 2 8 3  

T U C S O N ,  A Z  B 5 71 1  

4 9 4 1  East 2 9 th S t .  
( 6 0 2  1-74 8 -7 3 6 3  

L I N C O L N ,  N B  6 B 5 0 3  

6 1 1  N . 2 7 t h  S t .  
Suite 9 
1 4 0 2 )-74 7- 2 8 00 

LITTLE R O C K ,  AR 7 2 2 0 6  

2 4 1 2 Broadway 
( 5 01 ) - 3 7 1 -0 4 4 9  

T U LS A ,  O K  741 3 5  

5 3 4 5  Eas't Forty First  St . 
1 1 0  The Annex 
t 91 8 )- 6 6 4 - 4 5 6 4  

H O U S T O N ,  TX 7 7 0 3 6  

5 7  5 0. Bintliff Drive 
( 7 1 3 )-7 8 0 - 8 9 8 1  

R I C H M O N D, VA 2 3 2 3 0  

4 5 0 3  West Broad St.  
( 8 0 4 1 - 3 3 5 - 5 7 7 3  

S P R I N G F I E LD, VA 2 21 5 0  

6 60 5 A  Backl;ck Rd . 
( 7 0 3 ).- 5 6 9 -1 1 1 0 

C H A R L E S T O N ,  W. VA. 2 5 3 01 

M u n icipal Parking B uilding 
Suite 5 
( 3 0 4 )- 3 4 5 - 1 3 6 0  

E A G A N ,  M N  5 5 1 2 2  

3 9 3 8  Beau D ' R u e  Drive 
( 6 1 2 )-4 5 2 - 2 5 6 7  

A N N  A R B O R, M l  4 8 1 0 4  

3 1 0  East Washington Street 
t 3 1 3 ) - 9 9 5 -7 6 1 6  

W I N D S O R  L O C K S ,  C T  0 6 0 9 6  

6 3 S o u t h  M a i n  Street 
t 2 0 3 1 - 6 2 7-01 8 8  

PA R K  R I DG E ,  I L  6 0 0 6 8  

5 1 7  Ta lcott Rd . 
1 3 1 2 1- 8 2 3 - 2 3 8 8  

ST. LO U I S ,  M O  6 3 1 3 0  

8 1 2 3 - 2 5  Page Blvd . 
t 3 1 4 1- 4 2 7- 6 1 1 6  

N A S H V I L LE, T N  3 7 2 0 3  

1 6 00 Hayes St.  
s u ; t e  1 0 3  
1 6 1 5 1- 3 2 9 -1 9 7 9  

B U R LI N G T O N ,  M A  0 1 8 0 3  

1 2 0 Cambr;dge S t .  
( 61 7 1- 2 7 2 - 8 7 7 0  

A L B A N Y, N Y  1 2 21 1  

2 6 9  Osborne Road 
( 5 1 8 1-4 5 9 - 6 1 4 0  

N EW Y O R K ,  N Y  1 0 0 1 8  

5 5  West 3 9 t h  S t .  
1 2 1 2 1- 2 2 1 -1 4 04 

ATLA NTA, G A  3 0 3 0 5  

3 3 3 0  Piedmont Road 
( 404 1- 2 3 1 - 1 6 9 1  

TA M PA, FL 3 3 6 1 4  

5 4 0 5  8 Southern Comfort Blvd . 
( 8 1 3 1- 8 8 6 - 9 8 9 0  

:ASDC 
3330 Pea c h t ree Road. S u i t e  343 

At l a n t a .  Georg i a  30326 



Have you written Software 
for Your The Alta i r  8800 c o m p u t e r  was t h e  f i rst m i c r o  

prod uced f o r  the general  p u b l ic  a nd remains  n u m ber 
o n e  1 n  sa les ,  w1th more t h a n  8 , 000 m a mframes i n  

Alt • T . M .  the f ie ld.  The wide accepta nce of the Alta ir  computer al r a n d  i ts  ra p i d  a d a ptat i o n  t o  m a n y  d ivers if ied a p p l i 
cations h a s  tru ly t u rned the dream o f  the afforda ble 

C 1 c o m p u ter i n t o  a rea l ity. Omputer Yet t h e  m a c h i n e  itseiL rem a r k a b l e  a s  it i s ,  repre-
. • sents o n l y  t h e  beg m n m g .  T h e  r 1 g ht Softwa re,  

ta i l ored to m eet a u se r's specif ic  req u i reme nts,  i s  
a v ita l  part of a n y  c o m p uter  syste m .  M I TS wants 
to

. 
i n s u re t h a t  Alta i r  u s e r s  everywh e r e  have the 

best  a p pl i c a t i on s  softwa re a va i l a b l e  t o d a y  a n d  in  
t h e  f u t u re .  For t h is rea s o n , a n ew M ITS s u bs i d i a ry, 
the ALTA I R  S O FTWA R E  D I STR I B UT I O N  C O M PANY, 
has been for med . Its p u r pose : to a c q u i re the h i g h est 
q u a l ity softwa re poss ib le  a n d  d istri b ute it nationa l ly 
t h ro u g h  Alta i r  Co m p ut e r  Centers .  

That 's  w h ere y o u  c o m e  i n .  T h e  AS D C  w i l l  pay 
s u bsta n t i a l  roya lt ies  to t h e  o r i g i n ators  of a l l  s oft
ware ac cepted i nto t h e  AS D C  l i b ra ry. I f  you h ave 
written b u s i n ess ,  i n d u st r i a l  or c o m m e r c i a l  u s e  
softwa re for  t h e  Alta i r  8800, AS D C  wa nts to h e a r  
f r o m  yo u .  It i s  t h e  a i m  of t h e  AS D C  to st i m u late 
and rewa rd c reat iv ity in  p rod u c i n g  u s ef u l  s oftwa re 
that ma kes t hose d reams of "com puters for everyone" 
c o m e  t r u e .  The AS D C  w i l l  s e l ect o n ly s oftwa re t h a t  
meas u res u p  to i t s  h i g h  sta n d a rd s  for  system 
des i g n ,  c od i n g  and d o c u m e ntat i o n . T h e  softwa re 
wi l l  then be f u rther d o c u m e n�ed a n d  d i st r ib -
uted t h ro u g h  Alta i r  Computer Cen-
ters a ro u n d t h e  c o u n t ry. 

For more i n f o r m a t i o n  
o n  h ow to s u b m it software to 

the AS D C ,  a s k  yo u r  Loca l  

Alta i r  Com p u t e r  Center  for a n  

AS D C  Softwa re S u b m itta l  

Pac ket or contact the ALTAI R 

S O FT WA R E  D I ST R I B U T I O N  

C O M PA N Y. 

A LTA I R  S O FTWA R E  D I S T R I B U T I O N  C O M PA N Y  

3 3 30 Peachtree  Road .  Su 1te 343 At l a n ta .  Georg ia  30326 404 - 2 31 - 2 308 
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Please note: Although our ads will I 

__ TV Typewriter Cookbook by Don 
Lancaster. A complete guide to low cost 
television display of alphanumeric data, 
several chapters of which were published 
ahead of the book in early issues of BYTE 
magazi ne. $9.95 

__ Digital Logic Circuits by Sol Libes. An I invaluable tutorial background volume on 
digital logic, arith metic, 10 concepts and 
interfacing to analog devices; written by one 
of the founders of the Amateur Computer 
Group of NJ. This book acquaints the 
reader with much of the terminology and 
background concepts of digital hardware. 
$5.98. 

_JJ!odern Operational Circuit Design by 
John L Smith. An absolutely essential intro
duction to the use and appl ication of 
operational ampl ifier systems. The book 
contai ns both theoretical background infor
mation and practical circuit suggestions 
which can be used to advantage by the 
experimenter. $ 1 6.95 (hardbound) .  

___,.Electronic Projects for Musicians by 
Craig Anderton. "Even if you know nothing 
about electronics, you can bui ld preamps, 
ring modulators, mixers, tone controls, min
iampls, fuzzes and a dozen other inexpen
sive musical projects." Furthermore, even if 
you couldn't care less about about musical 
applications, you can use this book to gain 
familiarity with electronic parts, c ircuit dia
grams and construction tech niques, using 
the wealth of i l l ustrations and tips found i n  
a n  extended introductory chapter for the 
novice electronicker. $6.95. 

Send to: 

BITS, I nc 
70 Main St 
Peterborough NH 03458 • 
Total for al l  books checked $ 

, change month to month, with few I exceptions all previous books aqver-

---.Active Filter Cookbook by Don Lan
caster. The chief chef of electronics Cook
books concocts another gourmet appetizer. 
Run to this book when you need to find a 
starting point for the design of a filter for 
use in an electronic application. $1 4.95. 

---Altair Design developed by Ensor 
Holiday. 
_JJiore Altair Design developed by Ens
or Hol i day . 
---Altair Design 3 developed by Ensor 
Hol i day. 

Keep the loved ones busy while you use 
you r system . . .  give them any one or al l  of 
these computer generated Altair Design 
books to start them (or yourself)  on endless 
hours of creative coloring. No other coloring 
books are quite l i ke these unique books. 
$2.50 each. 

___Artist and Computer edited by Ruth 
Leavit. A visual treat, as you encounter 
reproductions of numerous works by com
puter oriented artists and read about these 
works in their own words. $4.95. 

__ Linear I C  Principles, Experiments, and 
Projects by Edward M Noll.  From basic 
principles to complicated systems, from 
simple amplifier experiments to applications 
in  radio, TV and control systems, this book 
can improve your knowledge of the way 
c ircuitry of the analog world really works. 
$8.95. 

Check payment method: 

My check is enclosed 

tised are available through BITS. A I complete catalog will be sent to you I with yOUl' order . . . .  FWR 

_J>ractical Solid-State Circuit Design by 
Jerome E Oleksy . A self study course in the 
de·s ign of semiconductor ci rcuits from the 
si mple transistor to the complex operational 
amplifier. $5.95. 

_Boolean Algebra by Brice Ward. A 
background tutorial and study guide for the 
design and s impl ification of static networks 
of logic gates . Learn how to combine those 
A N Ds,  N A N Os, NORs and ORs to evaluate 
compl icated logical conditions of multiple 
i nputs, electronical ly. $5.50. 

__1>rojects in Sight, Sound & Sensation 
by Mitchell Waite. Dedicated "to all  space 
cowboys," Detai led theory and practice of 
seven fasci nating amateur electronics pro
jects, along with a complete and detailed 
appendix on how to ma ke PC boards. $4.95. 

__ Creativity,  I nvention, & Process by 
John A Kuecken. Practical ph i losophy and 
h istory for the i nventor. $3.50. 

------Security Electronics by John E Cun
ningham. To catch a thief, apply l iberal 
doses of i n genuity and a modicum of 
cleverness. F ind out what's been tried i n  
conventional alarm systems before you g o  
off computerizing you r home security sys
tem, though. $4.95. 

__ I ntroduction to Biomedical Elect• 
ronics by Edward J Bu kste in.  What's been 
done in robot doctors? Nothi n g  so far. But 
in  terms of electronic aids to physicians and 
practices of health researchers, consu lt this 
background review of the fiel d of biomed
ical electronics. $5.50. 

__ What to Do After You Hit Return of 
PCC's First Book of Computer Games. This 
is PCC's first book of computer games, a 
compendium wh ich i ncludes descriptions of 
nu merous games, and l istings of 37 selected 
BASI C games. $8, new second edition. 

Bill my MC No. ______________ Exp. date _____ _ 

__ Bil l my BAC No. Exp. date ------

Name 

Address 

------
City State Z i 

Postage, 25 cents per book 

for books $ __ _ 

Grand Total $ ___ _ Si nature 

L You may photocopy this paae if ;ou wish to leave your BYTE intact. 

------------ ----
Please al low six weeks for delivery. I I 

----- --------------· 
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___ Digital Computer Fu nd
amentals by Jefferson C Boyce. 
The way to a worl d of l earn ing  is 
through books. A great place to start, 
and to retu rn from time to t ime , is 
the c lassical textbook .  This new 
book from Prentice Ha l l  i s  in· 
tended as just that. Topics covered 
i nclude digital computer operation, 
bas ic computer c i rcuits and concepts, 
Boolean algebra, i mplementi ng  com
puter operations in hardware, com
mu nicating with the computer and 
related issues of coding schemes , 
detailed discussions of the control 
section, memory functions, arithme
tic and logic functions, i nput and 
output functions of a c lassical com
puter, a chapter on computer pro
gramming and a f ina l  summary 
chapter on the deta i l s  of a typical 
min icomputer desi gn interpreted in 
the l ight of the more theoretical 
general concepts in the boo k. This 
book is  exce l l ent background i nfor
mation for the l i terate an d wel l  read 
hacker. Order yours today. $1 5.95 
hardbound. 

Send to: 

BITS, I nc 
70 Main St 
Peterborough N H  03458 

Total for al l  books checked 

Postage, 25 cents per book 

for books 

Grand Total 

Adam Osborne's books An I ntroduction page) detai led vol u me wh ich complements 
to Microcomputers, Volumes 1 and 2, are a the i n formation i n  the fi rst vol ume. This i s  
concise compendium of the technical deta i l s  the vol ume wh ich f i l l s  i n  many of  the detai l s  
of microprocessors at the component left out of the conceptual treatment in 
( en gineering) leve l .  These are the squ rce Volume 1 .  Here you' l l  f ind 1 9  deta i led 
books for the system desi gner who plans to chapters on the engineering and l ogical 
employ the microprocessor, or the advanced specifications of products made by 1 6  
h omebrewer who wants a dash of custom- different manufacturers, inc lud ing in many 
i zation not found in commercial products. cases reprints from the manufactu rers' 

-- Volume 1 is subtitled " Basic Con
cepts." This is the book wh ich presents a 
framework of ideas concerning the design 
and use of sma l l  compute rs impleme nted 
with LS I .  Topics i nclude defin itions of the 
microcomputer, fundamental concepts of 
logic and numbe ring characteristics of 
instruction sets, etc. $7.50. 

-- Volume 2 is a much th i cker ( 895 

__ How to Buy and Use 
M i n icomputers and Microcomputers 
by Wi l l iam Barden . People have often 
asked us where to turn to get an 
i ntroductory book about computers 
for personal use. One excel lent p lace 
to start is How to Buy and Use 
Minicomputers and Microcomputers, 
Wi l l iam Barden J r's instant summary 
of the small computer revel uti on,  
publ ished by Howard Sams in  mid-
1 976. This  i s  one of the fi rst books 
of the "general introduction to 
computers" genre to be publ ished 
with an emphasis towards the sma l l  
computer and personal computing as 
it is being practiced these days. the 
book, written for the novice as wel l  
a s  the expert, surveys the technical 
detai l s  of the fiel d in  nine ch apters 
anq 1 0  appendices. This book is l i ght  
( but essential ) reading for the experi
enced computer person, and worthy 
of serious, concentrated perusal by 
the novice. $9.95. 

Check payment meth od: 

docu mentation as wel l  as new materials 
provided by the author. Publ ished in  1 976, 
it even inc l udes such processors as the 
Micro N O V  A by Data General and the Texas 
I nstruments TMS-9900 as wel l as the older 8 
and 1 6  bit mach ines .  Organization is by 
design type, and where parts of several 
manufactu rers were i ntended for a given 
processor des ign such as the 8080, these are 
grouped i nto a s ing le  chapter. $ 1 2.50 

__ Computer Power And H u man 
Reason by Joseph Weizenbau m.  This 
book is  one which should be 
purchased or read for several reasons. 
If you 're presently a programmer by 
trade or s ki l l ,  you' l l see a ph i losophy 
of computer use and abuse pro
pounded. I t's genu i.ne ly i nterest ing,  
and defi n itely provocative i f  y ou 
reference the storm of letters, coun
ter letters and counter counter letters 
wh ich this  book produced in the 
Assoc iati on for Computing Machin
ery's SIGA R T  newsletters during 
1 976.  I f  y ou ' re a novice to the f ie ld,  
the tutorial  and expl anatory chapters 
of this book, wh ich are aimed at the 
layman, wi l l  serve as an exce l lent 
bac kgroun d  source which is also 
eminently readable, This incl udes an 
excel lent  and low level explanation 
of what an a lgorithm i s ,  and how 
comput(lrs go about executi n g  effec
tive algorithms. $5.95 softbou nd. 

My check is encl osed 

��� --
Bil l  my MC No. _______________ Exp. date ____ _ 

1---i =Bi l l  my BAC No. Exp .  date ____ _ 

$ ___ _ Name 

$ ___ _ 

Address 

$ ___ _ 
Cit State Zi 

Signature 

: You may photocopy this page if y ou wish to leave your BYTE intact. Please al low six weeks for del ivery. · 
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ANALOG 
I NPUT 

POTENTIALLY 
16 
CHANNELS 
TO SELECT 

Figure 7: Block diagram of 
an analog to digital con
verter. This diagram shows 
the functions of the var
ious components of the 
converter. There are two 
inputs to the tristate regis
ter, one from the com
parator and the other from 
the channel decoder. The 
input marked A is the out
put state control and the 
Input Enable Control line. 
The input marked B is the 
register input strobe line. 

MICROPROCESSOR 
I NPUT PORT 

I 
I I I 
I 
I CHANNEL '-----------T----t DECODER O } �����-SSOR 

.__ __ _, 

OUTPUT 
PORT 

An Inexpensive Joystick Interface 

Thomas R Buschbach 

1 231 0 Purcell Rd 

Manassas VA 221 1 0  

I n  the quest to deve lop the u l t imate in 
v ideo games, the need arose to interface 
analog contro l s  to a microprocessor. A com
mon control used i n  most video games is the 
joysti ck.  It a l lows you to control two axes 
with one device. A joystick usua l ly has 
potent iometers mounted on two adjacent  
s ides as shown in  photo 1 .  The potentio
meters vary their resistance from 0 ohms to 

Listing 7: This 8080 op code will read the digital value for the desired analog 
to digital channel. The digital value is left in the accumulator. All numbers in 
this listing and listing 2 are in octal. 

octal 
address octal code op operand commentary 

000 076 X X X  M V I  A , X X X  A : =  number of desi red chan nel ; 
003 3 23 AAA OUT AAA output channel  to un i t  AAA 
005 333 BBB I N  B B B  read digital  va lue  of channel from B B B  
007 365 PUSH PSW save dig ital  va lue ;  
0 1 0  227 SUB A clear accumu lator and flags; 
0 1 1 323 AAA OUT AAA c lear  output port  to 0 ;  
0 1 3  361 POP PSW restore saved va lue ;  

8 8  

their max imum value  as the control st ick is 
moved. The change in  resistance i s  p ropor
tional to the d isplacement along the axis 
para l l e l  to the su rface the pote nt iometer is 
mounted on. Al l  that remains is to convert 
these resistance val ues into d igital va l ues 
wh ich the microp rocessor can man i pu late. 
To develop a fu l l  range of two and four  
p layer games, I decided fou r  joyst icks wou ld  
be  requ i red. To in terface fou r  joysticks to 
the m icroprocessor wou l d  requ i re eight 
channe ls  of analog to d igita l  conversion. 
S i nce the commerc ia l  ana log to d ig i ta l  con
verters cost approximate ly $50, buy ing e ight 
of them was p roh i b it ively expens ive. Even 
buy ing on ly  one and mu l ti p lex ing its inputs 
and outputs seemed to be more expensive 
than necessary . 

Being a typical software fanatic, I had no 
desire to bu i ld  my own ana log to d ig i ta l  
(AD)  converter. However, after examin i ng 
a l l  the a l ternatives, I decided to bu i l d  Roger 
Frank's c i rcu i t  ( BYTE, May 1 976, page 70}, 



\ 

�--/ 
Photo 7 :  This is a typical 
joystick showing the pa
ten tiometers that are 
mounted on each side of 
the device and wired in 
parallel. 

which uti l izes a d ig i ta l  to analog converter 
( DAC) and a software a lgorithm to do  the 
analog to d igital conversion .  After order ing 
the requ i red components I decided that 
using a software algorith m to do the conver
sion for eigh t channe ls  of ana log to d ig i ta l  
conversion wou ld  not  l eave the processor 
time to process the game's algori thm.  At th is  
point I dec ided to imp lement the software 
convers ion algor i thm in hardware. 

In deve lop ing the c i rcu it  I had four  design 
goals i n  m i nd :  

I nterface a t  l east fou r  joysti cks ,  e ight 
channels ana log to d ig ital . 

U se no more than one i nput  and one  out
put port. 

Use no processor cycles for the convers ion 
process . 

Sample each analog signal at l east 1 000 
times per  second .  

A b lock  d iagram of the c i rcu i t  is shown in  
figure 1 .  The detai led funct ions of the  d igital 
to analog converter and the comparators are 
exp l ained i n  Roger Fran k 's art ic le men
t ioned earl ier . If you are cons ider ing con
structing this c ircu it ,  I wou ld  recommend 
read ing that art ic le .  

The c i rcu i t  is control led by a coun ter  
which conti nua l ly  counts down from 
octal 377 to 0, dr iv ing the i nputs of a d igita l  

• ._ to analog converter. The output of the 
converter is compared to the ana log i nput 
signal from the joyst ick .  As l ong as the 
converter output vol tage is h igher than the 

THE L[]l':lPUTER R[][]l':l 
SMALL COMPUTER SYSTEMS • SOFTWARE • AMATEUR RADIO EQUIPMENT 

1 455-A So. 1 1 00 E. Salt Lake City, Utah 841 05 Phone:  801 -466-79 1 1  

"WE TA K E  TH E 
\\\1�\l.\\1 O U T  O F  TH E l':l�Lfl[] " 

One Of The Nations Largest 

Full-Service Computer Stores. 

Over 1 60 0  Sq uare Feet Of Sales 

And Service Facilities. 

WHEN YOU WRITE FOR O U R  CATALOG AND E N C LOSE $1 TO 

H ELP DEFRAY THE COST OF H A N D L I N G  AND M A I L I N G ,  

HER E'S W H A T  YOU G ET: 

1. A CERTIFICATE G O O D  FOR $2 O N  Y O U R  N EXT 

PURCHASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2. THE L[]f:lflUTER fll[][]f:l EASY TO U N D E R STAND 

CATALOG COV E R I N G  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

IMSA I 

THE D I G I TA L  G R O U P  

POL YMORPHIC S YS TEMS 

S O U TH WEST TECHNICAL PRO D U C TS CORPORA TI O N  

TECHNICAL DESIG N  LABS 

E TC. 

3. THE L[]f:lflUTER fll[][]f:l "EASY G U I DE" TO H E L P  YOU 

PICK THE R I G HT SYSTEM, P E R I P H ERALS, C O M P O N ENTS, 

AND SOFTWARE FOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

THE BEGINNER 

THE A D VA NCED 

THE EXPE R T  

THE SMA L L  B USINESS 

4. A CURRENT LISTI NG OF PRESENTLY AVA I LABLE 

S OFTWARE 

PUBLICA TIONS 

PERIPHERA LS 

5. I NFORMATION O N  R E P A I R  SERVICE, LOW COST 

CUSTOM P R O G R A M M I N G  AND OTH E R  SPECIAL SERVI CES. 

AT THE L(Jf:lflUTH1 fl[][]f:l YOUR W R ITTEN Q U ESTI ONS 

ARE HAPPILY R ECEIVED A N D  P R O M PTLY ANSWERED . . . . .  . 

WE ALSO STOCK A C O M PLETE 

LINE OF AMATEUR RADIO E Q U I P M E NT 

BANKAM ERICARD . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . . .  MASTERCHARGE 
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vol tage from the joystick, the output  of the 
comparator i s  0. When the coun ter  has 
counted down to a value which causes the 
converter to output a vol tage equa l  to, or 
s l ight ly below, the vol tage from the joystick, 
the comparator output  goes h igh. This edge 
triggers the correspond i ng tristate register to 
load the current value of the coun ters. Th is  
occurs asynchronous ly for each channe l .  

To access the d ig i ta l  va lue for the des ired 
channel ,  you output a n umber from 1 to 8, 
correspond ing to the desired channe l ,  on an 
output port. Leaving th is  va lue l atched in  
the  output port, the  d igita l  va lue  may be  
read from the  des ired i nput  port. Clear ing 
the output port to 0 comp letes the opera
tion . This operation is shown in l i st ing 1 .  

F igure 2 is the schematic to i n terface one  
joystick  to  the  m icrop rocessor. The  c i rcu i t  
may eas i ly be expanded to h and le  fou r  
joysticks. The  741 23, IC 1 , is used as a 
mult iv ibrator to generate a pu l se waveform. 
With the resistance and capacitance val ues 
shown i t  wi l l  have a frequency of approxi
mately 0.3 MHz. This pu l se tra in  drives the 
count  down input of the 7 41 93  coun ters 
IC2 and IC3 wh ich form an eight bit b inary 
counter which con ti n ua l ly  counts from 
octal 377 (or hexadecimal F F) to 0. The 
outputs of counters IC2 and IC3 are t ied to 
each tristate register pair ( I C5 and IC6, and 
I C7 and IC8) and to the d ig i ta l  to analog 
converter, I C4. Th is latter c ircu i t  produ ces a · 

negative ramp cont inua l ly  go ing from +5 V 
to 0 V i n  256 steps. The output  of I C4 i s  
converted from a current to a vol tage s ignal 
by IC9. One quarter of IC1 0 is used to 
compare the output of I C9 to the vol tage 
from the joysti ck .  The output of each 
quarter of IC 1  0 is tied to a s ingle tr istate 
register pair. This output remains a logical 0 
as long as the vol tage from IC9 is greater 
than the vol tage from the joyst ick .  When the 
vol tages are equal  the output  of the cor
respond ing quarter of IC 1  0 sh ifts to a 1 .  
This edge tr iggers the correspond ing pa ir  of 
registers to latch the value of the counters at 

Table 7 :  Power connection table for the 
circuit of figure 2. 

Number Type +5 v G N D  - 1 2 V + 1 2 V 

IC 1  74 1 23 1 6  8 
IC2 74 1 93 1 6  8 
IC3 74 1 93 1 6  8 
IC4 MC1 408 L-8 1 3  2 
IC5 74 1 73 1 6  8 
IC6 74 1 73 1 6  8 
I C7 741 73 1 6  8 
IC8 741 73 1 6  8 
IC9 LM301 4 7 
IC 10  LM339 1 2  3 
IC1 1 7442 1 6  8 
I C 1 2  7404 1 4  7 
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Photo 2: Underside of 
finished assembly showing 
wire wrap board and two 
joysticl?s. 

- - � 

Photo 3: This is the top view of the finished unit 
sho wing the two control sticks; the connectors are for 
input port, output port and power. An  identical box 
with two more joysticks will plug into the side of this 
box for games requiring four joysticks. 

Listing 2: This subroutine will read the digital value from a requested analog that instant .  All tri state register outputs are 
normal ly in the h igh impedance state. To 
access a register you output  the number of 
the desi red channe l  on an output port. The 
7442, IC l l ,  decodes the four  least s ignif i 
cant b i ts of the output port to determine 
which register· pa i r· to enab le the ou tputs on ;  
a t  the  same t ime d i sab l i ng the i n puts of  the 
register pa i r  so that the registers w i l l  not be 
updated wh i l e  the m icroprocessor is access
ing them.  A 0 on the output  port p l aces a l l  
tr istate regi ster outputs i n  the h igh imped
ance state . 

to digital conversion channel, set minimum and maximum values, apply a 
scaling factor, add or subtract an offset value, and then return the resulting 
value in the accumulator to the calling program. The program can be located 
at any high order address, symbolized by <x> in the listing. 

octal 
address octal code label op operands commentary 

000 1 76 MOV A,M A : =  channel number; 
001 323 002 O UT 2 ou tput channel  number; 
003 333 002 I N  2 input  dig ital va lue ;  
005 043 I N X  H H L : = H L+ 1 ; 
006 1 07 MOV B ,A B :  =digital va l ue ;  
007 227 S U B  A clear output port; 
01 0 323 002 OUT 2 
01 2 1 76 MOV A,M A : =min imum va lue ;  
01 3 270 CMP B if B>A then go to JP1  [ not l ower l i m i t ] ; 0 1 4  3 3 2  020 < X > JC JP1  
01 7 1 07 MOV B ,A e lse B : =A [set l ower l imit ] ; 
020 043 JP1  I N X  H H L : = H L+ 1 ;  
021 1 76 MOV A,M A : =maximum va l ue ;  
022 270 CMP B if B<;; A then go to JP2 [ not upper l im it] ; 023 322 027 < X > J N C  JP2 
026 1 07 MOV B ,A else B : =A [set u pper l imit ] ; 
027 043 JP2 I N X  H H L : = H L+ 1 ;  
030 227 S U B  A clear accumu lator and f lags; 
03 1 206 ADD M A : =A+scale factor; 
032 372 054 < X > JM J P3 if sca le  factor negative then go to JP3 ;  
035 3 1 2  070 < X > JZ J P4 i f  sca le  factor zero then go to JP4 ;  
040 1 27 MOV D,A D : =A ;  
04 1 1 70 MOV A,B A : = B ;  
042 027 JP5 R A L  sh ift le ft ;  
043 067 STC clear carry ; 
044 077 CMC 
045 025 OCR D D : =D-1 ; 
046 302 042 < X >  J N Z  JP5 i f  D *O go to JP5;  
051 303 067 < X >  JMP J P6 go to JP6;  
054 346 1 7 7 JP3 AN I 1 77 mask m ost s igni ficant bit ;  
056 1 27 MOV D,A D : =A ;  
057 1 70 MOV A,B  A : =B ;  
060 037 JP7 R A R  sh i ft  r igh t ;  
061  067 STG clear carry ; 
062 077 CMC 
063 025 DCR D D : =D -1 ;  
064 302 060 < X >  J N Z  JP7 if D is greater than 0 go to JP7;  
067 1 07 JP6 MOV B ,A B : =A;  
070 043 JP4 I N X  H H L : = H L+1 ; 
071  227 SUB A clear accu mu lator and f lags; 
072 206 ADD M A : =offset va l ue ;  
073 372 1 00 < X > JM JP8 if most s ign ificant bit =1 then go to JP8; 
076 200 ADD B A : =A+B;  
077 3 1 1  R ET retu rn ; 
1 00 346 1 77 J P8 A N I  1 77 mask most s igni ficant bit ;  
1 02 1 27 MOV D,A D : =A ;  
1 03 1 70 MOV A,B A : = B ;  
1 04 222 S U B  D A : =A-D; 
1 05 3 1 1  R ET retu rn ; 

92 

Construct ion Notes 

Resistor R4 is used to set the max imum 
d ig i ta l  va lue  poss ib le .  Set  a l l  data i nputs to 
the d igita l to ana log converter· at +5 V, then 
set R4 to yield the desi red d ig i ta l  value. This 
sets al l  ana log to d igita l  converter channe l s  
s imu l taneous ly .  I f  i t  is req u i red to ad just  a 
s ingle channe l 's maximum value then a 
resistor must be added i n  series with the 
joyst ick, such as R l 5 . A value equa l  to the 
joyst ick 's  i n ternal resistor wou l d  cut the fu l l  
sca le d igita l value i n  ha l f. Note that the 
max imum value may a l so be l im ited by 
software as is done in  l i st ing 2, but th i s  does 
not u t i l i ze the fu l l  d i sp l acement of the 
joyst ick ,  as us ing R 1 5  wou l d .  

The +5  V a t  t h e  joysticks must be regu
lated and free from noise .  Any f l uctuations 
i n  th is vol tage wi l l  cause f luctuat ions in  the 
d ig i ta l  va lue .  Depend ing  on  your power 
su pp ly  and wi ri ng, i t  may be necessary to 
p r·ovide a zener d iode for on board regula
t ion o f  the +5  V supp l y. A l so ,  be sure to use 
several bypass capac itors. 

Software Control 

The subrou t ine of l i st ing 2 wi l l  read the 
d igita l  value from the requested ana log to 
d igita l  conver-s ion channe l ,  set m i n imum and 
max imum va lues ,  app ly a sca l ing factor, add 
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or subtract an offset value, and then return 
the resu lt ing val ue  i n  the accumu lator to the 
cal l ing program. 

A contro l  b lock  must be set up for each 
analog to d igital channe l . The address of the 
control block must be loaded i n to the H L 
register pa ir  pr ior to cal l i ng the subrou tine .  
The control b lock of 5 bytes must be i n  the 
fo l lowing format: 

Starting 
address 

+ 1 byte 
+2 bytes 
+3 bytes 
+4 bytes 

Channel number 

Min imum value 
Maximum value 
Scale factor 
Offset value 

The fi rst byte, chan ne l  n umber, selects 
the desi red pair of tri state regi sters. I t  is the 
b i nary coded decimal n umber which when 
output to the analog to d igital converter u n i t  
wi l l  cause I C 1 1 t o  enab le the des ired register 
pair. 

The second byte, m in imum value, deter
mines the abso lute m in imum number that is 
accepted from the converter. If the va lue 
from the converter is smal ler than the 
min imum val ue i t  i s  set equal  to the m i n i
mum val ue. 

The th i rd byte, maximum value,  deter
mi nes the abso lute max imum nu mber that is 
accepted from the converter. If the value  
from the  converter i s  larger than  the maxi
mum val ue  i t  is set equal to the max imum 
val ue. 

The fou rth byte, scale factor, determines 
by what power of two the raw d igita l  data 
wi l l  be scaled. Sca l i ng  is accomp l ished by the 
new va lue set equal to the raw data times 2 
raised to the power of the scale factor where 
the scale factor is any val ue from -1 27 to 
+1 27. This y ie lds  the fo l lowing poss ib l e  
factors ( . . .  8, 4 ,  2, 1 ,  .5 ,  .25,  . 1 25, . . . ) . A 
one in the most significant b i t  s ign ifies a 
negative scale factor .  

The fifth byte, offset value ,  i s  added to 
the d igital va lue after the scal e  factor i s  
appl ied. I t  may be any number from -1 27 
to +1 27. As a two 's complement i n tege r ,  a 
one in the most s ign ificant b i t  s ign ifies a 
negative offset. 

Conclusions 

The final assemb ly of th is  c i rcu it ,  shown 
in photos 2 and 3, was bu i l t  i n to an 
aluminum hous ing on a w i re wrap board . 
The circu i t  can be used to i n terface any 
analog vol tage s igna l  to a microprocessor. 
The c i rcu i t  for i n terfac ing two joysticks  to 
the m icroprocessor was constructed for 
about $ 35, excl usive of the cost of the 
joysticks. For an add i t ional $ 1 0  the c i rcu i t  
cou ld be  i ncreased to  hand le four  joysticks.• 

COMPLETE 
FLOPPY DISK SYSTEM 

FOR YOUR ALTAIR/IMSAI 
$699 

That's r ight, complete . 
The North Star MICRO-DISK SYSTEM™ uses the Shugart 

minifloppy ™ d isk d r ive. The controller is  an S-1 00 com
patible PC board with on-board PROM for bootst rap load. It 
can control up to three d r ives, e ither with or without 
interrupts. No DMA is requi red . 

No system is complete without softwa re : we provide the 
PROM bootstrap, a f ile -oriented d isk operating system (2k 
bytes ) ,  and our powerful extended BASIC with sequential 
and random disk f i le accessing ( 1 0k bytes) .  

Each 5 "  d iameter d i skette has 90k data byte capacity. 
BASIC loads in less than 2 seconds.  The d r ive itself can be 
mounted inside your computer,  and use your ex isting power 
supply ( .9 amp at 5V and 1 .6 amp at 12V max ) . O r ,  if you 
prefer,  we offe r  a power supply ( $39)  and enclosure ( $39 ) .  

Sound unbelievable? See the North Sta r  MICRO-D ISK 
SYSTEM at your local computer store.  For a high-performance 
BASIC comput ing system, all you need is an 8080 or Z80 
computer ,  16k of memory, a terminal, and the North Sta r  
MICRO -D ISK SYSTEM. For addit i onal performance, obta in 
up to a factor of ten increase in BASIC execution speed by 
also ordering the North Star hardware Floating Point Board 
(FPB-A) . Use of the FPB-A also saves about 1 k of memory by 
eliminating software a r ithmetic routines. 

Includ ed : North Sta r  controller k it ( highest quality PC 
board and components, sockets for all I C's, and power regula
tion for one d r ive) , SA-400 d r ive ( a ssembled and tested ) ,  
cabling and connectors, 2 d iskettes ( one conta in ing f i le D O S  
and BASIC) , complete hardware and software documentation, 
and U.S. shipping. 

MICRO -D ISK SYSTEM . . .  $699 
(ASSEMB L E D )  . . . . . . .  $799 

AD D ITIONAL DRIVES . . .  $425 ea. 
DISKETTES . . . . . . . . . . . .  $4.50 ea. 
FPB-A . . . . . . . . . . . . . . . .  $359 

(ASSEMBL E D )  . . . . . . .  $499 
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To p lace order ,  send 
check, money order or 
B A  or MC card # with exp. 
date and signature. U ncer
tif ied checks requ i re 6 
weeks process ing .  Ca l i f .  
res idents add sales ta x .  



Continued from page 1 6  

Popular Electronics Cosmac E L F  proj
ect,  has a possi b i l i ty of expansion w i th
out too m u ch com plexity .  The processor 
was obvious ly d esigned with the not ion 
that software i s  cheaper than hardware 
(somet imes)  and the 1 8 02 can be pro
gram med to repl ace hardware in  many 
ways.  

One such way is  us ing a program 
mable  ou tpu t l i n e  as a mem ory exten
s ion address b i t .  The processor has a Q 
l i ne o u tpu t  which can be programmed 
in  software to be e i ther  high or low.  This 
could be used ( p roper ly  buffered of 
cou rse )  as an add ress b it  to se lect a page 
of memory.  This wou l d  al low expansion 
of i ts address to 17 b i ts ve ry s imp ly  and 
al low 1 28 K with very l i t t l e  hardware 
and also very l i t t le  software. 

I d o n ' t  i n tend to be even in the 64 K 
range for q u i te som e t ime bu t  those who 
cou l d  u se 1 28 K now can get it  easi l y .  
Than ks also for the " Beer Budget 
G raphics" art ic le i n  the November issue, 
page 26. 

J oh n  Pawl ick i  
(;i065 Greenwycke Ln  

Monroe M I 481 6 1  

The same general technique is what is 
meant by adding ban!? selection logic to 
a machine. Several processors have simi
lar opportunities for expansion. For ex
ample, the National Semiconductor 
PA CE 76 bit processor has 4 program
mable flag outputs - treating those flags 
as address bits externally results in a 
total of 20 bits worth of memory ad
dress space, or a maximum of 7 ,048, 5 76 
words of memory. 

A R E  ANY R E A D E RS U S E RS O F  
S U RP L US D ATAP O I N T  MACH I N ES ?  

I 've been read ing BYTE s ince the 
August 76 issue and have enjoyed i t  
q u i te a lo t. I t  i s  n ice t o  know there are 
so many compute r  freaks out  there. The 
reason I 'm wr it ing i s  that I used to work 
for Datapo int  Corp as a techn ician .  I had 
a D atapo int  2200 Vers ion I I  to use for 
test pu rposes. I t  is an 8 b i t  TTL m i n i 
com pu ter  and i s  fai r ly  fast  and powerfu l .  
I t  h as a bu i l t- in  80 character by 1 2  l ine  
C RT d isp lay ,  a key board and a dua l  
cassette deck .  Al though i t  has  on ly  16  K 
of p rogram mable  memory ,  I fou n d  it 
more than ad equ ate w i th the 2 cassettes 
wi th  1 1 0 K eac h ,  and d i sk  operat ing 
software is avai lab le .  There is a large 
amount  of h igh level  software ( i nc lud ing 
t imesharing) ava i lab le  i nc l ud i ng several 
exce l l e n t  d i agnostic program s (capab le  

· of i den ti fy i ng which mem ory ch ip i s  
bad, for  exam p le ) .  

They have made over  5 ,000 of these 
m i nis  since 1 97 3  and they are ava i lab le  
i n  the  used rn arke t .  I have read of 
am ateur u se of the PDP-8,  b u t  there has 
been no mention of the Datapo int. I s  
there anyone  e lse out  there i n terested i n  
th is  m i n i ?  

B i l l  Doyle  

A COMMENT ON 
BUG O F  TH E MONTH #4 

The solut ion to " Bu g  of the Month 
#4," in  October 76 BYTE, page 4 1 , 
overlooks an im portant point .  I t h i nk  i t  
i s  l ogical l y  correct after hand l ing  the 
N=2 case and moving statement  K=1  to 
precede the last R E T U R N  as sugges ted . 
However, the program (or any program ) 
d oes not run i n  a c lean env i ronment. 
Any computer that a FORTRAN com
p i l e r  or i n terpreter runs on has a l i m ited 
i n teger range. If the val ue  of N to be 
tested is prime and near the maxi m u m  
in teger that c a n  be represented,  the 
com putation 1 * 1  w i l l  res u l t  in  i n teger 
overfl ow. This is part icu lar ly  a problem 
in FO RTRAN as som e versions do not 
give error ind ications on i n teger over
fl ow. 

As an exam ple ,  I checked th is  prob
lem using a version of WAT F I V  on an 
I BM 370.  I n teger overflows do not give 
an error. The maxi mum posit ive i ntege r 
is 2 , 1 47,483 ,647 ( 2 * * 3 1  - 1 ) . In the 
p rogram the val ue of I is increased u n ti l  
1 * 1  is greater than N,  assuming N is  
prime.  The l argest value o f  I wh ich  w i l l  
no t  o v e r fl ow when squ ared i s  
S Q R T (2 1 47483647)  tru ncated o r  
46340. A n y  prime nurn bers l arger than 
46340* * 2  ( 2 , 1 47 ,395 ,600) ,  but  s t i l l  
w i th i n  the i n teger range, w i l l  cause an 
in teger overflow of I and im proper  ter
m ination. I consu l ted a pr ime n u m ber 
tab le  and found they don't  general l y  go 
up to 2 b i l l i on ;  however, there are prob
ably p lenty of pr ime num bers in this 
category. 

Even in  the case that an error  mes
sage occu rred on overflow, the rout ine is 
s t i l l  not working c01=rect ly .  Wh i l e  it 
wou l d  not resu l t  in potential l y  erroneous 
resu l ts, neither has an answer been re
turned to a perfectl y reasonable requ est. 
For these l arge val ues of N ,  a possi b le  
sol u tion i s  to s imp ly  check for the val ue 
of I exceed ing 46340 fo l lowing the I 
increment.  I f  th is occurs ,  N is then 
prime. 

U nfortu natel y ,  this req u i res an extra 
operation in the loop and depends upon 
the compu ter's in teger range. I have not 
been able to think of a better method.  

Keep u p  the good work. " Bu g  of the 
Month " is usual l y  i n teresting. 

R i chard A lt maier 
POB 2061 

Stanford CA 94305 

CO R R ECTIONS F ROM BOB M A RS H  

Th ree factual errors were i nc l u ded i n  
recent  issues Of  BYTE magaz ine  regard
ing Processor Technology p roducts : 

1 .  Our  Software No.  1 Resident  Assem
bler ,  Ed i tor  Moni tor  package ( referred 
to i n  the artic le  as "S YS 8")  was a 
jo in t  development effort between 
Microtec an d Processor Tech nology. 
Employees of PTC added many neat 
featu res to the original M ic rotec 
program in  order to prod uce Software 
Package No. 1 .  It was first d istr ibuted 
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in J u l y  or August of 1 9 75  in the form 
of wel l documented  source l is t ings. 
Paper tapes were d istr i buted to many 
compute r  c l u bs free of ch arge. 
Other  com panies,  i nc l ud ing I MSAI  
and Tarbe l l ,  have s i n ce made  use  of  
Software No. 1 add ing m i nor mod ifi
cations to su i t  the i r  I 0 device 
req u i re ments. To my knowledge at 
least s ix oth e r  fi rms have re prod uced  
Software No. 1 i n  one  form or  
anothe r ,  a l l  o f  t hem givi n g  PTC and  
Microtec c re d i t  for  au thorship.  (A l l ,  
t hat is ,  except  one  rather  we l l  known 
"surp l us" dealer . )  P lease note that 
M i c ro te c  receives a sma l l  but well 
deserved roy al ty on each Software 
No. 1 we distri bu te. No other 
manufactu rers are pay ing such royal
t ies.  
Software No. 1 i s  currently avai l ab le  
fro m Processor Techn ology for 
$ 1 4.50  i nc l ud ing  both source l isting 
and hexadeci mal object paper tape or 
C UTS/ BYTE standard cassette. 

2. A rece n t  review of our  V DM-1 Video 
Disp lay Modu le stated de l i ve ry as 60 
days . . I n  fact V DM-1 s have been 
avai l ab le  "off-the-she l f" sin ce October 
o f  1 9 76 .  There i s  ·no excuse for any of 
ou r  4 0  or  so retai l  d istr ibu tors to be 
out  of stock for more than a few days. 
With good p lan n i ng they shou l d  
al ways have V D M - 1 s ,  a s  we l l  a s  ou r  
2 K RO,  3 P+ S ,  4 K RA and 8 K RA 
modu les ,  i n  stock.  

3 .  I n  your rev i ew  of the  Sol  co mputer  
system you added $97 for our  CUTS 
aud io  cassette data i n terface. The Sol 
has its own C UTS type in te rface bu i l t  
in  and d oes not  req u i re an add i tional 
modu le  fo r th i s  funct ion.  (The CUTS 
board is p ri mar i ly  used i n  Al ta i r  and 
I MS A I  mainframes.) So the  system 
pr ic ing in  your  exam p le  shou ld  be :  

Sol-20 k i t  
SOLOS module  
TV/ moni to r  
Cassette recorde r  
8 K RA 
Software 

$ 995 
1 00 
1 5 0 
1 00 
295 

48 

$ 1 688 

Bob  Marsh 
Vice Pres ident  

Processor Tech nol ogy 
6 200 Hol l is St 

E meryvi l l e  CA 94608 

COM M EN TS ON H O M E  COM P U T E RS :  
F I N D  A N E E D  A N D  F I L L  I T  

F i nd  a need and f i l l  i t !  Henry Kaiser 
b u i l t  q u i te a bus iness organizat ion using 
that ph rase as one of h is  bus iness pre
cep ts.  And now the deve lopment of 
m icrocompu ters and m icroprocessors has 
created a market for horne use. 

Th e re are many funct ions in the 
home that can be carried out by m icro
compu ters because of the i r  u n ique  
p roperties that  c o u l d  not be effect ive ly  
performed before. They inc lude fi nanc ial 
i n formation,  i n ven tory of assets, in 
ven tory of food and supp l ies, energy 
contro l ,  recreational games and survei l -



l ance for theft and fi re. You can p rob
ably th ink of more uses. 

A whole  new ind ustry i s  be ing 
spawned and i t  does not d etract from 
other  industries because new needs are 
being created. It can create new job and  
career op portu n i ties for persons fam i l i ar 
with com pute r  usage. 

What shou ld  be the market ing effort?  
Shou l d  i t  be structu red l i ke the auto 
industry wi th  franch isee dea lers and new 
mode l s  com ing  out  every year or  shou ld  
i t  be structured l i ke the rad io  and  
te levis ion ind ustry w i th dea lers carry i ng 
a m u l tip l i c i ty of mode ls'  Time w i l l  tel l .  

I would  l i ke to see  demonstratio n  
mode ls  p laced i n  p l aces l i ke Newport's 
F ashion I sl and or G lenda le 's  Gal ler ia  or  
Los  Angeles' Broadway P laza. 

W Dona ld  Po l lock 
1 49 S Bur l i ngton Apt  2 
Los Angeles CA 90057 · 

WAN TED:  H I G H  BAN D W I DTH 
TV M O DS 

I see many articles and p rojects on 
convert ing te levis ions to v ideo term i na l s  
for use o n  m in is  and m icros. U n fortu
nately (for m e ) ,  these are a l l  set u p  to 
generate a 32  ch aracter l i ne. I wou l d  l i ke  
to bu i l d  a term ina l  us ing a TV o r  v ideo 
m oni tor that w ou l d  h ave 80 or 72 char
acters per l i ne. I s n ' t  there a kit  or some 
way of bypassing the front  end of a TV 
that wi l l  l et  you get the ban d w i d th 
needed ? And just  how does one figu re 
out the bandwid th that i s  needed ? Does 
anyone out there have the schematics or 
logic d i agrams for such an adve n tu re ?  
Any h e l p  i s  real l y  welcome. 

j oe H eck 
1 2  E nfield St  

j amaica P l a in  M A  021 3 0  

A ny authors o u t  there engineering a 
commercial TV mod which fits this bill? 
Or is it even possible ? 

AUTHORS TAKE NOTE : 
488 BUS I N T E R FACE WAN T E D  

I h ave neve r  w ri tten t o  a m agaz i ne ,  
but  a s  I h ave never enjoyed a pub l icat ion 
as much as BYTE , I fe l t  I just  h ad to s i t  
down and l e t  you know how I fee l .  

I got i n to program m i ng i n  a sma l l  
way a few years ago, w i th the HP-65 and 
program ming  becam e a new l ove. I am 
the E lectro n ics Sect ion Su pervisor of the  
Metro logy Laboratory at Puge t  Sound 
Naval Shipy ard. We h ave recent ly  ac
qu ired an A l ta ir  8800a w i th .20 K p ro
grammable  memory, a TTY, 8 K and 
extended BAS I C, and a 4P  10 board 
with 4 ports. We are p resen t l y  us ing the 
AI ta ir  for d ata p rocessing and sc ien t if ic 
cal cu latio ns, but  hope to u se i t  i n  the 
fu ture as an automatic i nstru m e n tation 
con tro l ler. 

This br i ngs u p  a po int :  I sure wou ld  
l i ke to  see  m arketed or  pu b l i shed a 
design for an i n terface from the A l tair  
bus or standard 8 b i t  para l l e l  ports to the 
I E E E  488-75 bus. The use of  a m icro-

I 

E&L INSTRUMENTS, INC. 
6 1  First Street, Derby, Conn.  064 1 8  
(203) 735-8774 Telex N o .  9 6  3536 
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com puter  and a term i n al w i th th i s  i n ter
face wou l d  g ive the ca l ib rat ion instru
mentat ion i n d us try  an i nexpens ive and 
versa ti l e  automat ic  tes t  syste m .  

Bruce 0 F er land 

PS :  A m  very exc i ted about  m ach ine  
re adab le ,  pr in ted software ( bar codes ) .  
Hope t o  s e e  some hardw are m arketed  i n  
the  nea r  futu re. 

F R E E DOM OF ENTRY 

W i l be r  and  Fy lstra's sneers a t  com
puter  p ro fess iona ls  i n  the art ic le " H ome
brewery versus  the Software P riest
hood ,"  October BYTE #1 4,  page 90, 
are both u n necessary and unsupported .  
To be l ieve that the ind ustry , i ts m ana
gers, or  i ts program mers encourages the 
p rese n t  h igh cost of  des ign ing and m ain
tai n ing  software i s  s tup id .  Manufactu rers 
norm a l l y  lose money on systems soft
ware that they m us t  develop to sel l the i r  
m ach ines and want  lower costs and 
gre ater flex i b i l i ty re l i ab i l i ty ( h ow much 
d oes a new re lease of  an operat ing 
system cost ? )  m ore than anyone.  The 
w ide  acceptance of such new techn iq ues 
as top down struc tu red  program m ing, 
proofs of p rogram co rrectness, ch ief  
p rogram m e r  teams,  and re lat ional  f i l e  
organ izat ion i nd i cates the i n terests of 
the profess ion i n  i m proving c lar i ty ,  re l i 
ab i l i ty and prod uct iv i ty .  

The demand for  compute rs and pro
grams is very e l ast ic  ( total  spend ing fo r 
these th i ngs increases as p rices d rop ) .  I 
and othe r  program mers have more work 
than we need. We are happy to h ave 
people learn programm ing.  

For those who did not  see the a rt i c l e ,  
Wi lber  and Fy lstra accu sed the  p ro
fessio n :  

1. of de l iberate ly  surrou nd ing com
p u ters w i th an  aura  of m ystery ; 

2. of protect ing the i r  pr iv i l eged posi-

l ions by keeping their knowl edge 
to themsel ves ; 

3. of regard ing their knowledge as 
sacred and beyond the non
special ist ;  

4. of being h igh priests and acol y tes 
of the holy a l l i ance of logic.  

A l l  of  these charges are false.  
I n  i ts growth and achievements,  the 

computer  ind us try has been the m os t  
dynamic  en terpr ise i n  this coun try .  We, 
the computer hobbyists, exist because of 
this su ccess, not i n  spite of it. Both 
pol i ti ca l ly  and psychological ly ,  the com
puter ind ustry is rem arkabl y free of  
barriers to  en try. I have no l i ce nse or 
cert ifi cate. I have no col l ege degree yet.  I 
was ab le to get a posit ion as a program
mer  analyst w i th no p revious expe ri
ence l arge ly  because of m y  exper ience i n  
h o rn e  comput ing. 

Wi l ber and Fy l s tra are i d iots.  They 
get a m i nus inf in i ty on BOMB from me. 

The December 1 9 76 BYTE was one 
of the best ever. Keep u p  the (usua l l y )  
good work. · 

Mart in  Buchanan 
2040 Lord Fairfax Rd  

V ienna V A  2 2 1 8 0  

See Mi/?e and Dave 's comments in 

their letter replying to /-1 T Gordon 's 

comments in December. They apply 

equally here. Would anyone else care to 

commen t ?  

IS T H E  SOFTWA R E  
P R I ESTHOO D CON C E PT 

CONSI D E RE D  D A N G E R O U S ?  

I n  h i s  letter concerning t h e  eval u 
at ion of m icroprocessor i nstruct ion sets, 
Decem be r  1 9 76 BYT E ,  p age 5 0, H T 
Gordon m isunde rstood the m ain  th rust 
of our article, "Homebrewe ry versus the 
Software P riesthood ,"  October 1 9 76 
BYTE,  page 90 :  O f  cou rse professio nal 

software people wil l  always be needed 
by bus i ness execut i ves to help eval u ate 
comme rc ial p roducts - that's not o u r  
po in t !  W e  decry on l y  th ose software 
people who, l i ke some pr iests, seek to 
p ro tect  the i r  knowledge of the program
mer 's  a rt ,  as opposed to the i r  product .  
We were concerned w i th the personal 
m arket ,  not the very d iffe ren t com m er
cial m a rket ,  and we fu ndamenta l l y  wish 
to encou rage w idespre ad software l i ter
acy and free exchange in this personal 
com p u ti ng  hobby .  

O u r  recogni t ion  that  there i s  room 
for jou rney m an p rogram m e rs in the 
com p u ter  bu si ness shou l d  be c lear from 
our  d iscussion of the i r  re la t ion to the 
personal com put ing  use r. It i s  i m portant, 
however, to carefu l l y  d is t ingu ish the two 
worlds .  In t ile busi ness wor l d ,  the pro
gram mer 's  re l at ionsh i p  to tile c l i en t  is 
ty p ica l ly  that of an e m p loyee or  a 
contractor. By con trast ,  the firm sup
p ly i ng software for persona l  use hopes to 
h ave a large n u m be r  o f  i n d iv i d u al cus
tome rs. The sa l i ent  d i s t i nct ion is of 
accou n tab i l i t y :  T il e  p art ies to a software 
transact ion  are much more closel y re
l ated i n  the fi rst case than i n  the seco nd.  
A comme rc ial c l ient  can reasonably ex
pect the software p roduc t  to su i t i ts  
i n tended appl icat ion,  bu t  any ind iv idua l  
user of com m e rc ial l y  su pp l ied  "per
sonal " software represents on l y  a t iny 
port ion o f  the supp l ier ' s  i n tended m ar
ket.  Poi n t  one :  I n d i vi d u al s want ing per
sonal compu te rs responsive to the ir  own 
needs m ust b e  p re pared to p rogram the 
computer  themse lves. 

O n  tile other hand, if a lot of people 
know how to p rogram the i r  own com
p u te rs, then somebody e l se  stands to 
lose. That somebody else,  though, hard l y  
i nc l udes everyone pa id  t o  wri te com
p u te r  programs. Whi le  peop le  won't  buy 
someth ing  they cou l d  eas i l y  d o  bette r  
themselves, t h e y  are gene ral l y  happy to 

CASSETTE OR  F LO P PY D ISK? - PERC OM G IVES YOU A CHO ICE I 
T H E  C A S S E T T E  1/0 T HAT WO R K S ! 

• C o m p l e t e  C A S S E T T E  & T E R M I N A L  I / 0  
• A L T A I R / I M S A I  p l u g - i n  c o m p a t i b l e  

S WT P  6 8 0 0  a n d  o t h e r s  a v a i l a b l e  
• K A N S A S  C I T Y / B I P H A S E  S t a n d a r d 
• S e l f C l o c k i n g - i mm u n e  t o  t a p e  s p d  
• 3 0 - 2 4 0 b y t e s / s e c C a s s e t t e  I / 0 

( f a s t e s t R E L I A B L E  C a s s e t t e ! )  
• 3 0 0 - 9 6 0 0  B a u d  D a t a  T e r m i n a l  1 / 0  

( R S - 2 3 2  c o m p a t i b l e ! ) 
• W o r k s  w i t h A N Y  c a s s e t t e  r e c o r d e r  

( e v e n  a t  1 2 0 a n d  2 4 0  b y t e s / s e c ) 
• L o a d / D u m p  S o f t w a r e  i n c l u d e d 
• P r o v i s i o n f o r  r e m o t e  c o n t r o l  
• R u n  2 C a s s e t t e s  S i m u l t a n e o u s l y  
• 2 5  P a g e  I n s t r u c t i o n M a n u a l  

$89 . 95 K n  $119 , 95 ASS EMBLED 

I n s t r u c t i o n M a n u a l  o n l y  $ 4 . 0 0 
( r e f u n d e d  w i t h  o r d e r )  

T H E  N E W  LI ' L  FLOPPYI 
"now you can afford a flopp y ! " 

• C o m p a c t  3 � " x 6 " x 9 "  
• U s e s  t h e  c o m o a c t  d i s k  d r i v e 

a n d  l o w c o s t  s � ·  d i s k e t t e s  
• S t o r e s  9 5 . 2 K b y t e s / d i s k e t t e 
• L o a d  1 2 K  b y t e s  i n  2 s e c o n d s  
• A L T A I R / I M S A I a n d  S W T P  6 8 0 0  

I n t e r f a c e s  ( s p e c i fy w / o ) 
• W o r k s  w i t h  e x i s t i n g s o f t w a r e  
• B A S I C  E T C  a n d  o t h e r  s o f t w a r e  

a v a i l a b l e  ( e x t r a  c o s t )  
• P r i c e i n c l u d e s  o n e  d i s k  d r i v e  

e n c l o s u r e ,  c a b l e s , i n t e r f a c e  
2 d i s k e t t e s , d r i v e r  s o f t w a r e  

$695 K n  $810 Ass EMBLED 

I n s t r u c t i o n  M a n u a l  o n l y  $ 1 0  
( r e f u n d e d  w i t h  o r d e r )  

D e l i v e ry i s  6 0  d a y s  A R O  D e a l e r i n q u i r i e s i n v i t e d  

(LJEfHlllMI C a l l o r  w r i t e  f o r  c o m p l e t e  s p e c i f i c a t i o n s  

PERCOM DATA COMPANY • 4021 Windsor 
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pay for qua l i ty merchand ise. The essen
tial factor he re is the qua l i ty of the 
product. If i n d iv i dual users fi nd i t  easy 
to produce  fair ly good programs, they ' l l  
o n l y  buy  t h e  rea l l y  good s tuff; t h e  o n l y  
losers w i l l  be t h e  producers of med iocre 
goods. O n  the other hand, i f  ignorance i s  
ram pant,  the less  com petent pro
grammers can flourish i n  the pe rsonal  
market.  Point two: Only the second rate 
pract i t ioners stand to gain by a lack of 
wide  scale d iffusion of software sk i l l s. 

Now, m ost hackers l earned what they 
know for free,  and they l earned i t  
th rough personal contact w i th other  
h ackers. Th is  h as a lmost al ways h ap
pened where they were in close prox
im i ty .  However, hobby ists, who cur
rent ly represent  a lmost  the ent i re com 
muni ty of people making personal use of  
com puters,  a re  d ispersed geograph ical ly .  
A good system of com m u ni cat ion i s  
n ecessary to bridge the d istances. Tele
com m u nications, w i th i ts  very h igh 
transm ission speed,  can d o  wonders i n  
he lping peopl e  share consum erist v iews 
of the market as we l l  as actual programs. 
The te lephone br ings personal te le
com mun i cat ion i n to a fan tastical l y  large 
proportion o.f peopl e's homes, b u t  it h as 
the d isadvan tage of requ ir ing both 
parties to a com m u ni cation to be at 
home and d isposed to com m u ni cation a t  
the same instant. Th at's why  we  pro
posed a network of " Com m u n i ty I n for
m ation Exchanges" to serve as buffers to 
com mun icat ion. Po int  three:  A Cl E net  
can  be of immense u t i l i ty i n  d ispe l l i ng 
ignorance. 

To c l ose the c i rc le ,  we h ad no i n ten
tion to put  anybody down ;  the i deas 
we're pushing are that a lot of peop l e  
should l earn to  u se  com puters wel l .  
That' l l  benefit a l l  t h e  good guys;  and 
there's a plausible sou nd ing  m echan ism 
by which we can pul l  i t  off. We d isparage 
only those who,  for wh atever reasons,  
try to prevent i t. 

M ike W i lber  
9 2 0  Denn is  D r  

P a l o  A lto C A  94303 

David Fy lstra 
P O B  1 00 5 1  

Stanford C A  94305 

One point of information, which was 
not available to Mike or Dave, or Martin 
or H T Gordon at the time of writing of 
their respective letters: The results of a 
recent survey of a random sample of 
B YTE's 2 7 00 readers out of our list 
show that they tend to be people with 
some experience in software with the 
follo wing numbers: 

5 7% indicated prior experience with 
any large computer system. 

58% indicated prior experience with 
a minicomputer. 

79% indicated that they intend to use 
(52%), or are using (2 7%), their 
personal computer system for 
software development. 

The numbers for various specific profes
sional and business applications goals 

such as text editing, accounting, or 
simulation were typically 30% in the 
"intend" category with 5 to 7 0% indicat
ing the "ac tually using " category. 

This tends to indicate a significant 
o verlap between professional people and 
personal computing users so the issue 
may be a moot one. 

WH AT'S AN AP P L E ?  

I a m  th i n k ing  about purc h asi ng an 
App le I I  m in icomputer ,  but  before I 
purch ase i t  I wou ld  l i ke to ge t as m uch  
i n formation as  possi b le about i t . I 
wondere d  if y ou h ave heard abou t this 
computer or  i f  you h ad wr i tten a p rod
uct  desc r ipt ion abou t i t  i n  a past  issue. 
I f  y ou cou ld  send me  any i n form ati on 
on i t, I wou ld  app reciate i t  very m uc h .  

Andrew M cNe l l y  
1 1 76 Berkshire D r  

S a n  J ose CA 95 1 25 

I saw the prototype in operation 
on Satu'rday November 20 7 9 76 in Palo 
A Ito CA in my hotel room when S teve 
j obs and Steve Wozniac, Apple 's creators, 
demonstrated it. It will be an excellent 
product, completely preassembled, avail
able at computer stores nationally as 
well as by mail order. A 6502, 6 K ROM 
BASIC, color graphics, comple tely 

assembled case and keyboard, 4 K pro
gram memory, audio interface, monitor 
program, etc, all for about $ 7  300. Go 
to a Homebrew Computer Club meeting 
and ask people about it . . . C H  

H I G H  L E V E L  D ECO D I N G  P RO B L E M ?  

T h a n k  you ! 
As an owner  of th e S R-52 {and 

pr in te r) ,  I was  de l i gh ted to see your  
artic les i n  the Decem be r  i ssue .  P rogram
m able  ca lcu l ators, such as th e S R-52  and 
HP-95/97 ,  rep resen t  ve ry powe rful tools 
when one must  deal w i th n u mber  
systems. 

I 've  just abou t fi n i shed a m i n i  S ta r  
Tre k  game .  Each  t ime  you get a K l i ngon,  
the d i sp l ay fl ashes " B LOO I E "  ( 3 1 0078,  
u psi d e  d own ) .  

I hope  you con ti nue  t o  s e t  as ide  a 
sma l l  port ion of your  m agazine  for these 
h and h e l d  compu te rs.  

Meanwh i l e ,  my M oto rol a 6800 evalu
at ion board is wa i t ing  i n  the w in gs for 
an RS-2 3 2  per ipheral .  

Tom Hand l ey  
New Age  Commun i cations 

Portland O R  

P.S : You c a n  rep ri n t  th is l e t te r  i f  
y o u  c an decode my terri b le  w ri t ing. 
{ N o  software p rov i de d ! )  • 

If you want a microcomputer 
with all of these standard features . . .  

• 8080 MPU (The one 
with growing soft
ware support) 
• 1024 Byte ROM 
(With maximum ca
pacity of 4K Bytes) 
• 1 024 Byte RAM 
(With maximum 
capacity of 2K 
Bytes) 
• TTY Serial i/O 
• EIA Serial I/O 
• 3 parallel i/O's 
• ASCI I/Baudot 
terminal com
patibility with TTY machines or video units 
• Monitor having load, dump, display, insert 
and go functions 

• Com plete with card 
connectors 

• Comprehensive 
User's Manual, plus 
lnte1 8080 User's 
Manual 

• Completely 
factory assembled 
and tested - not 
a kit · 

-

• Optional ac
cessories: Key
board/video 
display, audio 
cassette modem 

interface, power supply, ROM programmer 
and attractive cabinetry . . .  plus more options 
to foll ow. The HAL MCEM-8080. $375 

. . .  then let us send you our card. 
HAL Communications Corp. has 
been a leader in digital communi
cations for over half a decade. 
The MCEM-8080 microcomputer 
s hows just how far this leadership 
has taken us . . .  and how far it 
can take you in your applications. 
That's why we'd l ike to send 
you our card- one PC 
board that we feel is  the 
best-valued, most complete 

m icrocomputer you can buy. For 
detai ls on the MCEM-8080, write 
today. We'll a lso i nclude compre
hensive information on the HAL 
DS-3000 KSR microprocessor
based terminal ,  the terminal that 
g ives you multi-code compati

bility, flexibi l ity for future 
changes, editing,  and a 
conven ient, large video 
display format. 

HAL Communications Corp. 
Box 365, 807 E. Green Street, Urbana, Illinois 61801 

Telephone (217) 367-7373 
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At Last! A Ph i  Deck Tape Mass 
Storage System for the 
Alta ir  Bus 

Recognizing the . need for low cost 
versat i le  mass storage for the A l tair and 
compat ib le  8080 based microcom p u ters, 
Micro Designs i s  offer ing two new d igital 
cassette mass storage systems with u p  to 
one megabyte capacity. 

Accord ing to the manufactu rer, an 
in tegral part of these ready to use 
systems is a complete system of fi l e  
management  software which al lows the 
user to manipu late both symbo l ic and 
binary f i les w i th h igh l evel com mands .  

The M icro Designs Model  1 00 is a 
compact s ingle cassette d rive wh ich  
stores up  to  one ha l f  megaby te of data .  
The random access format of  the d ata on 

At  I ssue,  a Table  

We received the following item concern
ing a new products item in the December 
7 9 76 B YTE. 

I w ish to take issue with the  com pari
son chart given in the  "State of  the  Art 
D isk Technol ogy " on the S A-400 M i n i
floppy .  S pecifica l l y ,  the specifications 
on the 3 M  Min icartr idge. When used 
with the Qantex Model  200 M I N I 
D R I V E™ , the 3 M  Mi nicartr idge has an 
u n formatted capacity of 336 k i lobytes. 
With the h igh density opt ion ,  the Mode l  
200 wi l l  p rovide 676  k i lobytes on one  
3 M  M i nicartridge. Th ese num bers are 
computed as fol lows : 

Capac i ty per track ( u nform atted ) 
= Length of tape (feet) • 1 2  i nches 

per feet · Pac king density ( b p i )  
8 b i ts per  byte 

= 1 40 . 1 2  . 800 
8 

= 1 68 K 
For two trac ks 

Capacity = 3 3 6  k i lobytes 
Thus, you r figu re of 1 00 k i lobytes is 
com plete ly erroneous. 

The Qan tex Model 2db is offered 
with e ither a 1 or 2 track head .  

Next, let 's  consider transfer rate, 
which is compu ted as fo l lows :  

Transfer rate = tape speed ( i nches/ 
seconds) packing density 
( b i ts/i nch)  

Transfer rate = 30  ips · 800 bp i  
Transfer rate = 24 k i lob i ts pe r  

second 
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the tape a l lows p rogrammed access to 
any s ing le 1 28 byte record. The data 
transfer rate i s  1 000 bytes per second , 
and the tape may be searched at a rate 
exceed ing  1 20 inches per second.  The 
dua l  transport Mode l  200  p u ts up to one 
megabyte of per iphe ral f i les on l i ne .  

Both u n i ts come fu l l y  assemb led ,  and 
ready for i m med iate use.  The i n terface 
board p l ugs i n to the  main  frame mother
board connector to a ttach the mass 
storage u n i t  to the compu ter. To br ing 
u p  the operating system, the  user loads a 
cassette,  and transfers con trol  to the 
ROM on the in terface board ;  a l l  further 
tape operat ions are autom atic. S tatus 
l ights i nform the u ser  of rel evan t  tape 
cond i t ions, and hard ware error detect ion 
is p rov ided .  These smal l  table top u n i ts 
se l l  for $ 5 5 0  (Mode l  1 00) and $ 825 
(Mode l  200 ) .  De l ivery i s  qu oted as 
30 d ays after rece i p t  of order.  Contact 
M ic ro Designs I nc ,  1 1 7 5 Colusa Av 
Berkeley CA 94707.•  

Thus, an order of magnitude e rror i n  
your  ch art. The Qantex Mode l  200 with  
the h igh d ens i ty o p tion p rovid es a trans
fer rate of  48 k i lobi ts per second . 

Average access t i m e  is usua l ly  com
puted as one  half the  t ime req u i red  to 
traverse the  med ia. T h e  Qan tex Model  
200 p rovides a h igh speed mode where in 
tape is moved at  90 i ps. Access t ime is 
compu ted as fo l lows:  

Access T ime = 
Tape length (ft )  · 1 2  i n/ft 

2 · Tape speed ( i n/sec) 

Access Time = � 
2 . 9 0  

Access T ime = 9 .34  sec. 

The Qantex Model 200 M I N I -
D R I V E™ w i th i n tim ate e lectronics i s  
sign i fi cant ly smal ler  than i nd icate d ,  w i th 
a phys ica l  size of 4 by 4 . 1 25 by 3 i nches 
w i th a companion PC card of 4 .5  by 
6 .5  inches. When  pac kaged i n  an 
opt iona l  sheet metai enc losure ,  the  com
p l e te d rive i nc lud ing all PC cards is 4 .75  
by 4.  7 5 by 7 . 5  inches. 

I nc idental l y ,  the Qantex Mode l  200 
configu ration , wh ich  is equ iva l en t  to the 
ty pe  supp l ied by the SA-400, a lso costs 
$ 3 9 0, quanti ty one .  

A l l  th i ngs cons idered ,  I bel ieve the 
decis ion to u se a cartr idge or d isk  must 
be fou nded u pon careful  ana lysis of 
system req u i rements. I f  access t ime is of 
key i m portance,  the d i sk  is the obvious 
choice .  I f  capacity i s  of key im portance,  
then the cartr idge is the obv ious  cho ice. 
Other cons iderat ions might  be the l e ngth 
of ti me  i t  takes to va l i d ate a d ata b lock 



just  recorded.  The rotat ional  l atency for 
the d isk is  200 m s. Thus,  the system has 
to wait  200 m s  to val i d a te a b l o c k  j u s t  
record e d .  T h e  Qan tex M o d e l  200 w i t h  
a d u al g a p  h e a d  w i l l  p rovide  verif icat ion 
5 m s  after  the l as t  bit  has been re c o rd e d .  
For m a n y  a p p l icat ions,  t h i s  i s  a c r i t i c al 
parameter.  

A l so to be considered is  the MTBF of 
the two devices.  The M o d e l  200 M I N I 
D R I V E  TM has o n l y  o n e  m o t o r  as o p 
posed to t w o  for t h e  f l o p p y .  Aside from 
the o n e  m o tor, there is  v i r t u al l y  n o  o t h e r  
mechan ism fo r t h e  M i n i d ri ve.  T h e  flo p p y ,  
on the o t h e r  h a n d ,  h as t h e  i n d e x i n g  
mechan ics to i m part l i n ear  m ot i o n  to t h e  
h ead pos it ion ing m e c h a n i s m .  S h ugart's  
m e thod for i n d ex i n g  is  very clever;  how
ever,  i t  does n o t  appear to be able to 
operate i n  a n  e n v i ro n m e n t  of m o d e rate 
shock a n d  vi bration.  Qan tex exper ience 
i n  p r o d u c i n g  the "standard " 3 M  Car
tr idge peri p heral  ( A N / U S H -26 ( V ) for t h e  
N av al E l e c t r o n i c s  S y s t e m s  h a s  resu l te d  i n  
a cartridge d r ive w h i c h  can o perate i n  
severe enviro n m e n ts. 

j oe l  A Kramer 
Pres ident 

Qantex D i v i s i o n  
· N o r t h  A t la n t i c  I nd ustries I n c  

200 Term inal  Dr 
P l a i nview N Y  1 1 80 3  

M o ra l  of t h e  Story:  

When putting in a new product item, 
the information is supplied by the 
producer of the product. Now, here is an 
oblique way of providing a new product 
item on the Qantex Model 200 MINI
DR! VE-in the way of an interesting 
letter of protest over a tabre found in 
December 8 YTE. As noted in 

·
the 

Shugart feature in December, the in
formation, in the table on page 8 7, was 
"supplied by Shugart. " A note of 
qualification concerning the Philips cas
sette drive was placed in the text because 
of the availability of the Phi-Deck and 
similar low cost drives. 

Manufacturing and marketing a prod
uct, any product, whether it be a 
computer, or one 's personal services, is a 
very personal and people oriented 
activity. Products don 't spring forth by 
magic but represent the creativity of the 
people working on their design and 
marketing. This letter emphasizes that 
fact . . . CH • 

Where to Go to Get W hatever . . .  

The follo wing tex t is taken essen
tially verbatin from a well written press 
release . . .  

A new d i re c to r y  has j u s t  been p u b
l i shed t h a t  h e l ps radio a m a teu rs, C B ers, 
ex p e r i m e n ters and c o m p u te r  h o b by ists 
locate e q u i p m e n t ,  p a r ts, s u p p l ies and 
services. Over 6 0 0  sources of standard 
and h ard to f i n d  gear are I i s  ted i n  t h e  
handy g u i d e .  M a n y  of t h e  6 0 0  sources 
are mai l  order f irms a n d  many are 
d isco u n ters, too. Al l  are f irms that d o  
business w i th e l ec tro n i cs h o b by ists. 

The first se ct ion of the book l i sts t h e  

fi r m s  a l p h a betica l l y ,  the i r  c o m p l e te m a i l 
ing a d d resses and p h o n e  n u m bers. T h e n ,  
a l ist  of the p ro d u c ts o r  services t h e y  
offer a r e  p r o v i d e d  a l o n g  w i t h  k e y  prod
u c t  i nformati o n ,  m i n i m u m  order  
a m ou n ts ,  s h i p p i n g  c h arges, e tc. Y o u ' l l  
fi n d  every t h i n g from t h e  m i l l i o n  d o l l a r  
m a i l  o r d e r  f irm t h a t  h a n d l e s  h u n d re d s  o f  
p r o d u c t  l ines  t o  t h e  wee kend garage 
o p e ra ti o n  offe r i n g  a low cost accessory 
for a m i crop rocessor or Cit izen's  Band 
transce i ver.  

The se c o n d  section of the book is  a 
breakdown of produ cts a n d  sou rces i n  
o v e r  2 0 0  categories. U n d e r  e a c h  category 
i s  a l i s t i n g  of al l  firms that se l l  or 
m a n u fa c tu re the i tems cross refere nced 
to the f i rs t  sect ion.  For  i n stance,  there 
are over  2 5  sources of l o w  vol tage 
( 1 2. 6  V DC to 1 3. 8  V DC) power s u p p l i e s  
a n d  over  5 0  sou rces of d igita l  I Cs.  

T h e  b u y i ng gu i d e  c o n ta i n s  many 
p rices a n d  suffi c i e n t  d e ta i l  that  you can 
m a ke y o u r  p u rc h ases d i rect ly from the 
book o r  obtain a d d i tiona l  information to 
m a k e  your choice.  Catalog p r ices, if  a n y ,  
a r e  I is  ted.  

T h e  last  sec t i o n  of the book i n c l u d e s  
a l l  sou rces by state s o  y o u  can b u y  from 
t h e  f i r m  nearest you w h e n  there are 
several c h o i c es. Y o u ' l l  p robably  find 
some l ocal firms that  you d i d n ' t  k n o w  
existed.  

The Underground Buying Guide is 
ava i l ab l e  only by d i rect  mail fro m Pe n i n
s u l a  Market ing Services, 1 2625 L i d o  
Way, S aratoga CA 95 070. The pr ice  i s  
$ 5 . 9 5  p l u s  $ . 5 5  postage and h a n d l i ng. 
Cal ifornians add $ . 3 9  sales tax. M o ney
b a c k  guara n tee w i t h i n  1 0  days i f  you are 
not  c o m p l e te l y  sa tisfie d . •  

A t t e n t i o n  C o m mercia l  a n d  I nd u str ia l  
U sers of t h e  8080 

m u Pro I nc ,  4 2 4  Oakmead Pky , 
S u n n y vale  CA 9 4 0 8 6 ,  has  j u s t  an
n o u n c e d  w h a t  m ay be one of the best 
8 0 8 0  o ri e n ted asse m blers to come to 
market .  T h i s  i s  the BSA L-80 asse m b l e r ,  a 
" b l o c k  stru c tu red asse m b l y  l a n gu age" 
w h i c h  c o mes w i t h a relocating and l i n k
i n g  l o ad e r .  F i n a l l y ,  someone in t h e  
m i c r o p rocesso r worl d has  go t ten a rou n d  
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to i m p l e m e n ti n g  some of those n ice 
t h i ngs which systems p rogra m m ers h ave 
gro w n  accustomed to o n  the b i gge r 
m i n i c o m p u te r  a n d  l a rge scale c o m p u ters!  
This product,  acco rd i n g  to the p ress 
rel ease, " a l l o ws the user  to w ri te p ro
grams i n  a h igh l eve l  l a n gu age sy n tax 
w h i l e  retai n i ng the f lexi b i l i ty ,  p rogram 
size and execu t i o n  speed of asse m b ly 
l a n gu age. The a b i l i ty to u ti l ize any of 
the 8 0 8 0  m ac h i n e  i n struct ions a n d  to 
c o n trol the use o f  the a rc h i tectu ral 
featu res o f  the 8 0 8 0  is m a i n ta i n e d . "  

S i n c e  t h e  ou t p u t  i s  tru l y  re locatable 
and h as l i n kage i nform a t i o n ,  the pro
gram m e r  is  able to develop tru l y  m o d u 
l a r  p rograms. The c o m p an y  a l so h as 
avai lab le  a l i ne n u m b e r  o r i e n ted e d i to r  
p rogram and a l o a d e r  p rogram to go w i th 

Cogitate t h e n  E m u late with 
This Bi polar Control ler . . .  

The n e w  Signet ics  8 X 3 00 b i p o l a r  
m icroprocessor d e v i c e  is n o w  ava i l a b l e  i n  
a s i ngle board d esign eval u ation k i t  
i n t e n d e d  to t i t i l l ate the fan c i e s  of the 
hard ware d esigner . . .  but guaranteed to 
f i n d  i ts way i n to a few h o m e b rew 
exper imen ters' h a n d s  as o n e  o f  the 
cheapest,  fastest a n d  eas iest  routes to a 
h ig h  pe rfo rm ance m i c ro programm.able  
e m u l ator for exist ing o r  ex p e r i m e n tal 
p rocessor arc h i tectu res. A t  $ 29 9  i t's  
h a r d  to argue with  the fe atu res o f  this  
k i t :  

t h e  asse m b l e r .  The p r o d u c t  is  d e fi n i te ly  
a imed at c o m m e rcial  users ,  s ince i ts p rice  
is wel l  out of the range o f  the i n d i v i d u a l  
u s e r  o n  a tigh t b u d ge t :  T h e  B S A L - 8 0  
ass e m b l e r  with  BSA L-80 relocati ng/ 
l i n k i n g  l oader are ava i l a b l e  toge t h e r  for 
$ 9 7 5  i n  8080 res i d e n t  fo r m :  the 
B S A L - 8 0  text e d i to r  is ava i l a b l e  for 
$ 35 0. The text e d i tor ,  asse m b l e r  a n d  
l o a d e r  a r e  avai lable a s  a p ac kage fo r 
$ 1 2 5 0  and a FO R T R A N  I V  cross 
asse m b l y  version is  ava i l a b l e  for $ 1 2 5 0. 
The 8080 resi d e n t  versions are p rovided 
free o f  ch arge with the pu rch ase o f  the 
mu Pro-8 0 ,  m u Pro-80E o r  m u Pro-8 0 E D  
h ard ware a n d  software develo p m e n t  
systems m a n u factu red b y  the fi r m .  
Del ivery o f  t h e  software i s  q u oted a s  
i m m e d iate.• 

• 2 5 0  ns bipolar  8X300 p rocessor. 
This p rocessor h a n d l e s  8 b i ts at a 
t ime w i th a read-mod i fy - w r i te 
cycle  of 2 5 0  ns.  ( Yes, that 's fou r  
instruct ions per  m icroseco n d ! ) 

• 2 5 6  bytes of h igh speed w o r k i n g  
d a t a  storage. ( I n  the use o f  t h i s  
board a s  a m i c rop rogrammed 
e m u l a t o r ,  th is  becomes the area 
used for the c o n t rol  d ata and 
gene ral registers o f  the machine  
you e m u l a te. I f  y o u ' re c razy 
e n ough to wa n t  to e m u l ate a 3 6 0 ,  
fo r exam p l e ,  a l l ocate 64 o f  these 

b y tes as the 1 6  general p u rpose 
registers and another  3 2  b y t e s  for 
the fou r f loat ing  p o i n t  registers 
and u se t h e  r e m ai n d e r  for con t ro l  
registers and p o i n te rs w i t h i n  the 
e m u l ator. ) 

• F o u r  1 0  p o rts i m p l e m e n ted to 
i n te rface external  dev ices.  ( Y o u 'd 
use these p o r ts to d r ive the 
add ress a n d  data b u ses o f  the 
e m u l ated c o m p u ter system. ) 

• System d e ve l o p m e n t  software i n  
P RO M  to a i d  y o u  i n  u ti l i z i n g  the 
board . 

• 1 3  b i t  address  b u s  a n d  1 6  b i t  data 
b u s  for the m i c ro p rogram mem
ory u sed to d ri v e  the 8 X 3 00. 
(T h i s  s h o u l d  b e  more than e n ough 
c o n t ro l  store to b u i l d  the afore
m e n t i o n e d  360 e m u l a tor.  For a 
m i c r o p rogra m m i n g  p roject y o u 'd 
w a n t  to a d d  u p  to 8 K by 1 6  b i ts 
of d u al p o r t  p rogra m m a b l e  mem
ory to this bus. ) 

• D i agnostic a n d  i ns t ru c t i o n al con
trols which i n c l u d e  a WA I T  m ode 
to al low single step operat ion,  
o n e s h o t  i n st ru c ti o n  j a m m ing,  
a b i l i ty to ch ange o r  examine 
i n te rn a l  registers ,  etc.  

Con ten ts o f  the kit  (h a r d ware ) i n c l u d e  
an 8 X 3 0 0  p rocess o r ,  e i g h t  8 2 S 1 1 6  pro
g ram m a b l e  m e m o r i e s  fo r the d a ta store, 
two 8 2 S 1 1 5  5 1 2x8 P RO M s  with the 
systems software for eva luat ion use, 
m isce l l aneous  TTL p a rts ,  the p ri nted 

How to Use the 8 X 3 0 0  Control ler  a s  a n  E m u lator notes by Carl Helmers, Ed itor 

CHOOSE MULTIPLES O F  8 BITS 

FOR ADDRESS ANO DATA BUS TO 

MAIN MEMORY MODULES OF TH E 

EMULATED MACH I N E  

This figure shows the conceptual 
design of an emulator system built 
around your present microprocessor and 
the 8X300KT700SK kit of Signe tics. 
The parallel 10 ports of the general 
purpose microprocessor are used to 
address and load the programmable con
trol store of the emulator (which you 

8X300 10 PORTS USED AS BUS I N T E R FACES FOR T H E  EMULATED 

COMPUTER SYSTEM"S ARCHITECTURE 

CONTROL 

L I N ES TO 

8X300 

13 L I N ES OF CONTROL STORE ADDRESS 

8X300KT100SK 

EVALUATION 

BOARD 1 6  L I N ES CONTROL 

PROGRAM DATA 
PROGRAMMABLE 

CONTROL STORE t-o------.----I I UP TO 8 K BY 

16 BITS. H I G H  

SPEED MEMORY) 

STATUS 16 LI NES 

L I N ES FROM DATA FROM 

8X300 CONTROL 

STORE 

16 L I N ES 

DATA TO 

CONTROL 

STORE 

13 
L I N ES 

EMULATOR DEVELOPMENT PROCESSOR I NT E R F ACE THROUGH PARALLEL PORTS 

1 6  B I TS ADDRESSING PLUS DATA 

8 B I TS AT A T I M E  
YOUR OLD G E N E R A L  PURPOSE 

PROCESSOR USED AS THE L----;------------11-----1 SYSTEM D E V E LOPMENT 

DMA I f F  YOU"RE C L E V E R )  USES 

OLD PROCESSOR MAIN MEMORY AS 

SYSTEM MEMORY EMU LATED MAC H I N E  

PROCESSOR 

1 00 

CONTROL 

STORE 

ADDRESS 

SELECT 

have to assemble yourself from high 
speed chips or run the 8X300 at less 
than its full rated speed). Assuming that 
you start with a complete computer 
system which includes assembler or high 
�eve/ language, you write the soft ware of 
a microassembler in order to create the 
emulation programs conveniently prior 
to loading the control store. You use the 
10 ports of the evaluation card (plus 
additional ones if necessary) to define 
the address and data bus structure of the 
machine you 're emulating. If you 're 
clever, you make this output of the 
8X300 treat your old microprocessor's 
memory as its own via the DMA trick, 
but for initial testing it is probably 
better to dedicate a small amount of 
memory (perhaps 4 K bytes) exclusively 
to the emulated machine to avoid blo w
ups due to wild programming of unde
bugged machine instructions. Through 
the control and status interfaces you 
tack onto the evaluation board !?it, you 
make the emulated machine treat the old 
machine and its peripherals as its main 
10 devices, so that programs working in 
the new architecture can at least talk to 
you. The result of all this cogitation and 
wiring will be a microprogrammab/e 
computer architecture experimental rig 
which will be the en vy of many an 
industrial laboratory or university 
computer science department - yet still 
at a cost within the advanced experi
menter's budget. • 



c i rcu i t ,  com p lete manua l  and assemb ly  
i nstructions. Signetics is located at 8 1 1 
East Arques Av,  Sun nyvale CA 94086,  

and the  8 X 3 00 KT 1  OOS K is avai l ab l e  
from S ignet ics d i s t r ibutors .•  

What Makes the  Z-1  T ick?  

Cro memco has forwarded th is  p i c ture 
of Harry G ar land's  Z-80 processor card 
which i s  what  makes their new Z-1 
co m p u t e r  " t ick ."  Accord ing  to 
Cromemco,  they have an arrangement  
w i th Z i log to  obtain a selected version of  
the Z-80 processor which can operate 
with a 4 M Hz clock. Yet  the card 
remains com pat ib le with the A l ta i r  bus 
which is ava i lab le  from n u merous manu
factu rers. 

This p rocessor card design has a 
crystal contro l led 4 M Hz c lock wh ich 
can dr ive the processor at e i ther  4 M H z  
o r  2 M Hz depend ing upon a sw i tch 
selected opt ion.  The use of me mory wa i t  

A Matter of Form 

We recent ly  received a pad of cod ing 
forms for those who work i n  asse m b l y  or 
mach ine  l anguage, d esigned and sold by 
Wal ton E lectronics. The forms are bou nd  
toge ther i n  pads  of  5 0  shee ts and are 
formatted to accept code for the m ore 
popular m icrop rocessors. Colu m ns in
clude: add ress, code, label, i nstru ct ion 
and notes. Code can be w ri tten i n  e i the r  
octal o r  h exadecimal w i th u p  to  3 by tes 
per l i ne in  regu lar  assemb le r  fo rmat.  The 
l ines are spaced to perm i t  cod ing  from a 
pica typewriter. 

These forms make hand assem bly 
easier and neate r  wh ich  he lps e l i m i nate 
errors. The pads se l l  for $ 1 .95  each 
postpaid .  Quant i ty d iscou n ts are avai l
able. Order from Walton E l ectron ics, 
POB 503, Bethan y OK 7 3008, or check 
you r nearest compu ter store .•  

states enables the board to  operate with 
m ixes of fast and s low memory in the 
eve n t  that  an o lder  system is  being 
u pgraded to the 4 MHz c lock rate. 

An  in terest ing feature which w i l l  
prove most  u seful to  those people who 
purchase the Cromemco By tesaver 
E RO M  card (or i ts equ iva lent)  i n  order 
to b u i l d  permanen t systems software 
loads i s  the new Cromemco Z-80 p roc
essor card 's power on restart opt ion 
which a l lows select ion of an au tomatic 
res tart vector to any 4 K boundary in  
me mory add ress space. Thus  if you put  
your  mon i tor  i n  E ROM u p  a t  hexa
dec i mal add ress .FOOO, this board l e ts 
you set up an automatic restart j u m p  to 
you r mon i tor whenever you turn on the 
power (or  if you ' re a true hac ker ,  when 
you s imu l ate power on wi th your  own 
restart button ) .  

Th is  p rocessor i s  avai lable e i ther i n  
k i t  o r  i n  assemb led form a t  p r ices of 
$295  and $ 3 9 5  respective ly .  De l i very is 
quoted  as 1 5  to 30 days A RO (after 

Explore the Un i verse of Color 

Compucolor Corp, Norc ross GA 
3007 1 ,  annou nced p lans in December 
1 9 7 6  to begin marketing a new 8 color 

rece ip t  of order ) .  Cromemco a lso p ro
vides a Z-80 mon i tor, w i th comp le te 
d oc u m e n tat ion i nc l u d i n g  sou rce code 
and paper tape object  code. Also ava i l 
ab le  accord ing  to the  press release is a 
Z-80 asse mb l er  and BAS I C  i n te rpre te r. 
Cromemco is l ocated at 2432 Ch arleston 
Rd,  Mounta in  View CA 9404 3 . •  

personal compute r, the  Compucolor 
8001 , i n  ear ly D ecem ber. Accord ing 
to the  press  re lease ,  the Compu
color 8001 is a stand a lone CRT and 
m ic roco m p u te r  w i th both computat ion 
and grap h i cs capab i l i t ies .  

I t  i s  programmed to hand l e  s imp l e  or 
complex tasks,  from color  graph ics and 
income tax records to checkbook 
balancing,  educat ion i nstru ct ion,  tu tor
ing and a u n i q u e  var iety of com p u ter  
games.  The u n i t  fea tu res B A S I C  l an
guage, a 1 9  i nch d isp lay screen , key
board and tape memory. Opt ions are 
a l so avai lab le .  

The Compuco lor  i s  be ing marketed 
th rough reta i l  compu ter stores nat ion
wide, and n o  pr ice was quoted  with the 
p ress release . •  

INTERNATIONAL DATA SYSTEMS, INC. 400 North Washington Street. Suite 200 
Falls Church, Virginia 22046 USA 
Telephone (703) 536-7373 

S100 Buss Cards (ALTAIR/IMSAI Compatible) 

88-SPM Clock Module 

88-UFC Frequency Counter Module 

88-MODEM Originate/ Answer MODEM 

GENERAL PURPOSE PERIPHERALS 

MCTK Morse Code Trainer/ Keyer 

TSM Temperature Sensing Module 

DAC8 Eight Bit Digital to Analog Converter 

Your computer keeps time of day regardless of what program il is 

executing. Applications include event logging. data entry. ham 

radio. etc. 

Measure frequencies up to 600 MHz. Computer can monitor 

multiple frequencies such as transmit and receive frequency. 

Use your computer to call other computer systems such as large 
timesharing systems. Also allows other computer terminals to 
""dial-up'" your computer. 

Hardware/ Software package which allows your computer to teach 
Morse Code. key your transmitter. and send prestored messages. 

Use it to measure inside and/or outside temperature for comput
erized climate control systems, etc. 

Requires one eight bit output port. Use it to produce computer 
music. 

KIT PRICE 

$96.00 

$ 149.00 

$1 99.00 

$29.00 

$24.00 

$1 9.00 

Terms: Payment with order. Shipment prepaid. Delivery Is stock to 30 days. Write or call lor detailed product brochures. 
' 

... 



Comments on a Prototyping Bus 

(See December 7 9 76 8 YTE, page 7 28.) 

This  concerns the p roposal for a u n iversal 
p rototyp ing  bus structu re by David 
Washbu rn .  

M r  Washburn raises some i n teresti ng 
poi n ts, none of which raise objections from 
me ;  however ,  when we dream let us dream 
bold ly .  It is not boldness to i ncrease the 
add ress bus w idth from 1 6  b i ts to 1 8  b its. I t  
is not boldness to repl ace the pseudostandard 
bus w i th an 88 conne.ction bus. 

A tru ly bold step for the add ress bus i s  
to  immediately go to  24 b i ts (3 bytes) . The 
p rocessor board can have two 8 b i t  registers, 
loaded by 10 i nstructions (but  it does not 
matter how they get loaded ) ,  to supp ly the 
u pper 8 b i ts of an address. The choice of 
which upper  register to use would be based 
upon whether i t  is an i nstruction fetch . {Not 
necessarily possible to determine with any 
processor chip . . .  CH/ I n  this way i nstruc-

Webb S i m mons 

1 559 Alcala PI 

San Diego CA 921 1 1  

tions and data can be arbi trar i ly  far apart. 
The actual load i ng of the u pper address 
register shou ld  be deferred by one i n struc
tion t ime to al low for a j u m p  i n to the newly 
sel ected memory b lock .  M any variat ions on 
this theme are possib l e  and none wou ld be 
b ind ing  u pon any user. Me re ly al low 24 b its 
and l e t  each person do h i s/her own th ing. 

S im i l a r  reason ing  suggests 24 b i ts for the 
data bus.  [But why not go all the way to 
32 ? ? ? CHj A person w i th true 1 6  b i ts of 
data may wish to u se a H am ming code for 
e rror correct ion as we l l  as ( i n  l ieu of) s imp le 
e rror detection .  A 2 1  b i t  fi e ld  i s  requ i red to 
correct a one b i t  e rror i n  1 6  b i ts (see the 
Data General descript ion of the i r  Ec l i pse 
computer) . Once agai n a person may either 
u se the extra bits o r  i gnore them. 

I rather  l i ke the thought of m u l tip le  
i nexpensive connectors, bu t  why stop at two? 

Some Comments on the Universal Bus Idea 

M Faiman 

Associate Professor of Computer Science 

University of I l l i nois at Urbana-Champaign 

· U rbana I L 6 1 8 0 1  

Dav id  Washburn ' s  comments i n  the 
December issue of BYTE on a un ive rsal bus 
structu re are wel l  taken.  We ran i n to the 
prob lem he describes a coup le  of years ago 
when we started to experiment with micro
p rocessors in our  department. Every m icro
p rocessor, as your readers well know, h as i ts 
own external signal configu ration and p roto
col which al l other devices - memory boards, 
10 i n terfaces, e tc, must match in  order to 
form a worki llg system. Changing processors, 
even i f  they cost a mere $25,  necessi tates a 
costly redesign of al l the associated device 
i n te rfaces. S ince there are typical ly many of 
the l atte r  for on ly one of the former, this is 
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obviously an expens ive and,  i n  most 
i nstances, imp racti cal bus iness. 

Our sol u t ion ,  after study ing the charac
teristics of the popu larly ava i l ab le  and 
p rojected microprocessors, was to design our  
own Modu l a r  U n ified M ic roprocessor 
System - M UMS  ( 1 , 2, 3 ,  4) . Th is  system 
has u ndergone two design i terations s ince i ts 
i ncept ion,  and i ts ch ief character ist ics may 
be summarized as fol lows:  

1 .  The hardware ut i l izes a fai rly s imple ,  
u ni form bus structure that i s  p rocessor 
i ndependent. There is one m icro
p rocessor per bus, and i t  and a l l  other 
devices i n tercommun icate v ia a smal l 
set of generic s ignals (see i tem 5 
be low).  

2 .  The bus  s ignal p rotocol i s  chosen so 
that the most n umerous modu l es in a 
system requ i re on ly the s imp lest, i e :  
least expensive, i n te rfaces. 



Use three connectors or even fou r. When a 
user has no need for the extra connectors 
they can be omi tted from the mother board . 
The standard board size m ight i ncrease 
somewhat but the extra sq uare i nches w i l l  
no t  be  very expensive. 

The 3 b i t  "speed code" set by each mem
ory board seems to h ave no advantage over a 
one b i t  "data ready" signal from memory. 
Un less and unt i l  the data i s  tru ly ready the 
processor can do noth i ng sens ib l e  anyway. 
Many computers al ready al l ow for asy n
chronous memory w i th an i ndefi n i te wa i t  
for  data ready, so th is  i n  not  new.  

Concern ing standard per ipheral dev ice 
n umbers, why not define them in the range 
from a low of zero to a h igh of 255?  Then 
a l low anyone to append one or two upper  
bytes to th i s  low by te of standard assign
ments. The upper byte (or bytes} cou ld  be 
set with j umpers or d i p  swi tches. Th is  w i l l  
a l low the sp i r i t  of standard device assign
ments and st i l l let a u ser  put them where he 
wishes. 

For mu l ti p l e  p rocessors (eg: 2) let us not  
over look the  possi b i l i ty of Y shaped mem
ory i n  wh ich  each processor gets i ts i n struc
t ions from i ts own b ranch of the Y w i thout 
confl i c ts w i th the other processor. For  data 
the processors can share the common branch 
and most of the t ime both p rocessors can 
run at near fu l l  speed .• 

3 .  To s idestep the spread in t 1m 1 ng 
requ i rements of d i fferen t  p rocessors 
the mode of commun icat ion on the bus 
is asynch ronous. A particu l ar advan
tage of this i s  that memory boards of 
d iffer ing access/cycl e t imes can be 
used in the same system . (There is no  
need for t he  "speed code" number 
that M r  Wash burn describes.} 

4. Mu l ti p rocessing i s  accomp l i shed w i th 
the aid of a T l  E modu le  and, opt ion
a l ly ,  a COM-U N IT. The former p l ugs 
i n to any M UMS bus and appears to the 
processor as a DMA device .  F rom i ts 
other end a 4 w i re l i ne ( 1  0 M H z  seri a l }  
can tal k to a s imi lar  modu l e  on 
another bus  for d ual p rocessor act iv i ty, 
or to the COM-UN IT  - i n  p rocess of 
design righ t now - which w i l l  hand le  
commun ication between u p  to 1 6  
p rocessors. 

5. The bus is physical l y  imp lemen ted on 
a 72 p i n  connector ( D EC compati b le} , 
as shown i n  the figu re . Of these, the 
DATA, ADDRESS and POW E R  l i nes 
are sel f-exp l anatory . The others h ave 
mnemonic names, as fol lows:  

I 
I 

1 6  K STATIC RAM 
For ALTAIR / IMSAI I POLY 88 

$459 KIT 
ASSEMBLED $529 

• USES 4K STATIC RAMS - NO REFRESH 
• VERY LOW POWE R - LESS THAN 1 AMP 
• ZBO FAST - 200ns ACCESS TIME 
• PROVISION FOR BATTERY BACKU P 
• LOW PROFILE SOCKETS FOR ALL C H I PS 
• EACH 4K ADDRESSABLE TO ANY 4K SLOT 

• HARDWARE/SO FTWARE MEMORY PROTECT 
FOR EACH 4K 

• SPECIAL PAGING OPTION ALLOWS U P  TO 
1 MEGABYTE ADDRESSABLE MEMORY 

• LOW COST 

CONSTRUCTION MANUAL . . . . . . . . . . . . . . . . . . . . . . .  $1 .75 
PAGING OPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $9.00 
QUANTITY DISCOUNT . . . . . . . . . . . . . . . . 5 BOARDS - 5% 

1 0  OR MORE - 1 0% 
DEALER INQUIRIES I NVITED 

OMNI SYSTEMS INC. 
P.O. BOX 7536, U NIV. STATION 

PROVO, UTAH 84602 
READER SERVICE NO. 1 98 

Featuring the 
test equi pment 

and accessories . 
you've been 

looking for in 
money-saving, 
easy-to-bui ld ' 

kit form. 
And our new catalog so l ists hi-li, television, amateur 
radio products and much more . . .  nearly 400 qual ity elec
tronic kits for your every interest. You ' l l  find Heathkit 
bui lding easy and enjoyable with our famous step-by-step 
assembly manuals. And we won't let you fail. Should you 
have the sl ightest problem, an experienced staff of tech
n ical advisors awaits your phone cal l .  
Send for  your  FREE catalog today. You ' l l  see why quality�·�������� 
re l i a b i l ity a n d  s e rv i ce a b i l i ty are fam i l i a r  w o r d s  to a 
Heathkit customer. 
Heath Company, . 334-27. Benton Harbor, Michigan 49022 

Heath Company, De� - - ' 
Benton Harbor, Michigan 49022 

P lease send my FREE Heathkit catalog. I am not on you r  mailing list. 

Name ____________________________________ _ 

Address __________________________________ _ 

City _____________________ state ____________ _ 

I 
I 

, _ _ _ __ _ _  , 
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Expansion 

Component 
Side of Card 

B 0 1 5 

B 0 1 4  

B 0 1 3  

B 0 1 2  

B 0 1 1 

B 0 1 0  

B09 

B 08 

BA 1 5  

B A 1 4  

BA 1 3  

BA1 2 

BA1 1 

BA 1 0  

BA9 

BAS 

G N O  

G N O  

+ 5 

+ 1 2  

- 1 2  

RST 

RAV 

WHO 

DGI 

i70 
ISN 

I G I  

IA3 

IA2 

I A 1  

1 A  

1 B  

1 C  

1 0  

1 E  

1 F  

1 H  

1 J  

x 1 K  

x 1 L 

1 M  

1 N  

1 P  

1 R  

1 S  

1 T  

1 U  

1 V  

3A 

3B 

3C 

3D 

3E 

x 3F 

3H 

X 3J 

3K 

X 3 L  

3 M  

3 N  

3P 

3R 

3S 

3T 

3U 

3V 

2A 

2 B  

2C 

2 0  

2 E  

2 F  

2H 

2J 

2K x 
2L X 
2M 

2 N  

2P 

2 R  

2 S  

2T 

2U 

2V 

4A 

4 B  

4 C  

40 

4E 

4 F  X 
4H 

4J X 
4K 

4 L  X 
4 M  

4N 

4P 

4 R  

4 S  

4T 

4U 

4V 

B D7 

BD6 

B DS 

BD4 

BD3 

BD2 

8 0 1  

BOO 

BA7 

BA6 

BAS 

BA4 

BA3 

BA2 

BA1 

BAO 

GND l 
G N D  

+ 5 

+ 1 2  

-1 2 

ACR l  
WAV ( 
WLD } 
DGO 

i51iiiR 
IVV l I G O  

m:r 
TR2 
iRT 

DATA 

ADDR ESS 

POWER 

MEMORY 

DMA 

I NT E R R UPT 

Foil Side 
of Card 

CONTROL 

DM R 
DG I /DGO 

/0 

/SN 

IA i  

I G I / I GO 

DMA device Request 
D M A  G rant I n/Out  
(da isy chained s igna l )  
U sed in conju nction 
w ith appropr iate mem-
ory control s ignals to 
access an I 0 page . 
I n terrup t  Sync (proc· 
essor generated) 
I nterru p t  Request for 
l evel i (i = 1 ,2 ,3 ) 
I n terru pt  Acknowledge 
for l evel i 
I n terru pt  G ran t  I n/Out 
(daisy ch ained s ignal ) 
I nterrupt  Vector Val id 
(device to processor) 

I t  is obviously beyond the scope of this 
l e tter to descr ibe t im ing rel ationsh ips in 
detai l ,  but the i n terested reader m ay find 
particu l ars in references 2 and 4 be low. • 

R E F E R EN CES 

MUMS Bus - Signal Layout 

1 .  Faiman, M :  Modu l ar, Un ified Microprocessor 
System ( M UMS) ,  ACM Computer Science 
Conference Abstracts, page 1 9, February 1 976. 

ACK 

Computer Power & L ight 

Gene Morrow, president  of Co mputer  
Power & Light ,  a comp uter  store l ocated 
at 1 23 2 '1 Ven tu ra B lvd , Stud io  City CA 
9 1 604, has sent along a broc h u re des· 
cr ib ing his f irm's pac kaged 8080 proc· 
essor syste m .  The Computer  Power & 
Ligh t COMPAL-80 com p u ter  is a fu l l y  
assembled system for  homes and sma l l  

Power on reset 
Read Address Val id 
(from processor DMA 
device to  memory o r  10  
device register) 

2. Catl i n , R W : M UMS:  A Modul ar, Un if ied M icro· 
processor System, (50  pages, Techn ical Report 
U I U CDCS·R·76·809, University of I l l inois, 
Urbana-Champaign) ,  I E E E  Computer Society 
Repository #R76·245. 

3. Fa iman,  M,  Catl i n ,  R W and Weaver, A C :  

Write Address Val id  
(sim i l ar ly) 
Acknowledge (opposi te 
d i rection) 

A Modular, Unif ied M icroprocessor System 
( M UMS) , Proceedings of the I E E E  D I S E  Work· 
shop on Microprocessors, pages 1 ·5, Col ora'do 
State University, August 1 976.  

Wri te Low Data by te 
Wri te H igh Data byte 

4. Faiman, M, Weaver, A C and Catl i n ,  R W :  
M U MS - A Reconfigurable Microprocessor 
Arch itecture, Compu ter, January 1 97 7 .  

bus inesses, which inc ludes the fo l lowing  
ma in  features: 

• 8080A processor 
• audio tape serial i n terface port 
• Teletype or RS-232 serial port 
• 1 2  K p rogrammable  memory 
• 1 6  line by 64 ch aracter video 

d isplay with fu l l  ASC I I  ch aracter 
set and graphics 

• 9 inch high resol u t ion mon i tor 
• ASC I I  key board w i th capacitance 

switch mechanisms 
• case and cabinetry w i th coo l ing  

phan,  chassis connectors for 
in terfaces, "turn key" con· 
figuration 

• PROM monitor to e l im i nate the 
need of a costly front  panel  

• 1 0  K extended BAS I C  i nc l ud ing  
formatted P R I NT,  doub le  preci· 
s ian, a l l  transcendental funct ions,  
etc.  

The price on the above pac kage of 
features is qu i te reasonab le - for $ 1 863 
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you get a compl etely assem bled system 
which  can be v iewed and exam ined in 
Gene 's  store. G e ne's  press release c la ims 
that several systems al ready have been 
de l ivered i nc lud ing  one wh ich is in use at  
Mt St  M ary 's Col lege in  Los Angeles as 
part of a computer  program m ing c u r· 
ricu l um ,  another wh ich  is being used to 
keep track of i nventory in a retai l  store 
in  Santa Barbara, and another in an 
industrial l aboratory. For more i n forma· 
t ion,  contact Gene at  the store. • 

A N ew Version of SC/MP 

N ational Semiconductor has now 
in troduced a new version of the SC/M P  
processor (see Robert Baker's art ic le i n  
September 1 976 B Y T E ,  page 7 6 ) .  This 
ne wer version is i m p l emen ted w i t h  a 
faster N MOS tech nology wi th  the 
fo l lowing esse nt ia l  po in ts of i m prove· 
ment :  



• Twice as fast in execu t ion ( 3 . 58  
o r  4.0 M H z  on ch ip  crysta l )  

• O n e  quarter of the power req u i re
men ts (200 m W  versus 800 m W )  

• Compati b i l i ty with t h e  previous 
product  

• S ingle power  supply 

Accord ing to the press rel ease, th is  
new version is be ing sampled from the 
factory a t  $ 1 7 .76  for s i ngle q u a n ti t ies  
and i n  1 97 7  the production quan ti ties of 
1 000 or more wi l l  se l l  "significan t ly 
be low $ 1 0  each"  when i t  becomes avai l 
ab le i n  a p lastic package. N at ional Semi
condu ctor also p l ans to have avai lab le a 
retrofit k it  for prese n t  owners of SC/MP 
k i ts, which w i l l  a l low conversion to the 
new processo1·. The p rice for  th is prod
uct is not  ye t  an nounced.  

Th is is the k ind  o f  p rocessor wh i ch  
rapid l y  becomes a commodity part, and 

Floppy Disk  Contro l l er 
And a H i nt about a Future Art ic le  

N EC Microcompu ters Inc,  F ive Mi
l i t ia  Dr, Lexington M A  02 1 73 ,  h as a 
pair of the most advanced LS I  devices 
avai lab le  for per ipheral control in  m ic ro
processor systems. This  pair consists of 
the u P D 3 7 2 D  floppy d isk con trol ler  ch ip  
( now avai lab le a t  $54 in  quant i ties of  1 
to 24) and the u PD 3 7 1 D  cassette con
tro l l e r  chip (also ava i lab le ,  i n  q u an ti t ies 
of 1 to 24 quoted  at $48). Both these 
items are avai lab le  from a nationwide  
ne twork of  d istr ibutors, wh ich i n  New 
England inc ludes H arvey E lectronics,  
Semicond uctor Specia l ists and S ter l ing  
Electron ics. T im Schoech l e ,  of the Tech
nical Staff for M icroprocessors of N EC, 
sent  along the la test tech n ical manual on 

can thus be bu ried i n to a l l  manner of 
ded icated appl ication p roducts w i th ap
prop riate read on ly  memory software 
designs and special pu rpose per ipheral 
h ard ware. For an examp le  of such ded i 
cated p rodu cts, cons ider  the ded icated 
e lectronic music sy n thesizer mod u l e :  
H y pothesi z ing  a $2  t o  $5 p rice for a 
p last ic pac kage version of th is  computer ,  
us ing perhaps 1 or 2 K of 2708 storage 
for control  programs, and perh aps 1 K or  
so o f  p rogram mable  memory for param
e ters, it shou l d  be possi b l e  to engineer an 
i nexpensive stand-alone m usic synth e
s izer modu le  which w i l l  s i t  on a com
puter table and  take orders th rough a 
h igh speed serial port and RS-232 level 
receivers. 

National Sem icondu ctor is located at 
2900 Semicondu ctor Dr Santa Clara CA 
9505 1 .  National Semicondu ctor parts 
and p rod uc ts are available th rough most 
nat ionwide e l ectron ic  d istr ibutors. • 

the f loppy d isk control ler  ch ip ,  for use 
as a refe rence in e d i ti ng a forth com ing 
art ic l e  by I ra Ramp i l  wh ich reviews both 
of these con trol l e rs. 

When you buy one of these ch ips, 
you get a fixed pu rpose processor wh ich  
is customized to  the job  at hand.  As  
desc ri bed i n  the 6 8  page u P D 3 7 2 D  d isk 
con tro l l e r  manual  (dated  December 3 
1 976,  wh ich  we understand was wr i t ten  
by Ti m ) ,  the ch ip  takes care of a l l  t he  
house keeping and formatt ing requ i re
ments a t  the h ardware l eve l  needed to 
c reate f loppy disk records with 
I BM 3740 format, Sh ugart M in if loppy 
format, e tc .  I t  a lso generates and checks 
cyc l i c  red u ndancy ch aracters, can be 
sy nchronized w i th add ress marks or 
p hysical  i nd i ces (so ca l led " hard sec-

tors" ) ,  and w i l l  hand l e  up to four f loppy 
d i sk  d r ives th rough separate se lect  l ines. 
Furthermore, i t  h as the capacity to 
over lap i n p u t  and output  con trol of two 
separate dr ives. Taking i n to accou n t  d i f
ferences in h ard ware, the trac k to track 
stepp ing  rate and stepp i ng  pulse w id th 
ou tputs are program mable ,  as is the• 
sector s ize and da ta rate. A l is t  of 
1 3  dr ives with wh i ch  the chiP. is com
pati b l e  i s  given by manufactu rer and 
model  nu mber .  More  deta i l ed i nforma· 
t ion w i l l  h ave to wai t for I ra's arti· 
c l e - but for the eng ineers or home
brewers who can ' t  wait ,  the information 
is ava i lab le  from NEC o r  i ts repre
sen ta tives: Ask for the " u P D 3 7 2 D  LS I  
F loppy Disk  Contro l l e r  Ch ip  User's 
Manua l .  "• 

M VM 1024 MICROPROCESSOR VIDEO 
MODULE 

* Sixteen 64-character l i nes, upper / lower case 128 character font. 

* Software-controllable reverse video characters. 

* Full read and write capability for both cursor position a nd character code. 

* I nterfaces to any microprocessor: 8080, 6800, 6 502, etc. 

* Scrol l ing, l ine/character insert/delete, etc. easily done with software. 

$ 2 2 5  
A S S E M B L E D  
A N D  T E S T E D  

TH E SO P H I S T I CAT E D  V I DEO MO D U L E  
F O R  T H E  ADVA N C E D  E X P E R I M E N T E R  

Write or call for complete literature. 

Ri1l�ELECmONIC·ideDESIGNN:. ----. W�I .:::7 1 700 N IAGARA STRE E T 
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B U F FA LO ,  N.Y. 1 4 2 0 7  
71 6 8 7 5 - 7 0 7 0  



Flights of Fancy 
David Price 

3901 V ictoria L n  

M idlothian V A  231 1 3  

with the Enterprise 

Listing 7 :  The Star Trek program, expressed in BA SIC. For notes on con
version to Altair BASIC see the text. This version requires 9382 bytes of 
work space for the program text, 7 67 matrix elements, and 46 bytes of 
character string space. The approximate total size requirement is thus 7 0 K 
bytes, plus the size of the BASIC in terpreter itself. Using a 7 2 K extended 
BASIC interpreter, this program would thus require approximately 22 K of 
programmable memory in a typical microcomputer system. Hurrah for the 
76 K chips! 

The main object ive of th i s  vers ion of the 
Star Trek game i s  to destroy all of the 
Kl i ngon battle cru i sers w i th i n  30 stardates. 
The K l i ngons and starbases are randomly 
posit ioned w i th in  a simu l ated gal axy. To 
he lp  you better v isual i ze th i s  galaxy we use 
quad ran t sector notat ion. 

The galaxy i s  d iv ided i n to a matrix of 8 
by 8, or 64, quad rants. Each quadran t is 
further subd iv ided i n to an array of 8 by 8 
sectors. The U n ited Space Sh ip  En terprise, 
of wh ich you are capta i n ,  has been assigned 
to seek out  and destroy a l l  of the K l i ngon 
invaders. You have at your d i sposal a bris
t l ing array of soph ist icated weaponry i ncl ud
i ng phasers, photon  torpedoes, and an 
onboard computer, which are tr iggered by 
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ID REM • • • • • • • • • • • • • •  STAR TR£1< • • • • • • • • • • •  * * * * *  • •  

a! 
:1J 

RE.M * * * *  
REM * * * *  

� REM * * * *  
REM • • • •  

STTR: SPACE WAR SIMULATION 

PROGRIJ'! BY DAVI D PRJ CE 51l 
60 REM * * * * * * * * * * * * * * * * * * * * *  • * * * * * * * *  * * * * * * * * * * * * *  

70 OEF FNAC X ) z l N T C X* RN C C  I > +  l )  
80 DIM G C B  ... S l , Z $ ( 1 5 l. · C S C 6 l ., X S. C 2 4 l  

9 0  T O = T= C FNA C 2 0 ) + 2 0 ) * 1 0 0  
ID D E• 3 0  0 0  
1 1 0 P• I S  
120 S• 0 oo x s= - - - - - - - - - - - - - - - - - - - - - - - - - ·  

14 0  OEF FND( O > =- SQRC C K ( I .,  J ) - � f > � + 0 ( ( 1 ,. 2 1 - 5 2 > '" 2 > 
15 0 Q J:.:o Q 2a S J = S 2 "' fNA C i >  
i6 0  HAT C=CON C 9 .o 2 l  

17 0 C U ?: .o J J ::� C C 3  .. J l = C C 4  .. J l = C C 4  .. 2 l = C t 5 .. 2 l = C C 6 .o 2 l = - l 

B O  CC t .. J J :::�� C[ 3, 2 l .:o C ( 5., l l = C t 7  .. 2 l = C C 9 , J J :a Q  
P O  MAT D= Z ER C 6 l  

a! 0 89=K9• D 

21 0 FOR 1 • 1 TO 8 
31 0  FOR J • I TO ii 
Zl O  K3•B3• 0 
aQO I F  RND< 1 > < · 8 THEN 2 7 0  
25 0  K 3 = FNA ( 3 J  
a; o  
27 0  
31 0  
21 0  
:1! 0  

31 D 

3! 0  

:n o  

K9=�K9+K3 
I F  RND( l l < o 9 6  THEN 3 0 0  
93• I 
89=89+ I 

5 3 • FNA< 5 >  
G C  l .o  J l :o K  J• I 0 0+ £3• 1 0+ 53 
NEXT J 
N EX T  1 

3140 I F  K9 = 0  OR 89 • 0  THEN 2 0 0  
:J; O  GOTO 3 5 7 0  
:f, Q  I F  Q l  > •  I THEN Ji O 
37 0  S I • Q I = I 
li D  

:P O  
141 0  
41 0 
12 0  
lO O  
41l 0  

16 0  
Jt> O  

I F  Q l  < •  8 TH EN 4 0 0  
S I • Q I •8 
I F  Q2 > •  I THEN 42 0 
S2• Q2• 1 
I F  Q2 < =  8 THEN 4 4 0  

52• Q2=i 

X • G C Q J ,  Q2 l / 1  0 0  

K J =- l N T C X >  
BJ::o l NT C C X -K J > • I Q ) 

ltJ O  S3• GC Q J , Q 2 J - C C B3• I O > + C K J • I O O > >  
41 0  I F  KJ• O THEN 52 0 
4} 0  PRINT •cOM .ii AT AREA•, • cON O I T I ON RED• 
!11 0 

51 0 

!12 0  

53 0  
54 0  
� D  
$ 0  

I F  S> C K J• I O O > T H EN  52 0 
PRINT " SH I EL DS DANG EROUSLY l.OW" 
HAT K•Z ERC J, 3 l 

MAT Q•Z ERC i . dl l  
Q( S I. o 52 ] • 1  
FOR 1 • 1  TO K 3  
GOSUB 3 5 0 0  

57 0  Q [ R I. o R 2 J a 2  
s o  K C  I I  l l = R I  

S O  K C I .o 2 l = R2 

600 K C  l.o 3 1 • 2 0 0  
61 0 N EX T  I 
620 I F  ii3• D THEN 6 5 0  
63 0  GOSUB 3 5 0 0  
60 0  Q( R I . R2 l • 4  

65 0  FOR I =  I T O  5 3  
66 0  GOSUB 3 5 0 0  
67 0 Q C R I . R2 l • 3  
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upon a time there was Star Trek. 
During its brief but eventful life as a 
television series it not only won acclaim 
from within the science fiction community, 
but was also hailed by the popular media as 
one of the first truly intelligent shows on 
television. It attracted an entirely new type 
of audience to science fiction including 
many frem the cemputer crowd. By showing 
us glimpses of a distant future, it allowed us 
to take a more objective look at the present. 
Star Trek now survives only in rerun form 
and in the games of computer people. Those 
computer people who happen to be Trekkies 
have adopted the Star trek theme as their 
o,;.;n. · Everybody under the sun has been 
programming games bqsed loosely on Star 
Trek. These games have evolve,d into some of 
the most complex computer games ever 
written. Yet, lurking beneath this com
plexity lies a startling amount of realism. 



your d i rect orders. To ut i l ize the fac i l it ies of 
the Enterprise you enter s imp le  n umer ical 
commands .  F igure 1 shows the flowchart for 
·he i n i ti a l i zation of the variables used in the 
program and the fi rst q uad ran t  set up. The 
flowchart a l so i nd icates on what l i nes of the 
program the var ious operations take p l ace. 

The Command Set 

F igure 2 shows the flowchart for en ter ing 
commands to the program .  The commands 
are n umbers which are tested by the p ro
gram to determ ine  what to do .  

Comman d  0 p l aces you i n  control of the 
warp engines wh ich are  used to prope l  the 
En terprise from one locat ion to another. 
You are first asked for the d i rect ion i n  
which you wish to trave l .  The trajectory 
angles are arranged on  a c i rcu lar vector as 
shown i n  figure 3 .  

IN IT IAL IZE 
VARIABLES 

NO 

4 40 

IN IT IAL IZE 
OUAORANT 

YES 

440 
I N ITIALIZE 
QUA OR ANT 
ARRAY 

2600 
OUTPUT 
SHORT RANGE 
SCAN 

YES 

NO 

3610 

OUTPUT 
I NSTRUCTIONS 

390 
MOVE TO 
LEGAL 
QUAORANT 

Figure 7: Flowchart for 
the initialization of the 
Star Trek program. The 
numbers in the flowcharts 
of this article refer to 
line numbers in the pro
gram found in listing 7 .  
Once initialization is com
pleted, execution flows to 
the command interpreter. 

Listing 7, continued: 
tii O NEXT I 
19 0  G05Uil 2 6 0 0  
70 0 PRINT • c o-tMAN O I '* J  
71 0 I N PUT A 
72 0  I F  A< l O R  A> S O R  A l l N T C A >  THEN 7 8 0  

73 0  R J •A+ I 
74 0 I F  DC R i l  >• 0 THEN 7 8 0 
"IS O  G05U8 3 4 2 0  
1'6 0  PRINT z s ;  • N O T  OPERAT I ON AL. •  
71 0  GOTO 7 0 0  
'JJ O GOTO C A+ I > OF i 9 0.o 1 5 2 0  .. 1 6 4 0 .o J S O O .o 2 2 0 Q  .. 3 0 1 0.o 3 5 5 0  
7;>0 PRINT 
80 0 PRINT • o ::o SET COURSt•; tAB< 2 0 > J • -4 3 2 •  
SI O PRINT " ! =LONG RANGE 5 C AN " J TAB< 2 1 l l "\ • / "  
82 0  PRINT • 2 = PHAS£R CtRJ.. • ;  TAB C '2 2 ) J  . ,  " ; •  
83 0  PRINT '* 3• TORPEDO CTRL. '* J TABC I S > ;  • s  - - - - - - - t •  
il.I O  PRINT • 4= SH I El.. O S • ; tAB< 2 2 H • t " \ •  

· ·· ·· ·· ·· ·· ·· ·  

iiS O  PRINT. • s:o L l BRARY COMPUTE R'*J TAB C 2 1 > J "' / " \ '* 
860 PRINT •6= RESI GNAT10N • ; tAB C 2 0 ) J • 6 7 i •  
87 0  PR I N T 
Ell 0 GOTO 7 0 0 
!P O  PRINT '*COURSE C 1 ·9 > J • ; 
90 0 I N PUT C l  
91 0 1 F C 1 < 1 OR C 1 >= 9 THEN 7 () 0 
92 0  PRINT •IJARP FACTOR < 0 - 8 ) : " ; 
93 0  I N PUT W I  
94 0  t F  Il l  < •  0 O R  W l > i THEN 7 0 0  
95 Q  I F  DC I J  > 2  0 O R  V I < =  . 5  THEN 98 0 
96 0  PRINT • EN G I NES ARE DAMAGED, MAXIMUM S P EED• WARP • 5 "  
97 0  GDTD 9 2 0  
S8 D  I F  E- < V I * S > > O  THEN 1 0 3. 0 
W O  I F  S< l THEN 247 0 
10 0 0  PRINT "YOU ·ONLY HAVE"J EJ " UN I T5- - - 5UGGE5T YOU CR0 5 5 - o,I R CUI T "  
10 1 0  PRINT • FROM SH I EL DS, WH I CH HAVt:-.·r s ; • uN I T S •  
10 2 0  GOTO 7 0 0  
103 0 FOR I =z J  TO 6 
1 0 4 0  I F  DC I J  > a  0 THEN 1 0 6 0  
1 0 5 0  DC I J a 0( 1 1 + J 
1 0 6 0  N EX T  I 
1 0 7 0  I F  fNA< I O l l 5 Oil 11 1 < 2  T H EN  1 1 2 0  
IOi O R I • FNA< 6 >  
109 0 DC R I J • D[ R l l - FNA< 5 l  
II 0 0 G05UB 3�2 0 
1 1 1 0  PRINT l. l N ( l ) , •DAMAGE CTRL. REPORTS .. • ; z. s ; • DAHAGEO . ..  " , L I N < D 
1 1 2 0  N:::� I N T C W I * B >  
1 1 3 0  Q C S I , S 2 J = O  
1 1 4 0  X= 5 I 
1 1 5 0  Y • 5 2  
1 1 6 0  C2= 1 N T< C i l  
JJ 7 0  X J = C C C2, I J + < CC C 2+ J ,  I J - CC C2 ... 1 1 > * < C l - C 2 >  

·u a  0 X 2 • C C  C2" 2 J +  < CC C2+ 1� 2 J :: C � C 2� 21 > • C C J - C 2 >  
11 9 0  FOR I =- 1  TO " N 
t2 D D  S "J :o S J + X l  
t2 1 0  S22S2+X2 
12 2 0  I F  S 1 < 1 O R  S 1 >8 O R  S2< 1 O R  S2>8 T H EN  1 3 6 0  
12 3 0  I F  QC I NT < 5 1 l , I NT < 52l l = O  THEN 1 2 7 0  
12 � 0  5 1 = 5 1 - X I  
12 5  0 52• 52�X2 
12 6 0  GOTO 1 28 0 
12 7 0  N EX T  I 
t28 0 S I= I NT< S I >  
129 0 5 2= 1 NT< 52l 
13 0 0  Q [  5 1 ·  5 2 ] • 1  
13 1 0  E•E-N 
132 0 , IF \i t <  1 THEN ·69 0 
1330 T=T+ I 
13 4 0  I F  T > T D+ 3 0  THEN 2 5 0 0  
13 5 0  GDTO 69 0 
13 6 0  X = Q J * S + X+ X l * N  
13 7 0  Y:oQ2*i+Y+X2*N 
138 0 Q l = I NT ( X / 8 )  
139 0 Q 2• I NT C Y /8 )  
� D O  S J ::: I N T < X- Q l * S+ . S > 
� 1 0  S 2 • I N T ( Y- Q2• 8 + . S > 
� 2 0  I F  S I > O  TH EN 1 4 5 0  
14 3 0  Q I • Q l - 1 
14 � 0  5 1 = 8  
14 5 0  I F  52> 0 THEN 1 48 0  
14 6 0  Q2=Q2- I 
147 0 52=i 
14.8 0 T�:�T+ I 
149 0  E•E-N+ 5 
15 0 0  I F  T > T 0+ 3 0  THEN 2 5 0 0  
15 1 0  GOTO 3 6 0  
1520 PRINT X S C  J .,  1 7 1  
15 3 0  FOR I a Q J - 1 T O  Q l + l 
15 4 0  MAT N•ZE'fH 3 ]  
lSS O FOR J2 Q2· 1 T O  Q2+ I 
15 6 0  I F  I <  I OR I > i OR J < l  OR J >8 THEN 1 58 0  
15 7 D  N C J - Q2+ 2 J • G C I , J J  
15 8  0 NEXT J 
1S9 0 PRINT U S I N G  1 6 3 0; N C J J , N C 2 1  ... N C 3J 
l6 0 0  PR I N T  XSC 1 ,  1 7 J  

16 1 0  NEXT I 
16 2 0  GOTO 7 0 0  
163 0 I M A G E  .. , •., J < JD, .. : • >  
16 4 0  I F K 3• 0  THEN 2 3 5 0  
t; S O  PRINT • ENERGY AVAi l.Aill.Ez • ;  E 
i6 6 0  PRINT • N UMBER OF UN I TS TO fi RE: • ;  
167 0 I N PUT X 
1& 8 8  I F X< I  THEN 7 0 0  
l69 0 I F  E-X< O THEN 1 66 0  
17 0 0  E=E-X 
17 1 0  FOR I = l TO 3 
r7 2 0  I F  K C I ., 3 J z O  THEN 1 7 & 0 
17 3 0  H = I N T C X /K 3 / C FN D C 0 ) ) )  
r7 4 0  K C I , J J :zK C I , J J - H  
17 5 0  PRINT H ; " UN I T  H I T  O N  K L I NGON" 
r760 IF K C 1  ... 3 1 > 0  THEN 1 7i 0  
17 7 0  GO SUB 2 0 5 0  
17Q O N EX T  I 
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Listing 7, continued: 
179 0 GOTO 2 0 3 0  
B O O  I F  P > O  THEN 1 8 3 0  
I! I 0 PR I N T  "AI.L PHOTON TORPEDOES EXPENDED" 

8 2 0  GOTO 7 Q O  
8 3 0  PRINT "' TORPEDO COURSE C 1 - 9 > ;  • ;  

li 4 0  I N PUT C l  
Iii S O  I F  C l <  1 O R  C l > =  9 THEN 7 0 0  

li 6 0 C 2 = 1 N T C C I J  
8 7 0  X l = C C C2, l l + C C C C 2+ 1 ,  l l · CC C2 .. 1 ] > * C C 1 - C 2 >  
8 6  0 X2= C C  C 2 .o  2 1 +  < C C  C 2 +  J, 2 1 - C C  C 2  .. 2 1  > * C C  1 :..- C 2 >  

8 9 0 X= S I  
II 0 0  Y= S2 

11 1 0  P=P- 1 
11 2 0  PRINT 
9 3 0  X= X+ X 1 
19 4 0  Y=Y+X2 
P S O  I F  X< l O R  X>i OR Y< l O R  Y>B TH EN 2 1 i 9  
19 6 0  I F  Q C I N T C X ) . ol N T C Y ) l :ct O  AND QC I N T C X+ . S> . ..Z N T C Y+ . Sl 1 = 0  THEN 1 9 3 0  
11 7 0  FOR 1 = 1  T O  3 
9 8 0  I F  I NT C X > ::a:K [ l. .o l l  AND I N T C Y > = K C I. o 2 l THEN 2 0 2 0  

89 0 I F  I N T < X+ · S > = K ( I ,  l l  AND I N T C Y+ · 5> • K C !. o 2 l THEN 2 0 2 0  

211 0 0  N EX T  I 

211 1 0  GOTO 2 1 2 0  
211 2 0  GDSU2 2 0 5 0  

31 3 0  GOSUB 2 3 7 0  
31 4 0  GOTO 7 0 0  
al S O  K ( l ., J J :o Q [ K t l  .. I J. d([ I , 2 J l = O  
20 6 0  PRI N T  "' * * *KL I N GON DES TROY ED*** "' 

211 7 0  KJ•KJ- 1 
2118 0 K9=K9· I 

2119 0 I F  K9= 0 THEN 2 5 5 0  
21 0 0  G C Q J , Q 2 l = G C Q J  ... Q2 l - 1 0 0  
21 1 0  RETURN 
21 2 0  I F  QC I N T C X > . .I N T C Y > l 1 3 THEN 2 1 5 0  
21 3 0  PRINT "'YOU CAN " T  DESTROY STARS, S I LLY ! '"  

21 4 0  GOTO 2 I i 0  

21 5 0  PRINT "' * ** STARBASE DESTROY ED• • • •  
21 6 0  PRINT •you ARE H EREBY RELIEVED O F  DUTY I I  CON G RATUL ATIONS 1 •  

21 7 0  GOTO 2 5 3 0  
218 0 PRINT "TDRPEDO Ml SSED" 

219 0 GOTO 2 0 3 0  
� 0 0  PR I N T  • EN ERGY AVAI LABL E= • ;  E + S  

22 1 0  P R I N T  • N ll'tBER O F  UN I TS TO SHi fl.. DS 1 • ;  
22 2 0  I N PUT X 
� 3 0  I F  X< O TH EN 7 0 0  
22 4 0  I F  E+ S·X< O THEN 2 2 1 0  
22 5 0  E""E+S·X 
22 6  0 S=X 
22 7 0  GOTO 7 0 0  
22& 0 PRINT L I N < I > i . D EV I C E · � · sTATE O F  REPAI R .. 

229 0 FOR R 1 = 1 TO 6 
23 0 0  GOSUB 3 4 2 0  
Z3 1 0  PRINT z .s � D[ R l l  

Z32 0 N EX T  R l  
23 3 0  PR I N T  

23 4 0  GOTO 7 0 0  
Z35 0 PRINT "' SHORT RAN G E  S EN SORS REPORT N O  KLINGONS I N  TH I S  QUADRANT .. 

23 6 0  GOTO 7 0 0  
23 7 0  I F  c .s:oo •DOCKED• TH EN 2 4 6 0  
238 0 I F  K J = O THEN 2 4 6 0  
23 9  0 FOR I =  1 T O  3 

� 0 0  I F  K C 1 � 3 3 = 0  THEN 2 4 5 0  
� 1 0  H = l N T C K C 1 � 3 l /FND< O > + I >  
a'J 2 0  S=S-H 

a430 PRI N T  H ; • UN I T  H I T  ON ENTERPRI S E •  

� 4 0  1 F S< 0 T H E N  2 5 2 0  
� 5 0  N EX T  I 
a4 6 0  RETURN 

� 7 0  PRINT "' * * FATAL ERROR• • •  
�8 0 PRINT •tHE EN T ERPRI S E  I S  DEAD I N  SPACE .. AN D M U S T  H E  EVACUATED ! !  .. 

a'J9 0 GOTO 2 5 3 0  
25 0 0  PRI N T  L I N <  J > _. • z r  I S STARDAt E • ; T 

2; I 0 GOTO 2 53 0 
25 2 0  PRJ NT L I N <  J ) ;  • * * * TH E  ENTERPRl SE HAS BEEN DESTROYED* * * "'  
25 3 0  PRINT L I N <  1 > ..  • t H E  FEDERATION W I L L  BE CONQUERED I I t • 

2; 4 0  GOTD 3 5 6 0  
25 5 0  PRINT 
2360 PRINT •tHE LAST K L l N GON BATTLE CRU I S ER H A S  BEEN DESTROY E D ! ! .. 
25 1 0  PRINT •THE FEDERATION HAS BEEN SAVED I I '"  

258 0 PRINT 
2;9 0 GOTO 3 5 6  0 

a, 0 0 FOR 1 = 5 1 - I TO S I+ 1 
a5 I 0 FOR J =  52· I TO 52+ I 
2S 2 0  I F I <  I OR 1 > 8 OR J< I O R  J > B  THEN 2 6 4 0  
2S 3 0  I F  Q [ I .o J l = 4  TH EN 2 6 7 0 
a5 4 0  NEXT J 
2) 5 0  N EX T  1 

a5 6 0  GDTO 2 7 3 0  
as 1 o  c.s= · nocxEo· 

a5S O E= J O O O  
a59 0 P= l 5  
27 0 0  MAT D= Z ER 
ZJ I 0 5= 0 
27 2 0  GOTO 28 I 0 
273 0 PRINT 
27.4 0  IF K 3 > 0 THEN 278 0 

27 5 0  I F  £< 3 0 0  THEN 28 0 0  
27 6 0  c.s= •GREEN .. 

27 7 0 GOTO 28 I 0 
27 8 0  C.s= ••RED• • 

279 0 GOTO 28 I 0 
a3 0 0  C.s:zo •YELLOw• 

;;B J O  PRINT X S  
:8 2 0  Z =  0 

:1! 3 0  GOSUB 3 3 3 0 
ai 4 0  PRINT 

:1! 5 0  G05UB 3 3 3 U 

a:l 6 0  PRI N T  ·· sTARDAtE • ; sPh< S > ; T 

:1! 7 0  GOSUB 3 3 3 0 
ai 8 0 PRI N T  ·cONDI T I O N • ; sPA< S> ; C $ 

:89 0 GOSUB 3 3 3 0  

� 0 0  PRI N T  " ENERG" "' ; SPAC 7 > ; E  
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700 

I N PUT 
COMMAND 

Figure 2: Command inter
preter. A very simple inter
preter is employed by the 
program. It requests a 
command input, tests the 
command for validity with 
a computed GO TO at line 
780 to activate the appro

priate command segment. 
Invalid commands fall 
through the GO TO state
ment and lead to prin ting 
of a command list on the 
output display. 

NO 

NO 

BOO 

OUTPUT 
COMMAND 
L I ST I NG 

760 

I NFORM 
USER 

One warp factor represents the l ength of 
one q uadrant. I t  is possib l e  to move very 
short d i stances by us ing warp factor values 
l ess than one.  Every t ime you move to a new 
locat ion, you w i l l  get what is k nown as a 
short range scan wh ich is a pri n tout  of the 
quadrant you are cu rrent ly in .  The sym bols  
used i n  the short range scan are : 

Enterpr ise <*> 
star * 
K l i ngon +++ 
starbase > !< 

F igure 4 shows the actions wh i ch  take p lace 
du ri ng the execution of th is  command.  

Occas iona l ly ,  after us ing enough warp 
factors to get you to who knows where, you 
w i l l  d i scover that you haven ' t  gotten any
where. This is because you have run i nto 
someth i ng, probab ly a star. Fortunately, 
your warp engi nes w i l l  a lways br i ng you to a 
screech i ng ha l t  i n  t ime to prevent an acci
dent. This is why i t  is a good idea to check 
yoU I- short range scan before l ay i ng out a 



Figure 3: Course vector diagram. Numbers 
are used to determine the direction in which 
the Enterprise will move, or a photon 
torpedo is fired. These numbers are related 
to the points of a compass as shown here; 
fractional values are used to generate points 
in between these major headings. 

3 2 

7 8 

course, to make sure you have a c lear path 
to your dest i nat ion.  

Command  1 wil l  output a long range 
scan .  A long range scan is a tab le con ta i n i ng 
information on the quad rants bordering the 
one you are i n .  I t  i s  arranged on  a 3 by 3 
grid ,  with your own quad rant be ing the one 
in  the center. You are given a three d igi t 
number for each quad rant. The hundreds 
d igit of this n umber  is the n umber of 
K l i ngon sh ips i n  that quad rant. The tens 
digit is the n umber of  starbases, and the ones 
d igi t i s  the number of stars. Be sure to 
remember that l ead ing zeroes wi l l  be sup
pressed on the pr in tout.  Sometimes an en t i re 
row on the long range scan w i l l  be made up  
of  zeroes. Th is represents t he  edge of  the 
galaxy, the per imeter of your  range. The 
warp engines wi l l  not perm i t  you to enter 
this area. I nstead , you w i l l  bounce off the 
edge. 

Command 2 is the phaser f ir ing sect ion .  
You may destroy a K l ingon sh ip  by fi r ing 
enough units of phaser power to depl ete his 
shie lds. The quest ion i s, how many un i ts are 
necessary to do th is?  One factor you must 
consider is the amou n t  of energy he has in 
his deflector sh ie lds. For every u n i t  of 
energy you h i t  h im with ,  h i s  sh ie lds drop a 
correspond ing amount .  Your d i stance from 
the K l i ngon a l so mat ters si nce the amount  of 
energy that reaches h im  lessens w i th d is
tance. Your sensors w i l l  t e l l  you how suc
cessful you have been in damaging the 
K l i ngons. Your phaser f ire i s  even ly  d i vided 

Listing 7 ,  continued: 
21 1  0 

212 0 2l 3 0  

21 4 0  
21 5 0  
21 6  0 

21 7  0 
21 6 0  
21 9  0 
31 0  0 
31 1 0  
31 2  0 
31 3 0  
30 4  0 
31 5 0  
31 6 0  
30 7  0 

306 0 
319 0 

GOSUB 3 3 3 0  
PRI N T  •tORPEDOE S " J SPA ( 4 ) ; p  
GOSUB 3 3 3 0  

PR I N T  " SH I EL O S " ; SPA< 6 > ; S  
GOSUB 3 3 3 0  
PRINT "KLI N GON S " i SPAC S > ; i<9 

G O S UB 333 0 
PRI N T  
PR I N T  XS 
RETURN 
PRI N T  " COMPUTER ACTI VE AND AWA I T I N G  COMMAN D '" ;  
I N PUT A 
GOTO C A+ I }  OF 228 Q .,  3 1  0 o .. 33 I 0 
PR I N T  " FUNCTIONS AVAILABLE FROM COM PUTER" 
PRI N T  
PRI N T  " 
PR I N T  "' 

PRI N T  
GOTO 3 0  I 0 

Q z DAMAGE REPO R T "  
l:z PHOTON TORPEDO DATA"" 
2:zSHORT RAN G E  SCAN" 

31 0 0  PRI N T  
3 1  I 0 FOR I =  I T O  3 

31 2 0  I F  K ( I , 3 l <= 0 THEN 3 2 0 0  
31 3 0  X = K ( l .o 2 J - S 2 

31 4 0  Y= S ! -K C (., J J 
31 5 0  I F  x=o THEN 3 2 4 0  

31 6 0  A= I N T < C < S? . J•ATN C Y /X ) ) / 4 5+ 1 > * 1 0 0 ) / 1 0 0  
31 7 0  I F  X > O  AND Y < O THEN 3 2 9 0 

31 8 0  I F  X< O THEN 3 2 2 0  
319 0 PR I N T  " D I RECTION= '" ; A 

3!: 0 0  N EX T  1 
32 1 0  GOTO 7 0 0  

.32 2 0  A=A+ 4 
.32 3  0 GOTO 3 19 0 

32.40 I F  Y < O THEN 327 0 

32 5 0  A= 3 

32 6 0  GOTO 3 1 9 0  
32 7 0  A•7 

326 0 GOTO 3 19 0 
329 0 A=A+i 

:Il 0 Q GOTO 3 1 9  0 
:D I D  GOSUB 2 6 0 0  

:Il 2  0 
:Il3 0 
:Il 4 0  
:Il S  0 
:Il 6 0  
:Il 7  0 

:Il6 0 
:Il9 0 

3:1 0  0 

::V. I O  
::V.2 0 

::V. 3 0  
344 0 

34 5 0  
346 0 

347 0 
::v.s o 
349 0 
:15 0 0  

:15 1 0  
:15 2 0  

:15 3 0  
:15 4 0  
:15 5 0  

:156 0 
:157 0 

:156 0 
:159 0 

a; o  o 
a; I 0 
;!; 2 0  
;!; 3 0  
;!; 4 0  
a; s o  
;!; 6 0  

;!; 7  0 

a;s o 
;!;9 0 
37 0 0  
37 I 0 

372 0 
37 3 0  

37 4 0  
37 5 0  
37 6 0  

37 7 0  
376 0 

379 0 
:11 0 0  

Jl l  0 
:11 2 0  
3l 3  0 
:11 4 0  
JI S O  
3l 6 0  

3l 7  0 
JIB 0 

Jl 9 0  
3> 0 0 

3> I 0 
3>2 0 

3> 3  0 
3> 4 0  

3> 5 0  
3> 6 0  
3> 7  0 
:Pii g 
3>9 0 

GOTO 7 0 0  
R EM  * * * * *  OUTPUT QUADRANT 
Z = Z+ 1 
FOR l = l  TO S 
Z S = "  < * >+ + +  * > ! < "  
PRINT Z S [ Q [ Z .o l l * 3+ 1 .o QC Z .o l l * 3+ 3 ] ;  

N EX T ' ! 
I F  Z = l OR Z a 8  THEN 3 4 1 0  

PR I N T  SPA< 5 > ;  

RETURN 
REM * * * * *  PRI N T S  DEV I C E N AM E  

RESTORE 3 4 4 0  
DATA " W A R P  ENG I N E S " ,  " S CANN ER S " ,  '" PH ASER B.AI\IK S " .o  "TORPEDO TUBE.S'" 

DATA " SH I EL D  CTRL " .o  '"COMPUTER" 
FOR X= I TO Rl 

READ l S  
N EX T  X 

RETURN 
REM • • • •  PLACEMENT IN QUADRANT ARRAY * * * *  

R 1 = FNA < 8 >  
R2=FNA< 8 )  
I F  QC R l .o R 2 ) 1 0  THEl\1 3 5 1 0  
RETURN 
PR I N T  L I N ( ! ) ,  "YOUR RES I G NATION HAS BEEN * AC C EPTED* '" 

STOP 
PRI N T  "DO YOU NEED I N S TRUCTI ON S " ;  

I N PUT AS 
PRI N T  L I N (  S> 

I F  AS[ l .o l l i " Y "  THEN 4 4 0  
PRINT SPA ( $ ) ; " < * >  =ENTERPR I S E "  

PRINT SPA C S ) ; "  * 2 S TAR" 

PRI N T  SPAC S ) ; " + + +  = K L I N G O N "  
PR I N T  SPA< S > ; '" > ! < = S TARBASE" 
P R I N T  L I N C 2 >  
PRI N T  " C OMMAND O=WARP EN G I N ES "  
PR I N T  " COURSE I S  I N  A C I RCULAR VECTOR AS SHOWN. " ; TAB( 5 0 ) ;  '" 4  2 "  

PR I N T  

P R I N T  
PRI N T  

PRI N T 

" R E.AL  VALUES MAY B E  USED· FOR EXAMPLE .. • ;  TAB< 5 1 ) ; " \  ... / "  

" 1 · 5  \J'OULD BE HALF\JAY B ET\J'EEN I AN D  2 . " ; TABC 5 2 > ; "' \ "" / "  
TAB< 48 ) ; " 5 - - - - - - - I " 

" A  �WARP FACTOR ' I S  THE SI Z E  OF ON E QUAORANT• " ; TABC 5 2) ; " / '" \ " 

PRI N T  TABC S I ) ; " / ... \ "  
PR I N T  TA B C S 0 > ; " 6 7 i "  
PRI N T  " COMMAND !=LONG RANGE S C AN "  
PR I N T  " C OOED I N  T H E  FORM XXX� WHERE THE UN I T S  A R E  TH E NUMBER" 
PR I N T  "OF STARS� TENS THE NUMBER OF STARBASE.S� AND HUNDREDS " 

PRINT '" TH E  NUMBER OF K L I NGONS · " 
PRI N T  L I N (  2 ) ,  " COMMAND 2=PHASERS" 

PRINT "YOU MAY DESTROY THE K L I N GON BY U S I N G  ENOUGH PHASER" 
PRINT " POWER AS TO DEPLETE H I S  SH I EL D S .  K EE P  I N  M I N D  THAT 'WH EN "  

PR I N T  "'YOU F I R E  AT H I M .o  H E  GONNA DO I T  T O  YOU .. TOO l '"  
PRINT L I N C 2 ) �  " C OiMANO 3 = PH010N TORPEOOES" 

PRI N T  " C OURSE I S  S AM E  AS 'W I TH WARP EN G I N ES .  TH E L I BRARY" 
PR I N T  " COMPUTER CAN COMPUTE TRAJ ECTORY FOR · vQU < O PT I ON I) • 

P R I N T  L I N C 2 ) , "C0MMAND 4= SH I EL O S "'  
P R I N T  · n EF I N ES T H E  AMOUNT O F  EN ERGY TO B E  A S S I GN ED TO SH I EL DS . •  

PRINT L I N ( 2 h  " COMMAND S=Ll BRARY COM PUTER" 
PRINT OPTION O= DAM A G E  REPORT" 

PRI N T  A STATE OF REPAl R LESS THAN Z ERO I N D I  CAT.I:.S Til At• 
PR I N T  THAT DEV I C E  I S  T EM PORARILY D l  SA2L ED. " 

PRI N T  OPTION ! = PHOTON TORPEDO DATA" 
PRINT • G I V ES D I RECTION TO ALL l{LINGONS IN YOUR QUADRAN T •  • 

PRI N T  O PT I ON 2=SHORT RAN G E  SCAN " 
P R I N T  A L S O  G I V EN AUTOM ATI CALLY A F T E R  S U C C E S SFUL COMPL ETION " 

P R I N T  " OF \JARP ENG I N E  MANEUVER S · '" 
P R I N T  L I N C 2 > , '" COMMANO 6 = R E S I GNAT I ON •  

PR I N T  L I N C 6 >  
GOTO 4 4 0  

EN D  
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I N PUT 
COURSE 

I NPUT 
WARP 
FACTOR 

1070 
RANDOMLY 
I NFLICT 
DAMAGE 

1 1 2 0 

MOVE 
ENTERPRISE 

INCREMENT 
STAR DATE 

OUTPUT 
SHORT RANGE 
SCAN 

COMMAND 

YES 

690 

>-Y..:..ES�--l ������ANGE 
SCAN 

1000 

Figure 4: Engines and 
navigation service routine. 
This routine is used to set 
the Enterprises 's course 
heading, speed (warp fac
tor), move the Enterprise 
to its new position, and 
simulate K!ingon actions 
with randomly inflicted 
damages. Following execu
tion of this routine, the 
game normally returns tb 
the command in terpreter. 

IN FORM 
USER COMMAND 

.fH ternatir:mal's 
faci/itie,s in California. The 
impact of Star Trek is evi
dent: The name of the 
ship is "Enterprise. " (It is 
even complete with five 
genua! purpose but dumb, 
ie: voiceless, ship 's com
puters arJd can 't fly w!'fh-"' 

out them). 

1 1 0  

Figure 5: Phaser firing command service 
routine. The purpose of this routine is to fire 
the phaser, calculate damages to the Klingon 
ship (if any), and give the Klingon a chance 
to fire back with the effects of damage to 
the Enterprise computed. 

PRINT 
AVAILABLE 
ENERGY 

1 660 
I NPUT AMOUNT 
OF ENERGY 
TO F IRE 

F IRE 
PHA SERS 

NO 

KL INGONS 
RETURN 
FIRE 

INFORM 
USER 

INFORM 
USER 

2070 
REMOVE 
KL INGONS 
FROM 
ARRAY 



between a l l  of the K l i ngons i n  your quad
rant. Thus, if you fi re 600 un i ts, and there 
are two K l i ngon sh ips ,  you are i n  effect 
fi ring 300 un i ts at each one .  F igure 5 shows 
the flowchart for the phaser f ir ing sequence .  

Command 3 is for fi r ing the photon  
torpedoes. To  fire torpedoes, you  must first 
know the d i rection to your  target. Th is, l i ke 
the navigat ion cou rse, is determined on the 
circu lar vector shown in figure 3 .  The l ibrary 
computer can compute the torpedo trajec
tory for you .  

Often a star may be  i n  you r  way, thus 

Table 7:  Some of the variables described by 
function. These variables have unique uses 
as described. Not all variables are listed in 
this table. 

83 

C$ 

E 
K3 

K9 

N 

p 

s 

S3 

T 
TO 

01 ,02 

S1 ,S2 

D ( 1 )  . . .  D(6)  

G ( 1 , 1 )  . . .  G (8,81 

0( 1 , 1 1 . . . 0(8,8 )  

K ( 1 , 1 )  . . .  K (3,3) 

K ( l ,  1 )  

K ( l , 2 )  

K ( l ,3) 

FNA(X)  

F N D (O)  

The  n umber of starbases i n  the 
cu rrent quadrant. 
String conta in ing  the cu rrent 
condit io n :  red, green,  ye l low,  
or docked . 
Amount of energy remain ing .  
The number of K l i ngon battle 
cru isers in  the current 
quadrant. 
The total nu mber of K l i ngon  
ships in  the galaxy. 
Three dig it  number stat ing  
number of K l ingons, starbases, 
and stars in  quad rant .  
The number  of photon tor
pedoes rema in ing. 
Un its of energy cu rrent ly 
assigned to shie l ds. 
The number of stars in the 
current quadrant. 
The current stardate. 
The stardate on wh ich the 
game began. 
Specifies the X and Y co
ord inates of the cu rrent quad
rant with in  the galaxy. 
Specifies the l ocat ion of the 
Enterprise with i n  the quadrant. 
Each element conta ins  the 
�tate of repair for its respec
tive device, ( i e :  0 (3 )  contai ns  
data for device No.  3) .  
Each e lement i s  a three d igit 
number conta in ing  data on  a 
s ingle quadrant of the galaxy. 
Each element is a n umber 0 to 
4, specifying what type of 
object i s  situated in  that 
sector of the current quadrant. 
Contains in formation on the 
K l i ngons in  the current 
quadrant: 
The X coordinate of K l in gon  
number I .  
The Y coord inate of Kl ingon  
number I .  
The sh ie ld  power of K l i ngon  
number I .  

� Returns a random n umber i n  a 
form useful to the program . 
Returns the d istance from the 
Enterprise to another K l i ngon .  

prevent ing you from h itting your would-be 
victim .  The only way around th is, other than 
us ing phasers, which do not fo l low a pre
determined cou rse and hence are not 
stopped by stars and other obstacles, i s  to 
use a smal l warp factor and maneuver  i n  on 
the K l ingon .  F igu re 6 shows the sequence 
that ta kes p lace when the photon  torpedo 
command is in i tiated. 

Command 4 al lows you to raise or lower 
the Enterprise 's deflector shie lds .  I t  i s  neces-

I NPUT 
TORPEDO 
TRAJECTORY 

F IRE 
TORPEDO 

HIT 
STARBASE 

INFORM 
USER 

I N FORM 
USER 
TORPEDO 
M ISSED 

I N FORM 
USER 

INFORM 
USER 

2070 

2 370 

Figure 6: Photon torpedo 
command service routine. 
This routine is entered 
when a photon torpedo is 
to be fired. It calculates 
the trajectory, examines 
the results for any Klingon 
hits, allows for Klingon 
return fire, then returns 
to the command routine 
if the En terprise has 
survived. 

YES 

KL INGONS 
R ETURN 
F IRE 

1 1 1  
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sary to be certai n  that your shie lds have 
suffi c ient energy before entering a combat 
area, because every time you fire at a 
K l i ngon, the K l i ngons fi re back at you !  

To c lar ify, you are subjected to K l i ngon 
phaser f i re every t ime you use phasers or 
photon torpedoes. The amount of energy 
the Kl i ngons h i t  you with depends on how 
far away they are. For every un i t  that 

reaches you, your defl ector sh ie lds  d rop a 
correspond ing amoun t. I f  they d rop  to l ess 
than zero, you lose the game. You are g iven 
a short message within the short range scan 
every t ime you r  sh ie lds get too low. You are 
also given a cond i t ion ye l low whenever you 
get precar ious ly low on energy. The 
sequence for rai s ing the sh ie ld energy is 
given in the flowchart of figure 7. 

Listing 2: Sample outputs of the program in listing 7 .  

�T-STTR 

RJN 
srrR 

[() YOU N EED J N STRUCTI O:\J S?N 

C01BAT AREA CONDI TI GiV RED 
SH I El.. DS DAN G�P.O USLY LO\J 

{()MMAND:-7- I 
Jlo SET COURSE 

���g
E
��¥� S CAN \ \ :11 

:F TORPEDO CTRL S - - - -- - - I 
4= SH I EL D S  , .... , 
So L I  BRARY COMPUTER I \ 
� RE S I GNATION 6 B 

(!)MMAN D :  ? 4  

lNERGY AVAILABLE= 3 0 0 0 

SThRDATE 

CON DI T I ON 

EN ERGY 

TORPEDOES 
Sli I E.LDS 

rt L I N G O N S  

IVMBER O F  UN I T S  T O  SH I E.L DS: 7 5 0 0  

cDMMAND: 7 S  
(J]MPUTER A CT I V E  AND AWA I T l N G  C CK'1MAN D7 - l 

FUN C T I ON S  AVAI LABLE FROM COMPUTER 

0= DAMAG E  REPORT 

l = PHDTON TORPEDO UATA 
2= SHORT RAN G E  S CAN 

QJMPUTER ACT! VE AND AWAI !l N G  COMMAND? I 

u r.E .CTI :J�J= 7 . 9  
U RECTI GN= 7 
([JMMf.J.J D :  ? .3  

'JORPEDO GOUF.SC. ( J - � ) : 7 7  

**l(LHJGON DESTROYLL* * *  
2 2  UI.J l T ! i l  T ON EJ.\J TERPRl S E  

���ros: 68t;RSE < 1 - 9 ) : 7 7 . 9  

'l{)U CMN 'T  DE ST ROY STARSJ S I L L Y ! 

10P.PED0 MI SSE.D 2 2  UN I T  :-! I T  ON i.i-J TI:.RFF.l Sl:. 

([)MMAI.'\1 0 :  ? 2  
ENERGY AVhl LAOLE= 2 5 0  0 
tJJNBER OF UN I T S _ TO F I ?.£: ? 3 0 i.l 

!3 6  liN !  T H I T Oi-J !{LL\IGU0J 
1 3  UiJ I T  H I T  O N  ENTE.fiP P. l SE. 

COMMAN D :  7 2 

IN ERGY AVAI L ABLE.= 1 7 0 0  
tJJM6EP. U F  Ul\I I T S TU F I RE: ? 1 0 0 0  

l OG Uhl l T  H I T  ON ,{L i i>JGOf>J 1 UN I T H I T  ON EiVTEP.PRI S E  

C0!·1f1AN D: ? 2  
RJ ERGY IWAILAEi... E= 7 0 0  

iJ...;MEER O F  U'N I T S T C  F I B £ : ? 4 0 0  
4 3  UN I T  H I T  UN t< L l NGOi>J 

***i\L I N GON CE.STP.OYED***' 
COMMAN D : ? I 

0 :  0 :  0 :  

0 : S : I : 

0 : 3 : s : 
OJMM AN D :- ? 0 

COURSE ( 1 - 9 > :  ? 7  
�P.P FACTOR C Q - 8 ) : ? 3  

aJMBAT AP.EA C O N D I  Tl !JN RED 

<"> 

1 1 2  

3 0 0 0  

•RED• 

3 0 0 0  

I S  

0 
<.6 

O)MMAN D : ? 5 

�6��§P�IbN 
ENl:.RGY 
TORPEDOES 

SH I EL D S  
r<L i i>JGOi-J S 

COMPUTER AC T I V E AND A�AI T I N G COMMAN D? ! 

D RE C T I ON= 7 . 9 9  

ri R ECT I ON= 7 • 7 4 
D R ECT I ON= 7 
WMMAN D :  7 3  
'()RPEDO COURSE ( 1 - 9 } : ? 7  

- * K L I N G ON DES T ROY ED* ** 
2 4  UN I T H I T  O N  EN T ERPRI SE 
26 UN I T  H I T  ON ENTERPRI S E  

<DMM AND: ? 1 

0 : 2 : s : 

0 : 2 0 5  : 5 : 

0 : 3 : 2  02 : 

OJMMAN U : ? 0 
COURSE < 1 - 9 > : ? 0_ 1  

'41RF FACTOR < 0 - 8  > : ?  3 

<" >  

eDMt-iAND: ? 1 

4 : 3 : s : 

1 3  : I : 4 : 

OJMMAND: ? 0 
COURSE < I - 9 > : ? 6  
TJ\P.F FACTOR ( () - 8  > : ? I  

> !  < 

IEMMAN D :  ?·Q 

CDUP.SE ( 1 - 9 >  : ? 3  
�RF FACTOR C Q - � ) : ? 2 

COMBAT ARE.A CONDI TI Or� RED 
SHI E..L D O:  DANGEROUSLY LOW 

(I)MMAND: ?2 

. 
+ + +  

* + + +  

HVEP.GY AVAILABLE= 2989 
I'JJMBER O F  UV I T S TO F I R£:·? I 0 0 0  

6 2  UN I T  H I T  O N  K L I NGON 
54 UNI T H I T  ON KL I NGO N  

2 0  UN I T H I T O N  ENTERPRI S E  

ST.ARliATE. 
COi\l l.JI T I U.\1 . 

Er..J l:.RGY 
TORFEDOlS 

SHI i:LDS 
K l. l NGOi\I S  

STAP.GATE. 

f.r�t���I ON 

TOP.Fl:.LUl:.S 
Siii E.LLS 

KL I NGGi� S  

ST.AP.DAT£ 

CONDI TI UN 
E..i'H.RGY 

TORPEDOES 
SH I EL D S  
KL I NGOi>JS 

• • • TH E  ENTERPR I S E HAS BEEN DESTROYE.L••• 

'li E F EDERATI ON \JI LL E E  CON QUER E D ! ! 1 

!DNE 
R 

im. 
28 1 
1 3  
4 4 2  

2 4  

3 0 02  Y EJ...i.L)ItJ 
2 6 2  
1 2  

� �- t 
2 3 

3 0 0 3  

W CK lL 3 0 o O  

! s  
2 3  

3 0  0 4  

"*RED• 
29o9 

I S  0 
2 3  



Command 5 al lows the user access to the 
l ibrary computer  wh ich has three options 
specified by an i n teger between zero and 
two. I f  you enter  an i l l ega l opt ion, such as a 
negative number, the computer  w i l l  pri n t  a 
short l ist of commands. 

Option 0 gives a damage report. The 
Enterprise may get damaged when you 
warp out at h igh speeds. When th i s  
occurs, you are i n formed as  to which 
device h as been affected . Ex tensive 
damage to a device may render it 
inoperable. In the damage report, each 
device is l i sted along w i th its respective 
state of repair. A state· of repai r l ess 
than zero ind icates that the device is 
temporar i ly d i sab led . 
Repairs are made, a lbe it  s lowly, by 
onboard tech n ici ans, bu t  a faster way 
is  to dock with a starbase .  Not  on ly  
does th is automatica l l y  repai r your 
sh i p, bu t  you are a lso resupp l ied with 
energy and photon  torpedoes. An 
extra bonus :  Wh i l e  docked, you are 
protected from K l i ngon attack by the 
starbase's sh ie lds .  
Op tion 1 calcu lates the torpedo trajec
tory to all K l i ngons in your quadrant .  
Option 2 pr ints range scan .  I f  you are 
docked with a starbase, it also replen
ishes your supp l i es .  

Command 6 ind icates that you wish to 
resign . Other good ways to end the game 
prematurely are to torpedo a starbase, or 
a l low yourself to run out of energy. 

Conversion Notes 

As everybody knows, the growth of the 
personal compu ti ng fi e ld  has been con
stantly hampered by the problem of stan
dards. This has been parti cu lar ly bothersome 
in the software agenda, where there are said  
to be  no fewer than forty d i fferent vers ions 
of BAS IC  floating around .  Consequent ly,  I 
thought it wou ld be appropr iate to comment 
on some of the d i ffi cu l ties one m ight 
encounter in the conversion process. 

Many BAS I Cs have expl ic i t  matrix 
man i pu lation features. I n  part icu lar I u sed 
MAT . . .  ZER  extensive l y .  Th is statement 
in it ia l izes a l l  the elements of a .specifi ed 
matr ix to zero. I t  a l so a l lows the pro
grammer to red imension the matrix. 

L I N (X )  appears in several p l aces w i th in  
the program.  L l  N is an output  control 
function si m i lar to TAB, wh ich generates X 
.1umber of l i nefeeds every t ime i t  i s  
encountered . 

GO TO . . .  OF  is rep laced by ON . . .  GO 
TO in  many BAS ICs. 

PR I NT 
AVA ILABLE 
E N ERGY 

2 2 1 0  
I NPUT 
ADDITIONAL 
SHIELD 
POWER 

RESET 
SH I ELDS 

COMMAND 

Substri ngs i n  the form X $ ( 1  ,x )  are 
replaced by the construct L E FT$ (X$ ,x )  i n  
Alta i r  BAS IC . Also, A l ta i r  BAS IC  does not 
req u i re that str ings be d imens ioned. 

P R I NT US ING  is used to fermat the long 
range scan .  Output should appear in the 
fol lowing form:  : xxx : yyy : zzz : The 
val ues of xxx, yyy, and zzz are the status 
reports concern ing the number of K l i ngons, 
starbases and stars d iscussed under command 
1 .  

The symbol # is used to express 
i neq ual ity with in  I F  . . .  THEN statements .  
Also, matrix subscr i pts are surrounded by 
brackets rather  than  parentheses. Near the  
beg inn ing of  the  program, the  seq uence 
A=B=C= . . .  is u sed to i n i tia l i ze many vari
ab les to the same val ue. Th is may produce 
u npred ictab le resu l ts on some mach i nes. 

The memory req u i rement of this parti cu
lar vers ion of Star Trek i s  1 0  K bytes, p lu s  
i n terpreter. The program i tself i s  9382 bytes 
long. If your computer has an i nteger var i 
ab les opt ion, by a l l  means u se i t .  I t  can save 
you over 300 bytes on the matrices a lone. I f  
you are cramped you can a l so de l ete the 
instructions from the program .  To do th i s, 
s imp ly de l ete statement 350 and l i nes 3570 
through 3980.• 

1 1 3 

Figure 7: Shields service 
routine. This ' routine up
dates a power level for 
the Entetprises 's shields. 

Pos itively Baker Street 

Here is the so lut ion to 
the " Baker  Street I rregu
l ar"  wh i ch appeared on 
page 86 of the February 
1 9T/ BYTE. 
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Try This Computer 

Ther·e arc a number of fine m icro
processo r· system k i ts ava i l ab le  to the home 
computer en thus iast .  One such system , 
which I just recent ly  assembled ,  is the 
Digita l G roup 8080A. Th is m icrocomputer is . 
marke ted by the D igital Group i n  Denver 
CO. This concern , with Dr Robert Sud ing as 
its res ident  gen ius  and designer, offers i n  my 
op in ion the h ighest pr ice perfonnancc of 
any home computer· ava i lab le .  The Digita l  
G roup i s  somewhat u northodox by not 
j ump ing on  the bandwagon and being Al ta ir 
bus compat ib l e  but the ir  unit con ta ins  
enough be l l s  and whist les to p l acate even the 
most demand ing computer owners. 

This system ,  as is tr u e of most others , has 
its good and bad poin ts. I am an e lect r i ca l  
engineer we l l  versed in d igital design and 
have been c lose ly fo l lowing the m icrocom
pu ter scene s ince the adven t  of the MAR K-8 
in  1 974. I h ave a Sce lb i  88 and have hel ped 
fr iends bu i ld A l ta i rs and IMSA i s  from k i ts 
and feel that I can be completely object ive .  
I t  is of cou rse extremely d i ffi cu l t  to restrai n 
l audato r·y commen ts when one is so wel l  
sati sfied ,  bu t  bear with me. 

The D igital Group se l l s  a basic computer  
system wh ich  can  contain one of fou r· p r-oc
essor ch ips :  the Z i log Z-80 ; AMD 8080A; 
MOST E K  6800; or a MOS Techno logy 6502. 
I chose the 8080A because of a comb inat ion 
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Photo 7 :  The typical 
board in a Digital Group 
kit comes in a sealed plas
tic bag with two compart
ments. One compartment 
contains the board and the 
second contains the neces
sary parts. 

Steve Ciarcia 

Box 582 

Glastonbury CT 06033 

for Size 

of p rice and so ftware ava i l ab i l ity. The D igi
tal G roup System ( DGS)  is genera l l y so l d  as 
a th r·ee boa r·d system w i th mother boar·d . 
Th is  th ree board m icrocomputer has the 
fol lowing. funct ions and specificat ions. 

Processor Board 
AMD 9080A 
2 K bytes p rogrammab le  memory 

and E ROM bootstrap loader . 
D i rect Memory Access (DMA) logic .  
8 level hardware vectored i n terrupt .  
Buffered address and data bus l i nes. 
1 6  bit (64 K) add ressi ng capab i l i ty. 

I npu t  Output Board 
Four 8 b i t  para l l e l  i n pu t  ports. 
Four 8 b i t  para l le l  l atch ing 
o u tpu t  ports. 

Fu l l  1 6  b i t  port add ressing. 
TV Readou t and Cassette 
I n terface Board 

Video Readout :  
Software control led cursor. 
5 1 2 characters o r·gan ized as 

1 6  l i nes by 32 characters. 
7 by 9 character matr ix .  
Fu l l 1 28 ASCI I ch aracter set .  
Upper and lower case al phabe t .  
Math symbols . 
Specia l  symbo l s . 
Greek al phabet. 



Di rect video output .  
Cassette I n terface : 

Uses standard cassette recorder .  
FSK record ing techn ique .  
Wide sh ift Te letype freq uenc ies. 
Operates at 1 1  00 bps. 
Ut i l izes "software U ART." 

An add i t iona l  8 K p rogrammable memor·y 
board is added to the th ree board set and is 
sol d  to make a four board set. The specs on  
the  p rogrammable memory are  as  fo l lows: 

8 K Static RAM Board 
Uses 2 1 02-1 parts with 
500 ns access t ime. 

No wait states. 
Buffered address l i nes. 
Address decod ing cover·s fu l l  

64 K r·ange. 
Power consumpt ion 2 A at 5 V .  

There are many variations o f  the basic 
system as descr i bed, and th is l i st ing is on l y  
represen tative of the i r  total offer ing .  I n
terested parties shou ld  contact the D ig i tal 
Group at POB 6528, Denver CO 80206. 

As I mentioned p revious ly ,  I had been 
fol lowi ng the DG s ince they en tered the 
m icrocomputer scene. Their fi rst offer ing 
was a s imp le  300 bps "e l  cheapo" cassette 
interface wh ich met abso l u te ly  nobody's  
standard . Wh i l e  everyone was argu ing Kansas 

C i ty and a l l  the rest ,  I bu i l t  th i s  for $ 6  and 
had i t  operational in th ree hours . I have 
always been act ion orien ted and a l l  the 
tal k ing in the world won 't  put your system 
on l i ne .  I have grown to expect and accep t  
t he  unorthodox from the  D igital G roup .  

Other manufactu rers se l l  bas ic bare bones 
systems for pr ices start ing amund $ 600. For· 
th is p r ice they contain a fancy case and 
fron t  pane l ,  gigan tic overk i l l  power supp ly ,  
and a p rocessor board w i th  an c i l l iar ies . 
There is no memory, 10,  or mass sto rage 
capabi l i ty :  These are al l extra cost options .  
M in imum capacity mach ine l anguage and 
cassette storage system can approach $ 800 
to $900. I affectionate ly refer to th is  n i ckel 
and d im ing as an "arm and a leg turn key 
system ."  

The  DGS is a profi tmak ing ven tu re ,  I 
assure you ; but it appear·s to have p r· ic ing 
and design ph i losoph ies wh ich i n  my op in ion  
better- mee t  the  need s and req u i rements of  
the  knowledgeable experimenter .  

When one buys a DGS th ree or fou r  
board system,  you get Digita l  G roup 's ver
sion of the logica l ly  complete product:  a 
system which i n  i ts basic price has no case, 
power supp ly or fmn t  pane l .  These are 
avai lab le from DG and can be purchased of . 
course by the affl uent or bu i l t  from scratch 
by the fr·uga l .  Add a power supp ly ,  a v ideo 
monitor sal vaged fr-om an o ld  TV, a surp l u s 

Photo 2: The author's Digital Group 8080 processor card. The actual processor is an AMD 9080A, one of the second sources of 
the original Intel 8080 design. The crystal which controls the processor cloc!? is at the lower right, and the 2 K byte section of 
memory on the card is represented by the two rows of eight soc/?ets at the left edge of the card. A UV  erasable ROM chip 
(marked "BOA " with a felt tip pen on the top edge at left of center) contains systems software which eliminates the need for a 
formal "blink in ' lights " front panel. 

-
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Photo 3: The author's Digital Group System 8 K byte memory card. The card contains 64 memory integrated circuits (in two 
arrayed segments) and in the center are various miscellaneous circuits used to interface the backplane bus of Digital Group 
system. 

· ASC I I  keyboard , and a decent cassette re
corder;  and you are in  busi ness w i th a 
comp lete funct ion ing m icrocomputer. 

I had been hear ing this rhetor ic  and 
rece iv ing DGS flyers for a wh i l e .  Then I 
decided to take the p l unge. I cal l ed DGS one 
morn ing i n  m id 1 976 and ordered the four 
board 8080A system with standard mother 
board . S ince th i s  fou r· boar·cl se t co ntains 
1 0  K bytes of programmable memory and is 
capab le  of support ing an Extended Tiny 
BAS IC ,  I ordered the TBX softwar·e for $ 5 .  
The total I 0 K system as o r·clerecl was $ 645. 
L i terature supp l ied by DGS quoted 30 cl ay 
del ivery bu t  I had r·esignecl myse l f  to the 
possi b l e  two month wa i t  that fr iends were 
exper ienc ing wi th other  compan ies. When 
the complete package arrived th ree weeks 
later· I was ecstat ic and set out immed iate ly 
to the. task of gett i ng "on l i n e . "  

The pack ing mater· ia l , though spar·se, was 
adequate; and ,  s ince ther·e wer·e no heavy 
components l i ke transformers, i ts lack was 
inconseq uent iaL L i ke any k i t  bu i lder ,  I 
expected the first pr·oject wou l d  be to 
separate the p i l e  of parts and boards and to 
sort . components out among the respective 
boards .  Anyone who has ever experienced 
sifting th rough a p i l e  of resistor·s u n t i l  the i r  
eyes cro�s can appreciate what I am say ing. 
Fortunately this was unnecessat"y. Each 
boar·cl is packaged in a two compal'tment 
sealed p l astic bag. One side con tai ns the 
b l ank  pr in ted c i r·cu it board and the other 
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con tai ns al l the i n tegrated c i rcu i ts ,  sockets, 
and other componen ts as seen in photo 1 .  
When un pack i ng, two th ings are immed iately 
apparen t .  The boards are top qual i ty w i th 
p l ated through ho les and there are no 
j u m pers. 

I searched through the box look ing for 
the usual last m i n ute revis ion sheets and 
tackons bu t  there were none .  Th is appar
ent ly  was a fi n al des ign wi th absol ute ly no 
" k luge r igg ing" n ecessary to make it work .  
The D ig i tal G roup flyers i nd i cate they do 
not se l l  i n te r· im designs nor advert ise any
th ing fm sale u n t i l  i t  is ava i lab le  "off the 
she l f. "  From my exper ience, th i s  appears to 
be the truth .  

The ease of co nstruct ion of th i s  system i s  
a fu nct ion of the particu lar  board be ing 
assemb led .  I ' l l  cover each board separately ,  
but  a wor·d of caut ion f i rst .  The D igital 
G roup System is not and shou ld not be 
co nsidered in  the same realm as a H eath k i t  
or s imi lar  undenak ing. Hardware documen
tation is adequate and descr ipt ive bu t  is not 
as d etai led p ictoria l ly as a H eath k i t .  Th is is 
not a kit but  rather an unassemb led m icm
com puter .  I ts construct ion shou l d  be at
tempted by the exper ienced k i t  b u i lder on ly .  
I f  n ecessary , bu i l d  several d i ffi cu l t  Heath k i ts 
fi rst to ga i n  expe r· i ence w i th e l ectron i cs 
components and assemb ly .  At the l east, 
d ifficu l t  assemb l i es shou l d  be purchased as 
fu l l y  assemb led  and tested u n its and the 
other cards carefu l l y  constructed .  



Bu i ld ing the Processor Board 

The processor board is of course the heart 
of the m icrocomputer. This card con ta ins  
the microprocessor i tse l f  and supporting 
components. I t  is shown (after I assem bled 
it) in photo 2. The D ig i ta l  Group has sough t 
to learn from the exper iences of other 
manufacturers and bu i l ders and has ob·
viously benefited. The most notab l e  add i t ion 
i s  the i ncorporation  of i n tegrated c i rcu i t  
sockets throughout .  Even w i th the  use of 
pr ime components, bad c i rcu i ts are poss ib le .  
The average hobby ist may have cons iderab l e  
experience do ing the  i n it ia l so lder i ng, but  
u nsoldering an  i n tegrated circu i t  is q u i te 
messy . Us ing sockets adds the capab i l ity of 
qu ickly chang ing a suspected bad com
ponent without e i ther destroying the  i n te· 
grated circu it  or the pr in ted circu i t  board . 

Significant effort and thought has been 
put into this m icrocomputer design as is 
evident in the system arch i tectu r·e of the 
processor card . The microprocessor is d r iven 
by a crystal contro l led clock wh ich exh ib i ts 
none of the frequency instab i l i ty of mu lt i 
vibrator· contro l led c locks .  Crystal s are cur
rent ly used i n  most m icroprocessor systems 
for the i r  " rock l i ke "  stab i l i ty . I n  add i tio n ,  
there i s  2 K o f  programmable memory on  
the board wh ich can b e  sel ected t o  respond 
to any two consecutive 1 K positions in 
memory address spaces. For startu p and 
checkout, this memory should be set for· 0 
to 2 K a l lowing the user to perform l im ited 
mach ine language p rogramm ing without ad · 
dit ional memory . I ' I I cover the procedure for 
checkout a bit l ater. 

There are of cou rse other good ies on th i s  
· card. D i rect Memory Access (DMA) and 

priority i n terrupt hardware i s  provided as  a 
user opt ion. The basic th ree and fou r  board 
systems inc lude test pmcedures for the 
interrupt request logic but DMA checkout i s  

Photo 4:  The author's Digital Group System 1 0  card. This card interfaces to 
the system 's bus, providing four parallel output ports and four input ports. 
These ports are routed to the backplane where they communicate to the 
video display, keyboard and cassette interfaces. 

l eft for· the brave o f  heart and is not 
addressed her·e. In add i t ion to th is  c ircu itry , 
a 1 702A E ROM conta in ing the tape cassette 
bootstr·ap loader· is located in Page 0 of 
memory .  When power is tu rned on ,  a power 
on reset signal i n i t ia l izes the system and 
reads in the operat ing system cassette. More 
on th i s  later . 

The D igital G roup System bus structur·e is 
s im i lar but  d iffers i n  deta i l  from that of the 
A l ta i r .  Robert Sud ing's pub l i c ized ph i l 
osophy d ictates an  i n terchangeab l e  processor 
capab i l i ty wh ich hopefu l l y  decreases the 
obsolescence of the to tal sys tem. As new 
and more powerfu l  m icroprocessors such as 
the Z-80 come on the mar·ket, a new 
processor card shou ld be i n terchanged with 
the bus of the o lder un i t  wh i l e not affect i ng 
the rest of the system. To accomp l ish th is  
goa l ,  the D igital Group system uses un i d i rec
tional add ress and data buses as i n  the 

QUALITY support for HARDWARE BUFFS 
r LEARN H OW M I X E D  LOG I C  CAN S I M P L I F Y  T H E D ES I G N  O F  G AT E  

C I R C U I T S  A N D M A K E  LOG I C  D I AG R AMS E AS I E R  T O  U N D E R STAN D .  

S E E  H OW F LOW C H A R T  D R I V E N  D E S I G N  C A N  H E L P  Y O U 

D E S I G N  I N T E R FACES,  C P U 'S, AN D S P E C I A L  LOG I C .  

LD 1 4  LOG I C  D E S I G N  S U PPO R T  S Y ST E M  

LOG IC D ESIGN, INC. 
$ 1 095 

307 742-7977 
BOX 399 1 U N IVERS ITY STATION 

LA RA M I E, WYO. 8207 1 ( See J a n  Byte or send for broch ure)  
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Photo 5: The cassette and 
CR T interface board. This 
board contains the video 
signal generation and 
audio processing circuits 
of the Digital Group Sys
tem. I F  m more detai led 
descr i pt ions ,  see the J u ly 
and August 1 976  issues of 
BYTE. [ 

Al tair .  Such a bus structu re, as h as often 
been seen in the marketplace, is eas i ly 
adapted to any 8 b i t  processor. There is of 
course a basic d i sadvantage to own ing a 
un i que backp lane p inout ,  that of having 
only a single source. Every m icroprocessor 
manufacturer knows that few designers wi l l  
t ie themse lves to a single sou1·ce pa!J . That is 
the reason you see so many d i fferent  com
panies producing 8080s. The Al ta i r  bus has 
been wide ly second sou rced , which has led 
to some fierce competit ion 1·esu l t i ng in 
modest benefi ts to the buyer. Obvious ly the 
smal l  system owner does not have the same 
constrai n ts as the h igh vo l ume manufacturer 
but he shou ld  be aware o f  the lack of pr ice 
compet it ion and in terchangeab i l i ty when it 
comes to memory and 1 0  card expansion. 
The D igita l  Gmup is apparently aware of 
the i r  un ique posit ion and has sought to 
d ispe l \  concern by sel l i ng b lank 10 and 8 K 
memory boards at a very reasonable price. 
This a l lows the user to shop around fm the 
best 2 1 02-1 memory pt· ices. 

S ince the DGS has no fmn t  panel , the 
pmcessor card can not be checked out  eas i ly  
by i tself. Bu t  then no real funct ional test of  
a processor system as a whole can be eas i ly  
performed wi th  a hont  pane l ,  e i ther. The 
rest of the system must be constructed to 
pe t·form the  necessary d iagnostics. 

Assemb l ing the Memory and iO Boards 

Both the 8 K memo1·y and paral le l  10 
boards a1·e constructed i n  a very stl'aight
fo t·ward manner .  Again all in tegrated c i rcu its 
a1·e socketed and l i terature supp l ied is both 
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exp l i c i t  and c l ear. The memory boat·d (see 
photo 3) and components supp l ied to me 
contained prem ium grade AM D 2 1 02-1 
parts. W i th these parts no wai t states are 
requ i red and the processor runs at fu l l  rated 
speed . 

The 1 0  card wh ich con ta ins  fou r  paral le l  
i n puts and four  latched para l l e l  outputs 
must be set to the lowest order addresses 
when on ly one 1 0  board is in the system .  
Th i s  is because the  video d isp lay generator, 
keyboard and cassette i nterface are d i rect ly 
wired to 10 ports on th is card th rough the 
mother board . The ports a 1·e add ress se lect
ab le ;  but  to u t i l ize the DGS operating 
system softwat·e, the addresses must be set as 
described i n  the DGS wr i te up .  Add i t iona l  
memories or 10 can have add resses to suit 
the user. 

Assembl ing the Cassette and 
CRT I n terface Board 

This  board is the external commun i ca
t ions med ium of the D igita l G roup  m icro
computer .  S ince the DGS h as no fron t  pane l ,  
i t  is so le ly  dependent  upon a v ideo based 
operating system u t i l iz ing th e video d isp lay 
generator i n terface and a te lev is ion mon itor, 
or mod ified te lev is ion.  The software for such 
an ope t·at ing system is about 1 .5 K and 
cannot be en tered except th mugh the cas
sette i n terface. I shou ld  c lar ify one th ing 
though . The DGS which I purchased is qu i te 
amenable to fro n t  panel hookup .  The t h ree 
and fou 1· bo<u·d un i ts so ld  by the D ig i ta l  
G roup do not i ncorporate fron t  panels but 
they do provide a design fo r one .  Obvious ly ,  



if a user bu i l d s  a DG system and both h is 
processor and v ideo d isp lay sect ions fai l  to 
function proper ly ,  he is dead i n  the water 
and wou l d  have to bu i l d  the front pane l .  The 
design is neat and fu nct iona l  and p l ugs i n to 
any spare memory car·d s lot .  I f, on the other 
hand , the user  is thorough ly frustrated , 
suspect boards can be retu rned to DG for 
troub l eshoo ting accord i ng to a pr ice sched
ule supp l ied with the un i t .  

Now that you know how to  get yourse lf 
out of the ho le if it happens, I ' l l  expla in the 
proper method of d igging.  

The CRT and cassette i n terface sections 
are assembled us ing the same method ical 
approach as the other boards. The l i terature 
is very good in  this r·espect. The prob lems 
come i n  cal ibration .  The CRT is fai r ly  
straigh tforward , i t  e i the r  works or i t  doesn ' t .  
There are no adj ustments. Th is  section ,  
when completed , is p lugged in to t he  mother 
board, attached to a mon itor ,  j umpered as 
per the test ing procedu re ,  and powered up .  
I f  i t  works t he  screen w i l l  be immed iately 
fi l led w i th 5 1 2  random char·acters .  Th ese 
characters inc lude u pper and lower case 
a lpha symbol s , and G reek letter ing. When 
this works you are ha lf  done with the check 
out of the card . 

Being ha lf  done in th i s  case is not near ly 
enough . The assemb ly of the cassette i n ter
face is s imply a matter of fo l lowing d i rec
tions but ca l i brating i t  is a b i t  of a task. 
There are operating system options wh ich 
allow the computer to funct ion as a fre
quency coun ter·, but that is a l i tt le further 
downstream . To properly adj u st the cassette 
interface, a scope,  a frequency cou n ter ,  an 
accur·ate DC vol tmeter or DVM and a var i 
able frequency osc i l l ato r· a re  requ i red . I 
for-tunately have a l l th is  equ ipment ,  but not 
everyone's spouse i s  as understand i ng as 
mine. The frequency sou rce is set to 1 V 
p to p at 2 1 25 Hz and app l ied to  the inter-

face i npu t ,  s imu lat i ng the tape recorder 
output .  Us ing a scope to determine the po int  
of  peak response, the  act ive f i l ters are 
·ad j u sted correspond i ngly.  Th is  p roced u re is 
repeated for 2975 Hz.  Next the compar·ator 
wh ich detects whether the input  frequency 
is at a mark or zero is adj usted to switch 
clean ly as the freq uency source sweeps 
between the two valves. That takes care of 
the r·eceiver· sect ions .  

The FSK (fr·equency sh ift keyed ) modu l a
tor is a s ing l.e VCO (vol tage contro l led 
osc i l l ator ) ch i p  wh ich sw i tches between two 
frequency values correspond i ng to TTL one 
or  zero i nputs . In  in i t ial checkout ,  a vol tage 
( 3 . 5  V) s imu lat ing a TTL leve l one is app l ied 
to the control l i ne of the osc i l l ator and the 
output is adj usted to 2 1 25 Hz. Th e con trol 
l i ne  is then grounded and the output ad
ju sted to 2975 Hz.  If th is can be accom
p l ished satisfactor· i l y ,  you ' re i n  bus iness. 

System Checkout 

When a l l  of the cards ar-e assem bled , and 
the solder· sp lashes cleaned off, take one last 
look at each card . Remember, th i s  i s  the 
smoke test. 

Attach the power supp ly to the mother 
board and w i th no boar·ds i n serted and the 
power on ,  check that the pr-oper vo ltages are 
present .  Shut  off the supp ly and i nsert the 

C O M PU T E R  
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Photo 6: When you get 
this far, you know your 
Digital Group System has 
arrived in the land of the 
living. 

T.V. CAM E R A  & D I SP LAY I NT E R FACES F O R  A L  TA I R/ I M S A I  

e P LAY GAMES & LET  YOUR COMPUTER 
S E E  THE BO.A RD 

eTEACH YOUR COMPUTER TO R EAD, eLET YOU R COMPUTER M A K E  DECISIONS 
DO SURVE I LLANCE, ETC. BASED ON VISUAL I NPUT 

Maximum Vertical Resol ut ion 
Maximum Hor izontal Resol ut ion 
Grey Scale Resolut ion 
Maximum Conversion T ime (Sec.) 

I N T E R F AC E  I 
T.V. Camer.1 to Computer 

240 
2 1 5 
64 
5 

I N T E R FACE I I  
Computer t o  Monitor 

1 20 
1 07 

1 6  to 64 

Any T.V. Camera with external sync. input can be used. Memory requ iremen.ts-
4K to 6 4 K  RAM. I NT E R  FACE I l l  : Compu ter to Osc i l loscope - 4096 poi n ts are 
displayable in any programmable array . I ncl udes 4K 450ns static RAM usab l e  
by  Osci l loscope or Computer. 

'o INTERFACE I-:- - - - - - - - -
$295 

I O INTERFAC E I and T.V. Camera 595 
I 0 INTER FACE II (excl udes mon itor} 245 
O INTERFAC E  I l l  and RAM 495 

I 0 1 2" T .V . /MONITOR COMB I NAT ION 1 50 
I OSEND  MORE  I N F O. 

I Enclosed is mv check/money order for: $ __ 

1 Name: ______ �----------

All equ ipment fu l ly assembled and documented. A l l ow up to 90 days for de l ivery. I 
Address:---------------

City :  ________ State ____ Zip __ 

��;��:�����·,a ��o7r ��a�5��r��� ��a.R �����nd. Oh io 441 1 8  (2 1 61 37 1 -8482 I Ohio residents please add 5. 5% sales tax, thank  you. 
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processor, 1 0  and CRT cards. Cross your 
f ingers and turn on  the power. I f  a l l  works 
correctly ,  the screen w i l l  d isplay: " READ 
8080 I N IT I AL IZE  CASSETTE".  Success
fu l ly  accomp l ish ing th is means that the 
processor is operating correct ly ,  the CRT 
board works fi ne and at least part of the 1 0  
board is fu nct ion i ng. 

The acid test is load ing the operat ing 
system via the cassette in terface. (To fac i l i 
tate th is  e ndeavor and add more ease of  
operatio n ,  a Reset/Run button shou ld  be  
wi red to the  mother board as  described i n  
the  DG l i te rature. ) With th is  message presen t  
on t he  screen ,  i nsert t he  8080 operat i ng 
system cassette and h i t  the pl ay button. 
Adjust the output level to be about 1 V 
p to p and soon a leader tone shou ld  be 
heard . No  change shou ld  appear on  the 
screen . I mmediately fo l lowing the tone w i l l  
b e  the asynchronous data a t  1 1 00 bps. 
Proper reception of th is data wi l l  be evident 
on the video d isplay . As each byte of data is 
processed and loaded i n to memory, i t  is read 
from memory to verify that it got there. I f  i t  
loaded correctly ,  a number correspond ing to 
the h igh order d ig it  of the octal page address 
of this byte location is pr inted on the screen. 
With 256 bytes per page, there w i l l  be 
256 number 1 s, 256 number 2s, etc, unt i l  
the tape is loaded . Should the memory 

Photo 7: A view of Steve 's assembled Digital Group System. [When a party 
from the BYTE office stopped by at Steve's basement laboratory in  
Connect icut on the  way back from Atlant ic City l ast fal l ,  we found h i s  
system up and runn ing as  p ictu red here, w i th h i s  o lder Sce lb i  8B computer 
act ing as a s lave per ipheral processor to control the vector graph ics output 
dev ice descr- i bed on  page 78 of the November 1 976 BYTE . Steve cooked an 
exce l l ent  Qu iche Lorraine for d in ner that night whi le  Dan Fylstra and I 
explored a game of K I N G DOM runn i ng i n  Tiny BAS IC . . . CH J 
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check s ign i fy a bad byte, a period ( " . ") wi l l  
be d isp layed instead of the octal n umber. 
I t 's a good idea to watch the screen wh i l e  
the  cassette i s  be ing  read . 

I f  the cassette was read in proper ly, the 
computer  w i l l  d i sp l ay the operating system 
opt ions on the screen as in photo 6. If not, 
try aga in .  Be carefu l to watch th at there are 
no numbers, s ign i fy i ng received data bytes, 
on the screen pr ior to the p layback of the 
actual data on the tape. Shou ld th is occur 
due to a no ise g l i tch ,  h i t  the reset, and i t  wi l l  
c lear th is  prob lem.  

The  DGS o perating system requ i res that 
al phanumer ic i n format ion be input  on a 
para l l e l  8 b i t  i n put  port i n  the form of 
ASC I I .  A l l  th is  means i s  that you need a 
keyboard . The ASC I I is 7 b i ts of the i nput  
port and the eighth b i t  corresponds to the 
key pressed or strobe s ignal .  The operating 
system scans th is  b i t  look i ng for a trans i t ion 
fro Ill a zero to a one so therefore i t  must be 
a posi tive go ing strobe (TTL level ) with a 
m in imum du ration of 50 JlS. I have a surp lus 
Sanders Associates 720 keyboard which a lot 
of peop le  have. This keyboard has a 5 flS 
negative go ing strobe though and must be 
modified by add ing a oneshot such as a 
741 2 1  to it .  S ince the who l e  keyboard runs 
on  5 V ,  this is an easy convers ion and the 
keyboard i s  an except iona l  buy. With key
board and mon i tor, the system is total ly 
operat iona l .  If you were able to get the 
operat ing system opt ion I ist wh ich appears 
i n  photo 6, you are ready to go. H i t  3 and 
the screen d i sp lays the contents of a l l  the 
registers and flags. H it space and you ' l l  start 
to page th rough memory d i sp lay i ng al l 
memory contents. Return to the operating 
system and hit option 4 and the keyboard 
can be used to enter octal mach i ne language 
code anywhere the user desires. The com
p lete explanation is i n c l uded with operating 
system tape. 

Where the D igital G roup System rea l ly  
sh ines i s  the  cheap software and system 
s imp l ic ity. Add the 8 K· memory board, set 
the address for 0 to 8 K and reset the 
processor 2 K memory to occupy 8 K to 
1 0  K and we are ready to run Extended T iny 
BASIC.  

With 1 0  K of memory instal led, turn  the 
system on and start the 1 0  K Tiny BASIC 
tape as you wou ld the operat ing system 
tape. After a few m i nutes the tape w i l l  have 
been read and the system w i l l  d isp lay the 
Tiny BAS IC  options: 

T I N Y  BAS I C  

1 .  READ BAS IC  P ROG RAM 
2. WR ITE  BAS IC  P ROG RAM 
3.  D I S PLAY COMMAN DS 



4. D I SPLAY E RRO R CODES 
5 .  CONTI N U E  P ROG RAMM I NG  
6 .  T INY  BAS I C  

With these options, a n  Extended Tiny 
BAS IC ,  created by D ick Wh ipp le and J ohn  
Arnold and  described i n  t he  J anuary 1 976 
issue of Dr Dobb 's journal of Computer 
Calisthenics and Orthodontia, is ready to go . 
Buy a coup le  of s imp le  programs such as 
B lackjack, Bantum · and others from the 
D igital Group Software Systems, an d you 
can ut i l ize the computer immed iate ly  to 
entertai n the whole fam i l y  or bone u p  on  
T i ny  BAS IC  and  write you r  own p i'Ograms .  

Observations and Crit ic isms 

As stated earl ier, i t  i s  my op i n ion  that the 
Digi tal G roup System is one of the best 
offeri ngs on the small systems mMket today. 
But as previous ly men tioned, anyone not 
having the proper eq u i pment shou ld  not 
attempt to assemble the CRT and audio 
cassette i n terface. After rece iv ing my  sys
tem, I was up and runn ing w i th the 2 K 
processor card memory w i th two even i ngs ' 
work. S ince I had the equ ipment  and am 
very recept ive to logical we l l  wri tten instruc
t ions, I had no troub les . My cassette i n ter
face d idn ' t  work at fi rst, and I d iscovered 
that i t  was because of insu ffi c ient tape 
recorder bandpass. I had hoped to use the 
same e l  cheapo recorder that I used for my 
previous 300 bps inte rface, but no way . I 
rushed out and spent a whopping $39 for a 
new one from J C Penney which had been 
suggested by another D igital G roup System 
owner. The fi rst t ime I hit p l ay ,  i t  worked 
perfect ly .  S ince th at t ime, I have d i scovered 
that the cassette interface is sensi t ive to both 
vo l ume and tone sett ings du ring p l ayback. 
This is probably only a fu nction of the tape 
recorder I own and is not necessar i ly i nd i ca
tive of a general p rob l em .  Using a qua l i ty 
cassette recorder of the type suggested by 
the D igital G roup shou ld e l im inate any 
playback problems.  

Record ing a program on  tape is s imply a 
matter of choos ing the correct operating 
system option but getting accurate mark and 
zero frequencies may requ i re m inor tweek
ing .  There appears to be some sh ift i n  the 
output frequencies from the time of the 
stat ic cal ibrat ion and actual dynamic opera
tion. This is obvious ly due  to the fact that 
3.5 VDC and 0 V are not the actu al TTL 
leve ls app l ied to the vol tage contro l led 
osc i l l ator. A VCO is an analog device and 
not al l  TTL ch ips are exactl y a l i ke. After 
read ing i n  the operating  system tape I 

Continued on page 1 29 

THE PROM SETTER 
WRITE and READ 

EPROM 
1 702A and 2 70H 

• P l ug s  D i re c t l y  i n t o  y o u r  A LTA I R ! I MS A I  C o m p u t e r  

• I ncl udes M a i n  M o d u l e B o ard a n d  E x t e r n a l  E P R O M  
S o c k e t  U n i t  

• T h e  E P R O M  Sor. k e l  U n i t  i s  c o n n e c t ed l o  ! he C o m 
p u l e r  t h ro u g h  a 2 5  P i n  C o n n e c t o r  

• Progra m m i ng i s  a c c o m p l i s h ed b y  ! he C o m p u t e r  

• J u s t  R e a d  i n  ! h e  Program l o  b P.  W r i t t e n  o n  ! he 
E P R O M  i n t o  y o u r  P r o c e s s o r  a n d  l e i  ! h e  C o m p u t e r  
d o  ! h e res ! .  

• U se S o c k e t  U n i l  I n  R e a d  E P R O M ' s  Co n l e n l s  i n l o  
y o u r  C o m p u t e r  

• S o ft wa re i n c l uded 

• No E x t e r n a l  Power S u p p l i e s ,  Y o u r  C o m p u t e r  d oes 
i t  a l l  

• Programs a n d  R e a d s  B o t h  1 70 2 A  a n d  2708 E P R O M S  

• D o u b l e s  a s  a n  E i g h t  B i t  P a r a l l e l 1 ! 0  
• M a n u a l  i nc l uded 

INTRODU CTRY O FFER* 
Kit  Complete ...:... $135 

Assembled - $245 
( N o r m a l  P r i ce $ 1 6 5 )  

( N or m a l  P r i c e  $ 2 7 5 ) 

* S p e c i a l  P r i c e  Good O n l y  U n t i l  M a rc h  3 1 ,  1 9 77 
D e l i very Less t h n n  90 days 

SZE R L I P  ENTER P R I S ES 
1 4 1 4  W. 2.'i9 t h  S t . - H a rbor C i t y .  C a l i fo rn i a  9 0 7 1 0  

Cal i fonu;t rP�id .. nts plt>ast• .uld fi",. sa IPS I a '  
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Multiplex You r  Digital LED Displays 

James Hogenson 

Box 295 

Halstad MN 56548 

+5V 

Dig ita l LED  disp l ays were once a nove l ty 
to the hobby ist, a l uxury found i n  expensive 
l ab equ i pment. They are now a household 
word and a u sefu l tool for the d ig ita l  
experimenter. A digita l LED d i sp lay can be 
used as the readout for a lmost any test 
i n strument. A p rogrammab le LED d i spl ay 
can be used as a computer ou tpu t. A d igi tal 

Figure 7 :  Circuit diagram 
of a simple multiplexed 8 
digit display for BCD or 
octal data. The printed cir
cuit layout of this version 
is depicted in figure 3. 
Figure 5 shows the printed 
circuit used to mount the 
displays. 

g f e d c b a TO SEGMENT L I NES 
OF ALL 8 LED DISPLAYS 

L E D  d i sp lay i s  a h andy repl acement  for the 
b i nary l igh ts on a computer  control panel .  I f  
you have been th in k ing about u si ng an LED 
d i sp lay for any of these or other reasons, 
th is  artic le may save you some time, money, 
and power. 

There are two methods wh i ch may be 
used to dr ive an LED d i sp lay. The di rect 

I ntegrated C ircu it Summary L ist 

POWE R  P I NS 
Type +5 V G N D  

IC1  7493 5 1 0  
IC2 741 51 1 6  8 
I C 3  74 1 51 1 6  8 
IC4 74 1 51 1 6  8 
I C5 741 51 1 6  8 
IC6 7448 1 6  8 
IC7  75451 8 4 
I C8 7 5451 8 4 
I C9 75451 8 4 
I C 1 0  75451 8 4 
I C 1 1 741 55 1 6  8 
I C 1 2  555 See f igure 1 

NOT E :  B MAN 4 or D L704 seven segment LED 
displays are required. 

DIGIT DR IVES TO COMMON CATHODES OF D I G ITS 0 TO 7 

Rl TO R7 
220!1 
I /4W 10% 

D D D 
3 2 I 

14 15 
I C G  

D 
6 

9 10 I I  
7448 

c a 
2 

c c c 
3 2 I 

12 1 3 
BCD 
TO 

A 7 SEGMENT 

7 

DATA INPUTS FROM PARALLEL OUTPUT PORT 

X7 XG X5 X4 

A A A A A A A A  
8 7 6 5 4 3 2 1  
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X 3 X 2  X I XO 

M U"LTIPLEX 
OSC ILLATOR 

+ 5V 
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power configuration u ses one 7 segmen t  
driver for each 7 segment L E D  in  the 
d ispl ay. Constant power is su pp l ied to a l l  
d igi ts. The mu lt i plexed configu rat ion u ses 
on ly one 7 segment  dr iver for several d igi ts. 
Power i s  suppl ied to on ly  one d ig i t  at a t ime, 
bu t is swi tched at a h igh rate so al l  d igits 
appear to be on constant ly .  S ince only one 
d igit is powered at any given t ime, a certa i n  
amoun t  of  power i s  saved .  Th i s  p r i nc i p l e  i s  
widely used i n  e lectron i c  calcu lators. 

data. Al l data inputs are connected to a 
mu l ti p l exer. There is one 8 channel mu l t i
p lexer for each of the 4 data i nput  b i ts. The 
least sign ificant b it of each d ig it i s  connected 
to an input  of IC2; the most sign ificant b i t  
of each d ig i t  is connected to an i nput  of IC5 ,  
etc. The mu l t ip lexers a'nd demu l t ip lexer are 
add ressed by the 7493 cou nter wh ich i s  
i ncremented at approx imate ly 4 kHz by the  
555 osci l l ator. ICi l is connected for 3 to 8 
l i ne  demult ip lexing. When the selected ou t
put l ine  of the demu l t ip lexer goes to a low 
state, one of the per iphe 1·a l i n terface gates is 
enabled.  IC7 through ICI 0 are dual per i -

The c ircu i t  of f igure 1 is the driver c i rcu i t  
for an 8 d igit mu l t ip l exed LED d i sp lay. This 
c ircu i t  wi l l  d isp lay 8 d igits of paral l e l  BCD 

I C 1  
I C2 
IC3 
IC4 
IC5 
IC6 
IC7 
I C8 
I C9 
I C 1 0  · 
I C 1 1 
I C 1 2 
I C 1 3 
I C 1 4  
I C 1 5 

NOT E :  

I ntegrated Circu it Summary l ist 

POWER P I N S  
Type +5 v G N D  

555 See f igure 2 
741 23 1 6  8 
7 4 1 9 3  1 6  8 
7489 1 6  8 
7404 1 4  7 
7448 1 6  8 
75451 8 4 
75451 8 4 
75451  8 4 
75451 8 4 
75451 8 4 
75451 8 4 
75451  8 4 
75451 8 4 
74 1 54 24 1 2  

1 6  MAN 4 or D l704 seven segment L E D  

Figure 2:  Circuit diagram 
of a digit-serial multi
plexed 7 6 digit display 
with memoty. The printed 
circuit layout of this ver
sion is depicted in figure 4. 
Figure 5 shows the printed 
circuit (two copies re
quired) used to mount the 
displays. 

+ 5V + 5V R l4 (I R l5 * 

displays are required. + 5V 
DATO 
I NPu rs 

DO Dl "J2 D3 
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Figure 3a: Printed circuit pattern (foil side) of the 8 digit display circuit. 

pheral i n terface gates. Each gate is capab le 
of si n k ing a current  of up  to 300 mA. When 
a d igit is selected,  the i n terface gate p rovides 
a grou nd path for the common cathode of 
the 7 segment L ED. Only the LED whose 

Photo 7: A 7 6 digit BCD assembly constructed using the circuit of figure 2, 
with the printed circuit layouts of figures 3 and 5. The 76 digit memoty 
display requires two copies of the LED mounting board, with jumpers 
connecting the segment lines from one board to the next. Power, data and 
address inputs are shown trailing away at the bottom. 
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cathode is grounded w i l l  l igh t up .  Al though 
the same data wi l l be presen t  at a l l  d igits, the 
data w i l l  be d isp l ayed by on ly  one d igit . By 
ch anging the data present  and swi tch ing the 
enabled d igit , each d igit w i l l  d i sp lay its own 
data .  A 7448 decoder/dr iver converts the 
BCD data to a 7 segmen t  code and dr ives the 
i nd iv idua l  segments of the L E Os. The seg
ments of a l l  8 d igits in the d i sp l ay are 
connected in  para l l e l .  

The c ircu it of figu re 2 i s  a 1 6  d igit 
p rogrammable d i sp lay. Th i s  circu i t  w i l l  
memorize and  d isp lay the data presen ted at 
its i nputs one d ig i t  at a time. The size of the 
demu l t ip lexer and the number of per ipheral 
i n terface gates is doub led ,  s ince the pro
grammable d i sp l ay has 1 6  d igits. The input  
mu l ti p lexer is rep laced by a memory wh ich 
is loaded d igit by d igit .  The 7489 TTL RAM, 
IC4, i s  very conven ient ly arranged for a 1 6  
dig it BCD memory .  The RAM outpu ts are, 
however, inverted open co l l ector outpu ts, so 
pu l l u p  resistors and i nverters ( IC5b to IC5e ) 
are needed. 

The cou nter used i s  a 7 4 1 93 presettable 
b inary cou nter, I C3.  A 555 osci l l ator ( IC1 ) 
drives the cou n ter at 4 kHz. A d igit is 
sel ected for programming by sett ing the 
memory address at the i nputs of the coun
ter. An external c lock pu lse at the clock 
i nput  wi l l  program that d igit .  It is assumed 
the external c lock pu lse w i l l  be at l east 200 
ns. When the c lock pu l se i nput  l i ne goes l ow, 



Figure 3b: Printed circuit component side map of the 8 digit display. See figure 7 for identification of 
components. jumper wires are shown as dotted lines in the overlay. 

D I G I T D R I VE OUTPUTS 
SEG.  DR I V E  
OUTPUTS TO 
D I S P L AY 
BOA R D (S ) X6 X4 X 5  X 7  X 2  X XO X I  X 3  
f g a bcd e 

the coun ter wi l l  be d isabled and the address 
on the counter i npu ts w i l l  appear at the 
outputs add ressing the memory. IC2 p ro
vides a 60 ns delay, then a 60 ns pu l se wh ich 
wri tes the data at the memory data i nputs 
into the memory location addressed.  When 
the cloc k l i ne returns to the high state, the 
counter wi l l  resume cou nt ing. The coun ter  
sequent ia l ly addresses the  BCD data stored 
in the memory wh i l e  it sel ects and enables 
the appropriate d ig i t  in the d i sp l ay. 

Single l ayer pr in ted ci rcu i t  patterns  are 
provided for readers who make the i r  own 
boards. The inputs  on the s imp le  mu l ti
p l exed dr iver board (figure 1 schematic, 
figure 3 pr in ted c i rcu i t  l ayout ) are con
nected as fo l l ows: B i t  0 of the f i rst d ig it to 
input AO, b i t  1 to i nput  BO, b i t  2 to i npu t  
CO, b i t  3 to i npu t  DO ,  b i t  0 of the  second 
d igit to i nput  A 1 ,  b i t  1 to i nput  B 1 , etc. The 
segment ou tpu ts (a to g ) shou l d  be  con
nected to the d i sp lay board (see figu re 5b ) at 
the pads provided on e i ther  end of the 
board. The d ig i t  (common cathode ) dr iver 
outputs (XO to X7) shou ld  be connected to 
p i n  4 of their respective d ig i ts. 

Ou tpu t connections for the 1 6  d igit 
programmable d i sp lay drive.r board (figure 2 
schematic, figu re 4 pr inted c i rcu i t  l ayou t) 
are the same as for the se l f  scann i ng board. 
Referr i ng to the component p l acement d ia
gram, connect the BCD data i nput  d i rectly 
to the D0, D 1 , D2, and D3 l i nes of IC4. The 

+ 5 V  

The Tarbell Cassette Interface 
• Plugs directly into ,your IMSAI or AL TAIR< 
• Fastest transfer rate: 1 87 (standard) 

to 540 bytes/second 
• Extremely Reliable-Phase encoded 

(self-clocking) 
• 4 Extra Status Lines, 4 Extra Control Lines 
• 2 5-page manual included 
• Device Code Selectable by DIP-switch 
• Capable of Generating BYTE/LANCASTER 

tapes also. 
• No modification required on audio cassette ' 

recorder 
• Complete kit $ 1 2 0 ,  Assembled $ 1 7 5,  

Manual $4 
· 

TARBELL ELECTRO�CS 
1 44 M i raleste Drive # 1 06,  M i raleste, Cal i f. 90732 

(21 3) 832-01 82 
California residents please add 6% sales tax 
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Figure 4a: Printed circuit pattern (foil side) of the 7 6 digit memory display circuit. 

d ig i t  address i nput  l ines are connected to 
IC3  inputs A, B, C and D.  To program the 
d i sp lay, set the desired BCD value at the 
BCD inputs, sel ect the desired d igi t w i th 
add ress l i nes AO to A3, and br ing the c lock 
i nput  to the low state for a mi n imum of 200 
ns. The first d ig i t  is selected by sett ing a 
binary 0 at the address i nput; d ig i t  number 4 
i s  selected by setti ng a bi nary 3 at the 
address i npu t, etc. 

Any 7 segment common cathode LED  
may be u sed with t h i s  d i sp lay. MAN 4 or D L  
704 L EOs work wel l ,  w i red up  u sing the 
d isp lay card of figu re 5 .  The u se of the 
peripheral interface gates means that a single 
5 vo l t  power supp ly wi l l  be adequate with
out any extra LED  driver c i rcu i try . The 
ent i re d isp lay (either one ) wi l l  d raw 300 to 
400 mA. 

The 8 d igit mu l t ip l exed d isp lay may 

Figure 5a: Printed circuit pattern (foil side) oF an 8 digit 7 segment LED assembly used with the display 
circuits. 

• • • • • • • • 
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W E  DO I T  W ITH M I R R O RS! 
(and some very sophisticated state-of-the-art memory des i g n )  

You 've proba b l y  i m ag i ned t h a t  s o m e d a y  y o u ' d  l i ke to o w n  a • 
computer  system with a f u l l  c o m p l e m e n t  of m e m o ry:  

65 , 536 BYTES 
You r d ream can b e  a rea l i ty w i t h  t h e  P r i m e  R a d i x  C o r p o ra t i o n 's • 

4 Kr M m e m o ry system at a very cost-effec t i ve p r i c e .  A n d  
ecause i t  i s  a sta n d a l o n e  m e m o ry system . you've g o t  t h e  

advantage of g reater f l ex i b i l i t y  n o t  o rd i n a r i l y  ava i l a b l e  from 
add-in m e m o ry .  Some of the featu res a re :  • 

• The 64KrM is f u l l y  b uffered . p rese n t i n g  one TTL l oad to the 
memory bus.  

· 

The 64KrM comes assem b led a n d  tested with its own power 
s u p p ly, attract ively h oused in a n  a l u m i n u m  cabinet ,  ready to 
p l ug i n to your syste m .  

Psuedo-stat ic ope rat i o n :  o n  board refresh clock-generator 
p rovides processor i n dependent refresh w i t h  no wait states. 
The 300NS worst case access t i me e n hances h i g h  s peed 
operat ion.  

Power/fa i l  detect ion c i rc u i try and battery back u p  w i l l  
provide non-vo l a t i l e  m e m o ry ( batte ries a re opt ional  at extra 
cost ) .  

40K 
$ 1 490 . 00 

L I ST P R I C E  I S  A S  F O L LOWS: 

4 8 K  
$ 1 580.00 

56K 
$ 1 670.00 

64K 
$ 1 750 .00 

• The 64KrM is  d i g ital  g ro u p  b u s  a n d  AL T A I RrM bus 
com pat i b l e .  When ordering, you m ust specify the bus 
architecture. A p l u g card and cable wi l l  be f u r n i shed for the 
partic u l a r  bus a rc h i tect u re you s pecify.  

• The m i n i m u m  c o m p l e ment of m e m o ry is 4 0 K  BYTES, with 
start i n g  address locat ions at OK, 8 K ,  1 6 K ,  o r  24K. 

We are offe r i n g  a special  i n t rod u ctory ten percent d iscount off 
l ist pr ice on a l l  orders rece i ved on or before February 28, 1 977. 
Del ivery w i l l  be made in t h e  same seq uence as orders a re 
recei ved. P lease a l low 3 to 6 wee ks for d e l i ve ry. M asterch a rge 
and BankAmeri ca rd a re accepted . 

P R I M E  RADIX • P 0 Box 1 1 245 • Denver Colorado 8021 1 • (303) 433-5630 or 573-5942 r - - - -- - - - - - - - - - -- - - - - - - - - - - - - - - - , 

I 0 D I G ITAL G R O U P  B U S  I M a k e  c h e c k s  o r  m o ney o rd e rs paya b l e  to : 

I 0 A L  T A I RTM B U S  P R I M E  R A D I X .  I N C .  I 
I P 0 Box 1 1 245 I 0 64K @ $ 1 750.00 

I D e n v e r .  C o l o r a d o  802 1 1 1 
I 0 5 6 K @ $ 1 670.00 (303) 433-5630 or 573-5942 1 
I 0 4 8 K @ $ 1 580.00 I 

P r i n t  N a m e  C red i t  C a rd N u m ber 1 

A d d ress 

City State Z i p  
L - - -

0 40K @ $ 1 490 . 00 

0 C h e c k  or M . O . enclosed 

0 C h a rg e  BAC 

0 C h a rg e  MC 

( P lease No C . O . D . 's o r  P 0 's )  
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4 N u m bers A b ove N a m e  ( M C ) Good T h r u  

S i g n a t u re 

I 
I 
I 

J 



S E G .  
D R IVE 
I N PUTS 

Figure 4b: Printed circuit component side map of the 7 6 digit display. See figure 2 for identification of 
components. jumper wires are shown as dotted lines in the overlay. 

easi ly  be u sed to replace the b inary l igh ts on 
a compu ter as an octal d i splay. Th is d isp lay 
board i s  a l so a handy readou t for any 
number of homebrewed in struments. 

The progt·ammable d isp lay may be used 
as a compu ter output. Connect the address 
and data i nputs of the board to the 8 b i ts of 

ed c b a g f  
S E G. D R I V E  
OUTPUTS TO 
D I S PLAY B OA R D ( S )  

an output port. Connect the c lock pu l se 
input  to the compu ter's output strobe l i ne. 
Remember to p rogram the computer  to 
inc lude the correct d ig it  address in each data 
ou tput. For u se with h exadecimal data ,  u se a 
subst i tute for the 7448 wh ich decodes h exa
decimal 7 segment  patterns.• 

Figure 5b: Printed circuit component side map of the display matrix. The LED parts are MAN 4 or 
DL 704 seven segment displays or their equivalents. 
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Continued from page 1 21 

recommend that a short program be wri tten 
to cycle the cassette output between· a one 
and zero every few seconds. Connect a 
frequency coun ter to the output  and 
readjust the mark and space pots to the 
correct specifi cations. I a lso noticed that 
variations in power supply vol tages from one 
time to the next can adversely sh ift th is 
frequency. Having an adequate wel l  des igned 
power supp ly  wi l l  l im i t  variab i l i ties even as 
more memory i s  addel My 1 0 K system 
draws app roxi mate ly 4.4 A at  5 V and with 
1 8  K on i t ;  i t  now takes 5. 7 A. 

The l ast comment is no D ig i ta l  G roup  
p rob lem, but  rather m ine .  I assembled the 
10 K memory board as in structed, p l ugged i t  
into the system and ran the DGS memory 
test program for a coup l e  of hours .  It al l 
checked out fine, but  when I tr ied to read 
any program which occup ied 1 0  K of 
memory (2 K worked fine)  i t  bombed out .  
S ince the memory test program sa id the 
memory was f ine ,  I was led to suspect the 
1 0  K BASIC tape. I sh ipped that tape off to 
a friend to try i t  on  his DG system and 
contacted the D igi tal G roup  software peop l e  
for a new tape. With i n  five days I had both a 
new tape from DG and confi rmation from 
my fr iend that I had a prob l em because the 
tape was OK.  But  the memory test said the 
memory was OK! Wel l ,  don ' t  bel i eve it! I n  
the process of removi ng and check ing each 
21 02 on my 8008 system I found an IC w i th 
a p in bent under i t .  S traigh ten i ng th is  p in 
and re inserting the 2 1 02 was al l that was 
needed, and the Tiny BAS IC  read and 
executed perfectly. Be careful of memory 
test programs. 

In concl usion ,  my exper iences w i th the 
Digital Group 8080A System have been 
gratify ing. My system worked w i th no major  
problems, and any i n te l l igent user  e ither 
constructing the compute r  i n  whole or part 
should expect the same. The fact that I now 
have an operat ional m icrocompute r· has 
caused a sl ight prob lem,  though . I never get 
to use i t !  ! ·'seem to continua l ly  have peop le  
from my office over i n  the  even i ngs p ro
gramming one th ing or another. In  fact, I 
h ad to add another 8 K this week to al low 
more Tiny BAS IC p rogramm ing space for 
one guy who is wr it ing a stati sti cal program 
which he hopes w i l l  he lp  h im  w in  at j ai -a l a i .  
I suggest that  i f  you get  one of these smal l 
computers, j u st wal k around w i th a p leasan t 
pregnant sm i le ,  but  for heaven's  sake don ' t  
tell anyone that i t  rea l l y  works ! • 

f Watch for Steve 's humorous account of 
jai-a/ai in April 's B YTE.} 

$795 

MORE POWER TO YOU R  ALTAI R*  
1 2  A M PS @ 8v. (nomi nal) 

2 AM PS @ ± 1 6v. 

At any l ine voltage from: 

90 to 1 40 volts. 
I n sta l l s  eas i l y  i n s i d e  a n y  A l ta i r *  8800 o r  
8800a. 

Over vo l tage a n d  over c u rrent  p rotected . 

Conservat ive ly  d e s i g ned and s p e c i f i ed .  

only $90.00 

1.1 �· · _ _ ·_·_· j postpaid in the U.S.A. 

Cal i fornia res idents add 

$5.40 sales tax. 

8ANKAMERICARD 
-

PARASITI C EN G I N EERI NG 
PO BOX 631 4 A L BANY CA 94706 

· Alta ir  is a trademark of  M ITS I nc.  
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1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 11 1 1 1 1 1 1 1  
1 1 1 1 1 11 11 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 11 1 11 1 1 1 1 1 11 11 1 1 1 1 1 1 11 1 1 1 1 1 11 1 111 1 ! 1 11 1 111 1 11 1 1 1 1 1 111 1 1111 1 111 1 1 1 1 1 1 11 11 1 1 1 111 1 1 1 1 111 1 1 1 1 1 1 11 1 1 111 1 11 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 111 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 11 1 1 1 11 1 1 1 1 1 1 1 1 1 111 11 11 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 111 1 1 1 1 1 11 1 1111 1 1 11 111 1 1 11 1 1 1 11 1111 1 1 11 11 1 1 111 1 1 1 1 1 1 11 1 11 1 1 1 1 1 11 11 1 111 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 11 1 11 1 1 1 11 1 1111 11 11111 1 1 
1 1 1 1 1 11 1 1 1 1 111 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 11 11 1 1 1 1 111 1 1 1 1 1 111 1 1 1 1 1 1 111 11 1 1 1 1 1 1 1 1 1 1 111 1111 111 1 1 1 11 1111 11 1 1 1 11 11 1 11 1 1 1 1 1 1 1 1 1 111 11 1 1 111 11 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 11 1 1 1 1 1 1 1 1 1 1111 111 111 11 1 1 1 1 
1 1 1 1 1 11 1 1 1111 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1111 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 111 1 1 11 1 1 1 1 1 1 111 11 1 1 111 11 1 1 1 1 11 1 11 11 1 11 1 1 1 1 1 1 1 11 1 111 1 111 1 1 1 1 1 111 111 1 1 11 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 11 1 1 1 1 1 1 11 11 1 1 1 1 1 1 1 1 1 11 111 11 1 
1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 11 1 1 1 1 1 1 111 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 11 1 1 1 111 111 1 1 1 11 1 1 1 1 1 11 1 1 1 1 11 1 11 1 1 11 11 11 1 1 1 1 1 1 11 11 1 1 1 11 1 1 111 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 11 11 1 
1 1 1 1 1 11 1 1 1 1 11 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 11 1111 1 1 111 11 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 111 1111 1 111 1 11 1 1 1 11 1 1 1 1 1 11 11 1 1 1 1 1 11 1 1 1 1 1 1 111 1 1 1 1 111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 11 1 1 11 11111 1 
1 1 1 1 1 11 1 1 111 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 11 1 1 1 111 1 111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 111 1 1 1 1 1 1 1 111 1 1 1 1 11 11 1 1 1 1 11 11 1 1 1 1 1 1 111 1 1 1 1 1 1 1 1 1 111 1 111 111 1 1 1 1 1 1 111 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 1 1 111 1 11 1 
1 1 1 1 1 11 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 11 1 1 1 1 1 1 11 1 1 111 111 11 1 1 1 11 1 1 1111 11 11 1 1 1 1 1 111 1 11 1 1 11 111 1 1 1 11 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 11 1 1 1 11 1  
1 1 1 1 1 11 1 1 1 1 1 11 11 1 1 1 1 1 1 1 1 1 1 11 11 1 1 1 11 1 1 1 1 11 11 1 1 1 1 1 1 11 1 1 1 1 1 1 1111 1 1 1 1 11 1 1 1 1 1 1 11 1 1 1 1 1 11 1 11 1 1 1 1 1 1 1 1111 1 11 1 1111 1 1 11 1 1 11 1 1 1 11 1 1 1 111 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1111 1 1 1 1  
1 1 1 1 1 11 1 11111 1 1 11 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1111 1 1 1 1 11 1 1 1 1 1 1 1 1 1 111 1 1 1 11 1 1 11 1 11 1 1 1 1 1 1 11 1 1 1 1 1 11 1 1 1111 1 11111 11 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1111 1 11 1 1 1 1 1 11 1 1 1 1 1 1 1 11 1 1 1 1 11 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 11 1 1 1 1 1 111 1 111 1 
1 1 1 1 1 11 1 1 1 1 1111 1 1 1 1 1 1 11 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 111 11 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 11 1 11 1 1 1 1111 111 1 11 11 1 1 1 11 11 1 1 1 1 1 111 1 1 1 1 1 11 1 11 1 1 1 111 11 11 1 1 1 1 11 11 1 11 1 1 1 1 1 1 1 1 1 11 1 1 1 1111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 11 1 1 1 1 1 11 1 111 1 1  
1 1 1 1 11 1 11 1 1 1 11 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 111 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 111 1 1 1 11 1 1 1 11 111 1 1 11 1 111 1 1 1 1 1 111 1 1 1 1 1 11 11 1 1 1 1 1 11 1 1 1 11 1 1 11 1 1 1 1 111 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 11 11 I I I 
1 1 1 1 1 11 1 1 1 11 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1111 1 111 1 1 1 1 1 1 1 1 11 1 1 1 11 1 1 1 1 1 1 1 11 1 ! 1 1 1 1 1111 1 11 1111 11 1 1 1 11 1 1 1 1 1 1 111 11 1 1 1 11 1 1 1 1 1 1 11 1 1 111 1 111 1 1 1 11 11 1 1 1 1 1 11 1 1 1 1 1 1 1 1 11 1 1 11 1 11 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 11 1 1 11 1 
1 1 1 1 1 11 1 11 1 1 11 1 1 1 1 1 11 1 11 1 1 1 1 11 1 1 1 11 1 1 1 1 1 1 1 1 1 1 111 1 11 1 1 1 1 1 1 11 1 11 1 1 1 11 1 11 1 1 1 11 11111 1111 1 1 1 1 11 1 1 1 1 1 1 1 11 1 111 1 1 11 1 1 111 11 1 1 1 1 1 1 1 11 1 1 1 1 1 1 11 1 1 1 1 1 111 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 11 1 1 1 1 1 1 111 11 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 11111 1 1 1 111 1 1 111 11 1 1 1 1 1 111 11 1 1 1 11 1 1 1 1 1 1 1 111 1 1 1 1 1 11 1 11 1 1 1 1 1 1 1 11 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 11 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 11 1 
1 1 1 1 1 11 1 1 111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 11 1 1 1 1 1 1 1 1 1 11 1 1 1 11 1 1 1 1 1 1 11 1 1 11 1 1 1111 1 1 1 1 1 1 1 1 1 1 1 1 11 11 1 11 1111 11 1 1 1 1 1 1 1 1 11 1 11 1 1 1 1 1 1 11 1 1 1 1 1 1 11 11 1 1 1 111 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 11 1 11 1 11 1 1 1 1 11 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1 1 111 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 11 1 11 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 11 1 1 1 111 1_! 1 1 1 111 1 111 1 11 11 1 1 1 1 11 11 1 11 1 1 1 1 1 111 1 11 1 1 111 1 1 1 1 11 1 1 1 11 1 1 1 11 1 111 1 1 1 1 1 11 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1  
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1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 11 111 1 1 1 1 1 1 1 1 1 11 111 1 1 1 1111 1 11 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 111 11111 111 111 1 1 1 11 11 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 11 1111 1 1 111 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 11 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 11 1 11 1 1 1 1 1 1 11 1 1 1 11 1 
1 1 1 1 1 11 1 1 1 1 11 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 11 1 111 1 1 11 1 1 111 1 1 1 1 1 1 1 1 1 111 11 1 1 1 11 1 1 1 1 1 1 111 1 1 1 1 1 11 1 1111 1111 11 1 1 1 11 1 1 111 111 11 1 1 1 1 11 1 1 1 1 1 1 111 11 1 1 1 11 1 1 1 1 1 1 11 11 1 11 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 11 1 1 11 1 1 1 1 1 1  
1 1 1 1 1 11 1 1 1 1 1 1 1 11 1 1 1 111 11 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 11 1 1 11 1 11 1 1 1 11 1 1 1 1 1 1 11 1 11 1 1 1 111 11 11 1 11 111 1 1 1 1 1 1 1 11 1 11 1 1 1 1 11 111 1 1 1 1 1 1 1 1 1 11 1 1 11 1 111 11 1 11 1 1 1 1 1 1 1 11 1 111 1 11 1 ! 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 11 1 1 11 1 11 1 1 1 1 1 1  
1 1 1 1 1 11 1 1 1 11 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 11 1 1 1 11 1 1 1 1 1 1 111 1 1 1 1 1 111 1 111 1 11 1 1 1 1 1 1 11 1 1 1 11 111 1 1 1 11 1 1 1 1 11 1 1 1 11 1 1 1 1 1 1 1 11 1 111 1 1 1 11 1 1 1 1 111 11 11 1 11 11 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 11 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 11 11 1 1  
1 1 1 1 111 11 1 1 1 1 1 1 1 1 1 1 1 1111 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 11 11 1 1 1 1 11 1 1 1 11 1 1 1 1 11 1 1 1 1 11 1 1 1 1 1 111 11 1 1 1 11 1 1111 1 11 1 1111 1 11 1 1 1 1 1 1 1 1 111 1 1 1 1 1 1 1 1 1 1 1 1 1111 1 1 1 11 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 11 1 1 1 11 1 1 1 1 1 1 11 1 11 1 1 1 11 1 1 1 1 1 1  
1 111 111 1 11 1 1 1 11 1 1 1 1 1 1 11 1 1 1 1 1 11 1 1 1 11 1 1 1 1 1 1 111 1 1 11 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 11 1111 1 1 11 1 1 1 1 1 1 11 111 1 1 111 1 1 1 11 1 1 11 11 1 1 1 11 111 1 1 1 1 1 1 1 1 11 111 1 1 1 1 11 11 1 1 1 1 1 1 11 111 1 1 11 1 11 1 1 1 1 11 1 11 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 111 11 1 1 
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1 1 1 1 111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 11 11 1 11 1 1 1 1 1 111 11 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 11111 11 1 11 1 1 1 1 1 1 111 11 1 1 1 11 11 1 1 1 1 11 1 11 11 1 11 1 1 1 11 1 1 11 1 1 1 1 1 11 1 1 1 1 1 1 11 1 11 1 1 1 111 1 1 1 1 1 11 1 1 1 1 1 1 11 1 111 1 1 11 1 1 111 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1  
1 1 1 1 1 11 1 11 1 11 11 11 1 1 1 1 11 1 1 1 1 1 11 1 1 1 111 1 1 11 1 11 1 1111 1 111 1 1 1 1 1 11 1 1 111 1 11 11 1 1 1 1 11111 1 1 1 11 11 1 11 1 1 1 111 11 11 1 1 1 11 1 1 1 1 1 1 1 11 1 11 1 1111 1 11 1 1 1 1 1 111 1 1 11 1 11 1 1 1 1 1 1 1 11 11 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 111 1 11 1 1 1 1  
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1 1 1 1 1 11 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 11 1111 1 1 1 1 1 1 1 1 1 1 11 11 1 1 1 1 11 1 1 1 1 1 111 1111 1 111 1 11 1 1 1 1 111 11 1 1 1 1 1 1 11 1 11 1 111 1 1 11 1 1 1 1 1 11 11 1 111 1 1 11 1 1 111 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 11 1 1 1 1 1 1 11 1 11 1 1 1 11 11 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 11 11 1 1 1 1 1 1  
1 1 1 1 1 11 11 1 1 1 1 1 1 1 1 1 1 1 1111 1 1 11 11 1 1 1 11 1 1 1 1 1 11 1 1! 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 11 1 11 1 1 1 1 1 1 111 111 1 111 11 1 1 1 111 1 1 1 111 11 1 1 1 1 1 1 11 1 1111 1 111 1 1 1 1 1 111 1 11 1 111 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 111 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 111 1 1 1 1 1 1 1 1 11 11 1 1 1 1  
1 1 1 1 1 11 1 1 1 1 11 1 11 1 1 1 1 111 1 1 1 1 1 11 1 1 1 11 1 11 1 1 1 11 1 1 1 1 1 1 111 1 1 1 1 1 111 1 1 11 1 111 1 11 1 111 11 1 1 1 1111 11 1 1 1 11 1 11 1 1111 11 1 1 1 1 11 1 1 1 11 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 11 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 1 1 111 1 1 1 1 1 1 1 1 1  
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p APERBYTES TM 

Test 

As noted in l ast month 's BYTE, page 1 21 ,  
we had i ntended to have an extended text 
inc luded in  the magazine for February .  The 
text got delayed,  due to a comb inat ion of 
human ,  weather and Murphy's  Law Factors. 
This month, it arrives at the pr int ing p resses 
for pub l ication .  

This text is an extended set  of ASC I I  
encoded Engl i sh l anguage words. The b i t  
level format is format 3 (compressed ratio 
record ing) as descr i bed in p revious artic les 
on the subject in BYTE November 1 976, 
page 1 0, and BYTE December 1 976,  page 
1 2. In this format, the w id th of the bars and 
spaces are encoded as  fol lows :  space = 1 u n i t  
width ; zero b i t = 1 u n i t  w idth bar; one b i t = 
2 un i t  width bar. The frame format begins  
with an ASC I I  SYN ( 1  001 01 1 0) character 
extended to 8 bi ts w i th a h igh order 1 b it .  
The frame cont inues with 8 bits of check 
sum, 8 b i ts of l ine i dentificat ion,  and  8 b i ts 
of byte cou nt. The byte count sets the 
number of data bytes which fo l l ow the 
header. 

Add Some Zest by Making a Contest 

Rather than just pr int  another test, we 
decided to make this text suffi c ient ly 
complex to warrant making a sma l l  contest 
out of i t. With i n  the frame format we have 
encoded the p la in  text of ASCI I u pper and 
lower case characters (p lus  l i ne  contro l ) 
defi n ing Wal ter Ban ks '  parody of a famous 
poem deal i ng with myth ical cri tters and 
strife and conquests. Lewis Carro l l  pu rists 
wi l l  object to the arb itrary and i n compre
hensib le  semantic transformations made on 
the arbitrary and incomprehensi b le seman 
tics of  the origir.�a l ,  but the necess it ies of 
maki ng a contest req u i red un i que ness : This 
version has never been pub l ished before and 
i t  is completely d ifferent  at the deta i l  leve l .  
All contests have ground ru les, and  here are 
the ones which app ly to the fi rst (and 
probably on ly ) PAP E RBYTES Contes t :  

• Entries must be  received i n  our  office 
by March 31 1 977 .  They shou l d  be 
addressed : 

BYTE magazine 
Attention :  PAPE RBYTES Contest 
70 Main St 
Peterborough N H  03458 

ACT- I  
M I C R O-TE R M  I N C .  

$525 complete with h i g h  resolution 9 "  monitor  • $400 without 
monitor I NCLU D ED F EATU R ES : 

• U nderl ine Cursor 
• RS232C or  Cu rrent Loop 
• Al l  osci l lators ( hor iz . ,  vert . , 

baud rate ,  and dot size) a re 
c rystal con t rol led 

• 64 c h a racters by 1 6  l ines 
• Auto S c ro l l ing  

• Data Rates of  1 1 0 , 300 , 600 , 
1 200, 2400, 4800 , and 9600 
baud are jumpe r selectable 

The ACT-I is a complete teletype replacement compatible with 
any p rocessor which supports a serial  1 / 0  port.  Completely 
assembled and dynamical ly  teste d .  

Prices FOB S t .  Louis Mastercharge and BankAmericard 

THE AFFORDABLE CRT TERMINAL 
M I C RO-TER M  I N C .  P . O .  BOX 9387 ST. LOUIS,  M O .  631 1 7  

(314)  645-3656 

MU LLE N COM PUTER BOAR DS 
BOX 6 2 1 4  • H AY WA R D, C A .  9 4 54 5  

I 
•• 
.. 
I . 
� AliAI�/IMIIAI ( I) NEW FOR TROUBLESHOOTIN G O 
I AND DEVELOPMENT : A SUPER M 

EXT E N D E R  BOA R D  FOR THE � 
S-1 00 BUSS. II" R e Bui lt in,  3 LED TTL logic probe A 
e Jumper l inks in power l ines for easy I .:> current measurement and fusing I .:J e Edge connector label identifies all pins Oeoutstanding i nstructions 13 
e Ful l  width card; gold connector teeth [ a· AT YouR LocAL coMPUTER 1 ,.11 • sTORES, OR ORDER BY MAIL .  

�� D .II: SJt 
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Personal Computing 
Goes National 

* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 

It� happening at the Dallas Convention Center 
during the 1977 NCC, June 13-16 

* *  * * *  * * *  * *  
The 1 977 National Computer Conference will be the year 's largest gathering of  
data processing users, computer professionals and computer hobbyists . More 
than 2 5 ,000 people are expected to gather in Dallas for a conference program 
of more than 1 00 sessions and the year's largest display of computer hardware , 
software, systems and services - plus the first annual National Programming 
Contest and a series of outstanding Professional Seminars . 
Specially featured will be the first NCC Personal Computing Fair & Expostion , 
comprising a Personal Computing Fair, papers and panels, club congress, head
quarters hotel and product exhibits by leading manufacturers. 

Entry Deadline Coming Fast 
Personal Computing Fair entries must be non-commercial personal or group
owned small computing systems. They may feature hardware and/or software 
implementations, games, recreation ,  music, art , amateur radio , scientific ,  miscel
laneous and general applications. Prizes and awards will be given in all categories .  
Working systems are desired, although projects that might not lend themselves 
to display at the fair might be illustrated audio/visually If the judges believe the 
project is acceptable otnerwise. NCC will provide at no charge the booth space, 
a sign , coordinated furnishings, power and lighting. Acc�ted entrants will earn 
free full conference registration (except for the Proceedings) .  
For information, write or call Ric Martin ,  Personal Computing Fair chairman , c/o 
The Micro Store, 634  S .  Central Xwy ., Richardson, Tx. 7 5080, 2 1 4/2 3 1 -1096 .  
To enter, send him a concise , one-page, double-spaced description of your sys
tem, with your name and home and business addresses and telephone numbers. 

Entry Deadline Is March 1 5  
Acceptance Announced By April 1 5  

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* * * * * * * * *  * *  * * * 

1 977 NATIONAL COMPUTER CON F E R E NCE 
D a l l as Convent ion  Center  • J u n e  1 3- 1 6 

... / 
.. 



• Each entry shou ld conta i n  a stamped 
se lf  addressed enve lope (as wel l  as 
redu ndant i dent ifi cat ion of the con
testant) i n  the even t  mater ia ls are not 
used by our office i n  the pub l icat ion . 
• Each entry must conta in  the com
p lete l y  decoded text, e i ther as a 
pr inted text l i s t ing ( up per  and  lower  
case) or as  a hexadec imal abso l u te data 
l i st ing with one l i ne per l ine  of bars. 
Handtyped l ist ings are fi ne ,  if you 
don 't have a h ard copy device_ 
• Each entry must be accompanied by 
a comp lete and deta i led technica l  
descri pt ion of the system used to 
decode the text. Hand decod ing is not 
an acceptable method. Brown ie  poi nts 
in the j udgment of entries w i l l  go to 
the l east expensive systems (other 
th i ngs bei ng equal ) .  

Whi l e  i t  i s  not n ecessary t o  treat e n tr ies a s  a 
formal techn ica l  arti c le  su bmiss ion ,  w inners 
and runnersup  i n  the competit ion may be 
pub l i shed with payment at our  curren t  rate 
for h igh ly  des i red techn ical mater ia ls .  

The Pr ize ? 

A check for $ 1 00 wi l l  be the bonus for 
the winn ing entry in th is  con test, as j u dged 
by BYTE's ed itor Carl He lmers based u pon 
materials submitted. 

A Note About Formats, 
Com ing PAPE RBYTES I tems , etc. 

I n  this sample text, we do not prov ide the 
eq u ivalent human readable form of mate
rials. This i s  due to the natu re of th is  
month 's test wh ich i s  bei ng treated as a 
contest. The arrow i dent ifies the begi n n ing 
of the text. 

Normal p ractice when pub l i sh ing  pro
grams in  BYTE is expected to i n clude  
pr int ing of  a complete hexadec imal  object 
text for programs as a confi rmat ion of the 
bar coded mach ine  readable texts. Produc
ti on problems notwithstand ing, the fi rst 
program we expect to pr in t  in this form w i l l  
appear as bar codes i n  t he  May 1 977 BYT E  
in  the second part o f  J ac k  Emmer ichs '  
arti c le on h i s  "Tiny Assembler" for the 
Motorola 6800. We've been using J ac k's 
assembler (we = Walter Ban ks at the 
Universi ty of Water loo, Carl Helmers at 
BYTE, Chuck  Adams at  Texas A& M 
University) si nce l ate i n  1 976. Also p lanned 
for future ·rel ease i n  th is  form are addit iona l  

LET YOU R  COMPUTER 
XPRES ITSELF ! 

Your computer can 
control lights, burglar 
alarms, Hi-Fi's, 
PHASORS; practically 
anything if properly 
interfaced. 

XPRES is a com plete i n terface system .  O N E  E I G HT 
BIT PORT CONTROLS 1 28 SEPARATE DEVICES.  
Connect to l msai, Altair,  o r  SWTPC; a n y  p rocessor 
with an eight bit port. 

IMB-01 system mother boa rd, holds five i nter
face boa rds, co mplete with co n n ectors. 

KIT $28.00 

IFB-01 interface board, controls two 1 1 5  VAC 
300 watt c ircu its. Optical ly isolated . 

K IT $38.00 

IFB-04 interface board, controls 4 smal l  s igna l  
AC/DC ci rcu i ts with reed relays. 

KIT $36.00 

CRC [ngineering P.O. Box 6263 
Bellevue, Wa. 98007 
(206) 885-7038 

In  lei 
specilicat1on 

60 nsec. minimum 

220 .. .. 
0 .. 

10 .. 

Parasillc 
Engineering 
Clock Fix Kit 

80 nsec. 
,.. .. ,. .. 
.. .. 

Note:The541 are the aclual clock wa ... eiOfms at tt1e 
8060. as produced by a Paras1llc Engineering 
Clock Fix Kit. 

YOUR ALTAIR* 8800 

can't run well  without 

a correct, reliable 

C.P.U. clock. 

A PARASITIC 

ENGINEERING 

clock f ix kit  is 

guaranteed to 
produce cjl1 and¢2 
clock pulses, that 

meet Intel's 
specifications for the 

8080. Installs easily on 
your Altair" 8800 or 

8800a C.P.U.  board. 

only $1 5 8ANKAMERICARD 
•••• postpaid in the U.S.A. 

PARASITIC ENG I N EERI N G  
PO BOX 631 4 ALBANY CA 94706 

• Altai r is a·trademark of M ITS I nc. 
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Here are 1 0  reasons why 
you should subscribe to 
CREA TIVE COMP UTING 
today. 

• 

• 

• 

Creative Computing w i l l  h e l p  you 
decide which computer is best for 
you. 
Cr eata:e s no-nonsense equrpment p r o f i l e s  a 1m y o u  
w • t h  the facts before you ta lk  t o  t h e  v e n d o r  or dealer 
Whether you're r n t e rested m a mrcrocompu:er k r t . a 
n 1 1 n r . ter m r na l .  or programmable calculator .  you ' l l  
f m d  ! h e  evaluatrve mformat ron y o u  need r n  Crealtve 

I n deed . one wrse harnware decrsron could save you 
t t1i• c-ost of a l r fe t r me subsc r J p t r o n 1  

Creative Computing discusses 
computer applications in non
t e c h n i c a l ,  u n d e r s t a n d a b l e  
language.  
Ous•ness people w h o  w a n t  t o  k n o w  w h a t  s gotny on 
rn lhP E D P  department.  students w h o  want to lec u n  
.1 �Jout  m rcroprocessors. hobbyrsts lookmg to m<�kP 
g ood usE- of ''Ome computers. or anyone concer nf'd 
<'lbOut the plfect of the computer o n  socrety w d l  l l fl(l 
these and many. many more mmd-expandmg tor�c� 
c o vpred o n  the pages of C r eatrve 

Creative Computing covers com
puter education i n  depth.  
A f t e r  al l . t h a t 's wherp we g o t  our start a n d  so we· 
cont 1nue to present 'our or f 1ve maJOr 1e;::� r n 1ng 
act1v1t 1es every 1ssue I f  you·re a teacher C r va r r v c 

w 1 l l  save you �rours ol  preparat1on t 1me Jl you IC a 
s t u d e n t .  you' l l  he way ahead of your class w 1 1 t1 
Creatrve And 11 you·ve already g r aduated yorr  c an 
bone u p  on what you m1ssed 

Creative Computing carries out
sta n d i n g  fiction every issue. 
One o l the best ways o f  ex p (onng future scenar 10s of 
com pu ter usage r s  t h rough f rct 1o n. so Creatrve seeks 
out matenal from the best aut hors - Isaac As1mov 
Fredenk Poh l . Arthur C Clarke to name 1ust  M few . as 
well as many o t h e r s  who are dest1ned to be nre best 
o f  the n e x t  generatron 

C r e a t i v e  C o m p u t i n g ' s b o o k  
reviews a re honest a n d  t imely.  
We re n ot owned by a brg book p u b l 1 s her to whorn 
we owe loya l t y .  nor do we depend upon advert1smg 
lor ')ur revenue Hence. not only do o u r  revrews pull 
n o  p u nches. but  we also rank order s1mllar books 

. ( hke a l l 34 books o n  the BAS I C  language wh•ch we 
rev1ewed last year ) . Creatrve revrews vrr tual ly  every 
computer book o f  1nterest t o  educators. hobby1sts. 
and general laypeople. even 1 n c f u d r ng vendor 
manuals and government pamphlets 

An extensive resou rce section wi l l  
save you t ime a n d  money. 
Every 1 s s u e  o f  Creat1ve carr res 40 o r  m o r e  Sll O r t  
resource rev1ews eva l u a t 1 n g  per10d1Cals . booklets 
t1ardware. t e r m 1 n a l s .  couplers.  perrpherals .  software 
packages. organ rzat 1o n s. dealers. and much more 
Every entry has a brref descnpt 1on . eva l ual 1on . and 
t h e  name. address. and phone n u mber of the 
vendor You' l l  save valuable t rme seek1ng o u t  th 1s  
1 n fo rma t 1on . much o f  whrch you'd possrbly never 
come across 

Creative Computing wi l l  provide 
h o u rs of m i nd-expanding enter
ta inment, even if you don't have a 
compu ter.  
Creatrve Computmg carrres 1 0 or 1 2  pages of games 
and puzzles every 1ssue Most of the puzzles don't 
need a computer or calculator to solve. some do 
Na t u ra l ly. the 4 or 5 new computer games ( r n  Bas1c. 
F o rtran . and A P L )  1n every ISSue requrre access to a 
compu te r 

•• C reative C o m p u t i n g  g ives you 
thi ngs to actual ly  do with a com
puter.  
Home computer k 1 t .  rn 1 n r .  t imeshartng term1nal -
whatever your access to computer power. Creative 
prov1des t h o ro u g h l y  documented programs w1th 
complete I 1S t 1 ngs and sample runs t h a t  you can use 
w 1 t h  m 1 n 1 m u m  effor,t .  Games. s i m u lat 1ons. CAl.  
computer a r t  - whether education o r  recreat1on IS  
your bag . yo u' l l f 1 n d  programs wh1ch you can use 1 n  
Creattve 

A no-compromise policy of 
editorial  excel lence means every 
issue is of v a l u e  t o  you . 
We f1rmly 1ntend to be around a tong t 1me and we 
bel1eve the way to d o  that I S  t o  publ1sh only matenal 
ol t h e  very htghest q u a l 1 t y  We believe our readers 
c1re nmong the most ast ute. rntel l rgent .  and act•ve 
peoptp 111 the world You can't afford t o  waste t 1 me 
rPad1ng 1 m prec1se. op1n 1onated. or wordy artiCles 
nnd you wo n 't l 1nd any 1 n  Creattve. 

The price is r i g h t  - o n l y  $21 for 3 
years.  
T h a t  s a m e  5 2 1  wi l l b u y  y o u  a p a r r  o f  S t a r  Trek walk te 
tal k res. s t x  drrect d 1a led 10 m m u te c a l l s  between 
New York and Boston.  3 t a n k lulls o f  gas. or 10 
cock tai ls  at  a H rl ton hotel .  Would n't you rather have 
18 1ssues o f  Creattve ComputrnQ each contarnrng 

over 85 pages o f  sol 1d edrtonal matenaf ( rncludrng 
itdverl ts mq . over 1 00 paqes per 1ssue) Count  t h e  
edrtorr,a l p a g e s  rn  any other h o b b y t s t  or spec1al 
1nterest magazme and compare it  t o  Creattve Any 
other t year subscnptron $8. Lrletrme $300 

N O  RISK GUARANTEE 
Y o u  m a y  cancel your subsc r 1 pt ton a t  a n y  t rme for 
any reason and we w r l l  refund t h e  balance w r t h o u t  
q u e s t  r o n  

Davrd H . Ahl . Publ rsher 

FOR FASTER RESPONSE 
Yv•J  c a n  phone your subscription orders t o  u s  a t  
( 2 0 1  i 366-56 1 7. O u r  l i nes are open from 9 am to 4 :30 
pm EST . 

r - - - - - - - - - - - - - - - - - - - - - ,  
S U BSC R I PT I O N  O R D E R  FORM 

Type Term USA Foreign 
i n d rv1duol  1 ·Year [] s 8 0 s t O  

3-Year 0 2 1  0 2 7  
L r f e t • me 0 300 0 400 

l n s t i ! U t i O /l Ct l  t - Year D 1 5  0 1 5  
3- Year 0 40 D 40 

. I  Ntw " Renew el l  

:- ,  Cash. check. or M 0 enclosed 

:-: Bank Amertcard Card No 

�. 1 Master Charge E x p 1 ratton date 
c Please bi l l  me i S  t 00 b r l l i n g  lee wr i t  be added) 

Name 

Address ______________________________________ __ 

Crty ___ _ _  ___ State ______ Z r p  

Se:--�d t o  Crea ! tve Comput r ng . Department B 
P 0 Box 789- M. Mor11stow n . NJ 07960 



systems software programs for the popu lar 
processors. 

What About Source Code? 

When publ ish ing  object code for extended 
programs, such as j ack 's assemb ler ,  or a 
BAS I C  in terpreter or other software, the 
length of the source l i st ings precl ude  
reproduction i n  the magaz ine .  The  sou rce 
code of the Tiny Assembler  runs 40 pages 
for example. To provide the source code for 
those i nd iv idua ls  seri ous ly i n te rested i n  
mod ifi cation a nd  extens ion o f  prog1·ams of 
this form, PAPE R BYTES wi l l  be mak ing 
avai lable extended documentation for pro· 
grams i nc l ud i ng users manua l  i nformation , 
source l i sti ngs, a repri n t  of any BYTE 
articles discuss ing the programs, and addi
t iona l  documentation depend i ng  u pon the 
type of program being publ i shed.  The 
PAPE RBYTES rel ease of j ac k  Emme richs ' 
assembler user 's  manual  is i n  preparation 
coinc ident with preparation of his arti c les 
for publ ication.• 

Attention, Engi neers of Bar Code Readers : 

On page 320 of the · November 20 1 976 
issue of EDN magazine, there i s  a short note 

· sent i n  by Wes ley Gren l u nd  of Belo it 
Corporation,  Rocton I L, concern i ng  a s igna l  
process ing c i rcu i t  for scanners .  The c i rcu i t  
combines a Texas I nstruments T l  L 1 39 
source-rece iver assemb ly  with the 75 1 40 l i ne 
receiver to make a TTL l evel i n put to the 
si ngle b it  port needed by bar code scan n ing  
software. The  on ly  add i tiona l  part probab ly  
needed i s  some s l i t  optics ( .0 1  inch [ .0254 
em ] wide for our bars) to defi ne a l imited 
active area. The s l i t  wou l d  be pos i t ioned in  
front of  the  i n te rsection point of the  source 
beam and the receiver v iewing path, as 
suggested by Dave LeVine. 

We rece ived a s im i lar h i n t  to use the 
Tl  L 1 39 i n  ear ly October from Dave (who i s  
ch ief eng ineer of Computer  L ink ,  Bur l i ngton 
MA) . Dave says he h as successfu l l y  used the 
Tl  L 1 39 together with a s i ng le National 
Semiconductor 74C1 4 hex Sch m i tt Trigger 
i ntegrated c i rcu i t  as the so le i nput  process i ng  
ampl ifie r :  Th is  version uses one  of  the 
Schm i tt triggers i n  the package as a 
capacit ive ly coupled ampl ifier (open loop 
and saturati ng) , wi th the remai n i ng five 
triggers ganged in para l l e l  to dr ive a TTL 
un i t  l oad from the output  of the fi rst tri gger. 
This h i n t  popped out  of Dave in the context 
of the usua l  "micro sess ion" ( wou ld  be 
cal led "bu l l  sess ions" in any other  fie l d )  
which occu rred at the October 1 976 meet ing 
of the New Eng land Computer Society.• 

� Boards DO Someth ing  
CL2400 

Real Time Clock 

$98-Kit $1 35-Assembled 

I f your system needs to know what t ime it  is ,  our CL2400 is 
the board for you . The present t ime i n  h o u rs ,  m inutes,  and 
seconds is  a lways avai lable for  i n put ,  and i s  cont inu ously 
u pdated by the h igh ly accurate 60 Hz power l i ne  f requency.  
Need per iodic i nterru pts? The CL2400 can d o  that, too ,  at any 
of 6 rat e s .  Refere n c e  m a n u a l  w i t h  BASIC a n d  a s s e m b l y  
language software exam ples i nc luded . 

PC3200 . 

Power Control System 

PC3232 $299-Kit 

PC3 2 1 6  $1 89-Kit 

PC3202 $39. 50-Kit 

$360-Assm . 

$240-Ass m .  

$52-Assm . 

If your  system needs  o n / off contro l  of l i gh ts ,  motors , 
appl iances, etc . ,  our PC3200 System components are for 
you . Co ntrol boards a ll ow one 1 / 0 port to control 32 (PC3232) 
or 1 6  (PC32 1 6 ) external Power Co ntrol U n its,  such as the 
PC3202 which controls 1 20 VAG l oads to 400 Watts. Optical ly 
i s o late d ,  l ow v o l tag e ,  c u rr e nt - l i m i ted  c o nt r o l  l i n e s  are  
standard i n  th is g rowing product l i n e .  

P . O .  B o x  51 6 

" Real World Electronics" 
La Canada , CA 91 01 1 

(213) 790-7957 

CONGRATU LATIONS 
WE D I D  I T !  T H E  6800 I S  COMPLETE 

SWTPC 6800 PLUG COMPAT I BLE PRODUCTS 
COMPLETELY ASSEMBLED 

M-16 A 1 6K s ingle  power supply STAT I C  RAM m e m o ry system. The 
M-1 6 is fu l ly buffered and req u i res only half the power of a s i m i l a r  
s i z e  system using l o w  power 21 02's. W i t h  the M-16,  y o u  can ex
pand your system to 48K and sti l l  have room left over. Price $595. 

P-38 An 8K EPROM board conta i n i n g  room for 8 2708's. Alternately, 
you may use i t  to hold up to 7 2708's plus your Motorola M I K
B U G ,  M I N I B U G  I I  or M I N I B U G  I l l  ROM. U s i n g  it in this mode at 
EOOO through FFFF you have d i rect access to the restart and in
terrupt vectors which are then switch selectable between M I K
BUG and your EPROM but st i l l  under  M I KBUG control. The P-38 
addressing is switch selectab le  to any 8K locatio n .  Together the 
P-38 and M-1 6 a l l ow various combin at ions of RAM p l us EPROM 
up to 56K. Price $1 79. 

P-381 Contains all the features of the P-38 p l u s  interface capabil ity to 
the Ol iver Paper Tape Reader and our EPROM programmer whic h 
wi l l  be announced shortly. Price $229. 

P-38FF Contains all the features of the P-381 p l us a plug-in interface to 
the I COM Frugal Floppy. I n cludes one 2708 with the ICOM boot
strap software. Pr ice $299. 

PS-1 Power Supply Kit.  Provides p l us and m i nus 16 volts req u i red for 
up to  5 P-38 series systems. May be w i red to provide a one volt 
increase in the plus 8 volt  supply. Recommended for any system 
where the 8 volt supply fal l s  below 7.7 volts under normal load. 
Price $24.95. 

BFD-68 Basic  Floppy Disc System. Complete with controller, cabinet, 
power supply and one m i n i-floppy d rive. Cabinet, power supply 
and contro l l e r  wil l  accommodate u p  to 3 drives. I n c l udes our  n i fty 
Disc Fi le  Management software. Assembled and ready to p lug  
into your  SWTPC 6800. Pr ice $795.  Add itional  d rive and i nterface 
cab I ing $429. 

ALL OUR PRODUCTS EXCEPT THE PS-1 A R E  COMPLETELY ASSEM
BLED. AVAILABLE AT MOST SWTPC DEALERS OR FROM U S  BY M A I L .  
BANKAMERICARD AND MASTERCHARGE WELCOME. 

SMOKE SIGNAL BROADCASTING 
P.O. Box 201 7, Hol lywood, CA. 90028 
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Preserve those precious first 16 issues 
with either a handsome but rugged 
library file-or a binder-in flag blue 
Kivar library fabric stamped in gold 
leaf. 

Files: Made to hold the first 1 6  issues of BYTE. Price per 

file $4.95 ; three for $ 1 4 ;  six for $24, postpaid. 

Binders : Made to hold the first 1 6  issues of BYTE. Price per 

binder $ 6. 5 0 ;  three for $ 1 8 .75 ; six for $36, postpaid. 

(Add $ 1  each outside USA.) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Send to: BYTE, POB 51 20, Philadelphia PA 19141 

I enclose check or money order for $. _____ _ 

Please send me BYTE F i les B inders 

Name _______ ������-----------
(please pnn t) 

Address ______________________ _ 

City-----------------------

State ______________ Zip _________ 1 
Satisfaction guaranteed or money refunded, Allow at least four 
weeks for delivery. 
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�YTE's �its 
Gui nness, Take Note :  

The  Wor ld ' s  F i rst Com mercial 
Personal Computi ng System 
Product to Use 1 6  K Dynamic 
Progra m mable Memory Chips . . . 

A recen t  phone ca l l  from S teve J obs 
(who,  with S teve Wozn iac, is responsi ble 
for the  Apple Co m p u te r  Company) re
ported what is c la imed to be the first 
sh ipment  of a personal compu ter sys
tems produc t  bu i l t  w i th  the new 1 6  K 
dynamic  memory ch i p  p rodu cts. The 
prod u c t  w h i ch u sed  these ch ips was an 
App le  I - an M OS Tech no logy 6502 
proccessor board ' w i th 3 2  K 8 bit  bytes 
of memory ( 1 6  ch ips ) ,  read only 
me mory systems software, and video 
in te rface. The board was de l ivered  to 
one of the Byte Shops in the San 
Franc isco Bay area on December 1 7  
1 976 ,  for sale to a reta i l  customer. 

Larger and larger amou n ts of 
memory wil l  be the trend  in  smal l  
compu ter systems for some ti me ,  due to 
the combined factors o f  i ts immense 
desirab i l i ty as a program ming  resource 
and the d ropp ing  p rices of the new LSI 
semiconductor tech no logy. The use of 
the 1 6  K ch i ps in  Apple  was made 
poss ib l e  by the fact that the manu
facturer of these me mory parts chose to 
make the 1 6  K d esigns essent ia l ly  p in  
compat ib le  with the i r  o lder  4 K designs 
by us ing a change in the logical i n terpre
tation of one of  the lesser used pins of 
the pac kage. This pin now serves as the 
seven th add ress b i t  i n  each of the two 7 
b i t  add ress segme n ts which form the 1 4  
b i t  add ress needed for a 1 6  K b i t  array. 
The App le  prod u c t  demonstrates the 
success of th is  idea since i t  w i l l  take any 
com b in ation of 4 K and 1 6  K ch ips in  
byte w ide  groups. Watch very shortly  for 
advert isements of the new App le  I I  
compu ter, both as a finished product 
and as a board l evel com p u te r  which 
looks l i ke i t  wi l l  be· an exce l l en t  and 
i nnovative add i tion to the marketp lace. • 

A H A M  Swapfest 

The 7 th A n nua l  North F lor ida  Swap· 
fest sponsored by the Pl aygrou n d  Ama· 
teu r Radio Cl u b  ( PA RC) wi l l  be he ld  in 
Fort Wal ton Beach F L  at the O kaloosa 
Cou n ty Shr ine  Fairgrounds on Saturday, 
March 1 9  and Su nday, March 20  1 977 .  
The Swapfest w i l l  be a fu l l  weekend 
affa i r  with the d isplay a rea open from 
8 : 0 0 AM to 4 :00 PM each day. A d inner ,  
featu r ing  a prominent  speaker, wi l l  be 
held at the Fort Wal ton Beach Hol iday 
Inn Satu rday even ing. The North F lor ida 
S wapfest is a n  annual eve nt ,  sanctioned 
by the American Radio Relay League 
( A R R L) .  and d raws hu ndreds of Radio 
Am ateu rs and e lectronics ex per imenters 
pr imar i ly  from Lou isiana, Mississ ipp i ,  
A labama,  Georgia, and F lor ida ,  a l though 



amateu rs from m a n y  o t h e r  state s  atte n d .  
T h e  N o rth F l o r i d a  S w a pfest is  a 

nonprofi t fu nct ion a n d  p roceeds are 
used to f inance l ocal  A m a teu r Rad io 
proj ects, t h e  next year's S wapfest an d 
the P l ayground A m a t e u r  R a d i o  C l u b  
Scholarsh i p  F u n d .  I n te rested i n  i n fo r m a
t ion on booths or atte n d an c e ?  Con tact 
Bi l l  Cal l an an W B 4 F T  A ,  Swapfe s t  C h ai r
man,  P l aygro u n d  A m a te u r  Radio C l u b ,  
PO B 4 3 3 ,  F o r t  Walton Beach F L  
32548.• 

A M e nt i o n  

M I C ROCOMP i s  a n e w  c o m p u t e r  
store ,  d e a l e r  of OS J p ro d u cts, l o c ated a t  
785 S M ai n  S t ,  F o n d  d u  Lac W I  5 4 9 3 5 .  
P h o n e  ( 4 1 4) 9 2 2-25 1 5 , o r  w r i te N y les 
Priest of M I C ROCO M P . •  

Why t h e  D ACs " D o n ' t  W o r k "  

A u th o r  S teve C i arc ia  sen t o u r  w a y  
( v i a  h is fri e n d  Ch ris M o rgan w h o  stopped 
by one re c e n t  S a tu rd ay ) the fo l l o w i ng 
correction to h i s  art ic le  " M ake Y o u r  
N ext P e ri p h e ral a R e al E y e  O pe n e r "  o n  
page 7 8  of N o ve m b e r  1 9 7 6  B Y T E .  I n  
t h e  schematic  o f  p ages 84 and 85 (fig
u re 2 ) ,  we (S teve o r  CH a t  B Y T E ?  W h o  
knows?)  o m i tted notation of the nega
tive s u p p l y  pin for the M C 1 40 8 - L 8  
digital to a n a l o g  conve rters, I C4 a n d  J C S .  
P i n  3 of each 1 408 s h o u l d  b e  w i re d  t o  
t h e  - 1 5  V su p p l y . •  

Weather ing t h e  Storm 

Author Mike Firth, whose article "Do It 
Yourself Weather Predictions " appeared 
on page 62 of December 7 9 76 B YTE, 
sends in the following items: 

In my artic le on the weather,  a cal l 
from Tom Harper  in M i am i F L  h as  p u t  
m e  on t h e  track o f  t w o  pro b l e m s ,  w h ic h  
I describe be low:  

O n  page 66 ( BY T E  December  7 6 ) ,  
the s i m p l e  for m u l a  for re lative h u m i d i ty 
( H = 1 00% - T * 5 )  is sa id to b.e fo r cent i 
grade tempe ratu res, but  i n  fact  i t  i s  for 
F ah re n h e i t ,  an e rror  caused b y  an error  
i n  m y  original  s o u rce.  To use t h e  e q u a
t ion for cent i grade tempe ratu res , t h e  5 
shou l d  be changed to an 8 .  

I n  u s i n g  the m ore c o m p l ex fo r m u l a ,  
three d i ffe re n t  val ues of E ,  the ·vapor  
p ressu re, m u s t  b e  use d ,  but  m y  art ic le  
m ad e  i t  seem th a t  o n l y  t w o  w e re need e d .  
T w o  a r e  o btained from a t a b l e  o r  b y  
interpolation from t h e  v a l u e s  g i v e n  a t  
t h e  top of page 6 6 .  They are E w , t h e  
vap o r  p ressu re o f  wate r a t  the w e t  b u l b  
tem perature,  a n d  E d , t h e  vapor  p ressu re 
of wate r at the d r y  b u l b  t e m p e ratu re. 
The th i rd val ue i s  E, the actual v a p o r  
p ressu re i n  the a i r  from the for m u l a .  T h e  
proper fo r m u l a  f o r  re l at i ve h u m id i ty i s  
the n :  

R H  = E/E d ( n o t  R H  = E / Ew as given 
in the art icl e ) . •  

8080 PAC K A G E  
AS PROM I SED TSC I S  RELEAS I NG THE 8080 ASSEMB

LER LANGUAGE GAME PROGRAM PACKAGE . TH I S  I M

PRESS I VE COLLECT I ON OF SOFTWARE I NCLUDES THE 

POPULAR GAMES ACEY-DUCEY . HANGMAN . MASTERM I ND 

SW I TCH . HURKLE AND A TSC RANDOM NUMBER GENER

ATOR . THE PACKAGE CONTA I NS WELL COMMENTED AS

SEMBLED SOURCE L I ST I NGS , SORTED SYMBOL TABLE . 

HEX DUMP . I NSTRUCT I ONS AND SAMPLE OUTPUT . ALL 

IN AN ATTRACT I VE B I NDER . NO TAPES AVA I LABLE 

AT T H I S  T I ME . ORDER PDB0- 1 $ 1 9 . 95 

6502 PAC K A G E  
A PACKAGE I DENTI CAL TO THE ABOVE I S  AVA I LABLE 

FOR 6502 BASED SYSTEMS . THESE PROGRAMS ARE 

JUST WHAT YOU NEED . PD65- 1 $ 1 9 .95 

P R O G R A M  O F  T H E  M O N T H C L U B 
PROGRAM OF THE MONTH CLUB I S  A UN i QUE SER V I CE 

AVAI LABLE TO THE HOBBY I ST .  FOR $2 . 00 YOU W I LL 

RECE I VE A 1 YEAR MEMBERSH I P  WH I CH I NCLUDES A 

MONTHLY NEWSLETTER DESCR I B I NG THE NEWEST 6800 

6502 . AND 8080 SOFTWARE RELEASES FROM TSC . UP 

TO A 1 5Z D I SCOUNT IS OFFERED TO MEMBERS ON 
FEATURED SELECT I ONS . POM $2 . 00 

OR D E R I N G  I N F O R M AT I O N  
PLEASE I NCLUDE 3 �  POSTAGE . I N D I ANA RES I DENTS 
ADD 4� TAX ! US FUNDS ONLY J . CHECK YOUR LOCAL 
DEALER FOR OUR PRODUCTS . ! DEALER I NQU IR I ES 
WELCOMED ) .  SEND $ . 25 FOR A COMPLETE CATALOG . 

TECHN I CAL SYSTEMS CONSULTANTS 

BOX 257� W. LAFAYETTE INDIANA �7906 TS� TS� 

Computer System Engineers 
Computer Transceiver Systems, Inc., manufacturer of portable 
computer terminals, is expanding its R&D facilities. New de
velo.pmental programs getting under way are specifically di
rected towards state-of-the-art applications of microprocessors 
and allied LSI. components into the CTSI product line. Positions 
are open in  several areas for knowledgeable, enthusiastic indi
viduals who would like to join a small dynamic company and 
tackle challenging and rewarding projects. 

MICROPROCESSOR SYSTE M E N G I N E E R  
Qualified individual shall have a minimum o f  1 0  years o f  design 
experience including 1-2 years of system design and implemen
tation using microprocessors. Knowledge of TTL. MSI. and LSI 
essential. Ability to develop electro-mechanical interfaces 
desirable. 
Designer shall also be capable of developing test equipment for 
use by manufacturing and field service. 

SENIOR E LECTRO NIC E N GI N E E R  
Innovative engineer with a minimum o f  5 years o f  experience 
with high·speed logic systems, and with hands·on experience 
with microprocessors. Must be familiar with TTL, MSI. and LSI 
components. Experience with power supply and analog circuit 
design desirable but not essential. 

SENIOR LAB TECH NICIAN 
Qualified applicant shall have a minimum of 5 years of experi
ence assembling and testing prototype electronic systems. 
Must be familiar with the use of laboratory test equipment and 
must be capable of layout and breadboard assembly from sche· 
matics. Should be familiar with digital logic. 

a511 
Send resumes to the attention of Mrs. Diane Palmer, Computer 
Transceiver Systems. Inc., P.O. Box 15,  Paramus, N.J. 07652. 
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How To Make ·You r Computer 
· '\Even More Bori ng . . .  

!iiiaTr! &SOD 

The FD-8 interfaces t o  any m icro
com puter system via a s ing le  P IA c h i p  . . .  
and a l l  of o u r  avai lable software is  
inc l uded at no add it ional charge. 

MSI FDOS operat ing system software 
has many outstand i ng features . . .  

• Automat i c  prog ram load i n g  and l i n kage 
• Auto error recovery 
• Dynam i c  space al locat ion and f i l e  

extension 
• U t i l i t ies for f i le l i st i ng , copying , 

delet i n g ,  or renam ing 

The F D-8 is  
com plete, inc lud ing 
cabi net, a l l  power 
suppl ies,  and cables. 

Prices: 
FD-8 Floppy Disk S ystem 

Kit . . . . . . . . . . . .  $ 1 , 1 50.00 
FD-8 System Wired 

and Tesied . . . . . . . .  $ 1 ,395.00 
P R O M/ R A M  Kit (SwTPC 

6800 or 8080) . . . . .  . . . . $9 5.00 
PRO M/RAM Wired & Tested, 

with F DOS Firmware (specify 
6800 or 8800 System) . . . . .  $345.00 

PR-1 Programmer & 
Verification Module 

Desi g ned to p rog ram 1 702A P R O M S ,  
t h e  M S I  PR-1 i nterfaces with. any 
m icrocom puter system via a s in.g le  
PIA ch ip .  

A com p lete software package is 
furn ished· w ith the system at no 
add it ional charge.  This g ives you the 
abi l ity to transfer any area of memory 
to a P R O M  c h i p  . . .  read the contents 
of a PROM I nto memory .. . .  calculate 
checksu m s  for ROMS . . .  and d u p l icate 
R O M S .  Fol lowing PROM prog ram m i n g ,  
t h e  software reads t h e  P R O M  back 
irito memory and com pares each step 
with the memory content from which 
i t  was prog ram med for verificat i o n .  

T h e  PR-1 i s  com p l ete, inc lud ing 
cabi n et and power suppl ies.  
PR-1 . . . . . . . . . . . . . . . . . . . . . . .  $325.00 

i nterface it with a M idwest Scientif ic I nstruments F D-8 
Floppy Disk Memory System . . .  with a l l  your d isk software 
on o u r  P RO M / RA M  Board . 

· 

With o u r  F D-8 system and FDOS f irmware, your com
puter is always re�dy to g o .  With the d is k  operat i ng 
rout ines on P R O M S ,  a l l  you have to do is load your desired 
program from d i sk and start run n i n g .  Of course you may 

have to wait 5 or 1 0  seconds for your pfog ram to 
load if you have lots

-
of m emory. 

Send for New 
Free Catalog 

220 West Cedar 
Olathe, Kansas 66061 
91 3/ 764-3273 
TWX 91 0 749 6403 (MSI OLAT) 

• • • • • • • • • • • • • • • • • 

H ere are two MSI  Dealers who can show 
you our products I n  action 

M icrocomputer Systems, Inc. ,  1 44 S. Dale 
Mabry Ave . , Tampa, Florida 33609 
81 3 / 879-4301 

American M icroprocessors, Equipment & 
Supply Corp . ,  Chicagoland Airport , 
P . O .  Box 5 1 5 ,  Prairie View, I l l i no is  60069 
3 1 2 / 634-0076 

• Before I forget . . .  send me i n fo rmation • 
• about the FD-8 M emory System . . .  and • 
• your new catalog . • 
• 
. Name �·-----------------------

• Address 
• ------------------

• City -----------------------

Zip 

• 
• 
• 

• 
• • 

State 
• BY1 77 • 
• • • • • • • • • • • • • • • • • 

M S I  is a dealer for Southwest Technical Products • Mastercharge & Bank Americard Orders Accepted 



H O U STON now has a full service 

outlet for microcomputers and ac

cessories. Microtex, I nc.,  located in 

the Southwest section of Houston, 

Texas carries product l ines from the 

following manufactu rers. 

• IMSAI • L EAR SIEGLER 

• SWTPCO • NATI ONAL MULTIPLEX 

• TDL • ICOM 

For your professional application 

or your own personal system, we 

can help furnish all your computer 

needs. 

Microtex, I nc.  

9305 - D Harwin Dr.  

Houston, Texas 77036 
7 1 3 - 780 - 7477 

Microcomputer 
Equipment 

Survey 

Can Help You Find 
The Best Eq u i pment 

And Save Money 

Prices and lull specifications lor more 
than 1 00 products from 30 m anufac
t u rers .  Descr ibes Syste m s ,  C P U s ,  
R A M s ,  P RO M s ,  T a p e  and F l o p p y  
Disk Drives, Keyboards, V i d e o  D i s 
plays, D/As, A/Ds a n d  more. 

Volume 1 $5.00 postpaid 

Computer Systems Design 
1 6 1 1  E.  Central  

Wich ita, Ks. 6 7 2 1 4 

Pictured above is the new OP-80A 
High Speed Paper Tape Reader from 
OAE . This unit has no moving parts, 
will read punched tape as fast as you 
can pull it  through (0-5,000 c . p . s . ) . 
and costs only $74.50 KIT, $95.00 
ASSEMBLED & TESTED. It in 
cludes a precision optical sensor ar
ray . h igh speed data buffers. and all  
required handshake logic to interface 
with any uP parallel 1/0 port .  

To order. send check or money order 
(include $2.50 shipping/handling) to 
O l i ve r  A u d i o  E n g i n e e r i n g ,  7330 
Laure l  C a n yon B l v d  . .  N o .  H o l l y 
wood. CA 91605. or call our 24 hr .  
M - B/ A order l ine:  (213)  874-6463. 

JGill lJEUELOPillEI\JT L��5 I 

P. 0. Box 2345 
W. La fa yette, IN 47906 

( 3 1 7 )  463- 7 1 67 

1 4 watt ca rbon f i l m  resistors . . . .  $0.03 

5 percent, 50 per v a l ue m i n .  

112 watt ca rbon camp resistors . . $0 .02 

10 percent, 50 per v a l u e  min . 

No- N i k  wire strippers . . . . . . . . . . . . . . S 1 6 .00 

1 0 , 1 2 ,  14, 1 6, 1 8 , 2 1  ,23 ,25,28 ,31  

34,37,44 or 54 thousanths 

wire dia m eter 

Carbide P C  board d r i l l s  
w i r e  s i z e :  5 5  . 6 5 .  

6 6  . 7 0  

7 1  7 5  . .  

7 6  . 7 8  

7 9  . 80 

. . . . .  $2.88 

. . . . .  $2 .97 

. . .  $3.06 

. . . . .  $3.60 

. . . . . .  $3.60 

Spec sheets are ava i l a b l e .  

We wou l d  b e  p leased to send y o u  a 
'GOOD I E S' cata log l ist i n g  a l l  k inds of 
hard to l ind products i nc luding : Molex, 
Bi shop Graphics, AMP, CDC manua ls  
and  forms , PC dr i l l s and m i l l s ,  e lec
tronics tools ,  PC board m an ufact u r i n g  
s u pp l i e s ,  r e s i s t o r s ,  a n d  s e m i c o n 
ductors.  

., 

8,1 92 X 8 B I T  STATI C M E M O R Y  
EXCEPTI O N A LLY L O W  POWER 

K I T  $295.00 

PROTOTYPI NG B O A R D  

Z-80 - C P U  

1 6 K R A M  

E XT E N D E R  CAR D 

2 K  RAM I 2 K  R O M  

CAR D R A C K  A N D  POWER S U PP LY 

LOW P RO F I L E  I C  SOCK ETS 

E D G E  CONN ECTORS 

DB25 C O N N ECTORS 

S H I P P I N G  E X TRA, A D D  $2.00 
N J  R E S .  ADD 5% S A L E S  TAX 

E LECTRONIC CONTROL TECHNOLOGY 

P.O. Box 6. Union. New Jersey 07083 

._, coMPU TER 
PROGRAMMING 

COURSE 
Free description and out l i ne  of  
Modu-Learn T M  Home. Study 
Course in m icrocomputer pro
gramming .  H u n dreds of  pages of 
tex t with examples, problems, 
and sol u t ions .  Prepared by pro
fessional des ign engi neers us ing 
the best software design tech
n i ques f rom structured program 
ming and practical experience 
with m icrocomputers. Presented 
in a modular sequence of 1 0  
lessons oriented for the new 
programmer. Extensive reference 
mater ia l  you w i l l  use l ong after 
you become an accompl ished 
microcomputer software designer.  
Much of  the i nformation in  the 
course has been ava i la ble  only 
through costly sem i nars. N ow 
you can purchase this  complete 
home study course for under 
$50.00. Send for free descriptive 
brochure now. 

LOGICAL SERVICES INCORPORATED 
7 1 1 Stierl i n  Rd, Mounta in  View, 
CA 94043 (4 1 5) 965-8365 
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FOR SA LE: ASR-33 TTY with adjustment and 
parts manuals. Very good condition, $700. With 
acoustic coupler, $750. Donald Bailey, 19 Shaker 
Ad, Concord N H  03301 , (603) 224-0486. 

FOR S A L E :  Two M ITS 88-MCD 4 K dynamic 
memory cards for Altair 8800, assembled, com
pletely tested, meet specs for use with disk, $200 
each, including edge connector. Vintage BYTEs, 
issues 1 through 4 ,  $5 each. David Richards, 6655 
Hi l l  St, E l  Cerrito CA 94530, 1 4 1 51 529-0759, 
evenings. 

FOR S A L E :  Attention computer hams: Morse to 
ASC I I  decoder. All  controls accessible from front 
panel. Work with TVT 1 or TVT 2. I have helpful 
documentation on the decoder that I wil l  pass 
along on request for $1 .50 to handle cost of photo 
copies and postage. Asking $75 for the unit. Write 
Jack S Davis, POB 5, Endwell N Y  1 3760, 
1607) 7 54-0309. 

FOR S A L E :  E and L Instruments MMD-1 8080A 
based microcomputer complete with keyboard, 
256 bytes RAM, 256 bytes of PROM programmed 
for keyboard entry and execution of programs, 
power supply, in terfacing and breadboarding 
socket, case, and 40 pin edge connector for 
expansion. Incl udes modular, self-taught, micro
processor course. Assembled, tested, excellent con
dition, $300. Richard Criscuolo, 303 Oak Av, 
Lindenhurst N Y  1 1 757, 1 5 1 6) 884-3882. 

SWAP OR SE LL: SWTP CT-1 024 TVT 2 with 
serial 10, manual cursor, screen read, PIS. Two 
Altair 8080 CPU boards, Tarbell interface, H A L  
ST-6 Teletype converter w i t h  all  options (can b e  
used as a modem). All  in l i ke n e w  condition and 
guaranteed perfect. Need hard copy printer or ??? 
Michael Shrayer, 930 S Bonnie Brae St, #33 1 , Los 
Angeles C A  90006, ( 2 1 3 )  380-6509 

F O R  SALE OR SWAP: Texas Instruments SR-52 
card programmable calculator, complete with all  
standard accessories and manuals. I t  has a special 
programming manual with many programming 
tricks, procedures for accessing 60 data memories, 
and procedures for reading and writing data onto 
cards, $200 or fair trade for S 1  00 bus, Altair
I MSAI,  compatible memory or 1 0. R W Toy, 
1 55-A Duncan, San Francisco CA 941 1 0, 
141 5) 648-61 05. 

WANTED: November 1 975 issue of BYTE. Will  
consider purchase or trade for this issue only.  or 
possibly, for a set of issues. Chris Bauer, I E M S  
Dept, Florida Technological University, POB 
25000, Orlando FL 328 1 6, 13051 275-2236. 

FOR S A L E :  Friden Flexowriter · Baudot Teletype 
with five level paper tape punch/reader plus card 
reader. Can be converted to ASC I I ,  $95. Derek 
Hendry, 64 The Uplands, Berkeley CA 94 705, 
141 51 654-5583. 

Readers who have equipment, software or other 

items to buy, sell or swap should send in a clearly 

typed riotice to that effect. To be considered for 

publication, an advertisement should be clearly 

noncommercial, typed double spaced on plain 

white paper, and include complete name and 
address information. These notices are free of 

charge and will be prin ted one time only on a space 

available basis. Insertions should be limited to 100 
words or less. Notices can be accepted from 

individuals or bona fide computer users clubs only. 

We can engage in no correspondence on these and 

your confirmation of placement is appearance in 

an issue of 8 YTE. 
Please note that it may take three or four 

months for an ad to appear in the magazine. • 

WANTED: Software and hardware schematics for 
music synthesizers (computer controlled or not).  I 
am especially interested in automated music com
position. Bil l  Struve, 505 Meade Cir, Memphis TN 
38122. 

WANTED: seeS In terface issues December 75, 
February 76 and March 76. Please let me know if  
you have them for sale.  Thomas R Baley, 279 
Gehring Ad, Tolland CT 06084, 12031 872-7084. 

FOR SALE: Mostek F-8 evaluator kit ful ly  assem
bled and working with l i terature. Two complete 
Viatron 2 1 00 systems working with the complete 
literature pack. The first check (certified) or M 0 
for $900 takes all .  Donald E Scherck, At One, 
Collbran CO 81 624. 

SITUATION WANTED: Research physicist, with 
several years practical digital design experience, 
breadboarding, prototyping, etc; thorough reading 
knowledge of microprocessors and software. Look
ing for position with computer store, computer 
consultants or similar, in which my abilities can be 
traded for salary and chance to learn micros. Jay 
Kirschenbaum, 350 E 30th St, Apt 4 L, New York 
NY 1 00 1 6, 1 2 1 2) 684-5525. 

N E E D : BYTE issues 1, 2, 3, 8, 9 and 1 0. Wi l l ing to 
swap money for them, but have surplus copies of 
other issues of BYTE as well as assorted test 
equipment and digital hardware and components. 
How about a handful of 21 02s? Han k I rvin, Dept 
of Physics, Tulane University, New Orleans LA 
701 1 8. 

WANTED: I will buy your new, used, or dead 
Altair 8800, working or not, for cash. I am 
desperate for Altair. Help out a poor college kid. I 
will  also trade for your machine. I have a scope and 
a Teletype. Call anytime. Jim Webb, POB 5224, 
Carson CA 90749, 1 2 1 3 )  325-4684. 

FOR SALE OR TRADE:  PDP-8 mini-computer 
(straight-S), mounted in at tractive walnut cabinet 
(spouse-approved for den). Complete with mainte
nance manual, drawings, 4 K BASIC, 4 K F O C A L ,  
editor, P A L  I l l  assembler, disassembler, T T Y  inter
face, games, etc. Perfect condition. Free D E CUS 
membership available for additional software. Pres
ently in use with ASR model 33 Teletype. Can be 
sold with or without model 33. Sale price W/0 
Teletype $800. Rex Engle or Jim Speidel, POB 
1 0498, Charlotte N C  28288, 1704) 374-6409. 

TE R M I N A LS :  BURROUGHS 9350-2, ASCI I ,  
1 5  cps upper and lower case, $200. Friden Flexo
writer, model SPS with paper tape reader and 
punch, $200. Univac DCT500, 30 cps printer, no 
power supply or interface, $ 1 00. Phil Hughes, POB 
2847, Olympia WA 98507. 

FOR SA L E :  Altair 8800 system with 8 K RAM, 
88-SIOA, 88-ACR, 8 K BAS I C, assembled and 
running, $1 1 67. SWTP CT-1 024 complete, unas
sembled, less monitor and case, $275. Friden 
ASC I I  communications terminal from Herbach and 
Rademan with control unit, $200. Chris Foreman, 
POB 1 27, Reseda CA 91 335, 1 2 1 3 ) 342-8845. 

WANTED: BYTE issues for October and 
November 1 975; April, May and June 1 976. Please 
notify the following indicating price desired: Tech
nical Library, Bell Telephone Laboratories, 
Western Electric Co, 2525 Shadeland Av, Indian
apolis, I N  46206. 

FOR SALE: Cryptographic program that wil l  
baffle t h e  codebreakers o f  t h e  C l  A. EncOde and/or 
decode your private correspondence for maximum 
security. Documentation of cypher technique, pro
gram listing and punch paper tape i n  B AS I C  for 
only $6. Jon Stedman, 1 528 Summit Ad, Berkeley 
CA 94708. 

FOR SA L E :  Pacer: a 16 bit micro with TTY 
interface, l ine· assembler in ROM and complete 
documentation . .  Assembled and running in cabinet 
with 32 key control assembly. Call l 2 1 3 ) 243-5 1 79 
or write POB 430, Glendale CA 91 206. 

WANTE D :  Back issues of BYTE. Desire 1 copy 
each of issues 1 through 14. Will pay $3 for each 
complete issue i n  good condition. Call 
1 3 1 3 1  323-3574 or write R Parenteau, 1 1 020 Bur
lington #409, Southgate Ml 48195. 
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WANTED : Back issues of BYTE magazine: issues 
2, 3,  and 8. Please send price and condition 
information to Art Leyenberger, 142 Kenilworth 
Ad, R idgewood NJ 07450. 

WANTE D :  BYTE magazine issues 7,  8, 9 and 10 in 
good condition only. Frank E Marfai, 2839 Her
mosa Av, La Crescenta CA 9 1 2 1 4 .  

F O R  S A L E :  Brand N e w  ASR-33 Teletype with 
auto reader. I reconfigured i n  midstream and will  
sell this  superb $1 , 1 88 value for only $950. 
Immediate del i very i nstead of usual 4 to 6 month 
wait. J Katz, 1 92 1  Pelham Av, Los Angeles CA 
90025, ( 2 1 3 )  474-3347. 

FOR S A L E :  Altair 8800 computer, well built and 
checked out, $500. Two M ITS 4 K RAM boards, 
$ 1 50 each. One PTech 4 K R A M  board, kit 
untouched, $1 20. One 4 K X 8 EPROM board with 
assembled monitor, $1 50. One M I TS RS/232 S10 
board, $ 1 00. SWTPC TVT 2 with 5 1 0 and PS and 
keyboard and monitor, $300. SWTPC cassette 
interface well bui lt  unchecked, $70. 32RO TTY 
new, $300. Best offer takes any or al l .  Louis 
Doctor, BARH D31 1 ,  A P I ,  Troy NY 1 21 8 1 ,  1 5 1 8) 
270-7586. 

CHANG I N G  H O B B I E S :  Want to swap miscella
neous ham gear for computer and/or peripherals. 
Have Heath SB-303 with optional crystal filter and 
other items too varied to l ist .  Also have near new 
Heath stereo mike mixer and miscellaneous test 
equipment, all i n  good condition. Also wil l ing t o  
swap professional ( F irst Class Federal License) 
assembly service or technical assistance for devices. 
Call or write Mike Hales, Route 1 ,  POB 30W , San 
Juan TX 78589, 1 5 1 2) 383-7233. 

WANTED :  Manual or schematics and timing infor
mation for 10 circuits of IBM model 72 Selectric 
typewriter/terminal .  C G B othner, POB 1 53, Land
ing NJ 07850. 

FOR S A L E :  Tektronix model 61 1 graphic's storage 
display scope, $450. Also have Tektronix model 
581 oscilloscope with type 82 plug in and scope 
mobile, $400. Will trade for Altair  8080. Don 
Heinlein, 1 546 E 2 1 5t h  PI , Carson CA 90745, 
1 2 1 3 )  830-4225. 

FOR S A L E :  Altair  8800a, 16 slot memory board, 
fan; two 4 K dyn, two 4 K static, ( 16 K total 
memory ) ;  ACR 1 0 ;  3P+S 1 0 ;  TVT I I  with 64 
characters per l ine;  SCM Telewriter; software. 
$2 1 50. Will separate. Evenings: ( 3 1 2 )  328-56 1 0 .  

FOR SA L E :  G E  core memory 1 6  K b y  40 bits, a l l  
power a n d  i nterface circuitry a n d  dqcumentation 
- been used with an 8080 processor. litton 
Industries drum memory with full read write 
electronics. Bryant MBM drum memory . By unit or 
best offer over $250 for lot. C H Eby, 7 1 0 1  
M a m m o t h  A v ,  Van N u y s  CA 9 1 405, 
1 2 1 3 )  988-1 763. 

FOR SALE: M icroprocessor system by Contro.l 
Logic. Contains three basic cards; central proc
essing u n i t  using an 8008 input output control 
providing clocking and processor control signals, 
and memory address storage which provides latch
ing registers for memory and output data control 
and a 256 byte PROM. Also included: 1 K of 
2 1 02 R AM ,  card mounting hardware, and logic 
diagrams, $ 1 00. K Talen, 1 0605 Double Spur 
Loop, Austin TX 78759, 151 2 )  258-4282. 

FOR S A L E :  PolyMorphic VTI 64 video module, 
64 characters per line, keyboard input port, Greek 
control characters, $200. Morrow's Godbout Cas
sette Interface ( B YTE Standard) ful ly expanded, 
with 3 cassette channels, parallel and RS-232 TTY 
10 ports, and operating system in E R O M, $ 1 20. 
Both boards assembled and working with I Cs in 
sockets, and postpaid in continental US. Shipped 
within 24 hours of receiving M O o r  certified check. 
Tom Burke, 1 50 Church St, Burlington VT 05401 . 

M I CRO DATA R E A L I TY :  Are there any other 
computer hobbyists using this system? If so, I'd 
l i ke to say hello, swap notes and programs, etc. 
Would also l i ke to know where to buy a 4 or 8 way 
video terminal interface card and other peripherals 
for Microdata Real i ty {Model 1 600 processor). 
Jack Hardman, 1 40 Forest Av, Glen Ridge NJ 
07028, 1201 ) 429-8880. 
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ST. LOU I S  
COMPUTE R  FANS 

V I S I T  T H E 

COMPU T E R  

SYST EMS 

C E N T E R  

1 3461 Olive B lvd . 
Chesterfield MO 6301 7 

SWTPC - I MSAI - Cromemco 

Micro-Term - More to come 

Books - I C's - Software 

Hardware & Syste ms 
Consultation 

(31 4) 576-5020 

? CONFUSED ? 
Save $1 00 - 200 

Up to 30% D iscou nt 

If you are l i ke most people,  you are 
being overwhel med by the many 
computer kits, 1 /0 Boards, peripher
als, cables, i nterfaces, etc., that are 
flooding the market. 

Who has the lowest price? Which is 
best? What works with what? How 
do you decipher the ads & specs., and 
what do you actual ly get? H E LP !  ! ! 

We can take the hassle out of getti ng 
a system going. Let us  know what 
you need & we wil l  package a 
workable system for you - no loose 
ends - either kit or assembled for the 
lowest price arou nd. 
I MSA I ,  TDL, Processor Tech . ,  Sol id 
State Music,. Ol iver Audio Eng.,  
Polymorphics, Lear S iegler, Cromem· 
co, Used Equ ipment, TTY, etc. 

With more than 1 0 years experience 
in  the Min i-Maxi-Micro computer 
field, we know our way around! 

BITS, BYTES & PIECES 
621 1 Qui ncewood Circle 
Citrus Heights CA 956 1 0 

(91 6) 726-B469 

,/  

, 

·!' 

Lompuler marl 
Y/ew {jork 

LONG I SLAN D 

Computer l eas i n g  ava i l a b l e. 

IMSAI, SWTPCo, Digital Group 
Processor Tech, Appl e, OSI 

TD L·Z-80, Seals, Cromemco, 
Veras, Tarbe l l ,  Ol iver 

Magazines, books, chips, 
sockets, con nectors, terminals. 

IT'S ALL H E R E  WAI T I N G  F O R  Y OU 

F R I E N DLY ADV I C E  TOO 

New York City 
3 1 4  5th Ave. 
(32nd St) 
New York 1 0001 · 

2 1 2-279- 1 048 Long I s land 

Tues. - Sat. 2072 F rent St 
9 : 30 - 6 : 00 East Meadow N Y  
Thurs. - 9 : 00 51 6-794-05 1 0  

T H E  B ETT E R  

B U G  T R AP 

The Better Bug Trap is an 
Altair/! MSAI plug-compatible 
board that extends system capa
bil ities to facil itate software 
debugging and rea l -time proces
sing. Capabilities include interval 
timer, rea l -t ime c lock, watchdog 
timer, processor sl owdown, and 
clock with variable rates. F our 
hardware breakpoint addresses 
a l l ow you to stop processing or 
generate an interrupt at a break
point with out modifying ex ist
ing software. The board services 
its inte rrupt with a CALL 
instruction to ANY memory 
address you choose. All capabili
ties may be set by software or 
front panel.  Write for free 
I iterature. 
$ 1 80 assembl ed, tested, com
plete documentation, software. 

M I C R O N I CS, I NC.  
P O  B ox 3 5 1 4 

G reenvil le, N.C. 27834 

,' 

! • 

COMPUTALKER 

CT-1 
SPEECH 

SYNTHESIZER 
High Quality Voice Output 

Altalr/IMSAI/Polymorphlc plug-In 
Nine Acoustic Control Parameters 
Includes 8080 Interface Software 

$395.00 plus shipping 

Order a demonstration cassette 

52.95 postage paid 

Write for informative l iterature 

Calif. residents add 6% sales tax 
COMPUTALKER CONSU LTANTS 

P.O. Box 1951, Dept. B,  Santa Monica, CA 90406 
circle reader number 140 

1338 Balt1mOif' AYr . • Su1tr 200 

Collrgt P'rlr.. Miiryliilld :?0740 

J O I N T  V E N T U R E  

G R O U P  O E M  B U Y S  
IMSAI made ktts b assembled uMs __ 15% OFF LIST 
TEC-gg)()..$5-UF, 16 bll 1199JO mtcroP . 32 bit 1 /0. 
hardware mutt & dtv, butlered bus . 20 ma or RS 232. 8 
tnterruots & sockets $259.00 
TEC-9900-32KB 32K bytes mcm01v $629.00 
TEC-9900- PP !>Ower supply $125.00 
SPHERE krts & assembled unus ___ 10% OFF LIST 
SWTPCk:t!s & assembled untiS ___ 10% OFF LIST 
CROMEMCO ktiS & Z I 10% OFF LIST 
SAN YO 1 V Monuors 1 0% OFF LIST 
TOL ZPU & ZI6K 10% OFF LIST 
SEALS 8k b<H hack uP Mem ___ 10% OFF LIST 
PEASCI Dual lloppy & tntelhgent conuoller 11270 & 
1070) $1395.00 
SHUGART MINI- FLOPPY $350.00 

AMD FACTORY P R I M E  TEST EO for MI L -S T D-333C 

91 L02 5()()1s __ S1 .� 9102 500 ns __ $1 .85 
91 L02 400ns __ S1.99 9102 400ns __ $1 .95 
Z-80 mrooP __ $54.00 Z-80-PIQ ___ $15.00 
Z·BO·CPC ___ $15.00 1702A EPROM _$8.00 
OOBOA 7 5 MH __ $17.00 BOOOA 3 0 MH __ $20 .00 
OOBO PPI ___ $10.00 8JBOSCI ___ $10 .00 
8212 1/0 oon __ $2. 50 8224 Ciock Gen _$4.75 
8228 CIOLk 011vcr _$5.50 8216/26 Dr�ver __ $2.50 
9555 PPI ___ $9.50 9551 PCI ___ $9.50 
27� Enrom __ S65.00 2102 6� ns __ $1.75 

AOM-JK -1- CR 1 & addressable CIH!>Qr S92S 00 list $825.00 
AXIOM 80 col. 160 char /sec urtnler . parallel uuedace 

S665 OOhst. scrrat rnterface $740 00 hst _10% OFF LIST 
Nat. Muhiplex Drgrtal l ape recorders & krts 10% OFF LIST 
MSl flonoys & ktts 10% OFF LIST 
Pennywhislle modem 5% OFF LIST 
Tl "stlenl700" model 743. r»mler $1395 hst 5% OFF LIST 
ASTRAL 20Cl0 krts 10% OFF LIST 

Send S2.00 tor ncwsleuer & lrsts 
ottler chms 2900 serres . 4K mems etc 

16 ptn socket & cap for rnernory chtp 25 
full oovrnenl !01 drscounls. add 4 % ,  mrn 4 00 

lor shrpptng & handhng,  orrlers bulked lor 
lowest drscount on OEM Group buvs 

PI' ICes sub�ect to change wrthout notrce 



Conducted by 
Peter Travisano 

H P-65 Users Club 

The HP-65 Users C lub i s  by , of and for 
those peop le  around the wor ld  who use and 
enjoy Hewlett-Packard cal cu l ators. I ts news
l etter 65 Notes i s  a must for .anyone stuck 
on these mach ines. Volume 3, Number 9 ,  i s  
a special games and programs i ssue. HP-25 
Rou lette is a mathemati ca l dup l i cate of the 
Monte Carlo origi na l ,  complete with bro ken 
ban k .  Depend ing on your imagi nation or 
your fr iends '  ban k accounts th i s  program 
cou l d  conceivab l y  save ai rfare to Las Vegas. 
Another progr·am for your HP-25 i s  Battle· 
sh i p  I I ,  a game which starts with random 
shooti ng at your opponent's h idden fleet 
unt i l  a d i scern ib l e  pattem appear·s ;  after 
that, i t 's a r·ace to si n k  the enemy 's sh ips as 
qu i ck ly  as poss ib le .  Number Guesser is a 
handy way to decide a l l  k inds  of d istastefu l 
th i ngs l i ke whose car· do we take or who 
pays for l u nch :  sort of an e lectro n ic short 
straw. 

There are p lenty of other games and 
ideas. So if you wan t to get the most out  of 
your Hewlett-Packard calcu lator, be sure to 
send for more information from the HP-65 
Users C lub  in care of Richard J Ne l son,  2541 . 
W Camden P I ,  Santa Ana CA 92704. 

Dayton Microco mputer Association Formed 

Looks I i ke Dayton OH hackers are off to 
a fi ne  start with wel l over· 1 00 hobby ists 
work i ng  together to form a new c lub .  

Meeti ngs take p lace on a regu lar basi s ,  
7 : 30 PM on the last  Tuesday of each month .  
For more information write Dayton M icro
computer Association, i n  care of Dayton 
Museum of Natu ral Hi story, 2629 Ridge Av, 
Dayton OH 454 1 4. 

Montreal Micro 68 - Club des Mordus 
d 'el Ordinateur - Computer Cl ub 

The worl d 's fi rst b i l ingual computer c lub 
has been o r·gan ized i n  Montrea l .  Among 
other projects, M i cro 68 plans to exchange 
computers, hardware app l icat ions and soft· 
ware w i th other c l ubs i n  the US.  For more 
i n formation, get in touch with J ohn 
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Courtney, pres ident, Montreal M icro 68 
Computer C lub ,  Case Postal e  a! Succu r Sa le ,  
Montreal CANADA H4Y 1 A2. 

Denver Amateur Com puter Society -
I NT E R R U PT 

There are newsletters and there are news· 
letters, but  DACS' fine pub l i cation, 
INTERRUPT, ran k s  w i th the superb handful 
that beg in  to i nvade the area of the print 
media set asi de for magazi nes. There are 
p lenty of i n terest i ng and com peten t features 
on m icros. 

Deal ing w i th DACS i s  a good way to learn 
more about computers ;  they ' l l  even he lp you 
get a c l ub  started i n  your area, wh i ch is 
probab l y  the best way to share and spread 
knowledge. 

I n terested ? Get i n  touch with the Denver 
Amateur Computer Society ,  POB 6338, 
Denver CO 80206. 

Analytical Engi ne - Chesapeake 
M icroco m puter Club Inc 

Another newsletter that has he l ped set 
the standard in the m i cro hobbyist fi e ld  is 
the Analytical Engine ,  the pub l i cation of the 
Chesapeake M i crocomputer C lub  I nc, 236 St 
Dav id Ct X-4, Cockeysv i l l e  MD  21 030, 
(30 1 )  667-9690. 

Those sti l l  look ing  for a bas i c  Star Trek 
program m igh t wan t to get ho ld of 
Vol ume 1 ,  Number 6. They wi l l  al so fi nd an 
e lementary art ic le on k i t  bu i l d i ng  and 
another on assemb l ing a f ive chip i n terface 
for those a l i ttl e fur-ther a long. The same 
issue con ta ins a " Bib l iography of M i cro
processor Sources ," as a handy reference of 
books, software, per iodica l s  and artic les .  
They a l so l i st s im i l ar b ib l iographies i f  th i s  
com pend i um  isn ' t  enough.  

ON L I N E - Hardware and Software 
Exchange 

The ON LINE peop l e  cont inue to pub l i sh 
a I i st ing of c lass ifieds geared to the computer 
hobby ist : everyth ing a hacker cou l d  want 
for· sa le or swap, you name i t .  There's a lso a 
l i st ing of c l ubs, with meeting schedu les .  If 
you wan t to place an ad or if  you ' re j ust 
look ing for a bargai n ,  send a note to ON 
LINE, D H Beetl e, pub l isher, 24695 Santa 
Cruz Hwy, Los Gatos CA 95030. 

Southern New England - Westchester -
Fairfi e ld  

We often ment ion N ECS, the New 
Engl and  Computer  Society, in these pages ;  
but  New Engl an d i s  a fai r l y  large area w i th 
more than i ts share of computer buffs, 
especia l l y  i n  i ts southern parts. If you 're a 



SHORT COU R S E  
M I C ROCOMPUT E RS :  

P R I N C I P LES A N D  APPLI CATI O NS 

EL PASO - J U A R E Z  

T HE U N I VE R S I T Y  O F  TEXAS 
at E L  PASO 

MAY 23 - 27, 1977 

F o u r  d a y  c o u r s e  plus M o n day 
eve n i n g  i n t roductory sessions. Cou rse 
stresses both ha rdware a n d  software 
c o n s i d e r a t i o n s  of the desi g n  a n d  
a p p l ica t i o n  o f  m i croprocessors to real 
wor l d  problems. The course beg i n s  at 
a n  i n t rodu ctory level and incl udes 
p r o g r a m m i n g  c o n s i dera t i o n s ,  1/0 
p r o g r a m m i ng and des i g n ,  memory 
m o d u l e  a r c h i t e c t u r e ,  s y s t e m  
eva l uation,  cost a na lys is ,  a n d  a general  
discussion of a p p l i cations.  T he lect ure 
t o p i c s w i l l  b e  i l l u s t r a t e d  u s i n g  
laboratory wo rkshops. 

T U I T I ON 
$375 

W H I C H  I N C L UDES : 
N OTES, C LASS MAT E R I A LS 

A N D  
' 

TUESDAY E VE N I NG F I ESTA 

For addit ional  information 
ca l l  or write 

D r. G lenn A. G i bson 
E lectrical Engineering Department 
The Un ivers ity of Texas at El Paso 

E l  Paso, Texas 79968 
(91 5) - 747-5472 

RF MOD ULA TOR KIT 

KIT INCLUDES: 

Modulator (Cb J, Cb4) Battery Clip 
60Db Switcb 011/0ff Switcb 
8Ft. RF Cable lllstructiolls 
4 Ft. Video Cable 

* Limit t>d ,\'upply • 
S24.95 + .$1 Post.l}Zt' & "'1 11dli11y, 
(Cdif Resid,'JJ!S ,1dd 6 !f.. "o li1x) 

� m.r e ·eror iSes .J'��(t'V!f;�DOx 6\0ll . luMyK:Jit', COIIIorn� 940!8 

the microcomputer 

an introduction to 
rea l ity 

now in canada : 
i msai 

processor 
cromemco 

td l 
and more 

The Computer Pl ace 
1 86 Queen St. W 
Toronto M5V 1 Z 1  
4 1 6-598·0262 

Focus Scientif ic 
1 60 Elgin St. 
Ottawa K2P 2C4 
6 1 3-236·7767 

South F lorida 
Across from the U n iversity of M iami  

c 

University Shopping Center 
1 238A South Dix ie  H ighway 

Coral Gabl es, F L  331 46 
(305) 66 1 ·6042 

......_., 

SuNNY CoMPUTER  SroRES, I Nc .  
South F lorida's F i rst Computer Store 

We Carry : 
• I MSA I ,  COMPUCO LOR,  V ECTO R ,  li 
SO UTHWEST, C.S.C. ,  CROM EMCO 
V ECTOR GRAP H I C, S EA LS 
• Books, Magazines, Newspapers 
• sockets, I C's, Pri nters 
• Digital Cassette Equipment 
• Debugging Equipment 

We offer Classes, F riendly Advice and 
Service 
Hours : Monday - 1 2  Noon to 9 P .M.  

Tuesday through Saturday -
1 0  A.M.  to 6 P .M .  

O F F  L EAS E E Q U I P M E N T  
Teletype ASR 33 

$809 each 
F.O.B.  Y our local A J  service center. 

Modems and Couplers 
also available. 

-=- ANDERSON 
l.iY JACOBSON 

5 2 1  Charcot Ave, S a n  Jose 
Cal ifornia 951 3 1  
(408) 263-85

.
20 

U .  S.  ROBOTICS 
Makers o f  fine robots since 1 982, 

announce the next best thing in 1 97 7  
the 

AUTO - ANSWER 
MODEM 

• originate/answer switch means your micro can 
answer calls from other computers or  
terminals. 
Build your own timesharing service. 

(make your hobby pay) 
Start a software exchange. 
Enjoy a new dimension in games, 
man/machine teams in battle! 

• fully assembled and tested. 
' 1 03 type, runs 0-600 baud. 
• interface with RS232, 20m a and TTL. 
' digital modem, crystal controlled. 
' 90-day full warranty. 
• optional S25/yr maintenance contract. 
' 1 0-day modem-back-money-back guarantee. 

Send $1 0 5 (shipping, handl ing and 
I l l inois sales tax included) to 

U. S. ROBOTICS, INC .  
Box 5502 
Chicago, IL 60680 
Phone, 31 2-528·9045 



Clubs and Newsletters in
formation should be sent 
to B YTE, 70 Main St, 
Peterborough NH 03458, 
attention Peter Travisano. 

Connecti cut or Westchester hacker, you 
migh t wan t to drop a l ine to one of these 
addresses : Southern New Engl and Computer 
Society, 257 Wi l low St, New Haven CT 
0651 1 ;  Connecti cut M icroists, 861 2 Wendy 
Ln, Westport CT 06800; or Westchester
Fairfi e ld  Amateur Computer Society, R R  1 ,  
POB 1 98, Pound Ridge NY 1 0576. 

j apan 

Thanks to the Homebrew Computer C lub 
i n  Mounta in  V iew CA,  we have a rather 
exotic add ress : that of the j apan M i cro
computer C lub .  Those vis it ing that part of 
the wor ld  may wan t to stop in  at the F i rst 
Ohkura Bu i l d i ng, 4f 2-1 _N ihoubash i ,  Chuo
ku Tokyo j APAN.  

CAC H E  Register, "Ch icago 

The Ch icago Area Computer Hobbyists 
Exchange cont inues to pub l ish CA CHE 
Register, a newsl etter that seems to l ean 
toward abstract information on hardware 
and software ; that is, there is very I itt le 
ed i tor ia l i z ing, j ust the facts. 

The peop le  at ' CACHE are always glad to 
lend . a hand to the hobbyist who needs 
information of any k ind .  Wr ite to CACH E,  
POB 36 ,  Vernon H i l l s  IL  60061 . 

Min nesota Com puter Society 

We've had some correspondence from a 
new group (new at least to BYTE) ,  the 
M i nnesota Computer Society . Those i n  the 
Twin Cities area who wou ld l i ke to get 
together with other hackers shou ld d rop a 
l i ne  to MCS, POB 353 17 , M inneapo l i s  M N  
55435.  

The Association of Time-Sharing Users 

Here's a un ique and real l y  usefu l group 
fo1· those i nvol ved i n  timesharing. AT/SU is 
dedicated to organ iz ing and prov id ing i nfor
mation and a forum for the users and 
industry representatives of remote com
pu ting. They pub l ish a newsletter, Inter
active Computing Press Review, a compi la
tion of pert inent a1·ti c les from var ious 
sources; Interactive Computing Directory, a 
two vo l ume d i rectory of 1·emote comput ing 
users and supp l iers updated with each news
letter ;  and Special Reports , a consume1· 's 
gu ide to timesharing services. Write the 
Associat ion of Time-Sharing Users I nc, 75 
Manhattan Dr, Bou l der CO 80303. 

Phi ladel phia Area Computer Society 

PACS is pub l ish ing a news letter ca l led 
THE DA TA BUS. Among the features is a 
1·epri n t  of Dr Lance Leventhal 's fi ne series of 
tLi'to l· ia l art ic les on m icroprocessers, beg in-
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n i ng in November. B i l l  Goble is writing a 
three p iece artic l e  ent i t led "Sma l l  Computer 
Bus Structure ,"  wh ich prom ises to he a 
fai rl y  comprehens ive series on bus  signal s  
a n d  rece ivi ng a nd  transmi tt i ng the bus. For 
i nformation concern ing the Ph i l ade lph ia  
Area Computer Society and THE DA TA 
BUS, get i n  touch w i th B i l l  McGi l l ,  Un i 
versity of Pennsy l van ia ,  Moore School Com
put ing Fac i l i ty D-2, Ph i lade lph ia  PA 1 91 74. 

Mobi le, Alabam a - Anyone I nterested in  . . .  

. . .  S O L - 1  0 Te rm ina l  Computers? 
R Downs is and he ' s  look i ng  for other fol ks 
who are , too. Contact Mr Downs at 205 
Shel ton Beach Rd , #53, Sara land A L  36571 . 

New York Amateur Computer Club 

Hackers in and around  " Fu n  City" m igh t 
wan t to look i nto the advan tages of jo in ing 
the New York Amateur  Computer C lub i n  
care of R Schwartz, 1 E 3 7  5 Rivers ide Dr, 
New York NY 1 0025. 

Ottawa 

The Ottawa Computer Group h as grown 
to su bstan tia l  proportions  in a rather short 
ti me. To get in on the i r  do ings, stop in at the 
National Research Counc i l ,  1 00 Sussex Dr, 
Ottawa, on the fi rst Monday of the month 
or wri te POB 1 321 8 ,  Kanata Ontario, 
CANADA K2K 1 X4, (61 3 )  233-941 2. 

St Louis Area Computer Club 

The St  Louis Area Computer C lub  met 
recentl y for the fi rst ti me, attracti ng hac kers 
from both s ides of the M ississ ipp i .  Appar
ent ly we have a real m ix  here of ages, 
vocations and obscure computers. To find  
ou t  more, con tact Lou E l k in s, POB 1 1 43, St  
Lou is MO 631 88, (3 1 4) 427-6 1 1 6. 

Panhandle Computer Society 

We 've j u st received  word that a new 
computer c l ub  has formed, The Panhand l e  
Computer Society of  Amari l l o  TX.  They 
meet every Friday and boast a membersh ip  
of  more than 30 .  A l l  i nqu ir ies shou ld  be  
addressed to  Tex Everett, 2923 S Spring, 
Amari l lo TX 791 03,  or cal l  (806) 373-8307. 

A Note fro m Sol Li bes re a National 
Personal Computi ng Society 

I have just fi n ished read i ng "Some Notes 
on C lubs"  in the August 1 976 i ssue, page 4, 
and must take exception to the statements 
you attributed to me. I fear there must have 
been a m isunderstand i ng  in our d iscuss ions .  I 
certa in ly  d i d  not say , i n  regard to a nat iona l  
organ ization :  "Who need s i t ?" ,  etc. 



I fran k l y  feel there is a need for a 
national organ i zation si m i l a r  to A R RL .  
There are many reasons for i t .  Pr imary 
among them is the need to deve lop stan· 
dards, both for hardware and software. We 
are current ly faced with the p ro blems of 
many manufacturers go ing the i r  own way in  
equ i pment and program design and hence a 
great dea l  of noncompat ib i l ity . Th is  causes 
unnecessary expenses for th e amateur user. 
For example; we current ly have more than a 
dozen d i fferen t cassette 1 0  systems wh i ch 
are not compati ble. Th is greatl y i n h i b its the 
exchange of software in cassette form .  
Adherence to  one  record ing standard wou l d  
e l im inate th is prob lem.  

A s ing le  c l ub, or reg ional organ izat ion, is 
not in a posit ion to deve lop standards and 
i nfl uence their adoption. Th is can on ly be 
done by a national organ izat ion. 

Sol  Libes, President 
Amateur Com puter Group of NJ 

UCTl 
1 776 Raritan Rd 

Scotch Plains N J  0 7076 

Sorry about the misunderstanding, Sol. I 
came away with the impressions printed in 
that issue . . . CH.• 

Plot just a pretty face: 

Replaces and upgrades ALTAIR/ 
IMSAI front p anel and CPU 
boards , o r  forms the nucleus 
o f  a cus tom s y s t em .  

This i sn ' t  a t o y  . . .  or a con-
versat ion p iece . . .  but a tool 
for .s erious program deve lop
ment , riva l l in g  the soph i s t i 
cat ion o f  many minicomputer 
systems . Granted no s y s t em 
can make bugs go a>vay : but 
this one , f ina l l y , make s  them 
manageab l e .  

Two exc lus ive operating mo des 
give you control over r e a l  
t ime , al lowing y o u  to work on 
a program while i t ' s  running . 

-
The " Control H a l t "  mode r e f 
uses to l e t  the 8 0 80A C P U  go 
dormant upon executing a HALT 
ins truc t ion ; ins tead , special 
purpose hardware forces a NO 
OP ins t ru c t ion then p a s s e s  
control to t h e  front pane l 
program , where you c an exam
ine and alter pro c e s s o r  regis 
ters-. -. .  memory locat ions . . .  and 
I / 0  ports dire c t ly from the 
front 

BABY ! I M ICROCOM PUTER 
ARE YOU BUYING A SYSTEM? 

BEFORE Y OU D O  

SEND FOR OUR LITERATURE. 

C O MPARE OUR SPECIFICA

TIONS WITH OUR C OMPETI

TORS ' KITS AND ASSEMBLED 

SYSTEMS ! 

YOU WIL L  SEE 

THE BAB Y !  I S YSTEM IS NOT A 

BABY WHEN IT C O MES TO 

H A R DWARE A N D  PERFOR

MANCE 

BUT IT IS W H EN IT COMES TO 

PRICE !  

COMPARE TODAY 

THEN BUY A 

BAB Y !  I MICROCOMPUTER 

STM SYSTEMS, I NC. 
P.O.  BOX 248 
MO NT V E R N O N ,  N . H .  03057 
603-6 73-258 1 

The " S low S t ep "  mode a l l ows 
you to run through a program 
a t  a va:ciab le rate from 1 to 
6 5 , 000 s teps per minute . The 
display indicates the program 
counter and a proces sor regi s 
ter o f  your choice . 

Unamb iguous readouts rep l ace 
b l inking LEDs ; a 1 2  pad key
board rep laces t ime- consuming 
toggle switches . And because 
the front panel/ CPU i s  Altair 
b u s s  compatible , you c an bui l d  
a cus tom sys tern around this 
board us ing Altair compatible 
peripher al s .  Also compatible 
with any s o f tware wri t t en for 
an A l t air type bus s .  

ve rna e s ome s t rong c laims 
in this ad - - - and g� ven the 
way some companies advert i s e , 
you have a r ight to be skep
t i ca l .  In order to di spel any 
doub t s , we ' ve put together a 
comp l e t e  documen t a tion packet 
( s chemat i c , l ayou t , s o f tware , 
a s s emb ly ins truc t ions ) ,  ava i l 
ab l e  f o r  $5 . 00 p o s tp a i d .  You 
may be s urpri s e d  to find out 
we ' ve under s t a t e d  our cas e .  
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�t'TE's �its 
j i m  Warren's Offic ia l  Ru mors About the 

West Coast Compute r  Faire . . .  

I n  phone conve rsat ion  j an uary 5 of 
th is  y ear, J i m  Warren men t ioned some of 
the  p l ans for  the banq uets which w i l l  be 
held d u ri ng  the F i rst  West Coast 
Compute r  Fa i re .  On  F riday and Satur
day n ight  of the eve nt ,  there w i l l  be 
speakers. Each n igh t's offe r ing w i l l  
re p resen t  one  speaker abou t  t he  fut u re 
worl d ,  and one speaker co m ment i ng 
about the  real world of today .  On Fr iday 
Apr i l  1 5 ,  the re al world speaker w i l l  be 
j oh n  Whitney,  the computer  an i mation 
and graphics artist who p rovided a 
fasc inat ing  show at the Personal Com
pu t ing 7 6  show i n  At lant ic  City l ast  fal l .  
T h e  future world speaker o n  Fri day 
n ight  wil l  be F rederi k Poh l ,  one · of the 
better kriown conte m porary sc ience 
f ict ion wr i te rs. On Satu rday Apr i l  1 6 , 
the real worl d speaker is Dr Henry 
Tropp, who w i l l  speak about h is rece nt ly  
co mpleted research project on the 
h i s tory of com p u ti ng, co m m issio ned by 
the S m i thsonian I nst i tut ion.  The future 
wor ld speaker for Saturday 's banquet  
had not  been  f inal ized  as  of the  t ime th i s  
note was  written .•  

Wan t  a Used Computer? 

Be l i eve i t  o r  not, there exists the 
fri end ly  l ocal used computer  broker -
and there are enough of these fe l lows 
around apparent ly  ( "1 3  i n  1 3  d i fferent  
c i ties) to warrant a som ewhat cl assy 
service organizat ion ru n by Arthur  F 
Ph inney and cal l ed the Compute r  Mu l 
t ip l e  List ing Service, located a t  3 2 1 2 
Chichester Ln ,  Fai rfax VA 22030.  This 
organizat ion pu ts out  a 16 page pam
phlet which describes some of the 
mechanics of compute r  brokerage and 
the ways i n  which computer pu rchases 
can be arra nged. We wou l d n ' t  expect 
much traffic i n  $ 2000 personal systems 
here, but if you want to look i n to a 
bargain  price for a model  X b ig  com
pu ter th is  might be the pl ace to start. • 

Notes on "What Is I t ?" 

I n  December 1 9 76 BYTE we ran a 
l i t t l e  q uery on page 96 concern ing a 
cross sect ion of an u n iden tified product. 
The answer appeared i n  the J anuary 
1 97 7  issue of BYTE on page 1 04. The 
question e l i c i ted several responses, but  
on ly  one correct response. F loyd Lar
gent, of the A bex Corpora ti.on ,  En 
g ineered Products D ivis ion, M i l l  S t ,  
Athens  O H  4 5 7 0 1  wri tes: "The  produc t  
i n  your  ' 'What I s  I t" pho tograp h is a 
porous p l ast ic u sed to, ho ld  i n k  for 
compu ter p r i n tout  devices. " 

Bu t  some of the wrong answers were 
j u s t  as i n terest ing as the p ic ture i tse l f. 

Attention Manufacturers 

Personal com put ing equ ipment  man
ufacturers and su pp l iers are i nvited to 
participate in  the 1 97 7  Nat iona l  Com
puter  Conference personal compu t ing 
exposi tion to be held in  Da l l as TX,  j u ne 
1 3· 1 6 . The N CC, sponsored by the 
American Federation of I n format ion 
Processing Societies Inc ( A F I PS )  and 
fou r  of i ts member societies, wi l l  be the 
year 's  largest ga thering of data proc
ess ing users and computer  professionals.  

Ful l  information on the Personal  
C o m p u t i n g  E x p o sit ion,  i nc lud ing  
brochure ,  floor p lan ,  and app l icat ion 
forms, is avai lab le  from the A F I PS 
Exh ib i t  Sales Office, 2 1 0  S u m m i t  Av, 
Montvale Nj 07645, ( 20 1 )  3 9 1 -9 8 1 0. 

The 77 N CC, recogniz ing the ·size and 
im portance of the personal compu t ing  
market, w i l l  feature a commer ical exhib i 
t ion by equ ipment  manufac tu rers and 
suppl iers of personal co mpu ting p rod
ucts and services. The Personal Com
put ing Exposition wil l be i n  the Nort h  
Ha l l  of the Dal las Convent ion Ce n ter  
one leve l  be low the ma in  NCC exhib i t  
ha l l .  Reservations for l i near booths 
( m i n i m u m  size 1 0  fee t by ·1 0 feet 
at a cost of $600) are curren t l y  be ing 
accepted. As a special service to part ic i 
pat ing exh ib i tors, packaged booth d is
plays are being made ava i l able as part of 
the overal l  cost. 

In add i tion to the Personal  Com
put ing Exposi t ion , the NCC w i l l  also 
feature a Personal Compu ting Fair where 
i nd iv idua ls  · and grou ps w i l l  d isp lay non
commercial  systems and equ ipment. Per
sonal compu ting w i l l  also be covered in a 
variety of NCC events i nc lu d ing a two 
day program of sessions, and a co mpute r  
c l ub  congress.• 

Two people iden t ified the i tem as a 
scann ing electron microscope p ictu re of 
a pr in ted circu i t  board. One person 
iden tified it as an e lectron m ic roscope 
picture of "the actual atomic latt ice of a 
conduct ing materia l ,  copper w ire or 
someth ing . . .  " (Only prob lem:  Reso lu 
t ion  for  typical e lectron energies is just  
not that good. )  One persori opined that  
i t  was "an exper imental optica l  read 
on ly  me mory consrst rng  of m icro
encapsu lated spheres of a b lack  f lu id  
sand wiched between two transparent 
p lanes. A re lat ive ly h igh power beam of 
l ight  is used to wr i te b i ts by ex plod i n g  a 
sphere contain ing the f lu id ,  wh i l e  a Jo.w 
power beam reads the b lo ts created as 
b i ts. " Another iden tified it as a cross 
section of a bubb le  memory .  The most 
com mon answer, which actua l l y  i s  not  
far  from the mark ,  was  that the p icture 
was a cross section of the commonly 
used conductive foam i n  wh ich  i n te· 
grated c i rcu i ts come packaged. In ap
pearance, it is probable that a c loseup  
photo of  such  foam might  indeed look  
very s im i l a r  to  the photomicrograph of  
the  i n ki ng matrix. 

We extended Floyd's BYTE sub
scr ipt ion by one year as an informal 
prize on this informal con test.• 
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Progra m mers I nvited ro 
Part ic ipate in 1 97 7  Nat iona l  
Computer Co nference 
Progra m m i ng Co ntest 

This announceme'n t  arrived two d ays 
after the Febru ary BYTE was on the 
press, but  i f  you h u rry , you ' l l  be able to 
meet the M arch I dead l ine  . . .  by writ
ing your  own "offic ia l  e ntry form" as 
we l l  as the  con test en try. 

Program mers who attend the 1 9 77 
Nat iona l  Compu ter Conference, j u ne 
1 3- 1 6 ,  in D al l as TX w i l l  have an oppor
tun i ty to part ic i pate in the 1 97 7  NCC 
National  Programming  Co n test. All con· 
testan ts w i l l  be compet ing for prizes, 
troph ies, and p l aq u es, as we l l  as the 
chance to gain the t i  t ie of " 1 97 7 
Nat iona l  Champion Programmer. "  

Accord ing  t o  Dr  Portia I saacson of 
the U n iversi ty of Texas at Da l l as, 1 9 7 7  
N C C  chai rperson ,  " The  7 7  NCC special 
activi ties comm ittee has organized this 
'first' Nat iona l  Program m i n g  Contest in  
an effort to involve compu ter profes
s ionals more d i rect ly in confe rence acti
vi ties. Ap proxi mate ly 240 appl icants w i l l  
be  selected to  part ici pate in  a test of  
log ic  and programming sk i l l s ."  

D i rect ing p l ans for  the con test is Dr  
C E Rod riguez of East  Texas S tate 
U n iversity. Dr Rod riguez reports that 
there wi l l  be no requ i rement  for a 
particu l ar programming  language. En
tran ts selec ted wi l l  rece ive a l ist of 
specific languages, termi nals, and time· 
sharing services to be used i n  the con test. 
Contestants w i l l  be selected based on the 
qua l i ty  of the i r  sol u t ions to a samp le  
p rob lem which w i l l  be  made ava i lab le  on  
requ est. 

Dead l ine  for all en tries is a postmark 
no l ater than M arch 1 1 97 7 .  Officia l  
e ntry forms and samp le  problems may 
be obtained by wr i t ing D r  C E Rod
riguez,  Compu ter Science Dept, East 
Texas S tate U n ivers i ty ,  Commerce TX 
7 5 4 2 8 . •  

A New Virg in ia  Po lytechn ic  I nst itute 
Se minar Program 

D avid G Larsen forwards these two 
notices of a new se ries of m ic roprocessor 
re lated se m i n ars to be he ld  at  VPI i n  
j u ne of t h i s  y ear :  

Microcomputer Interfacing Work
shop , j u ne 9, 1 0, 1 1 , 1 9 7 7 .  
A th ree d ay workshop based on the 
popular m ic roprocessor. Over 20 
operating 8080 compu ters are avai l
able for part ic ipant use. 
Digital Electronics for A u tomation 
Workshop, j u ne 7, 8 , 1 97 7 .  
A two  d ay workshop based on the 
small scale and med ium scale TTL 
i n tegrated c i rc u i ts. M any hours of 
l aboratory time w i th i nd iv idua l  
b read board ing  stations wi l l  be pro
v ided a long with indepth  l ec tures. 

For more i nformat ion on these work
shops contact D r  Norris Bel l ,  VP J  and 
S U  Cont in u i ng Ed ucation Cen te r, 
B lacksbu rg V A  2 4 06 1 ,  ( 7 0 3 )  9 5 1 -6 3 2 8. •  



Advanced Microcomputer Products Presents 
Prototype Design Equipment 
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Nowin slocklor . .. � 
Microproceu.or Prototvping 

�'=Jif.ff.f-:-:��=�7;§;�;;; :�F.-.:.

·

: .. ·'�.·:�.·�.'·.·:-.. �.·� .. �_·.� .. -.��-.-.�_;.;=.: ___ �.--�.--� .. �.:=p.·�··��.=-.:_�.;.·.�.�---�-�.=.·:·��-·�-:-.;.�._�,�.�.�_· .• 1.·.·:�-·.;:._r.�-� �t.��.�§t7��K�§: · _ :.:. _ - -_·: _ �- �:-� NEW SOCKETS & BUS STRIPS I'IOfO..aOUI ICIU. ___ ,_ ,_.., uo oo IO WIU. I _ _  _ 
e._.l .... �ft< 600 . $, 0.95 � .. �!f::,Jp�[t�"'::-rc=·r:-��� :.;:·�-� .. �1f� ... rr:. �-:�� ;=�sj .6 spoc;"V lv< mlcf'OI><OC.._ _.C..1iono 

h�irnontor 300 $ 9.95 
. 3 opecinv l<>< mlcroPro<:nw>r apptt.:.t;oru 

e!=-',_ ...... � .,..,- 11.1;1.00 CK - U'·I,_ __ co .. - I  .... Onoo .......... 
WE ARE A FULL LINE CSC OISTR18UTOR. WE CAN SUPPL V ANY PROOUCT OUT OF THf CSC CATALOGUE . 

:� .. . �'�<- • 
1. EV K 99 (O�'"" ol "" lolt.,...�g only 

Ot�. Ill PCB tO'� • 1 1  
I l l  6800 B b n CPU 
I l l  6B�ACIA 1Awn<:h<onou<Comm"""'"'on ln t•• l.o:;• 4d><>WI 
til 681Q PIA IPo"i>l'o••l tnrr!l.o:;� AdO<lfrll 
111 6-BJO R0'-1 S»b'""""<" P'<><l'""' l•b•••� I ll 6Bl1 161( flO"' 
141 6810 1 RAM 
1 1) O...••t•""'M""u•t & '""""'"""' 

To tmpt.-m..,t lult�o·n""<'ed ... .,om ""''t'on•t tC o ••• •oq•mod IS.. Jitloto) 

2. UNIVERSAL KLUGE BOARD $98.00 
Comptrtrt� (amp.roblo 10 tho £Y1( ovl!om Thot l>o.l•d •llo,.·o tn�v,., tc ¥Jd •nv 
a:Sdot1...,al p.ort>l>o 6no,., l i h ., !io4 00 noloot. holdo � \6 pon iC"•O<otl'lol1on 

SPECIALS Jf NEW PRODUCTS ], •. 6, 9'' 0t9' .. 1�< conlfl1 1 '>O P•n, I Xlt>oM II4f <•bto. \ 25P<" RS231 

3. ;�;�YTE RAM BOARD $77.95 
\61( o 8 or 81( • 1 G <>''I""''"''"" U"'' 1HT1"o or 71LO]', ..,<l olll•c" to <tow 

4. ;';;;:'DT MOTHER BOARD $29.95 
S. EXTENDER BOARD $46.50 

75452 
8T268 
74LS138 
8097 

10/2.50 
2/5.00 
1.49 

.99 

.80 
" 

10/2.50 

NEW FROM NEC Microcomputer! FIRST TIME OFFERED 
0 3 7 2  Floppy Di�c Conuo!lcr C h t p  . $75.00 
D371 Mag. Tape Ca��ette Controller Chip 65.00 

Appltcatoon Note\ (26 pages) . 6.95 
Gl AY3550 4Y. Digit DVM Chtp . 29.95 

FOt u w ..,. !ti i;No( O pl-•bo•• " ' U I<l < oqt <onf,� ••••"" 

_ t>G..I, .,.. now,, _,_.,.n1 ·�'""""� '"-"" IIO- oltlo11 l ! v ou ,..,t 
morw onlormot•,...d•OI>ul• lrM 

74166 
74161 
741HC 
MH0026CN 
1488 
1489 

3.95 
1.29 
t.29 

Gl A Y3GOO Keyboard Encoder 9.95 
1ntcrsii 8038CC 4.95 
AY3507 9.95 
RO 32513 ChJr Gen 9.95 

� I C MARKET PLACE • AL TAlA /IMSAI COMPAT I B L E  
SK MEMORY --

* LINEAR 
0Y• "<wbroon boord CQ�\ COm1tl<1e ,...,,., 

�ll01 I mrmotv '"'"' 1!>00no1 4•l!t IO(�fl\ 

LMI� l �  

�==� 1 � 
lMlO\t< 45 
LMlO!CN 
LMJ02t< 

" , ,  "" 

LM]l'(JI( �.] 1 4!> 
lMJ201( 11 \ 4� 
LM]XJ!I 1S 1 4S 
LM]XIT S 1 7S 
LMJXlT S 1  1 75 
l""l101 8 1 75 

LMJZOT 11 

LMJ81N 
LM555c.N 

1 . 79 ·" 
LM5S6CN 1.30 
LM�7CN US 
LMSMN UIS 
tM565H 
LM70XN 
LM709H 
LM709N 

1.95 
" 
"' 
"' 
"' 

·" 
·" 

" 
lMJIO'jAt< 1 75 
L"'J061o; 95 
L"'J07CN 35 

�::!� 1 � 

, ,  , ,  
LMl14M 1 65 
LMJJ9"' 1 55 
tM)4Qtt; 5 1 95 
LM�Oto:: 8 1 95 

LM710f'j 
tM711N 
LM71lt< 

l"'Xli3C"' 1 00  
L"'309t< 1 10 

�:��N : �� 
�=�;�� 1 �� 

LM�Oto:: 12 

L"'JAOI( \8 1 %  
L"'lAOK 14 1 9!. 
•MJ51CN 65 

lMHJll 
lM7�11 

" 
" 

3.25 

lMJIICN 
LMJI2H 
l"'l18H 

" "' "' 
��:�N : �  
L"'l?l)l( 5 

LMJ70N 
LMJ7011 
LMJ7)N 
lMJHN 
,.,.,. 
t"'JIIOC"' 

' " "' " '  
• oo  
"' 

lM7JJN 
tM7JJCft 
LM139N 

' ""  
us , ,  

LMH1Ct< JS 
li"7. 1 C N 1 4  l 9  
LM7.1CO .49 
LM147H 75 
LM7UN 
LM14811 
LMHBN 

" " " 

* 7400 TTL 

, .... 
7.01N 

.II 7«5N .99 

. 11 74-46/01 .99 
""" 
"""' 
, .... 
,._ 

,II 7«7N .99 
.\1 74.41H 99 
.11 7•SON '26 
. 20 7451N .2'6 

"""' 
"'"" 
,_ 

.25 HSlN .2'6 

.zs· 74!>4N .'26 
21 7470N ,4!> 

, .... 
74\0N 

.21 7412N )Q ·" 
7411N .2\ 
7U1N .21 
7.1JN :: 
74\IN .l6 
,.,7N :Jr. 
H20N II 
7UIN .:Jr. 
Hl]N .X. 
7•2'SH .Jr. 
142'1H .JS 
7427N .Jf> 
1u.., .n 
14JOH .21 
7U2H .31 
7�llN lO 
7437N .lS 
,. .. . l6 
7440N .2t 
74.41'. 11.05 
74.42N ... 
74.4JN " 
1oi.I.4H suo 

747lN .XI 
74UN lO 

;:;: :� 
7411iCJH 70 
7412N 115 
741JN .115 
7U5N .19 
,..,. 21 
JUtl'l st.• 
7UON 60 
7411N 70 
7U2N St 
741lN .7i 
,...., .71 
7416N .7t 
UMN .7a 
7417N lJ_75 
74\00N II.IO 
741041<1 .53 
HIOIIH .5l 
74t07N ,J;J 
74\0ifol .ll 
7412\N .X. 

74122N 
7•12JN 
7412'SH 
141� 
741l2'N 

.... "' ·" 
·" 
·"' 
.. 

74USH .JO 
14147N 1\.St 
,.,..., 11. 29 
74\SOH I\,IS 
7U51N .18 
�::;.:»,: ., :� 
7li56N .16 
74\!:>6N .115 
74\SJN .16 
74110N " 
HIIIN ·" 
74\llN " 
,.,IJN " 
741 .. N " 
741116N " 
7•1NN 11. 10 
74\70N s-4 20  
74\71N III.15 
7417JN SUO 
74174N S1.2'S 
74115N S\.75 
74171N H 
74177N .71\ 
74\M)N .7t 
74\IIN 11.7S 
74111N 71 
74\ .. N 12 10 

74185N 
74\toN 
74\llN 
HI UN 
74\tJN 
74\!HN 
H lll!!iN 
74196N 
74197N 
74\ti!N 
741fiN 

;:�!: 
-� 
.,... .... .... 
""'" 
.... 
,,.,. 
,,...,. 
7Soi5\N 
75.452N 
75.45JN 
7��N 
7�11N 
75.412N 
""'" 
7�!HN 

100 PIECES MIX TAKE 10% DISCOUNT 
1000 PIECES MIX TAKE 15% DISCOUNT 

LMI.14N I 7!> "" 
2 4 0  lM14�8CN .65 SG4S01 1  

SG4S01N 
SG3!><'4 

LM 1•96N 95 "" 
8.95 LM111\N 

tM2'901N 
tMl06SN 
LMl900N 
LMJ90'l 
LM7510 
LM752•N 
LM75� 
LM75�N 
LM75JSN 

\.95 '·" 
" 
" 

"" 
2.2S 
1.75 
'·"' 
2.20 
1.25 

RC4\941 6,95 
RC41951 695 
RC1.58CN 89 
RCISS6CN 99 
RC�OlAO 230 
RC41llCN 99 
RC4\l60 1 91l 
RC45S8CN � 

6.50 

* CMOS 

CD4000 
C04001 
co•oo1 

, , 
" 

C0•006 I 75 
C04007 � 

co•oZ6 1.95 
C04027 85 
C04028 
C04029 1 99 
CD40JO 60 

C04081 
C04081 

All •<ldre\\ conltol •r><J il•t• ouo loro., tully 

I H E  SAME 8K BOARO O F F E R E D  T O  TH E 
SCCS GIWUI' PURCHASE N OW  O F F E R E D  
TO YOU A T  T H E  SAME l O W  LOW I' R I C E •  

S198.00 COMPLETE 
If vo�o d<10<f 91 LO�APC Pou-. •d<l 59 95 

TMS 4060 RAM 
NEC 4096 RAM 
16029 UART .. 
1502F F I FO ..  

.... .............. 5.50 
. .. . ...................... 12.95 

34702 BAUD G E N .. . .......... .. ..... 14.95 
NEC 5101C-E CMOS RAM ............... 6.95 
R032513 CHAR GEN Lower Case .. 14.95 
WD 16719 ASTROS .. .. ........... 29.95 

C04008 
C04009 
co•o1o 
C04011 

' " C040ll 249 C04�11  1 40 WD 1941 DUAL BAUD GEN .. . .... .... 9.95 .. .. " 
co•ol7 7R 
co•o11 60 
C04014 1 95 
co•ot5 1 9� 
CD4016 59 
C0401/ 1 15 
CD40\8 2 39 
CD4019 1 9'� 
C04010 1 JS 
C04021 1 85 
C0401l 79 
C04014 1 79 

" 

co•o� 4 9!> �g:�� ; �� 
C04041 \ 45 
co•04J ' " 
C04U.U \.95 �g:g;� :: �g:� �·�� 
CD40611 15 
C04069 
co•o1o 
(04071 
CD4071 
co•o13 

�g:�:: ;-� WD 1771 FLOPPY DISC CONT ...... 74.95 
CD4�70 2.49 S P E C I A L  

�g:m �:E ���.���� �0�9
6
6 ��NN RR��·::::::::::::::�:�� 

CD4518 1.so 100·16 PIN 4096 DYN RAM .. ...... ... 3.45 �g:m g� a-------P.------;...-t 
"'""' , " 6800 8080A �g:�:; �� STARTER SET STAR T E R  SET 
��.!58S 2•� 

5101 S1 1 95 

(),,1, 68 HYC0\ 

Yoy G•• Ill 6800 8 toot(PU 
11) 68;>() P I A  
l i t  68'..0 ACtA 

1 161 ] \ 0 1 R M,I ,  

A,l,l S l � ()()  ''" ��:: .. ��:u-1 !'·"1'·"'"''''''' 

I ll !OBOA 8 �·I CPU 
11! 8l11 t O Port 
I l l  8714 (1<><:' 

' ' '  anss, ..... , . c  .... ,.,,., 
o}41 ]107 �Af.o, 
Adt1 $� 9� '"' 
MCS 8 8080 U>o•"M" 

SL610C 1 g5 

��:�� :-:� 
SL81X 240 
SL82DC 2SS 
St81\C 2.55 
St612C 29S 
St61X 19S 

St624C 
S�6JDC 
SL640C 
St641C 
Sllio4SC 
Sl65DC 
St651C 4 95 
SL611DC J.JS 

FCN GEN K I T  
6 3  K e y  Keyboard 
19 Key Keyboard 

$18.50 
19.95 
1 1.95 

Also . . .  we stock entire continental 
speciolties l ine new sockets and bus strips 
for micro processor design 

_,..,,.., ... _ , , .., u .ao c  ...... , 
.,., •• s ..... --. ..... c,,_, 

.... � 
Sf'll60\8 
Sl'&6028 
Sf'II60J8 

�== 
SP1161l8 
Sf'll6148 
Sf'll6158 

D IV I D E R S  
695 Sl'&6208 1 2 �  
4 2S Sl'll6218 8 50 

Sl'll6228 6 50 
Sl'll6308 2000 
Sl'&6l18 1 2 00  

" ""  " "' 
' "  

n oo  " "' " ""  " ' ""  
"-" 

�=�: ��: 
SPII6JS8 nso 
Sl'll6l88 1150 
SI'.B&J]B l&Dil 

1.9� 
' "  

��<::: ��� 
Sl'86418 1 2 50 
Sf'864J8 2000 
Sf'86468 6 50 
Sf'86418 8 00  
Sf'l8508 2SOO 
Sf'IMIS18 1 8 �  
5'116518 1 1 00  

Experimenter 600 ( .6 spacing) $1 0.95 
Experimenter 300 (.3 spacing) 9.95 

All  �hipments first class or UPS i n  U .S . or add 5'� 
for shipping and handling. Mintmum order $ 1 0.00 
Caltfornia Residents add 6% taK . Foreign acid 8%. 

�� * 06 ,.o" 1 
P. 0. BOX 17329 ,.t..- c"1"c � OMPUTER IRVINE, CALIFORNIA92713 0p.0tP. �ouP. 

�s PHONE 17141 988 3655 

TRANSISTORS 

2'N918 
'""" 
2N2222A 
2N22\9A 
2N238!1A 
,.,.. 
2N2107A 
2N]lg2 
2N.JA14 
'"""' 
'"""' 
""'" 
'"""' 
'""'' 
'"""' 
'"""' 
2N.092 
2N•09J 
2N4\2J 
2N41� 
2N4.400 
MPSA!l 
'"""' 
w""' 
2Nl72'5 
FPQJ72'SCN 

N•Nlo-u .. t t- 100•" 
N9,. (;oo .. o! Pu•
NPN�ri! ..... I>OW ,. ....... s-.:os •. ,., 
::::::·.!'!..�" '"'"'" 
=��·:..: .. a�:.,ct� 
NPN s..-.n Sogn� Nf 
NPN l- to· .. o .. ,., Q,., 
:::,�a�t::'.,ct� 
NPN><• 5oorf(IS.r s-•o"' 
�Ns.- s.. a • "'"• 
PNP S... Soj QP A""' 

'*- " " " "•l'O ftv•a 
NPN Sm S... QP .. .,o 
PNP Snl S.� QP A"'O 

NPNQP S..okto 

NPN0o"""''"'l"'• !o0001 

NPNP_,. I � A l i � Won "'"'"' IF<o "'�" "' '-OJ(JD!i�l 
C..•Oo·• .. 
O.. od C..•Oo•• .. 

IO �l 
TO- � 

10�7 
TO�l 

.2• .17 .18 .15 

.24 .1 7  .te .1 5  

.It .1156 .ISS .135 

:� ::� :�:5 ::is 
:� -�5 ::� ::� 

\9 .15 ·" .13 
.20 .19 .185 .tB 
.24 .1116 . 14 .13 
.24 .l&!i .14 .1) 
.24 .\116 .\4 .ll 
.24 ,\65 .1 • . \) 
.24 ,\156 .1 4  .\J 
.23 .IS .\4 .13 
.23 .15 .t• .13 
.u .• l .u .• o 
50 45 .43 .42 

.23 .15 ,\4 ,\J 

.23 .IS .14 .13 
.23 .155 .\.5 .\35 
.28 .21 .24 .225 
.95 .90 .18 .72 
.95 90 .10 .77 
.M .50 .lS .78 

2.50 1.1'5 \.4(\ 

B R I DG E S  *'� 
.. " 

., .. 
1(8PC25·02 

Frequency 

1.000 MHz 
2.000 MHz 
2.097162MHz 
4.000 MH2 
5.000 MHz 
6.000 MHz 
10.000 MHz 

CRYSTALS 
Microprocessors Timebases 

TV Games Precision Crystals 
Case 

HC6/HC33 
HC6/HC33 
HC6 
HC18 
HC18 
HC18 
H C 1 8  

Price 
4.95 
5.85 
6.95 
4.95 
4.95 
4.95 
4.95 

Frequency 

1 3.000 MHz: 
14.31818 MHz 
18.000 MHz 
20.000 MHz 
32.000 MHz 
100Kc 
3579.45 Kc 

� Exar 

Case 

HC18 
HC18 
HC18 
H C 1 8  
HC18 
HC13 
HC18 

Price 

4.95 
4.95 
4.95 
4.95 
4.95 

1 2.95 
4.95 

I * f UNCTION GENERATOR KIT * I ,,. ........ 'ffi"""' ,., ''"""' ··�. "··�" ·� " .... ... . 
l!tO O S  ... typ , AMifM <Oil•b•I•IV 

XR-2200KA ::-:=;��:��',';'�;',�,:.·;;::��':.''I"""''"' lC PC ,.._..,d_ .,., 1 8_gs 

* TIMING CIRCUITS * * COMMUNICATION CIRCUITS * 
Xfi5SSCP ,go XR\488 o..�• ��1ll (),.,., 
XR5!>6CP O..ot ��� ,,....,. 
XR2SS6CP o.. � • -·"'' C · " � '  

�-� XRI489 I)..•! �SUl R oc"•'' �:�� 
KR1240CP o,.,...,.,..,..,,. ,..,.. 
)(RJ201' 

"" 
1.40 

* PIIASE·LOCKEO LOOPS* * STEREO DECODERS * 
XR]21!CP JS< O...,u<t!T""'D'<-' �95 XR\J\01' '" S'"'"D""'"'"'""' 3.00 
XR567CP 1�"'0"'"'" 1.80 XRI3\0EP '"' s'""' Do"'"''""'o' 3.00 
XR7'J567CP T..-.. Do<OO" 1.80 XR\800 l.OO 

• fUNCTION GENERATORS* 
XR2206CP ""'""''"'"' '"""'""" {d"''"o' 
XR2107CP C<."'"'c""'""""' O"''"""' 

* OI'{RATIONAl AMPLIFIERS* 

::!:�p �� �:��.; � �::::· 
XR4\36CP 1),"'0.' "'"" 
XR4202CP ,,.,...,,...,,.,,().,�t O!>A""' 

'
" 

J.7S 

,, 
\.75 
, ,  

2708 P R I M E  ONLY $49.95 
Build Your Own M Q N  I T O R  

Now i n  Stock - NEW 

M3000 - 100 1 2·inch display module 
M2000 · 155 9·inch display module 
"Add $10.00 Shipping 

$229.00 
$208.00 

MQTQ R 0 LA Exorciser, MEK680001 
and M E K 6800D2 Compatible Modules 

9601 16 Slot mother board - I nc. Conn. $175.00 
9602 16 Slot card cage 19" rack mount S 72.00 
9610 Utility Prototyping Board S 36.00 
9615 4K Eprom Module I 1 702A) $350.00 
9620 Parallel 1/0 Module $375.00 
9626 8K Static Ram Module $350.00 
9650 8 Channel Duplex Ansyn 1/0 $390.00 

All assembled and tested. Not Kits 

�sJ1 tc7:�:c� : .����� " 
MMSl1J 78 P•n & O';'" 
:���:: :::..":,b,�'!',� Ao0 • ., l>OO"' 
MMS37S C<o><'t;t.., 

* t�: ;�,� KT:��• 
li P on .17 ]4Pon ,4\ 
U Po� .20 28Prn .49 
1 6 Pon .22 40Pon .6J 
I B Pon .J\ 

lfvA R I A B L E  R E SISTORS 

� RESISTORS 
C.,t>on R<>IItOII I I4WII\ ! 5' 
�011 Soo""ord R•l'ltto<� Voi•OI 

01y I01C� �•1••1 
"" 

" "' 
!> 5 1 00  

Co�t••lob R N 4  NA.VS050lA IHMP '>0!11 51.9S 105 500 

.0'5oocto 

.O<ISoocto 

.04 oocto 
Oluch 
02'5ur::l> AN4 NAV50503A I�JCJ50t<; Sl 51 .9S 

� c��E��1�H� �.�v��:� 
e cORNEll PU81LIER NF7101S 

2o.A 150YAC O"lyS4.9<!o 

50Suu 

ROTARY SWITCH 
"""'"" " '""' 

" ' "
" 

"·" 

a .. �-•
· tQ9911 1w<tr::h 

su.o 



C A L i f o R N i A  I N d u s T R i A L 
Post Off ice Box 3097 B • Torrance . C a l iforn ia 9 0 5 0 3  e 

7476 
7479 
7480 
7482 
7483 
7485 
7486 
7488 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
7497 
74100 
74107 
74109 
74110 
74116 
74120 
74121 
74122 
74123 
74125 
74126 
74128 
74132 
74136 
74141 
74145 
74147 
74148 
74150 
74151 
741� 
74154 
74155 
74156 
74157 
74159 
74160 
74161 
74162 
74163 

.39 
3.99 

.19 

.99 

.99 

.99 

.49 
3.40 
2.79 

.49 

.99 
49 

.49 

.19 

.19 
.19 

399 
1 . 19  

.39 

.49 
1.79 
1.99 
1.79 

.39 
.39 
69 .59 
.59 
.<9 
.99 
.89 
99 
99 

249 
1 99 
1.19 
.99 
.89 
.99 
.99 

1 .29 
.99 

2.99 
1. 19 

.99 
1.49 

99 

Allair, lmsal compatible gold plated, dual 50 
( . 125 centers) three tier wire wrap edge 
connector. 3 for $13.50 

SPEr«v=<>=uNIVAC 
KEY B OA R D  

The famous S perry U n i vac 1 7 1 0  Hol lerith keyboard assembly 
is now avai lable from Cal iforn i a  I n d ustrial  for o n ly $24.88 
T h e  i d e a l  c o m p u te r  i n p u t  d e v i c e  f o r  a c c o u n t a n ts a n d  
mathematicians.  The n u meric keys are pl aced o n  t h e  lower 
three rows to resem b l e  a ten key adding mach i n e .  T h is 
format al lows one handed numer ic  data e n t ry. 
Or ig inal cost was $385. U sed but g uaranteed in excel lent 
condit ion.  Complete with documentation . 

Uncoded computer keyboard. Contains: 63 
reliable gold plated SPST switches. ASCII 
Kit: components and printed circuit board. 
$35.00 additional. 

.) o '{ S T I C K ss.so 

This joystick feature four 100K potentio
meters, that vary resistance proportional to 
the angle of the stick. Perfect for television 
games. quad stereo and radio controlled 
aircraft. 

C A LCU LATOR 
K E Y B O A R D  

$3.98 D i gital Clock 

Il l�� � S2fJ8 
Ideal for keyless entry systems, burg
lar alarms , Touch Tone or hexa
decimal computer input code. 

74164 1. 19 
74165 1. 19 
74166 1. 19 
74167 4.99 
74170 2.49 
74173 1.49 
74174 1 .1 9  
74175 .99 
74176 .99 
74177 .99 
74180 .99 
74181 2.49 
74282 .99 
74184 1.99 
74185 1.99 
74186 4.99 
74190 1.19 
74191 1 . 19  
74192 .99 
74193 .99 
74194 1.19 
74195 .99 
74196 1 .19 
74197 99 
74198 1.49 
74199 1.99 
74273 1 .99 
74290 99 
74366 99 
7-1390 1.79 
74939 1.79 
74490 1.99 

C M O S  
4000 .25 
4001 .25 4002 .25 
4006 1.99 
4007 .25 
4008 1.49 
4009 .69 
4010 .69 
4011 .25 
4012 .25 
4013 49 
4014 1.49 
4015 1 .39 
4016 69 
4017 1.29 
4018 1 69 
4019 1.79 
A020 1.39 
4021 1.49 
4022 1 .25 
4023 .25 
4024 1 .19 
4025 .25 
4027 69 
4028 1 .25 
4029 1.99 
4030 .69 
4032 .49 
4033 1.99 
4035 1.69 
4040 1 .99 
4041 1.49 
4042 1.49 
4043 1.49 
4044 1.49 
4046 2A9 
4047 2.49 

4019 
4050 
4051 
4052 
4053 
4060 
4066 
4069 
4071 
4077 
4081 

C P U's 
&IBOA 24.95 
6800 24.95 
ZBO 69.95 

300H .79 
301H 39 
30\CN 39 
302H 1.29 
304H 1.29 
JOSH .99 
307H .49 
307CN 39 
JOSH .99 
JOBCN .99 
309H 1.09 
309K .99 
3\0H 1. 19 
310CN 1. 19 
311H 99 
311N .99 
312H 1.99 
318H 1 79 
318CN 1.49 
319CN 1 .29 
320K·S 1.39 
320K-12 1 39 
320K·15 1.39 
320T-S 1.75 
320T-8 1.75 
320T·12 1.75 
320T-18 1.75 
320!·24 1.75 
324N 1.79 
339N 1 69 
340K-5 1.95 
340K·8 1 .95 
340K·12 1 95 
340K-15 1 95 
340K·18 1.95 
340K-24 1.95 
340T-5 1.79 
340T-12 1.79 
3401-15 1.79 

1702 
82s23 
82st23 
2102 
2102-1 
21 L02 

C LO C K's 
5314 
5316 
5375 

340T-24 
350N 
351CN 
370H 
370N 
373N 
377N 
380N 
381N 
382N 
NE555v 
NE556 
NE565H 
NE565N 
NES66N 
703CN 
709H 
709N 
710N 
711H 
711N 
723H 
723N 
725H 
IJJH 
733N 
739N 
74\N 
747N 
748H 
748N 
1414N 
1458 
1496N 
2 1 1 1 N  
190 1 N  
3065N 
3900N 
3909N 

-

25 . . .  I N41 48 
20. . 1 N 4002 
(I amp 1 00v) 
1 5. .I N4005 
( I  amp 600v) 

Photoconductor � Cells 
� � 3 f o r  �98 
10 ohm to 100 K 

Wire Wrap 

s�ss G 
Two gold plated, three tier 
wire wrap DIP sockets. 

10 1or � 
TRA:·:S�ORS 

2N3904 NPN 
2N3906 PNP 

.3'"  R E D  

5.98 

Common Cathode 

. 4 ·· GREEN $1 



C O M P U T E R  
W A R E H O u s·E 

COM P O N E N TS FO R 
S Y S T E M  

* • * * • * ST O R E  F E AT U R E S  O F  T H E M O N T H  
GREEN PHOSPHOR 
VIDEO MON ITOR DEPT . B ,  584 COMMONWEALTH AVE .  

BOSTON , MA 022 1 5  6 1 7/26 1 -270 1  

SYKES C O M P U C OR D 
$ 

1 0 0 
9 50 + $ 35 S H I PP I NG 

GREAT CASS ETTE RECORDER 
OFFERS 3 . 6M B I T  STORAGE 
TRANSFER RATE OF 500 CH/SEC  

TOP QUAL I TY C RTS FROM A MAJO R  VENDOR . . .  
NOT J UST A REWORKED TV S ET .  STANDARD 1 V  
P TO P COMPOS I TE V I DEO  I NPUT , 1 0  MHz BAN D 25 SH I PP I NG 
W I DTH , RASTE R  SCAN 1 2  x 1 2  x 1 3  I N . , W I TH POWE R S UPPLY 
V I DEO AMPL I F I ER ,  D R I V I NG C I RCU I TRY , VENT I LAT I ON MUFF I N  
FANS , 7 x 9 I N .  HOR I ZONTAL V I EW I NG AREA UP TO 24  L I NE S  

AT 1 000 BP I .  READ WR I TE S P E E D  5 I PS RECORD I NG 
B I T  S ER I AL .  B I PHASE  ENCODED  W I TH VAR I AB L E  
BLOCK LENGTHS UNDER P ROGRAM CONTROL 

x 80 CHAR . , ANT I GLARE � I N . ETC H E D  GRAD I ENT DENS I TY FACE 
P LATE , P39 GREEN  PHOSPHOR FOR B ETTER V I EW I NG EAS E ,  ON/OFF 
B R I GHTNESS  CONTROLS , 1 1 5VAC , 60  W. ( S POT S I ZE . 0 1 5  I N .  
NOM I NAL)  . . .  TRULY A C OMMERC I AL UN I T  BU I LT TO WORK I N  
A DEMAND I NG ENV I RONMENT .  WE ' VE RUN THRE E O F  THES E OFF 
OUR SwTPC TERM I NAL K I T  AT ONCE  FOR DEMONSTRAT I ONS . TECHTRAN 41 00 $ 5 9 5 

TAPE CAS S ETTE DR I VE + $ 3 5  SH I PP I NG . U . S .  * * * * * * * * 
VERSAT I L I TY PLUS I S  YOURS W I TH TH I S  O R I G I NAL L L  A S R  3 3  M O R E l  COST $3200 DR I VE .  JUST PLUG I T  I N  RS232 . CAN a n  i s  a n d  • 

RUN D I RE CTLY FROM TERM I NAL I N DEPENDENT OF CPU . WE ' VE SOLD  OUT 3 T I MES  ON TH I S  HEAVY- DUTY 
FULL E D I T  CAPAB I L I TY ,  ALL FUNCT I ONS UNDER SOFT- TELETYPEWR I TE R .  TH I S  SH I PMENT I N  GREAT 

WARE CONTRO L .  L I M I TE D  QUANT I TY AVA I LABLE COND I T I ON OFFERS  RS232 I NTE RFAC E , QU I ET 

TALLY T1 3 2  
OPERAT I ON ,  1 0  CPS  B U I LT- I N  PAPE R  TAPE 
P R I NTER/PUNCH , E L E CTR I C  TYPEWR I TE R  KEY-

7 x 8 DOT MATR I X  I MPACT BOARD W I TH ADD I T I ONAL 1 0  KEY NUME R I C PAD , 
PR I NTER HAS A S I NGLE  YOUR  CHO I CE OF  F R I CT I ON OR S P ROCKET F�ED , 
L I N E DYNAM I C  MEMORY AND L I GHT E D  P LATEN  AREA FOR EASY READ I NG 

A UN I VERSAL I NTERFACE TO $9 50 
STANDARD PAPE R  AND  TAPE , SUPPORTED  BY

' 

ACCEPT PARALLEL  DATA , FORMS OL I VETT I , I MPACT P R I NTE R GOES  UP TO 6 
TO 1 4 - 7/8 I N .  S I DE ,  S I MPLE  PR I NT I NG MECHAN I SM + SH I PP I NG 1 65 l b COP I ES ,  V E RT I CAL S PAC I NG ADJUSTAB LE . 
USES  1 32 SOL ENO I D  HAMMERS AND TWO STEPPER MOTORS * * * * * * * * 
FOR 1 00 LPM , 1 32 C OLUMN S ,  64 CHARACTERS DATAPOINT 3 3 00-200 

T H E RM A L  P R I N T E R  $9 5 0 + SH I PP I NG 1 50 l b . 
------------------------------ SURPR I S I NG L l  TTLE THE RMAL P R I NTE R USES  WELL  1-DAy SHIPMENT ( FROM O U R  

-: RESPECTED AND F I E L D  P ROVEN N C R  EMT-1 -AE 

K ITS, M P U s, C P U s  
sTocK > 1 PARALLE L  P R I NTER W I TH ADD I T I ONAL C I RCU I T  

I BOARDS TO P ROV I DE S ER I AL RS232  I NTERFACE , 
LS I . . . .  ADH 3 K I T  . . . . . . . . . .  $875 

UPPER/LOWER CASE OPT I ON 1 00 
1 0  KEY NUHERI C PAD . . . . .  I SO 

I HSAI . .  8080A K I T  5 S LOT . .  $599 
8080A K I T  22 SLOT . . 65 1 
4K MEMORY K IT • . . . . .  1 39 

K I M  
I 
. .  65°2 ·  . . . . . . . . . . . . . . . S245 1 P R I NTS UP TO 30 CPS . 1 1 0 VAC PS . U SES  W I D E LY $47 5 K I M  2 . .  4K . . . . . . . . . . . . . . . . .  1 79 1 

K I M  J . .  8K . . . . . . . . . . . . . . . .  289 1 AVA I LABLE N C R  PAPER , 96 CHAR . ASC I  I , 80 C O L .  , + $ 25 MANUALS PACKAGE . . .  l S I  CRT COMPAT I BLE  5 X 7 DOT MATR I X ,  S OL I D  STATE 
I COM FLOPP I ES I W I TH LESS  THAN 25 MOV I NG PARTS . 

S H. I PP I NG u . s . 
FFJ6 - l  . . . . . . . . . . . .  $ l l 95 1 DATAPOINT CASSETTE V I K I NG 100 P I N  CONNECTOR . .  FFJ6-2 . • · • · . .  · · • • .  1 895 

HEAVY OUTY . . . . . . . . .  S 5 �7�;
5
� : : : : : : : : : : : :  ;��

� 3300-300 $195 + S 25 S H I PP I NG U . S .  
SER IAL 1 /0 K I T. · · · · 1 25 TARBELL AUD I O  I SMALL STY L I ZED CASSETTE RECORDER SERVES 
PROM 4-5 1 2  KIT . . . . .  165 CASSETTE KIT . . . . . . . . . . . . .  $ 1 20 1 AS ADJUNCT BETIIEEN CRT TERM I NAL AND CPU. ON L I NE STORAG E ,  
U C R  I -

I 
K I T  . .  · . . . .  . .  5 9  

I NTERS I L I NTERCEPT JR $2S d OFF ll NE MESSAGE PREPARAT I ON ,  450 ,000 CHAR. PER CASSETTE , 
CABLE A K I T . . . . . . . .  1 8  

1 2 K  RAM . . . . . . . • • . . .  : : : : : 1 45 1 -�..!:�;!.,:�.!;,Y.:,..!,:'!!!!:..!��D�!,;l; _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
swTPc . .  �:�o . 

K l � i � s  
. .  i.?s: : :  S J!� ����:��\��

A
�� I PS 

. . . . . .  74 . 65 1 K L E I N S C H M I DT 311  $25 0+ i; �;:_I NG 

MPC . . . . .  40 MPD . . .  35 SER I AL 1 /0 . . . . . . . . . . . .  8 1 . 50 1 TH I S  30 CHAR/SEC DRUM PR I NTER S I TS I N  A SOUND-PROOF 
MPE. · . .  · 15 MPF . .  . .  30 AUD I 0 V 1 SUAL BOARD . .  . .  1 25 1

1 ENCLOSURE , 64 CHAR . , PARALLEL I NPUT , 80 CHAR/l l N E ,  �:� : : : : :  �� �:�� : : : j� NAT I ONAL SEM I CONDUCTOR 1 
OR�����:_���_:.'!_!���o.:,u!_E 

_ _ _ _ _ _ _ _ 
•-•-#1 

MPS . . . . .  35 MPAb . 1 4 . 50 SC/MP K I T  . . . . . . . . . . . . .  s 99 1 DIGITRONICS 0507 
�:��:H�;b��PL:p:: : 

·
; . �� 

KEYBOARD K I T  " . " .  95
� PAPER TAPE TRANSM I TTER 

SMOKE 16 K MEMORY · · · . . . . S595
l 

BEAUT I FUL 5 '  t'NCLOSED CAB I NET CONN. SETS MPU/MEM 2. 50 · 

CONN . SETS I NTERFC 2 sh i p p i ng on k i t s  I PROV I DES NDOUS SUPPLY OF GOOD I ES I NCLUD I NG D I G I TRON I C S  

;��� · �u0 1 0
5
1 N��;�

. ]9 . ;� �:��r s ;��o 
.
•
. ;;6 I �

5
��F���

T
�!���

T
���E:

A
���T���E P:����

R C 1 ����; ��!�D��w��L!��:LY ' 
PP40 0 0  0 0  PR I NTER . . . .  250 WR I TE FOR OUR 

0 
CClMPLETE I CABLES 0 SOME HAVE PAPER TAPE HANDLERS . All ON CASTERS 

CT 1 024 TERM. K I T  . .  275 . _ CATALOG I $95 + SH I P P I NG 400 l b .  
C T  I . . . . .  1 75 KBD 4 9 . 95 cover • ng k1 ts � used equ i pment I ----------------------------------------
�;�A : : 1 5 :

50
. : CT

S
: : iU� 

an
d.��� �:��= ����: 

o
r I DATAPO I NT SERVO PRINTER I N  D E S K  C O N S O L E  

ALL SWTPC UN I TS ARE K I TS 5 1 . 00 $395 + SH I PP I NG 285 l b .  !11-·-·--·r�"-';�:::=;�;------y---·-·--·--·--'-•--•-..1 I DEAL UN I T  TO BU I LD A SYSTEM AROUND. 

1 .  

2 .  

BOTH UNI VAC AND S I NGER BU I LT THESE 
P R I NTER ME CHAN I SHS WH I CH OPERATE AT 
30 CPS FROM A ROTAT I NG WHEEL. 65 CHAR . 
USES STANDARD PR I NTOUT OR TYPEWR I TER 
PAPER. P I NWHEEL I S  I NTERCHANGEABLE .  

·�;�����6��;���;;�;����5-, 
I NC LUDES MOTOR/PR I NT WHEEL + SH I PP I NG 75 1 b  

V I S I T  O U R  S T O R E :  9 TO 9 WEEKDAYS ; 9 TO 6 SATURDAY 



TH E SC/MP AT $ 95.00 
SC/MP, t h e  M icroprocessor k i t  f ro m  National 
Semiconductor incl udes ever y t h i ng you need to 
build a completely f u nctional  microprocessor 
system - featuring the National SC/MP micro
processor - the low cost microprocessor for 
every applicat ion : Text Systems and Instrument 
Contro l ;  Machine Tool Control ;  Small  Busi ness 
Machines; Word Processing Systems; Educat ional  
Systems; M u l t i processor Systems; Proces Con
trol lers;  Terminal  Contro l ;  Laboratory Instru
mentat ion;  Sophisticated Games; Automotive 
Controller and Appliance Controllers.  

The k i t ,  neatly packaged with a l l  the com· 
ponents and l iterature you need; i n  a looseleaf 
binder, includes:  The SC/MP Microprocessor 
- a single-chip Central Processing Unit i n  a 40-
pin, dual in-line package. Features static operations, forty-s i x  i nstruc
t ion types; single-byte and double-byte, software co n t r o l l ed interrupt 
structure. bui l t  i n  serial  input/output ports; bidirect ional  8-bit TR I ·  
STATER bus, parra l l el data/port and latched 1 2-bit TR I -STATE R 
address por t .  ROM - 5 1 2  bytes (8-bits/bytel of pre-programmed Read· 
Only-Memory contai n i ng K I TB U G - a  monitor and debugging program 
to assist i n  the development o f  your application programs, K I T  B U G  
provedes teletypewrite input/output ro u t i nes and a l l o w s  examinat ion,  
mod i f icat ion, and control led execut ion of your programs. R AM-256 
bytes of static read/write memory for storage of your appl icat ion· 
programs. Transfers of data to and from R A M  are control led by SC/MP 
and K I T B U G .  Teletypewriter l nterfact including buffer and drive 
capabi l i ty for a 20 MA current loop interface. Voltage Regulator .  
Data B u f fer-providing interface between memory and bid irectional 
data l i nes. All  the l i terature you need, including schematics and pro· 
gramming manual s .  Timing Crystal-providing 1 .000 MHz t iming 
signal.  Plus a l l  the passive components and circuit  board with 72 pin 
edge connector required to b u i l d  and intercOnnect your microprocessor 
system with external  hardware. 

ASC II KEYBOARD 

(Reg. $58.85) $53.00 
This 63 key ASC I I  Encoded Keyboard kit was designed and manufactured 

by Electronics Warehouse Inc. Features: single 5 volt D.C.  supply, uti l izing 
only TTL logic elements ( no MOS devices to blow), TTL drive capability ( each 
of the eight b i ts of ASC I I  output w i l l  d rive the equivalent of ten standard TTL 
i n puts without external buffer d rivers), de-bouncing, upper and lower case 
fu l ly ASC I I ,  8 bit paral lel  output. I n  addition to the al pha-nu meric and symbol 
keys available on a regu lar keyboard. the fol lowing keys are ut i l ized: escape, 
back-space. tab. l ine-feed. delete. control.  shift-lock. shift-( 2 keys). here-is. 
control-release. 

Kit includes: 63 key keyboard, P.C. board, a l l  requ i red components and as
sembly manual with ASC I I  code l ist. 

Optional:  1 .  Parity bit - add $ 1 . 0 0  Al u m in u m  enclosure $ 3 s.-
2 .  Serial output - add $ 2 .0 0  

Note: I f  you already have t h i s  teletype keyboard y o u  c a n  have t h e  k i t  without 
it for $36.00 (reg. $39.85). Dealer inquires i nvited. 

National's new Keyboard Kit now gives 

SC/MP Kit users a low-cost input/output 

capabi lity. This new kit replaces the Tele

type * normally required by the SC/MP Kit 

and al lows users to evaluate the SC/MP 

CPU and to develop a variety of appl ication 

software . 

There is a hole pattern for additional inte

g rated c i rcuits on the SC/MP Kit PC card. 

By following the simple instructions in the 

SC/MP Keyboard Kit users manual, one 

can add buffers, decoders, d rivers, multi

plexers, etc. Simply replace the Kit Bug 

ROM (supplied in the SC/MP Kit) with the 

new SCMPKB ROM, connect the pre

assembled Keyboard cable connector to 

the kit card , and you are ready to go! 

This is a g reat kit for engineers and com

panies who don't have access to a Teletype. 

It is  a low-cost teaching,  learning,  and 

developing tool for hobbyists, professors, 

students, and electronics entrepreneurs of 

all levels. 

SWITCHES 

10 Position rotary switch 

by oak manuf. $ 1 .00 per 4 

The heart of SC/MP Keyboard Kit is a ROM 

fi rmware package (51 2 bytes) cal led 

SCMPKB. The SCMPKB ROM replaces the 

"Kit Bug" ROM original ly supplied with the 

SC/MP Kit and allows the effective use of 

the hexadecimal keyboard, to execute 

programs, to examine or modify the con

tents of memory and the SC/MP registers, 

and to monitor program performance. 

National's Keyboard Kit comes complete 

with manual, all required integrated circuits, 

resistors, keyboard display cable con

nector assembly, wire wrap connectors, 

precut wi res-even a hand-held wire wrap 

tool .  

M I N I M U M  ORDER $ 5.00 

Shipping & Handling: 

KEYBOARD or SC/ M P - $ 3.00 + $.50 I nsurance 

a II others - $ 1 .00 

8 position, 1 off switch in T05 can California residents add 6% sa les tax. 

$ .69 2 for $ 1 .00 

ROC KER SWITCH 

SPST normally open contact rating 6A 250VAC 

solder $ .50 ea $ 2.00 per 6 

M I N IATU R E  TOGGLE SWITCH 
SPST P.C. M O U NT $ .99 

ELECTRONICS WAREHOUSE Inc. 
1 603 AVIATION B LVD. 

R E DON DO B EAC H ,  CA. 90278 

TEL. (21 3) 376-8005 

WR ITE FO R F R E E  CATALOG 

You are invited to visit our store at the above address 



r - - - - - - � - - - - - - - - - - - - � - -

I 
I World's Lowest I 
I IC Prices I 
I * S PECIAL PRICES * 

I MEMORIES 741 52 .90 HIGH SPEED 4007 . 1 6  

Rams 741 55 .60 74HOO . 20 4008 .70 

741 57 .60 401 1 . 1 6 * I 2 1 02 1 . 50 *  74H01 .20 
741 60 .75 74H04 .20 401 2 . 1 6 *  

I Proms 741 61  .75 * 74H 1 0  .20 401 3 .30 * 

82S23/S1 23 1 .95 * 74H 1 1  .20 401 5 .80 

I 741 63 .75 * 74H40 .20 401 6 .35 * 
TTL 

741 65 .80 74H51 .20 401 9 . 70 

I 7400 . 1 2 * 741 73 1 .25 4020 .90 
7402 . 1 4  74H52 .20 

741 74 .75 74H74 .40 
4021 .95 

I 7403 . 1 4 *  741 75 .75 * 4023 . 1 6 *  
7404 . 1 6 * 74H 1 03 .50 

74 1 77 .70 74H 1 06 .50 4024 .75 
7407 .20 741 80 .80 4025 . 20 * I 741 0 . 1 2 *  741 81  1 .50 LOW POW ER 4027 .40 
7420 . 1 2 *  SCHOTTKY 4028 .60 I 7427 .25 74LSOO .29 4030 .35 

I 741 92 .70 * 74LS02 .29 4040 .95 
741 93 .70 * 74LS08 .29 4042 .60 

7438 .20 * 741 94 .85 74LS1 0 .29 4043 . 75 I 7440 . 1 2 *  74 1 98 1 .25 74LS27 .30 4044 . 70 
7441 .65 * 9602 .50 * 74LS73 .45 4049 .35 * I 9300 . 75 74LS75 .65 4050 .35. * 
7445 .45 931 2  .70 74LS1 51 4066 .65 I 1 . 1 0  7447 .75 

74 LS1 53 1 . 1 0  4068 .35 
7450 . 1 4  

SCHOTTKY 74LS1 57 1 . 1 0  4069 . 1 6  I 7451 . 1 4  * 
74 LS 1 61 1 . 50 * 4071 . 1 6 

7473 .22 74S01 .25 
74LS 1 63 1 .50 4073 . 1 6  I 7474 .23 74S02 .25 

74S37 .40 74LS1 64 1 .50 4075 . 1 6  

I 74S38 .60 74LS1 74 1 . 1 0  * 451 6  .85 
7480 .40 * 74LS 1 75 1 .50 4528 .75 74S85 2 .00 

I 74S1 1 3  .80 74LS1 93 1 . 50 4585 .85 
7493 .50 
7495 .49 74S1 39 1 .50 74LS22 1 1 . 50 * LIN EARS 

I 741 07 .29 74S 1 40 .50 74LS251 1 .50 NE536T 2.75 
741 09 .30 74S1 53 2.50 74LS253 1 . 50 N E555V .43 

I 741 1 6  1 .50 74S1 72 4.50 74LS257 1 . 50 NE556A .90 
741 23 .45 * 74S 1 74 2.05 74LS258 1 .50 1 456V .75 

I 74 1 41 .80 * 74S1 75 2.05 * CMOS 1 4S8V . 52 
741 45 .75 74S1 81  4.50 400 1 . 1 6 * 566V 1 .25 

I 741 50 .60 * 74S 1 97 2.20 4002 . 1 6  567V 1 .35 

741 5 1  .60 74S257 1 . 50 4006 .90 540L 2.00 

I Order Minimum $ 1 0. 00. Add $ 1 . 00 shipping and handling charge per order. California residents add 6% sales 
I tax. All orders shipped First Class within 24 hours. 

I Order the famous lasis 6 vol ume Program med Learning Course " Microcomputer Design is a Snap" for 
$99.50 and receive a spec ial  $1 0.00 credit on any group of IC's.  

I Satisfaction 1 00% guaranteed. C.O.D.  Orders: Phone (day or n ig ht) 408/354-1 448 

I ELTRON PO BOX 25428 I 
· . Sunnyvale, CA 94087 L Free monthly catalog -Just send us your name and address For more information circle 1 02.  

- - - - - - - - - - - - - - - - - - - - - -

1 5 1  
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from Parts to Peripherals� 
YOUR ONE STOP ,  MAIL- ORDER COMPUTER STORE . rr············�····�···············�····� 

low . > .JtE > . i · i Power We Now Distri bute Knowledge ! 
We are happy to carry the Adam Osborne & Associates se
ries o f  books on microcomputers , as lucid and comp lete 
a treatment of the subj e c t  as we ' ve s e en to date . 

• • 

i &Schottky All books postpaid in the USA; set of all three books 
avai lable for only $2� . 00 .  

• • • • • • • • • • • • • • 
• • 
• • 
• • 
• • 
• • 

I S 99.95 i 
• • 
• • 
• • 
• OVER TWO YEARS OF EXPERI E N C E  S E L L I NG 4K X 8 BOARDS HAS SHOWN US • • !XACT�Y WHAT YOU WANT IN A MEMORY BOARD K I T .  • • --YOU WANT LOW POWER TO S T RETCH YOUR POWER SUP PLY . ANY COMPANY • 
= CAN C LA I M  LOW POWER; NOT EVERY COMPANY OFFERS A SPEC TO BACK 1 T = • ��ERA�� �����N;��Li��R���W���S���T !�� ���E�/50 MA, W I TH THE • 
= --YOU WANT S - 1 0 0  BUSS COMPAT I B I L I T Y  . • .  AND EtONORAM I S  FULLY COM- = PAT ! B L E .  = - -YOU WANT CLEAN AND UNAMBI GUOUS DATA TRANSFER • • •  IIH I CH IS WHY WE = • �����R��

y
�U�

A
�g��E���S ,  DATA L I NE S ,  AND OUTPUTS LONG BEFORE THE • • - -YOU WANT A FAST BOAR D .  BY US I NG MEMO R I E S  GUARANTEED AT 4 5 0  NS • 

= WORST CASE OVER THE F U L L  TEMP RANG E ,  WE CAN GUARANTEE T H I S  BOARD = TO RUN AT ZERO WA I T  STATES ( 5 0 0  NS OR BETTER) . A 4 5 0  NS MEMORY = ALSO ALLOWS 
.
FOR ANY PROPAGA T I ON DELAYS I N  SUPPORT C I RC U I T RY . = • --��� ���D�U�t!��' 

T���U�� ����b�R
. �� : T��0�o�H�R����� �����TS ���- • 

= THE OPT I M I ZE D  THERMAL DES I G N  • . •  THE D I PSW I TCH ADDRESS SELECTOR . • •  = • ��� ���T�O���D 
Si�O����O�������N� C�ORE :HE GUARANTEE WE OFFER ON • 

= --YOU WANT LOW C OS T .  BECAUSE OF OUR PURCHAS I NG POL I C I E S AND QUAN- = 
• 0���R 

B����� ' ��U 
C��N s;!�\��� � v;�D \�3A��N 

O�E�H ��S�UAL�0� i�\ou • 
= WANT THE BEST COMBINATION OF VALUE AND E CONOMY • • •  ECONORAM G I VE S  = • YOU BOTH. • 

ALSO AVA I LABLE ASSEMBLED, T E S TED, AND WARRANTEED FOR ONE YEAR FOR 
$1 2 9 . 95 .  D I SCOUNTS ON ALL K I T S  AVAI LABLE FOR GROUP PURCHAS E S .  

•••••••••••••••••••••••••••••••••••••• 

ECONOROMT.M. 
G I VE YOUR CPU A FRI END : A HOME FOR PROGRAMS AND ROUT INES ! 

OUR BAS I C  ECONOROM BOARD I S  4 K  X 8 WORTH OF ERASEABLE ROM� WH I CH 
YOU CAN PROGRAM W I T H  ANY PROGRAM OR ROUTINE YOU WANT (OR HAVE US 
PROGRAM I T  FOR YOU ) . S I M I LAR FEATURES AND SAME QUAL! TY AS OUR 
ECONORAM- --AND ALSO VERY LOW POWE R :  5 V @ '<A, - 1 2 V  @ I 50 MA . WE OF-

74LSOO 
74LS01 
74 1-'i02 
74LS04 
74LS08 
74LS10 
74LS!l 

$0 . 36 
0, 36 
0 . 36 

VOL 1 "An Introduction to Microcomputers" Order book 
#200 1 .  Gives the basics of uP based systems . . $7 . 00 

0 . 4 2 
0. 38 
0 . 36 
0 . 3 8  
1 . 3 8  
0 . 36 
0 . 38 
0. 38 
0 . 38 
0. 36 
0. 38 

VOL 2 This recent addition gives up-to-date informa
tion on microprocessors - - - equivalent to hundreds of 
pages of data shee t s . Order book 113001 . . . . . $12. SO 
VOL 3 "8080 Programming for Logic Design" 114001 $ 7 .  SO 

74LS14 
74LS20 
74LS21 
74LS22 
74LS27 
74LS30 
74LS32 
74LS37 
74LS38 
74LS42 
74LS74 
74LS7S 
74LSI09 
741.5124 
74LS12S 
741.5126 
74LS132 
74LS!38 
741.5139 
74LS155 
74LS157 
74LS160 
74 1.5 1 6 1  
741.5162 
741.5163 
741.5168 
74 l5169 
741.5174 
74LS175 
74LS22I 
741.5240 
74l.S257 
74LS258 
74LS273 
74LS283 
74LS367 
74LS368 
74LS377 
74LS378 
81 I.S9S 
81 LS96 
81 LS97 
8 I L598 

0 . 5 3  
0 . 53 
1 .  25 
0. 56 
0 .  85 
0 . 60 
2. so 
0. 75 
0. 75 
1 .  so 
l. 38 
1 . 3 8  
1 .  3 8  
1 .  25 
1 . 85 
1 . 85 
1 . 85 
1 .  85 
1 .  87 
1 .  87 
1 . 3 8  
1 . 35 
1 . 3 8  
1 . 8 8  
1 .  25 
1 .  38 
2 . 2 5  
1 .  2 0  
1 . 00 
1 . 00 
1 . 88 
1 .  38 
1 . 1 3  
1 . 1 3 

1 3  
. 1 3  

CRYSTALS 
WE OFFER TWO D I FFERENT TYPES OF CRYSTALS---

STATEK XTALS : . 0 1 %  accuracy in a T0-5 can . Exce l l ent 
for f i xed frequency app 1 i cat ions , or use wi th b i nary 
d i v i ders to generate more frequenc i e s .  Choose from 
( i n  KHz ) , 1 0 . 00 0 ,  1 2 . 800 , 1 5 . 36 0 ,  1 6 . 000 , 1 6 . 38 4 ,  
1 8 . 64 1 , 1 9 . 200 . 20 . 48 0 ,  3 0 . ]20 , 3 1 . 500,  3 2 . 76 8 ,  
3 8 . 400, 4 0 . 9 6 0 ,  6 0 . 00 0 ,  7 6 . 800, 1 00 . 00 ,  1 53 . 60 ,  
and 240 . 00 .  

SENTRY XTALS : Ser ies mode , fundamenta l ,  w i re leads. 
Choose from 4 ,  5 ,  8 ,  9 ,  1 0 ,  1 2 ,  1 5 ,  1 8 ,  and 20 HHz . (Note :  1 8  HHz = 8080 clock, 4 HHz = PACE c lock freq . ) 

AN OFFER 
YOU CAN'T REFUSE! 

2102-Lls • • • . • . • • •  10/$15! 
Not retests . . .  full spec (450 
ns ful l temp range) , ultra
low power prime units. We 
mean it "'hen "'e say you get 
the best for 1 ess . . .  find out 
for yourse l f .  Orders must 
be postmarked before 3/31/77 

The tip ol the iceberg : 
This page is just a sampling of '''hat you ' l l  find in our latest flyer . . .  we also .carry 
Vector products, like their 8800\1 prototyping board , their beautiful nC\'.' Vector-Pak 
enclosure s ,  and helpful tools like the Slit� N-Wrap and h'iring Pencil . . .  not t o  mention 
Vectorboard and all their useful lj.t t l e  termina l s .  Then there are our chip sets . . .  
other kits . . .  poNer supp lies . . .  components . . .  the latest 1TL • • .  CMOS • • •  i f  you want t o  get 
plugged into a great source of parts that del ivers from stock, send for ou.r flyer. 

FER sEvERAL oPT I ON s : @,®@)ID®O!J BAS I C  ECONOROM BOARD ( 4 K  X 8 )  • • . . • • • . . • • . . • • . . • • • . . • • • . . • .  $ 1 7 9 . 9 5  0 D 0 0 
� ..... �.�.:GI:!Iilil�l�lil�l;lil�l:ol;�l�l. :l�lil�l�l�lil�xl�xl!l;�ll �.· :II ;lii�IAI!I�I;I�I�I�ol::l· �.· �.: !l�l:l�l:l�lbi����NI��.: �l�l!lil;l�l�.�, BO� 2����.�';,����� 0EAL�R�6R�.NCI�S91!614 PROGRAMM I NG .  I NFO PACKAGE AVA l LABLE THAT DESCR I B ES THE FUNCT I ON 

OF ALL SOFHIARE FOR $ 2 .  95 ( R EFUNDABLE W I T H  ORDER) . . • . • • • .  $ 1 89 . 95 

TERMS 
TERMS : No COOs; Ca I res 
add tax . Add 50<: to or
ders under S I D ;  over S I D  
add 5% hand l i ng/shp i ng . 
Cal l ( 4 1 5) 562-0636, 24 
h rs ,  t o  p l ace BankAme r i �  
card o r  Mastercharge 
cred i t  card orders. 

I I l 
l 
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7 400N TTL 
.16 SN7459A .25 Sin-lOON 

SN7401N 
SN7402N 
SN7403N 
SN7404N 
SN7405N 
SN7406N 
SN7407N 
SN7408N 
SN7409N 
SN7410N 
SN7411N 
SN7412N 
SN7413N 
SN7414N 
SN7416N 
SN7417N 
SN7420N 
SN7421N 
SN7422N 
SN7423N 
SN7425N 
SN7426N 
SN7427N 
SN7429N 
SN7430N 
SN7432N 
SN7437N 
SN7438N 
SN7439N 
SN74401l 
SN7441N 
SN7442N 
SN7443N 
SN74<14N 
SN7445N 
SN7446N 
SN7447N 
Stl7448N 
SN7450N 
511745\N 
SN7453N 
SN7454N 

.16 SN7460N .22 SN74154N 1.00 
.21 SN7470U .45 SN74155N .99 
.16 SN7472N .39 SN74156N .99 
.1 8  SN7473N .37 SN74157N .99 
.24 SN7474N .32 SN74160N 1 .25 
.20 SN7475N .50 SN74161N .99 
.29 SN7476tf .32 SN74163N .9!1 
.25 SN7479N 5.00 SN74164N 1 .10 
.25 SN7480N .50 SN74165N 1 . 10 
.18 SN7482N .98 SN74166N

. 
1.25 

.30 SN7483N .70 SN74167N 5.50 
.33 SN7485N .89 SN74170N 2.10 
.45 SN7485N .39 SN74172N 8.95 
.70 SN7488N 3.50 SN74173N 1.50 
.35 SN7489N 2.49 SN74174N 1.25 
.35 SN7490N .45 SN74l75N .99 
.21 SN7491N .75 SN74176N .90 
.33 SN7492N .49 SN74177N .90 
.49 SN7493N .49 SN74180N .99 
.37 SN7494N .79 SN74181N 2.49 
.29 SN7495N .79 SN74182N .95 
.29 SN7496N .89 SN7<:184N 1.95 
.37 SN7497N 4.00 SN74185N 2.20 
.42 SN74100N 1 .00 SN74186N 15.00 
.26 SN74107N .39 Sti74187N 6.00 
.31 SN74121N' .39 SN74188N 3.95 
.27 SN74122N .39 SN74190N 1.19 
.27 SN74123N .50 SN74191N 1 .25 
.25 SN74125N .60 SN74192N .89 
.1 5  SN74126N .60 SN74193N .89 
.89 SN74132N Ul9 SN74194N 1 25 
.59 SN74136N .95 SN74195N .75 
.75 SN74141N 1 . 1 5  SN74196N 1.25 
.75 SN74142N 4.00 SN74197N .75 
.75 SN74143N 4.50 SN74198N 1.75 
.81 SN74144N 4.50 SN74199N 1.75 
.69 SN74145N 1.15 SN74200N 5.59 
.79 SN74147N 2.35 SN74279N .90 
.26 SN74148N 2.00 SN74251N 1.79 
.27 SN74150N 1.00 SN74284N 6.00 
.27 SN74151N .79 SN74285N 6.00 
.20 SN74153N .89 SN74367N .75 

MANY OTHERS AVAILABLE ON REQUEST 

co.:ooo 25 
C[).l001 25 
C04002 25 
C0�006 2.50 
C04007 25 
C[);l009 59 
C04010 .59 
C04011 25 
C04012 25 
C04013 47 
C04016 .56 
C04017 1.35 
al4019 . 55 
C04020 1 .49 
C04022 1 . 25 
C0-1023 .25 
C04024 1 .50 
C0-1025 25 
C04027 . 69 
COJ028 1 .65 
C04029 2.90 
C04030 .65 

LM301H .35 
U,\JOICN .35 
U.l302H .75 
LMJO�H 1 .00 
LMJOSH .95 
LM307CN .35 
LM308H 1 .00 
LM308CN 1 .00 
LM309H 1.10 
LM309K .99 
LMJIOCN 1 .15  
LM311H .90 
LM311N .90 
LM318CN 1.50 
LM319N 1 .30 
LM320K·5 1.35 
LMl20K·5.2 1 .35 
LM320K·12 1.35 
U-13201<-15 1 .35 
U.I320T-5 1 .75 
LM320T·5.2 1.75 
LM320T-8 1.75 
lM320T·12 1 .75 
LM320T-15 1.75 
LM320T-18 1.75 
LM320J.24 1.75 
LM323K·5 9.95 
LM324N 1 .80 
LM339N 1 .70 
LM340K-5 1.95 
LM340K·6 1 .95 
LM340K·8 1.95 
LM340K-12 1.95 
LM340K-15 1.95 
LM340K·18 1.95 
LM340K·24 1.95 
LM340T·5 1.75 
LM340T·6 1.75 
LM340T-8 1.75 
LM340T-12 1.75 
LM340T-15 1.75 
LM340T·18 1.75 
LM340T·24 1.75 
LMJSON 1 .00 
LM351CN . 65 

L INEAR 
LM370N 1.1 .5 
LM373N 3.25 
l.M377N 4.00 
�M380N 1.39 
lMJSOCN 1 .05 
LMJ81N 1 .79 
LM382N 1 .79 
NESOIK 8.00 
NE510A 6.00 
NE531H 3.00 
NE536T 6.00 
NE�OL 6.00 
NESSON .79 
NE555V ->9 
NE5608 5.00 
NE5618 5.00 
NE5628 5.00 
NE565H 1 .25 
NE565N 1 .75 
NE566CN 1.25 
NE567H 1.95 
NE567V 1 .50 
LM703CN .45 
LM709H .29 
LM709N .29 
LM710N .79 
LM711N .39 
LM723H .55 
LM723H .55 
LM733N 1.00 
LM739N 1 .00 
LM741CH .35 
LM741CN .35 
LM74Ho!11 .39 
LM747H .79 
LM747N .79 
LM748H .39 
LM748N .39 
LM1J03N .90 
LM1304N 1 .1 9  
LM1305N 1 .40 
LM1307N .85 

74C04tl .75 
74CTON . 65 
i4C20N 65 
74C30U 65 
74C42N 2 1 5  
74C73N 1 .50 
1�C7� 1 . 1 5  
7�C90tl 3 00 
74C95N 2.00 
74C107N 1.25 
74C151 2.90 
74C154 -1 00  
74C157 2 15 
74C160 3.25 
74CI61 3.25 
74C163 3.00 
7-IC164 3.25 
74C173 2.60 
74C193 2.75 
74C195 2.75 
MC-10-It. 
MC1401E 

LM1351N 1.65 
LM1414N 1 .75 
LM1458C .65 
LM1496N .95 
LM1 556V 1 .85 
U.t2111N 1.95 
LM2901N 2.95 
LM3065il .69 
LM3900N . 55 
LM3905tl .60 
LM3909 1 .25 
LM5556N 1.85 
MC555BV 1 .00 
LM7525N .90 
LM7535N 1.25 
80388 4.95 
LM7s.150 .49 
7545\CN .39 
75452CN .39 
75453CN .39 
7545'1CN . 39 
7549\CN .79 
75492CN .89 
7549-ICN .89 

RCA LINEAR 
CAJ0\3 2. 15 
CA3032 2.56 
CAJ035 2.48 
CA3039 1 .35 
CAJG46 1.30 
CA3059 3.25 
CAJ060 3.25 
CAJ080 .85 
CA3081 2.00 
CA3082 2.00 
CAJOBJ 1 .60 
CAJOB6 .85 
CA3089 :us 
CA3091 1 0.20 
CA3123 2.1 5  
CA3130 1.39 
CA3140 1.25 
CA3600 1 .75 
RC4194 5. 95 
RC4195 3. 25 

I=AI R C H I L..O TECHNOLOGY KITS I=AI R C H I L..O 

• Complele Specilicalions on back of each kit 

• Packaged for WALL DISPLAY APPEARANCE 
• Dealer's Inquires lnviled - Price lisl Available 

7205 - Stop Watch Chip $1 9.95 
DIGITS 

FTKOOOI 0.5" High Common CaThOde Digil 
FTK0002 0.5'' High Common Anode Digit 
FTK0003 .357" High Common Cathode Digit 
FTK0004 0.8" High Common CaThOde Digi1 
FTKOOOS 0.8" High Common Anode Digrl 

S1 .00 FTK0040 
1.00 FTKOO�I 

.75 FTKD042 
2.00 
2.00 COUPLERS 

FTK0050 3 General Purpose Op\o Couplers 1 .00 
1 .00 0.8" HIGH OISPLAY ARRAYS FTKOOSI Darlinglon Op\o Coupler 

FTKOOI O  12 Hour. J'h Oigit Ciock Drsplay 7.00 f--------------· 
FTK001 1 24 Hour. 4 Digi! Ciock Oisplay 8.00 MOS CLOCk CIRCUITS 1---"--:..._:..._....::..::..._:..._=-:::_ __ -=:...j FTK0400 Digrtal ClockJCalendar Circuit 

LEO LAMPS !FCM7001 ) 
7.00 

FTK0020 10 Rea LEO Lamps 1.00 FTK0401 Oig1lal Clock/Galendar wrTil BCO 7 00 
FfK0021 5 Mrxed Colored LEO Lamps 1.00 Oulpu\5 lfCM7002) 
FJK0022 10 LEO Mounhng Clips 1.00 FTK0402 Q,retl Orrve D•Orlal Clock C1rcurt 5.00 
FTK0023 5 Three Piece LEO Mountrng Adaplers 1.00 with AC Outpli1 \FCM3817A) -------------'----'-----1 FTK0403 Oiretl Onve Oiorlal Clock Crrcuit 

PHOTO TRANSISTORS wr\h DC Ou!pu\ (FCM38170) 
FTKOOJO 5 Fiat lens Pholo Transrstors 1 .00 FTK040S Oirec1 Olive Drgrtal ClOck/Calendar 
FTK0031 5 Round Lens Photo Transistors 1 .00 CrrcUit (FCM7015) 
FTK0032 J fla\ Lens Photo DarlingTons 1.00 

1.00 fTK0033 3 Round Lens Pholo Oarhnglons 

XC2tl9 
XC209 
XC2Q<l 

1 25" dla. 
Red 1 0/Sl 
Green �/$1 
Orange 4/Sl DISCRETE LEOS 

XCI I I  
XCI II  
XC I l l  
XCIII 

.200" dla .185" dia. .2DD" dla. 
XC22 Red lOIS\ XC526 Red 10�1 XC556 Re<l !OtSl 
XC22 Green 4/S I XC526 Green 4/51 XC555 Green 4151 
XC22 Yellow 4/S1 XC526 Yellow 4/Sl XC556 Yellow 4/SI 

= - � � - � � - � 
SSL-22 AT 4/Sl XC:,l6 Clear 4/ST XC556 Clear 7/SI 

Green 
Yellow 
Orange 

10/SI 
4151 
4�1 
·�I 

.085" dla. 
MV50 
085" dra. Mrcro 

red lED 
6/SI 

SPECIAL • - XC556 Red 100/SB.OO 1 000/$60.00 - SPECIAL • 

0"0' 11111 DISPLAY LEOS 
TYPE 
MAN I 
MAN 2 
MAN 3 
MAN J 
MAN 1 
MAN 7G 
MAN 7Y 
MA.N 52 
M.\N 64 
MAN 72 Ml\N 74 
MAN 82 MMl 84 

14 prn 
16 pm 
18 prn 2J prn 
8 pm 

14 orn 
1 6 om 
1 8 pln 

10 prn 
14 prn 
T 6 prn 
IB prn 

POLARITY HT POLARITY 
Common Anmle 
5 ,  7 001 Ma\lrs 
Common Cathooe 
Common Calhooe 
Common AnOde 
Common Anode-green 
Common Anode·yeUow 
Common Anode-green 
r.ommon Anode-red 
Common Anode 
Cornmon Calhooe 
Common Anode-yellow 
Common Ca!hoae-yellow 

210 2 95 
.300 4 95 

125 39 
187 1 95 

.300 1 25 
300 1 95 
300 1 95 
300 1 75 
JOO 1 75 
300 1 25 
300 1 .50 
300 1 75 
300 1 75 

TYPE 
MAt/ 3620 
1.1MI 3640 
MAN 4710 
DL701 
DL704 
OL707 
OL 728 
OL 747 
DL 750 
OL 33B 
fN070 
nm5o3 
FN0507 

Common Anoae-orange 
Comtnon Ca!hO!Ie-Oian!le 
Common Anode-Red 
Common Anode-rea !. 
Common CalhOde 
Common AnOde 
Common CalhO!Ie 
Common Anode 
Common C�lhode 
Comrnon Calhode 
Comrnon Calhode 
Cornnron Ca!lrode 
Common Anode 

1-24 
S 1 7 

20 
" 

.29 
37 

S 27. 
30 
35 
,, 

S JO 
35 
38 
52 

S •5 
39 " " 

25 
27 
32 
•5 

27 
32 
35 " 
" 
38 
" 
.66 

2� om 
28prn 
36om 

27 40 ()11\ 
35 SOLOERTAIL STANDARD (TIN) 

2
2

•
5

- � 28 prn """""" 36 prn 
30 JO prn " 
SOLOERTAIL STANDARD (GQLO) '' - - 24 plfl 

29 . 28pm 
32 36 1)111 43 40 pm 

WIRE WRAP SOCKETS (GOLD) LEVEL # 3 
37 
37 " 
62 .. -

1 -24 
S JB 

4S 
60 
63 

s 99 
1 39 
1 59 

s 70 
1 10 
175 
175 

$1 05 140 
1 59 
1 75 

lll33B 

HT 
300 1 75 
300 1 75 
�00 1 95 
300 99 .300 99 
300 99 
501) 1 9J 
600 2 25 
600 2.49 
1 1 0  50 
250 75 
500 1 .00 

.500 1.00 

25-J9 
37 

50-100 
36 

" 
59 
62 

90 
1.26 
1 45 

6J 
1 00 
1 ·10 
1 59 

95 
1 25 
1 4$ 
1 55 

" 
56 
6\ 

81 l iS 
1 .30 

57 
90 

126 
1 45 

" 
1 10 
130 "' 

astic Push Button Switch !NATURE TOGGLE SWITCH 
" 18 AWG Solid Wire - 5" long 
• .50 (wldel X .60 (high) l'o-27 Thread 
• 8 AMP @ 14 Vol! · 1 AMP @ 110 Vol! 

1·9 10-Up 
J-188·1 Push On-Push 011 .59 .49 
J-188-2 Normally Open .59 .49 
J-188-3 tlormally Closea .59 .49 

JMT·221 DPDT on/oH/on 
JMT ·223 OPOT on/none/on 
JMT·121 SPOT on/oH/on 
JMT·123 SPOT on/none/on 

CLIP LITE N!�h l:g5�6o�EN6�N� ������ co�o�� u�d 8/$1 .49 
*SPECIAL* RED - GREE

N
- AMBER - YELLOW 

.75 PER ASST. 
10 OHM T2 OHM 15 OHM 18 OHM 22 OHM 

5 a  27 - D - 39 - 0 - � -
68 OHM 82 OHM 100 OHM 120 OHM ISO OHM . 5 ea. 180 OHM 220 mlM 270 OHM 330 OHM 390 OHM 

470 OHM 560 OHM 680 OHM 820 OHM I I(  
S ea. 1 2K 1 .51( 1 8K 2 2K 2 7K 

J.JK 3 9K 4 7K 5 6K 6 8K 
S ea. 8 2K 

22K 
S ea .  56K 

ISOK 
5 ea.  390K 

I M  
s u. 2.7M 

\OK 

27K 
68K 

180K 
470K 

1 2M 
3 3M 

12K 

' " 
82K 

220K 
560K 

1 5M 
3.9M 

15K 

39K 
lOOK 

2701< 
680K 

1 8 M  
-1 7M 

Includes Resistor Assortments 1 -7 

IBK "' 
120K 

3301< 
820K 

22M 
56M 

114 WAn 5�· SOPCS. 

114 WAn 5�· 50 PCS. 

1/4 WATT S"A. SO PCS. 

114 WAn 5°A. SO PCS. 

114 WATT 5"A. "' 50 PCS. 

1/4 WAn S% SD PCS. 

114 WATT s�· SOPCS. 

WIRE WRAP CENTER 
HOBBY-WRAP TOOL-BW-630 

• Banery Operaled (Size C) 
• Weighs ONLY 11 Ounces 
• Wraps 30 AWG Wire onto 

Standard DIP Sockets (0.25 inch) 
Complete with built-in bit and sleeve 

tffflil $(RIUSRRurM .. or A.....,M, 

Permacel Electrical Tape 
• � ... (wide) X 66 11 (10�) • AU wealher • Not lmPOfl 

$1.49 per roll - $12.50 per 10 roll package 

ZENERS - DIODES - RECTIFIERS 
T'fPE VOLTS W 
I N7J6 3 3  400mm 
1N751A 5 1  JOOm 
TN752 5 6  JOOm 
1N753 6.2 400m 
1N754 6.8 400m 
1N959 8 2 -lOOm 
1N965B 15 -lOOm 
1N5232 5 6  SOOm 
1115234 6 2  500m 
1115235 6 8  500rn 
1N5236 7 5 500m 
1N456 25 40m 
IN458 150 7m 
1N485A 180 10m 
1N4001 50 PIV 1 AMP 
1N4002 100 P\V 1 AMP 
1NJ003 200 PIV 1 AMP 
ltl·\004 400 PIV 1 At.IP 

PRICE TYPE VOLTS W 
4/l 00 lll4005 600 PIV 1 AMP 
m .OO 1tl�006 800 PIV 1 AMP 
411 00 1N4007 lOOO PIV T AMP 
411 .00 1N3600 50 200m 
4t1 00 TN41J8 75 10m 
811 00 TN·115J 35 10m 
411 00 1N4305 75 25m 

28 1N4734 5.6 1 w 
28 HW35 6.2 
28 lt/4736 6 8  
28 1tl4738 8,2 

611 00 H /.1iJ2 12 lw 
611 00 lNJi.:.: ll lw 
6J\ 00 lt/1 183 50 PIV 35AMP 

12i1 00 TN\18.1 100 PIV j5 AMP 
12 1 00 \rl\185 150 PIV 35 AMP 
12/1 00 1111166 200 PIV 35 .U.IP 
121100 IN1 168 .:00 PIV l5 AMP 

PRICE 
1011 00 
\Qr\ 00 
TOI\ 00 

611 00 
15J! .OO 
1 2'1 00 
2011 00 

28 
28 
28 
28 
28 
28 

\60 
l iO 
1 50 
1 80 
3 00 

SCR AND FW BRIDGE RECTIFIERS 
C36D 
C38M 
2N2328 
MOA 980·1 
M0A9tW·3 

"""'" 
MPSA06 
2N2219A 
2112221 
2N2222A 
21-12369 
2N2:169A 
fN2415 
21-12484 
211l9061. 
2N2907A 
2N1925 
2/IJO!U 
'""'' 
'"''"' 
MJ£2955 
2Nl392 
2Nl398 

151\@ 400V 
35A @ 200V 
1 6A@ 200V 
12A@ 50V 
T2A@ 200V 

SCR Sl .95 
SCR 1.95 
SCR 50 
FW BRIDGE REC. 1.95 
FW BRIDGE REC 1 .95 

TRANSISTORS Nl4?�9 4151 00 
PNJ2!>0 4 S 1 00 

I'N 3�7 Jt$1 00  

ND!>68 4/51 00 
Pll3�9 4 ' $ 1 00 

2NJ400 4 $ \ 00 
2NH01 4'51 00 
2N!�02 4f11 00 

511 00 
�lSI 00 
lll 00 
�1$\ 00 
5/Sl !X; 
�:S1 00 � 
IIS100 "" "' 'I •'s: oo 
��� DO 
5151 00 
!1.$1 00 

���;E !i: : � 
2N3707 S $1 00  I ����;! SJ!' : [ i� 

2NHOJ 4 1$r OO 

2114-109 5.51 00 

2N!>086 4·Sr oo 
2N5VS7 4 $ 1 00 
2US008 ¢'$1 00 

2N5089 4'51 00 

11! 00 
s "  
51 00 
SL 2� 

"'' "' 
S•SI OO 

2�13715 51 00 
11l3903 S.S1 00 

2N39().1 4 $ 1 00 

2NJ9M 4'S1 DO 
2113906 J S r OO  
1N.t013 JSt OO 
2tr�OrJ J•5r oo 
2144123 10/SI OO  

2N5129 S<$1 00 
2t-1513B 5'51 00 
2N5139 S SI OO 
2NS209 !1.51 00 
2N5951 �.Sl DO 
C1c.;B1SCR 2. 51 00 
m:.m s2oo 

CAPACITOR SO VOLT CERAMIC 
DISC CAPACITORS 

CORNER 

! O pl 
22ot 
47 pl 

100pl 
220 p1 
470pl 

001ml 
.0022 
.0047mt 
.0\ml 

. I/35V 
. 15135V 
.22/35V 
.33/35V 
.47135V 
.68135V 

1 . 0135V 

1-9 10-49 50-100 1·9 10·49 50·100 
.05 .tl4 .03 .0011-1F .05 04 .035 
.05 04 .03 .00J71-1F .05 .04 .035 
.05 .04 .03 .01j.if .05 .04 .035 
.05 .04 .03 .022!-'F .06 .05 .04 
.05 .04 .03 .0-U"F .06 .05 .04 
.05 .04 .035 .IJ!F .12 .09 .075 

IOD VOLT MYLAR FILM CAPACITORS 
. 12 . 10 .07 .022mf . 1 3 .1 1 
. 12 . 1 0  .07 .O·Uml 21 . 17 
. 12 . 10 .07 .lml 27 .23 
. 12 . 1 0  07 .22m! 33 27 

+20% DIPPED TANTALUMS !SOLID) CAPACITORS 
.28 .23 . 11 1 .5/35V .30 .26 
.28 .23 . 17 2.2125V .31 27 
.28 .23 .1 7 3.3/25V 31 27 
.28 .23 .1 7 4.7/25V .32 .28 
.28 .23 . 17 6.8/25V .36 .31 
.28 .23 . 17 1 0/25V .40 .35 
.28 .23 .1 7  15/25V .63 .50 

MINIATURE AlUMINUM ELECTROLYTIC CAPACJTORS 
Adal lead Radlal lud 

.08 

. 13 
. 17 
.22 

.2\ 

.22 
22 

.23 

.25 .29 
.40 

.47/50V 15 .1 3  . 10 .47/25V . 15 .1 3  . 10 
1.0/SOV .16 . 1 4  .1 1  .47150\/ .16 . 14. .1 1  
3.3/SOV .1 5  . 13 .10 1 .0/16V . 1 5  . 13 .1 0  
4.7/25V . 16 .14 . 12 1 .0/25V 16 .1 4  . 1 1  

10125V .1 5 . 13 . 10 1 .0/50V . 16 .14 .1 1  
10/50V .16 . 14 . 12 4.7!16V .1 5  .13 .10 
22125V .1 7 . 15 .12 4.7/25V .15 .1 3  .1 0  
22/SOV .24 .20 . 18 4.7150V . 16 .1 4  .1 1  
47/25V .1 9 17 . 15 . 10!16V .1 4 . 1 2  .09 
47/50V .25 .21 .19 I0/25V . 15 .13 .1 0  

100/25V .24 .20 .18 1 0/50V .16 .14 . 12 
100/50V .35 .30 .28 47/SOV .24 .21 .19 
220/25V .32 .28 .25 100/16V .19 .1 5  . 14 
220/SOV .45 .41 .38 100125V .24 .20 .1 8  
470125V .33 .29 .27 100/50V .35 .30 .28 

1000!16V .55 .50 .45 220/16V .23 .17 .1 6  
2200/16V . 70 .62 .55 470125V .31 .28 .26 

• 
I

. 



. CRYSTALS 1 �i �--
l FREQUENCIES ONLY ! �__;,.. . -

- � Frequency Case/Style ----prrcf= 
CY1A 
CV2A 
CV3A 
CV7A 
CV12A 
CY14A 
CY19A 
em A 
CV308 

1 .000 MHz HC33/U S5.95 
2.000 MHZ HC33/U $5.95 
4 . 000 MHz HC18/U 54 .95 
5.000 MHz HC18/U 54.95 

10.000 MHz HC18/U 54.95 
14.31818 MHZ HC18U 54 .95 
18.000 MHz HC18/U 54.95 
20.000 MHz HC181U 54.95 
32.000 MHz HC18/U 54.95 

XR-2260KB Ki1 S27.95 XR-2206KA Kit S17.95 
WAVEFORM 

GENERATORS 
XR·205 58.40 
XR-2206CP 4.49 
XR·2207CP 3.85 

STEREO OECODERS 
XR-1310CP SJ.20 
XR·131 0EP 3.20 
XR·lBOOP 3.20 
XR·2567 2.99 

EXAR ' 
MISCELLANEOUS 

XR·221 1CP 55.70 
XR·4135 99 
XA·1�58 3 85 
XR·1 488 5.80 
XA·1 489 4.80 

XR·2208 5.20 

TIMERS 
XR·SSSCP 
XR·320P 
XR·556CP 
XR·2556CP 
XA·22�0CP 3.25 
PHASE LOCI< EO LOOPS 
XR·210 5.20 
XR·21 5 6.60 
XR·567CP 1 .95 
XR·567CT l.iO 

CONNECTORS 

D B 2 5  
D B 2 5  

-

I 

PRINTED CIRCUIT EDGE-CARD 

• ., , � ·:.< · .  

PLUG 
SOCKET 

5 3 . 2 5  
5 4 . 9 5  

3Yz DIGIT DVM 

This 0·2 VDC .05 per cent digi1al voltmeter features th� Mo1orola 3Y2 digit 
DVM chip set. It has a .4" LED display and operates lrom a single +5V 
power supply. The unit is provided complete wi1h an injection molded black 
plas1ic case comple1e wi1h Bezel. An optional power supply is available 
which fits into the same case as the 0·2V DVM allowing 1 1 7  VAG operation 
A .  0-2V DVM with Case $49.95 
B. 5V Power Supply $14.95 

VECTOR WIRING PENCIL 

BOBOA 
B212 
B216 
B224 
B22B 

CPU'S 
8 BI1 CPU 
Super BOOB 
Super 8008 

SR"S 
102� o,·namrc 

Hex 32 81T 
He� JQ BIT 
512 Dynamrc 
102� Dynamrc 
Oual256 BIT 
Duai 512 81T 
Ouao &JBIT 
102� Stalrc 
Frio 
16 x J Reg 

UART"S 
30K Baud 

RUM'S 
Char Gen 

DESIGN MATE 1 

S 1 9 9 J  
2J 95 
19.95 

5 3.95 
7 00 HO 
2.49 
6 00 
3 95 
' 00 
3 95 
7 95 
6 95 
3 95 

55.95 · 

5 9.95 

.• ,.,.,,,.!onnt-:" "I C'"'tt: (t"'l'> 
CIRCUli C!SIG�fR n.nr • I"'UI I�'�tr �111>10'1 lnn<•l 
Vo•l1•r<l iOT •I �!�i IT IS'CSC IDW<: TO! I I•OUI 0-.101 IC\ In 10·! DIP�><;<· <•Cu1Cf'!r; .. r lo�o'''" Cuj�lno '<IT •�n rlrcm !-10 t>nol h� ''"'' 
��· 0:0.C"OO•< <rrt"l Ser-a •II A,\'(; Co.""t>O<I<"'II,I rlo!.O:T� �.to So<IIT! >00 

8.\ otr�<l'\llni� I'>: U\01 "M 0! 
Slf.!tUll[ 0�! 1 10'-' ll»n:oo:Ofl"lu 
�lr<l,:.O•or "'''"I Q'>tl ! t �I'OC u o ro 
li£11)N r9 •1"11 "'" ''"' ' ""'l''�' 
� 101\'(lo' 
'Ot.r"'' '•""mono!O' Int 0o.1 t l ""'' 
_,. �o·rr '"•� •  1;1 ,,.,,.., ••:•·" 

�: ���:.�� ��� ·,'"t'l"t\r<, � 
' ' ' 

RAM'S 
1 \ 0 1  256 � 1 S1�11c 
1 1 0 3  1024 x 1  Dynamrc 
2101 256 � 4 S1a1rc 
2102 102J � 1 Statrc 
2107 J096 ' 1  DynJmrc 
2 1 1 1  256 x -l S1J11C 
i010 102.! � 1 MNOS 
iJ89 16 � J S1a11c 
8101 256 � .l Sl�IIC 
8 1 1 1  256 � 4 51J11C 
8599 lti x J  Slalrc 
91L02 102� l 1 S1a1rc 
7.!200 256 � 1 St,llic 
93421 256 � 1 S1i!IIC • 
MM5262 2K x 1 D�namrc 

PROMS 

Proto Board 6 S15.95 

DIG ITAL ALARM CLOCK $16 .95 
• 24-Hour Alarm 
• ··Doz[· Button 
• 1 00% Solid State 
• Large Red Led Display ( .s· · high) 
• AM!PM Indicator 
• Seconds Display at touch of button 
o SPECIFY BLACK OR IVORY 

$8 .95 
• B Drort DISPia� 

• 5 Functrcnscons!S!S otatltlt\ron. suotrac1 ron. mul· 
trolica!lon OrviS ron . PPrCPnlag� wrlh constant on 
au tunctrons. w1th tull lloal rng o�cmal oornt 

• Pow�r 
.. Sourcp IS I prpcr 9V DC Battrry OO G P. 

1ac� lor AC aoaotrr 

I 

• Brlght 6 0rgrt LEO Otsplay 
e Times t o 5 9 mlnutes 59. 59 seconds 
e Crystai Controlled Time Base 
• Three S\opwa1ches rn One 

Times Single Event - Spht & Taylot 
• Size 4 .5 .

. 
x 2 15  .

. � 90" t·W: ounces) 
. uses 3 Penlr1eCells. 

D IG ITAL QUARTZ CAR CLOCK 
Veclor Wrnng Pencij P1 73 consrsts ol a handheld leamerwetght lun!ler one ounce) Srnrull�ncously drsplays sta!rc ano 

) LOGIC MONITOA 

tool wnrcil rs used 10ljurde and wrap rnsularea wne. leo ol1 a seiT·conlatner:l replaceanle dynamrc logrc Sla les ol Dll ill. Complete ��� 11om mcuntrng orackel ol the 
rnrec1ron mol�ecl cast �cwn to lhe lhree con· 
ouctcll oower cord and all romponenls rn
Cittdlll9 MM531 �  crock chrp Fealures Quartz 
accuracy ol or�o sr� dr!jrl .35" hrgh LED 
l11Spl,;y , and P C  Boards Works on 2n� 1 2  
volt System - mulorcycles boats 
molorltornes aulas. a�d trucks 

bobllrn. on1o componenl leaas or lermmals rnstalled on pre-puncheo P Panem HTL or CMOS DIP ICs 

Vectorbord Connectrons belween lhe wraoP!!d wne and componenl leads oacs or f-"�=�===��:;�-lli:::!-· __:''::.:'"�"�'"�' �::;:;:"�' -::_:"::_:· i 
1ermrnals are ma!le b� solderrnQ Complele wrlll 250 n ot red wrre $9.95 O T  Pro\o SHi ps 

REPLACEMENT WIRE - BOBBINS FOR WIRING PENCIL 

W36-3-A-Pkg 3 250 lt. 36 AWG GREEN 52.40 
W36-3-B·Pkg. 3 250 ft . 36 AWG RED 52.40 
W36-3-C-Pkg 3 250 11. 36 AWG CLEAR S2.40 
W36-3-ll·Pkg. 3 250 It 36 AWG BLUE $2.40 

1 !1 6  VECTOR BOARD 
0.1" Hale Spaclng 

Part No. 
6�P�.! 062XXXP t69P.!.! OnxxP 
6JP4� 062 
S.!P�� 062 
169P�-< 062 
169P6� 062 
t69P.!.! 062C1 

P·Panern Price 
l W 2·Up 

� so s 50 1 n 1 5� 
4 50 1 j QQ 3 69 3 32 � so 6 50 2 07 1 86 
.: so 6 50  2 56 2 31 
.! 50 17 00 5 04 � SJ 
8 50 l i DO 9 23 8 26 
.lSO l i DO 6 80 6 1 2 

HEAT SINKS 

205-CB. Beryllium Copper Heat Sink Willi Bl;tck fiiHSII l o r  TO·S .25 
291 -.36H Alumtnurn Heal Smio. tor 10·?.20 l r�nsrslors !, Regulalors .25 
680·.75A Black AnoOrJed Alumrnum 

HEXADECIMAL ENCODER .1 9-KEY PAD 

63 KEY KEYBOARD 

h � .. . � - • ' • ' 
• .. • � <> T '$" � < 1 4 • 

I • � � o Y � • "' ' I ¥ 

• 1 . 0 
o ABCDEF 
• Return Key 
• Opt1ona1 Key fPenod) 
• - Key 

$10 .95 each 
Tt\rS IW�boar(l lealll!es 63unen· 
coded SPSr keys. unanachell to 
any �rrul ol P C A A very solid 
rnoi1J�d l)lasrrc 13  x ,r base 

su1IS rnosl auuhcatrom; 

""'""' '"' � -�'IP«>'.'; $19 .95 

HD0165 57.95 

JOYSTICK 
These joysticks leature four " 
potentiometers, that vary re
sistance proportional to the 
angleof the stick. Sturdy metal 
construction with plastics 
components only at the mova
ble joint. Perlect for electronic 
games and instrumentation. 
*5K Pots $6.95 

*1 OOK Pots $7.95 

ar r�pr •holes price . Of·12S 

01'·595 590 1 2 5{! 01 ·�9i3 IJUS SIIrf) 2 50  
QT .. \7S .no 
OT .!iU 1Ju5 51rotl 2 25 
OT·JSS 350 8 50 
QT.JSO lws :;trop " "  
0 1  IllS. "' -1 75 

OT·7S 
01 1 2S '" ' "  01·85 BD ' "  

' " '" ' "!!..l!!.!U!Wlll!.l!!!l!.!!" "" • OT ·�76 
•=r!

I
! · Ol ·JSS � 1 ! 1�!· 

•u•••• IIII.L.,.;, ,"" ""' ' 0 1 ·35B 01 75 " " "  

GEMIN I -68 The Un ique Microprocessing System 

ALL BOARDS BUS EXPANDABLE 
Uses standard size 4112 .. wide boards, dual 22 pin edge connector 

Fully buffered and tristatable address and data buses 
STAND ALONE CPU BOARD - Has 3B4 bytes ot RAM on board. serial I/O IRS-232 
and 20 rna current laap. cycle stealing direct memory access (DMA), built in soft· 
waJe - selectable echo-back capability. Part # SA-CPU Board $279.95 

-·-

' � s ' : i ... ' 

• --=�A ...,. . �� •• 
12  01 2� Hour 

1 1 5  VAG 

DIMENSIONS �· � ' ) � � 2 
12 or 2� HOUR MODE 

minutes . . · secoflds)features the 
MM5314 clock chip. I! operates 
horn 1 1 7  VAC. and will operate in 
either a t 2 or 24 hour mode. The 
clock is complete with 'a walnut 
grain case. and has fast set, slow 
set. and hold time set features. 

JE500 KIT - ALL COMPONENTS & CASE $34.95 . . 
WIRED & ASSEMBLED S39.95 

. . . : . " :-- -. . .. :- --. ! . : . . . . : 
DI GITAL CLOCK KIT - J1f2 INCH DIGITS 
4 DIGIT KIT S49.95 4 DIGIT ASSEMBLED SS9.95 
6 DIGIT KIT S69.95 6 DIGIT ASSEMBLED S79.95 

CPU BOARD - Same as above but only has 128 bytes of RAM on board-used with 
8K RAM board listed below Part # Gemini 68 CPU Boarp $259.95 This clock features big 3Yz"' high digitsfor viewing in offires,auditoriums, 
BK RAM BOARD - Uses low power static RAMS. 500ns cycle time, 1 . 5  Arllps Max e1c. Each digit is formed by 31 bright 0.2" LED's. The clock operates from 
, Part # Gemini 68 RAM Boatd $269.95 �:1:.Yx

A
fV2�.

a
:n�

i
���

r 
4
1
�i�i: ;;

4
1 �!: x

o
g��.

ti
�"iv;�����

i
���:��P;:t;:;t� 

8K EPROM BOARD - Uses 5204 EPROMS by AMI or NATIONAL. Shipped with all aU components, case and transformer. 
decode and miscellaneous IC's, except the 5204 EPROMS f-:-:::-:=-=7:::.::.:::..'::2.:':.:' 2:.:4.::H::'"::.'.::W:::h'::'.::::::::::!_ ___ -l 

Part # Gemini 6B EPROM B0�1d $ 89.95 J EBOJ PROBE 
N O T  A KIT - ALL BOARDS A R E  COM PLETELY ASSEMBLED, 

BURNED-IN AND TESTED. COMES WITH COMPLETE DOCUMENTATION. 

Allow approxrnratelylour weeks lor delivery 

Spec Shee1s • 25� - Send 24� S1amp lor 1977 Calalog 
Dealer Discount Available - Request Pricing James 

E L E CTRON ICS 
1021-A HOWARD AVE., SAN CARLOS, CA. 94070 

PHONE ORDERS WELCOME - [415) 592-8097 
All Advertised Prices Thru March 

$9.95 Per Kit 
or CrTCdi! Oamage printed circuit 

PL 5V 1 A Supply 
lhrs r s  a mrrlldld nL power supply usrnQ the well known 
LM309K iegulator :C io provf1lea sohd 1 AMP ot currenr-at S  
valls We lry 1 0  ma�e ,thrngs easy tor you o �  provrd1ng 
everytlling you nce!l rn one packa�e. rn.clulling 1)1ehmlware """'' $9.95 Per Kit 

.. 



SPECTRA F L AT TWIST 

50 c o n d u ctor, 28 gauge, 7 stra n ds/c o n d u ct o r  
m a d e  by S p ectra. T w o  c o n du ctors are pa ired & 
twisted a n d  the flat r ibbon made u p  of 25 pa i rs 
to give tota l of 50 c o n du ctors. May be pee led  
off  i n  pa i rs if  desired.  Made twisted to cut 
d own on "cross ta l k. "  I deal for san dwic h i n g  P C  
boards 'a l l owi ng flex i b i l ity a n d  work i n g  o n  b oth 
si des of the b oards. C ost o rig ina l ly  $ 1 2. 0 0/ft. 

S P-234-A $ 1 . 00 ft 50 c o n d .  1 0  ft/$9. 00 
SP-234-B .90 ft 3 2  cond .  10  ft/$8. 00 

WI R E  WRAP WI R E  

T E F Z E L  b l u e  #30 R eg. pr ice $ 1 3.28/ 1 00 ft. O u r  
pr ice 1 00 ft. $ 2. 00 ;  5 0 0 ft. $7. 50. 

MU L Tl C O L O R E D  SPECTRA WI R E  

F o otage 
8 C o n d. 

1 2  
1 4  
29 

#24 
22 
22 
22 

1 0' 
$2. 50 

3 .00  
3. 50 
7.50 

50'  
9 .00 

1 1 . 0 0  
1 3 . 0 0  
28. 00 

1 00' 
1 5. 00 
1 8. 00 
2 1 . 00 
45.00 

G reat sav ings as th ese are  a b out 1 /4 book p rices. 
All fresh & new. 

V I AT R O N  cassette tape deck as shown $35. 00 

PARITY D ET E CT O R  

Set o f  2 rea d/write, a m p l if iers & servo c o ntrol b oards f o r  d e c k  $40. 0 0  
V I  AT R 0 N f u l l  spare set o f  1 1  micro processo r  b oards, c h e c k e d  o u t  $200.00 
C O M A D A PT E R  kit  R S-232C wi l l  ru n any bau d  rate 1 1 0·1 200 B PS. T T L  l og i c  and  U A R T  
w/diagram, control  panel  f o r  Viatr'o n & cable  $90.00 
C O M  A D A PT E R  as a bove fu l l y  assembled  & tested ,  panel ,  cab les $ 1 50.00 
V I AT R O N  large tape deck,  7 b it  asc i i ,  9 track, 800 BPI w/power s u p p l y  cab les, c o ntrol pane l ,  
tape ,  i nstru ctions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $375. 00 

AM-F M sol i d  state w/power supp ly for 1 1 5  vo lts A C. Has m i k e  i n put, 
stereo ta pe or record p l ayer i n put, bu i l t- i n l o op stic k. Ready to use, just 
add spea kers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 1 0.00 

C R E D I T  VALl DATE R 
Made for feed ing i nto a com puter term i n a l  to query the credit ba lance of a custo mer 
with push-button entry a n d  audio  resp o nse. Powe r  su p p l y  i n  separate case  attac hed 
to base may be removed to u se for other projects sh o u l d  y o u  wish to scrap .  R egu lar  
1 1 5  vo lt  i n p ut and  output of p l us 5 vo lts and p l u s  & m i n us 12 V b oth DC & 
regulated. The  phone  is touch pad sty le,  automat ic  electric pad .  A l l  s o l d  "as is" 2 PC 
b oards ins ide j a m med with vari ous  parts & I Cs i n c l u d ing m e m o ry .  Uses buffers I Cs to 
accelerate & decelerate call traff ic.  I nq u iry from Val i d ier e merge as sh ort b u rsts of 
B i nary data s igna ls. N orma l ly used over l eased p h o n e  l i nes at 200 ti mes the capac ity 
of messages. A l l  ap pear to be excel l ent & c o m p l ete. A C o m p uter gadgeteers 
S P E CTA C U LA R .  And at a crazy price of o n l y  $ 1 8.00.  2 for $35.00 
S h i p. wgt. 1 0  l b. #SP- 1 53-A L ea $ 1 8. 0 0  

New packaged ,  ma de f o r  R CA ,  detects even or  o d d  
parity , b a u d  rate 1 1 0, 1 50 or 1 34.46. B u i lt- in l ogic 
supply for the I Cs, operates fro m stan dard 1 1 5  Vac. 
Co ntrol panel a l l ows manual o r  automatic reset m o de 
of o perati on.  A l u m i n u m  enc losu re ( not sh own) covers 
the el ectron i cs. TTY co m p at ible. S h i p  wt 1 0  l bs.$ 1 2. 5 0  

Pl ease a d d  sh ipping cost 'on above. 
F R E E CATA LOG SP-9 NOW R EADY 
P.O. Box 62, E .  L y n n ,  Massach usetts 0 1 904 



-----
The prokoboard 
from BIM . . .  

$}4 
2/$25 

- - - - - - - - - - - - - - - - - - - -· 
TOP QUALITY 

HEAVY 
DUTY 
POWER 
TRANSFO R M E R  
FOR 
IMSAI/ALTAIR 

$28 

5VDC 
@ 22A 

# 1 8  VDC 

I I I I I I 40V I 
(Prom programming) I 

INCLUDE APPROX SHIPPING I I 
- - - - - - - - - - � - - - - - - - - - � I 

�����-sc. ______ .. ________ _ - --

1 

Check or money order 
only. Calif. residents 6% 
tax. All orders postpaid 
in the U.S. $10 Min. 

the proko electronics shoppe 
439marsh st. 

san luis obispo, ca. 93401 
805/544-5441 

I I I The Proko Paper Tape Reader: A manually operated reader, reads 9-level paper tape into 
any parallel input port. Just supply a light source, grab the tape and p u l l !  

K I T  $42 Assemb. $55 

EDGE CONNECTORS 
l-----�����!��RE2���l����Q��o�p-���-����----
l I 

80 Pin WW . 1 25" used $1.50 ea. 10/12.50 
86 Pin Soldertail . 1 56" $3.75 ea. 1 0/$32 

14Kx8 Static Memories I · 

. MB-1 MK-8 board, 1 usec 2 1 02 o r eq. PC Board . . . . .  $22 1 64 x 16 VIDEO BOARD Altair plug compatible 

1 00 Pin spec WW or Soldertail both fit IMSAI or SSM 
Mother Bd $5.00 ea 1 0/$44 

! Kit... . . . . . . . . .  $83 1 32 x 16 or 64 x 16 switch selectable. 
I parallel VIdeo ports, upper and lower case with so11Iw.are.n11 

,
MB-2 Altair 8800 or IMSAI compatible Switched address I Kit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 

li and wa1t cycles. PC Board ...... $25 '- - - - - - - -- -.- - - --- - - -- - - - - - - - - - - - - - - - - - - - - -f K1t (91 L02A .5  usee) .. . . $1 29.95 1 
· 

82S06 2.00 82S126. 3.50 74C200 5.50 I MB-4 Improved MB-2 designed for 8K "piggy-back" I Mise 
82S07 2.00 82St29 3.50 8573 4.50 I without cutting traces. PC Board . . . . . . . . . . . . . . . . . . $30 1 Altair compatable mother board. Room for 1 5  colnne1c-lll 
82S1 1 2.00 82S130 3.95 8574 5.50 1 1 tors 1 1 "  x 1 1 'h" (w/o connectors) , $45 
82S 1 2  2 00 82S131 3 95 8575 4 50 I 

K it 4K .5 usec . . . . .  $1 29.95 Kit  8K .5 usec . . . . .  $ 1 99 . $ 
.... · 

· · . J With 15 connectors . . . . . .  1 1 1 .00 
82S17 2.00 74S206 2. 1 0  8576 4.50 1 MB-3 t 702A's Eroms, Altair 8800 & lmsai 8080 compat- 1 . 82S23 2.50 74S412 4.00 8577 3.50 

I ible Switched address & wait cycles. 2K may be ex- Altair extender board (w/o connectors) . . .... $9 
82S123 3.00 74S301 3.50 8578 4.00 1. d d t 4K K· .t 1 p $65 2K Kit $145 1 W1th w/w connector .. ..... $1 3.50 

- - - - - - - - - - - - - - - - - - - - - - pan e o . 1 ess roms..... ..... 

1 7400 1 6  7473 35 74164 1 1 0 4K Kit.. . . . .  $225 - - - - - - - - - - - - - - - - - - - -. . . II MODEMS $85.00 7401 . 1 6  7474 .35 74165 1 . 1 0  MB-6A•8Kx8 Sw itched address and wait assignments] t 702A' EROM $ 1 0 00 7402 .21 7475 .50 741 66 1 .25 I . . . h bl f 6 2 1 K K l  
. 

7403 _ 1 6  7476 _30 741 70 2_ 1 0  IMemory pr:_
otectiOn iS SWitc a e or 25 , 51 , K, 2 , 4 t 702A' 2 usec B.OO 

1404 . 1 8  7480 .50 74! 73 1_50 I and 8K. 91 L02A .5 usee rams, Altair 8800 & IMSAI I 'programming send hex list 5.00 
7405 .24 7483 .70 741 74 1 .95 II compatible. With battery power option I AY5-1 0 1 3 UART $6.95 
7406 .20 7485 .90 74175 .95 I Kit.. . . . . .  $250 Assembled & tested . . . . . .  $290 I 2513 prime spec. upper or 
7407 .29 7486 .40 741 76 .90 II!o Boards I lowercase 1 1 .00 
7408 .25 7489 2.00 74177 .90 1Ji'o-2 I/O for 8800 2 ports committed pads for 3 more I 8080A prime CPU 25.00 
7409 .25 7490 .45 741 79 . 90 • ' ' ' I 821 2 prime latch buffer 4.00 
741 0  . 1 8  7491 .75 74180 .95 1other pads for EROMS UART. etc 1 8224 primeclockgen 5.00 
741 1  .30 7492 .50 74181 2.50 IK it.. . . . . . . . . . .  $47.50 PC Board only . . . . .. . .. $25 I 8228prime sys controller 8.90 
i:�� :i6 i:�� :�� i:��� � :�; r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
7416 .35 7495 .75 74185 2.20 M M 1 402A 1.90 2501B $1.25 1 1 01 1 .25 74LSOO .40 74LOO .25 74L78 .90 
7417 .35 7496 .90 74190 1 . 1 5  M M 1 404A 1 .90 2503V 2.00 1 1 03 1.25 74LS01 .50 74L01 .25 74L85 1.40 
7420 .20 74100 1.00 74191 1 .25 MM5006A 1.50 2504V 2.00 2 1 01 4.50 74LS02 .40 74L02 .25 74L86 .75 
7423 .37 74107 .40 74192 .90 MM5013 2.50 2505K 2.00 21 02-1 1 .65 74LS03 .40 74L03 .25 74L89 3.50 
7425 .30 74109 .90 74193 .90 MM5015A 1 .50 2507V 1 . 25 21 1 1- 1  4.50 74LS04 .45 74L04 .30 74L90 1.50 
7426 .30 74121 .40 741 94 1 .25 MM5016 1 .50 2509A 2.00 21 1 2  4.50 74LS05 .45 74L05 .40 74L91 1.50 
7427 .35 74122 .50 74195 .75 MM5017 1 90 2510A 2 00 2602 1 60 74LS1 0  .40 74L06 .30 74L93 1. 70 7430 .25 74123 .70 74196 1 . 25 . . . 
7432 .30 74125 .60 74197 .90 MM5025 2.50 251 1A 2.80 4002-1 7.50 74LS 1 1  .50 I 74L08 .40 74L95 1 .70 
7437 .27 74126 _60 74198 1_75 MM5026 2.50 2517V 1.25 4002-2 7.50 74LS1 2  .55 74L09 .40 74L98 2.80 
7438 .27 74132 1.00 74199 1 . 75 MM5027 2.80 2518B 1.50 MM5260 1 . 00 74LS20 .40 74L 1 0  .30 74L 1 23 1.50 
7440 . 1 5  74141 1 . 1 5  74200 4.95 MM5053 1.50 2519B 2.80 MM5261 1 . 00 74LS22 .45 74L20 .35 74L1 54 2.00 
7441 .85 74145 1 . 1 5  74251 1.75 MM5054 1 . 90 2521V 1.50 MM5262 1 . 00 74LS27 .45 74L26 .40 74L164 2.50 
7442 .60 74147 2.35 74284 4.95 MM5055 1.90 2522V 2.00 7489 2.00 74LS30 .40 74L30 .40 74L 1 65 2.50 
7443 .75 74148 2.00 74285 4.95 MM5056 2.80 2525V 2.80 74200 4.95· 74LS42 1 .50 - 74L32 .45 74L 1 92 1.25 
7444 .75 74150 1.00 74365 .90 MM5057 2.80 2527V 2.80 74S89 3.50 74LS55 .40 74L42 1.50 74L 1 93 1 .20 
7445 .75 74151 .80 74367 .75 MM5058 3.50 2528V 2.80 74C89 3.50 74LS73. .65 74L51 .35 MC4044 2.25 
7446 .80 74153 .90 74368 .90 MM5314 4.00 2529V 2.80 74L89 3.50 74LS74 .65 74L54 .45 N8264 3.50 7447 -70 741 54 1 .00 MH0025 2. 50 MM5316 4.50 2532B 2.80 8223 2.50 74LS76 .65 74L55 .35 N8263 3.50 7448 . 80 74155 1 .00 MH0026 2.95 5 
7450 .25 74156 1 .00 95H90 9_95 MM5320 5.95 2533V 2.80 F4702 1 7. 00 74LS151  1 .55 74L71 .30 N8826 2. 0 
7451 .25 74157 t .O( 2 1 02_1 1 _65 MM5554 1.90 91 L02APC 2.55 (baud rate gen) 74LS174 2.20 74L73 .55 DM8131 2.50 
7453 .25 74160 1 . 2c 32 50_00 MM5555 2.50 32 each 2.40 2.4576 MHZ 74LS175 1.95 74L74 .55 8T37 2.50 
7454 .20 -74 1 61 1 .00 64 96.00 MM5556 2.50 64 each 2. 25 Crystal 8.95 74LS192 2.85 74L75 1 . 20 8T10 2.00 
7460 .20 74162 1 .50 1488 1 .50 1 - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -
7 470 .45 7 4 1 63 1 .00 1489 1 .50 I For large orders please send money order or cash-
7472 .40 1 iers check to avoid delays in waiting for checks to 

- - - - - - - - - - - - - - - - - - - - - -· 
90 Day Guarantee on SSM Products. Kits MB-2, MB-3 
(2K OR 4K), MB-4, MB-6, tQ-2 video board and mother 
board with connectors may be combined for a discount of 
10% in quantities of t O  or more. This supercedes the flier 

1 3  Sept. 1 976. 

I I I I I 

M I KOS clear. 

Check or money order only. Calif. resident 6%tax. 
All orders postpaid in U.S. All devices tested prior to 

sale. Money back 30 day guarantee. Sorry we can 
not accept returned IC's that have been soldered to. 
$1 0  min. order. Prices subject to change without 

41 9 Portofino Dr. 
San Carlos, Ca. 94070 

Please send for xistor, IC ·& kit l i�t notice. 

T h i n ly disg u i sed affi l iates of KO Electronics and Surplus, S.L.O.,  CA 



S . D. SALES CO.  P.O. BOX 288 1 0 - B 
DAL LAS, TEXAS 75228 

Z-80 CPU CARD K I T  
F O R  I MSAI /A L  TA I R  

From the same people who b rought you t h e  $ 8 9.95 4K R A M  k i t .  We were not the f irst to 
I ntroduce a n  I MS A I /A LTA I R  compatible Z-80 ca rd, but w e  d o  feel that ours has the best 
des ign and q u a l i t y  at the lowest pr ice. 

The adva nced featu res of the Z-80 such as a n  expanded set of 158 I n structions,  8 0 8 0A 
software compat i b i l i ty ,  and operation from a s ing le  5 V DC s u p p ly, are a l l  wel l  k n ow n .  W hat 
m a kes our card d i ffere n t  I s  the extra care w e  took I n  t h e  hardware design.  T h e  C P U  card w i l l  
a lways stop o n  a n  M 1  state. W e  a l so generate T R U E  SYNC o n  card, to I n s u re t h a t  the rest o f  
y o u r  system functions properly. D y n a m i c  memory refresh and N M I  a r e  brought out fo r your 
use. Bel ieve I t  or not, not a l l  of our competi tors have gone to t h e  extra trouble of doing t h is.  

As a lways, this  k i t  I n cl udes a l l  parts,  a l l  sockets, a n d  c o m p l ete I nstruct i o n s  for ease of assem
bly. Because of our past experience with  our 4K kit we suggest that you order early.  A l l  orders 
w i l l  be sh i pped on a strict f.lrst come basis. Dealers I n q u ir i es welcome o n  t h i s  Item . 

Kit shipped with 2 M H Z  crystals for existing 500NS memory. Easi ly modified for faster RAM chips when the prices 
come down. Z -80 Manual - $7.50 Separately. 

K it includes Zi log Manual and all parts. 

JUMBO 
L E D  
CAR 

CLOCK 

$16. 9 5  
K I T  

You requested i t !  Our fi rst D C  operated clock kit. 
Professional ly  · engineered from scratch to be a DC 
operated c lock.  Not a makesh ift kluge as sold by others. 
Features : Bowmar 4 digit .5 i nch LED a rray , Mostek 50252 super c lock ch ip, on board precision time base, 
1 2  or 24 hour real time format, perfect for cars, boats, 
vans, etc. K it conta ins PC Board and al l other parts 
needed (except case ) .  50,000 satisfied c lock k it  cus
tomers cannot be wrong!  

FOR ALARM OPT ION ADD $1 .50 
FOR X F M R  FOR AC OPERAT I O N  ADD $1 .50 

60 HZ CRYSTA L T I M E  BASE FOR D I G ITAL C LOCKS 
S.D.  SALES EXCLUS I V E !  

K I T  F EATU R ES :  
A.  60HZ output with accuracy comparable to  a d igital watch . 
B. D irectly interfaces with a l l  MOS C lock Ch ips .  

$ 95 C. Super low power consumption . ( 1 .5 ma typ. )  5. or 
D.  Uses latest MOS 1 7  stage d ivider I C .  2/$ 1 0. 
E. E l iminates forever t h e  problem of AC l i ne gl itches. 
F .  Perfect for cars, boats, campers, or even for portable clocks 

at ham field days. 
G. Sma l l  S ize, can be used in  existing enclosures. 
KIT I N C LUDES CRYSTAL, DIVI D E R  I C, PC BOARD 

PLUS A L L  OTH E R  N ECESSA RY PARTS & SPECS 

50HZ CRYSTA L T I M E  BASE K I T - $6.95 
All the features of our 60HZ kit but has 50HZ output. For use 
with clock chips like the 50252 that require 50HZ to give 24 
hour time format. 

THIS MONTH'S SPECIA LS! 
300.00 KHZ C R YSTA L - $1 .50 

8080A - CPU C H I P  by AMD - $1 9.95 
82S1 29 - 256 x 4 PROM - $2.50 

N.S. 8865 OCTAL DAR L I N GTON D R I V E RS 
3 for $1 .00 

Z-80 - CPU by Zl  LOG - $69.95 
MM5204 :.__ 4K E P ROM - $7.95 

Prices in effect this mon th ONL Y! 
4K LOW POWE R  RAM BOA R D  K I T  

T H E  W H O L E  WO R KS - $89.95 
l msai and Alta ir  8080 plug in compatib le.  Uses low power 
static 21 L02-1 500ns. RAM's ,  which are i ncluded . Fu l ly  buffer
ed, drastica l ly  reduced power consumption,  on board regulated, 
all sockets and parts inc luded . Premium qua l i ty plated thru 
PC Board. 

740D--19c 741 1-29c 745 1-19c 7490-6 5 c  7 4 1 53-7 5 c  
7 4LS O D--49c 7 4 1 3-50c 7453-19c 74LS9 D--9 5 c  7 4 1 54-1 .00 

STI C K  IT!  
in  your clock 

in your DVM ,  etc. ! 

$ 3. 9 5  
4 JUMBO .50" 
D I G ITS ON 
ONE STI C K !  
(with colons and 

Huge Special Purchase 
Not Factory Seconds 

As sold by others ! 

AM/PM Indicator) B U Y  3 for $1 0. 
BOWMAR 4 D I G I T  L E D  R EADOUT A R RAY 

The Bowmar Opto-Stick. The best readout bargai n  we have ever 
offered . Has four common cathode j umbo d i gits with a l l  seg
ments and cathodes brought out. I ncreased versat i l ity s i nce any 
of the digits may be used independently to fit your applications. 
Perfect for any clock chip,  especia l ly d i rect drive un its l i ke 
50380 or 701 0. A lso use i n  freq . counters, DVM's,  etc. For 1 2  
o r  24 hour format. 

UP YOU R COMPUT E R ! 
21 L02-1 1 K  LOW POW E R  500 NS STAT IC RAM 

T I M E  IS  OF THE ESS E N C E !  
A n d  s o  is power. Not o n l y  a r e  o u r  RAM'S faster than a speeding 
bu l let but they are now very low power. We a re pleased to offer 
prime new 21 L02-1 low power and super fast RAM's .  A l lows 
you to STR ETCH your power supply tarther and at the same 
time keep the wait l i ght off. 8 for $1 2 .95 

$1 2.95 S . D. SALES E X C L US I V E !  $ 1 2.95 M OS 6 D I G I T U P-DOWN C O U N T E R  
4 0  P I N  D I P. Every t h i n g  y o u  ever w a nted i n  a coun ter c h i p .  
Features: Direct LED segment d rive, s i n g l e  power s u p p l y  ( 1 2  
V DC TYP. ) ,  six decades u pfdow n ,  p re-loadable counter, sep
arate p re-loada b l e  compare register w i t h  compare output,  
B C D  AND seven segment outputs,  i n ternal  scan osci l lator,  
C M OS compatible,  lead i n g  zero b l a n k i n g .  1 M H Z .  count i n p ut 
frequency. Very l i m i ted qty. W I T H  DATA S H EET 

WEST E R N  D I G ITAL UART 
N o .  T R 1 602B. 40 pin D I P  

This i s  a very powerful and 
popu l a r  part. 

N EW-$6.95 with data 
L I M I T E D  QUANTITY 

RESISTOR 
ASSORTMENT 

% W 5 %  a n d  1 0% 
PC leads. A good m i x  

o f  va l u es. 200/$2 . 

1 702A 2K E RASEA B L E  
PROM'S - $6.95 

We tell It like I t  is. W e  could 
have sai d  these were factory 
new, but here i s  the straight 
scoop. We bought a load of 
new compute r  gear that  con
ta i ned a q ua ntity of 1 7 02 A's 
In sockets. We caref u l ly re
moved the parts, verif ied t h e i r  
q u a l ity,  and a re offer i n g  t hem 
on one heck of a dea l .  F i rst 
come, f i rst served. Sat isfact i o n  
�uara nteed! U . V .  Eraseable.  
$6.95 each 4 for $25 

S L I D E  SWITCH 
ASSORTMENT 

Our best seller. I nc lu des 
m i n iature and standard 
sizes,  single a n d  m u lti
position u n its. All new, 
first qua lity,  name 
bra nd. Try o n e  package 
a n d  you' l l  reorder 
more. SPECIAL 1 2/$1 . 

MOTO R O LA POW E R  
DA R L I NGTON 
Back in Stock! 

L i k e  MJ300 1 . N P N  8 0 V . 1 0A . 
H F E  6000 TYP.  T0-3 c�se. 
We i n c l ude a free 7 2 3 C  volt 
reg. w i th schem atic for power 
s u p p l y .  S P E C I A L - $ 1 . 9 9  

C A L L  Y O U R  BAN K 
AMER ICARD OR MASTER 
CHAR G E  O R D E R  IN ON 
O U R  CONT IN ENTAL 
UNITED STATES TO LL 
FREE WATTS: 

1 -800-527-3460 

�1E�o���9c �1�g=n� �1jJ=�§� j1��=��� j1i�i=��� TERMS :  
7404-1 9c 7430-19c 74LS 7 4-59c 7495-75c 741 64-1 . 1 0  Money Back Guarantee. N o  

Texas Residents Call Collect 

21 4/271 -0022 
74L04-29c 7432-34c 747 5-69c 7496-89c 7 4 1 6 5 - 1 . 1 0  COD. Texas Residents add 5% 
745 04-44c 7437-39c 7476-3Sc 7

7
4

4
1

1
2

2 3
1 -

_6
38

5
c

c 
7

7
4

4 1
1 7

8
4
1

-
_2

9
_ 5

5
0
c tax. Add 5% of order for S.D. SA L ES CO. 74LS04-49c 7438-39c 7480-49c 

7406-29c 744 D-- 19c 7483-9 5 c  7 4 1 3 2 - 1 . 7 0  7 4 1 9 1- 1 .25 postage and handling. Orders P.O. BOX 288 1 0  B 7408- 1 9 c  7447-8 5 c  ' 7485-95c 74S 1 3 8 - 1 . 9 5  7 4 1 9 2 - 1 . 2 5  under $1 0. add 75c. Foreign 
7 4 1 0-19c 7448-8 5 c  74B6-45c 7 4 1 4 1 -7 5 c  7 4 1 9 3 - l . O O  orders: us Funds ONLY!  Dallas, Texas 75228 TT L  I N T E G R AT E D  C I RC U I TS 7 4 1 95-69c 

F o r  orde r s, ove r $ 1 5 . 0 0  C hoo s e  $ 1 . 0 0  FR EE m d s e . 
-. 



FB EVALUATION BOARD KIT WITH EXPANSION CAPABILITIES 

A fantast i c  barga i n for o n l y  
• 

• 

• 

• 

20 rna of RS 232 i n terface 
64K add res s i n g  range 

Prog ram contro l  t i mers 
1 K off  on  board stat i c  memory 

w i t h  t h e  fo l l ow i ng feat u res:  
• 

• 

• 

• 

B u i l t i n  c l ock  generator  
64  Byte reg i ster  

B u i l t - i n pr i ori ty i n terrupts 

Docu mentat i o n  

GENERAL PURPOSE COMPUTER POWER SUPPLY KIT 
Th i s  power s u p py k i t  featu res a h i g h  f req uen cy torro i d  t ransformer 

with switc h i n g  trans i stors in order  to save space and we ight .  

1 1 5V 60 cyc l e  pr i mary. The outputs with  l ocal reg u l ators are + 5V 
at 1 0A, - 5V at 1 A, ± 1 2V at 1 A  . 

. UNIVERSAL 4K X 8 MEMORY BOARD KIT 
Th is  memoryboard kit can be used with most m icrocomputers. 

Some of the outstand i ng feat u res are: 

2708-PROM 
2 5 2 2  STAT I C  S H I FT R EG. S 1 .95 
2518-HEX 32 B I T  S A  53.50 
2 1 0 2-1 1024 BT RAM $ 1 .80 
5280.o1 K D Y N A M I C  R A M  . .  510.50 
5202A UV PROM $10.50 
MM5203 U V  PROM . $ 1 0.50 
1 702A U V  PROM $ 1 0 . 7 5  
5204-4 K  PROM . . . . . . . . . . . .  $1 8.95 
M I N I A T U R E  MULT I-TURN TRIM POTS 
100, 500. 2K, I OK, 100K. 200K, 1 Meg. 
S. 75 each . . . . . . . . . . . . . . . .  3/52.00 
MULT I-TUR N T R I M  POTS Sirn i l<�r to Bourns 
30 1 0  style 3/1 6"x5/8"x1 - 1 /4 ' ' ; 50, 100, 
1 K. I O K ,  50K ohms 
51 .50 ea. . . . . . . . . . . . . . . .  3/54 .00 
L I G H T  ACTIVATED SCR'!!i 
T0- 1 8. 200V l A .  S 1 . 75 

TRANSISTOR SPECIALS 
2N3585 NPN Si T0-66 . . . . .  S .95 
2N3772 NPN Si T0-3 S 1 .60 
2N4908 PNP Si T0- 3 . . . . . . . S 1 .00 
2N6056 NPN Si T0·3 D;rrlin(J!On S 1 .7 0  
2N5086 PNP Si T0-92 . 4/S 1 .00 
2N4898 PNP T0-66 . . . S .GO 
2N404 PNP GE T0-5 5/S 1 .00 
2N3919 NPN Si T0-3 R F  . S 1 .50 
MPSA 1 3  NPN Si T0·92 . 3/S 1 .00 
2N3767 NPN Si T0-66 . S .70 
2N2222 NPN Si T0-18 . . . . . . 5/S 1 .00 
2N3055 NPN Si T0·3 . S .80 
2N3904 NPN Si T0.92 . 5/S 1 .00 
2N3906 P N P  Si T0·92 . 5/S 1 .00 
2f'J5296 NPN Si T0·220 . . . S .50 
2f'J6109 PNP Si T0·220. . . . .  S .55 
2!'J3638 PNp Si T0· 5 . . . . .  5/S 1 .00 
2{\1651 7 NPN T0·92 Si . . . . . . . 3/S 1 .00 

· C/MOS (DIODE CLAMPED) 
74C02- .22 4 0 1 5- .95 4035- 1 . 1 0  
74C 1 0- .22 4016- .40 4042- .78 
74C193 1 .50 401 7 - 1 .05 4047 - 2.00 

400 1 - .22 40 1 8- 1.00 4049- .40 
4002- .22 4 0 1 9- .25 4050- .40 
4006- 1 . 20 4022- .95 
4007 - .22 4024- .75 
4009- . 42 4027- .40 
4010 - .42 4028- .88 
401 1 - .22 4029- 1 . 1 0 
401 .22 4030- .22 

NS 33·3 dig. array 
D L  747 

. . .  $1 .25 

. . .  $ 1 .35 
$2.50 

Send 25t for our catalo\) featuring 
Transistors and Rectif iers 

1 45 Hnmpshire St. ,  Cambridue. Mass. 

32-21 02-1 stat ic RAM's,  1 6  address l i nes, 8 data l i nes i n ,  8 data 

l i nes out,  a l l  buffered . On board decod i n g  for any 4 of 64 pages. 

2 N  3820 P F E T  . .  
2N 5457 N F ET 
TIS 43 UJT . . . . .  . 
E R  900 T R I G G E R  D I O D E S  
2N 6 0 2 8  PROG. U J T  . 
8 P I N  DIP SOCKETS 
1 4  PIN D I P  SOCKETS 
l G  PIN DIP SOCKETS 
18 PIN DIP SOCKETS 
24 P I N  D I P  SOCKETS . 
40 P I N  D I P  SOCKETS 

V E R IPAX PC BOARD 
This board is il 1/16''  s inule sided paper epoxy 
bo;1rd, 4%"x6 \l,'' D R I L L E D  and ETCHED 
which wil l  hold up to 21 sinulc 1 4  pin IC's 
or 8, 1 6, or L S I  D I P  IC's w i t h  I.Jusses for 
power supply connecwr. . . .  $4.00 
MV 5691 Y E L LOW.G R E E N  

B I POLAR L E D  . .  . . . .  51 .2 5  
s .50 F P  1 00 PHOTO TRANS . . .  

R E D ,  Y E L LOW, G R E E N  O R  
A M B E R  L A R G E  LED's 

tvi O L E X  PINS 
s .20 

100/ $1 .00 
1 000/ $7.50 

1 0  WATT Z E N E R$ 3.9, 4.7,  5.6, 8.2, 1 2, '15, 
1 8 ,  22, 100, 1 50 or 200V . . . r.;r. S .GO 

1 WATT Z E N E RS 4.7, 5.6. 1 0, 1 2, 1 5, 
18 OR 22V . . . . . C<l. $ .25 

MC68GO M O D E M  C H I P . $1 3.00 

Silicon Power Rectifiers . 

SILICON SOLAR CELLS 
2%." diameter 

1 .4V at 500 rna. . . .  $4.00 ea., 6/$22.50 

REG ULATED MODULAR 
POWER SUPPLIES 

+ - 1 5 V D C AT 100ma 
1 1 5VAC INPUT . . . . . . . .  527.95 

5VOC AT 1 A. 1 1 5VAC INPUT $24.95 
12 VOC AT .S  AMP . . . $24.95 
I N 4 1 48 ( 1 N9 1 4 )  . .  1 5/Sl.OO 

s .50 s .50 
M7001 ALARM CLOCK C H I P. 

NATIONAL MOS DEVICES 
MM 1 402- 1 .75 MM5057- 2.25 
MM1 403 - 1 . 75 MM5058- 2.7 5  
MM1 404- 1 . 7 5 MM5060 - 2. 75 
MM50 1 3 - 2.50 MM5061 - 2. 50 
MM5016- 2.50 MM5555- 4.75 
MM50 1 7- 2. 70 MM5556-" 4.75 
MM5055- 2.25 MM5210- 1 .95 
MM505G- 2.25 MM5260- 1 . 75 

TIL IC SERIES 
7400- . 1 5  7442- .52 74126- .40 
7401 - . 1 5  7445- .70 74 1 5 1 - . 70 
7402 - . 1 5 7446- .70 7 4 1 5 3- .65 
7403- . 1 5  7447- .70 74154 - 1 . 1 0  
7404 - .20 7448- .7 0  7 4 1 5 5- .70 
7405- .20 7450- .20 7 4 1 5 7� .70 
7406- .25 7472- .33 74 1 6 1 - .85 
7407- .25 7473- .35 74164- .95 
7408- .25 7474 - .35 74 1 65- 1 . 0 5  
7409- .2 1  7475- .49 74 1 73- 1 .40 
74 1 0- ' 1 5  7476- .35 74174 - .95 
741 1 - .20 7480- .35 74 1 75- .92 
74 1 2� . 20 7483- .70 74 1 7 7 - . 79 
74 1 3- .45 7485- .88 74180 .70 
74 1 4- .70 7486- .30 74 1 8 1 - 2. 1 0 
74 1 6- .25 7489- 1.85 74190- 1 . 20 
74 1 7- . 25 7490- .45 74 1 9 1 - 1 .20 
7420- .20 7491 - .7 0  7 4 1 9 2- .85 
7425- . 28 7492- .50 74 1 93- . 85 
7426- .25 7493- .45 74194- .85 
7427- .30 7494- .70 74195- . 7 5  
7430- . 20 7495- .70 7 4 1 9 G- .88 
7432- . 25 7496- . 7 0  74257- 1 .25 
7437 - . 25 74 1 07- .32 74279- .90 
7438- .25 74 1 21 - .38 75324- 1 . 7 5  
7440- . 1 6  7 4 1 2 3- . 65 75491 - .65 
_7441 - .85 74125- .40 75492- .65 

M I NIATURE DIP SWITCHES 
CTS-206·4 Four SPST switches 

in one minidip package $ 1 . 75 
CTS-206-8 Eight SPST switches in a 1 G  

p i n  D I P  package. $1 .9 5  

AY ·5· 1 0 1 3-A30K ser./par., par ./ser .. u n r· 
versa! UAAT. . 56.95 

A.LCU M I N I A T U R E  TOG G L E  SWITCHES 
MTA 106 SPOT . 

. 
. .  $1 .20 

MTA 206 DPDT 51 70 

Si 1 01 0  10 WATTS . 
Si 1020 G 20 WATTS . 
Si 1050 G 50 WATTS . 
CCO 1 If) L I N E A R  256 XI B I T S E L F  
S C A N N I � G  CHA R G E D  C O U P L E D  
D E V I C E . . . . . . . . . . . . . . . . $99 .00 
ceo 201 - 100 x t oo CHARGE 
C O U P L E D  D E V I CE S \ 35.00 

LINEAR CIRCUITS 
LM307 -Oo. Amp . . . . . . . . . . . . 
LM 309K 5 V  l A  A r�GULATOR 
723 - 40 + 40VV R E: G U LATOR . 
301 /748-Hi Per. Op. Amp . .  
320T 5. 1 2. 1 5, o l 24V N E G R EG . 

s .30 
s .95 
s .50 
s .3 1 
s 1 .25 

709C Op. An11l. .5 .31 
741 A or 74 1 C OP AMP. S .3 1 
7 1 0  COMPARATOR S .35 
CA 3047 H i  Pet. Op. Amp. . . . . . . � .95 
340T 5, 6, 8, 1 2. 1 5, 1 8, 24V PO$ 

R EG .  T0-220 . 

1.01 O P E R .  AMP. 1-11 P E R F O R M. 
LM 308 Opcr. Amp., Low Power 
747 - D U A L  741 
556 - DUAL T I M E R  . . . . .  . 
537 - P R E C I S I O N  OP. AMP . .  
LM 3900 - QUAD OP. AI\.IIP 
LM 324 - Q U A D  741 . . . .  
560 - PHASE LOGK LOOP 
561 - PHASE LOCK LOOP 
565 - PHASE LOCK LOOP 
566 FUNCTION GEN . .  
567 - T O N E  D E C O D E R  
LM 1 31 0 N  F M  ST E R EO O EMOD . 
8038 IC VOLTAGE CONT. OSC . 
LM 370 - AGC S Q U E L C H  AMP . 
555 - 2ps - 2 H R .  T I M E R  . 
553 OUAD T I M E R  . 
FCO 8 1 0  DPTO-ISOLATOR 
1 458 DUAL OP A M P  . 
LM 380 - 2W A U D I O  AMP. 
LM 3 7 7 - 2W Stereo Audio Amp. 
LM 381 - STEREO PREAMP. 
LM 382 - D U A L  A U D I O  PREAMP 
LM 311  - H I P E R .  COMPARATOR 
LM 3 1 9 - Dua l  H i  Speed Camp. 
LM - QUAD COMPARATOR 

$ 1 . 1 0  
s 7 5  
s .95 
s .65 
$1 .00 
51 70 
s . 49 
S1 .50 
52.00 
$2.00 . 5 1 .25 
51.65 
5 1 .50 
52. 75 
$3.90 
$ 1 . 1 5  
s .45 
52.50 
s .80 
s .60 
s .95 
$2.50 
$ 1 .50 
$ 1 .50 
s .90 
$ 1 .25 
$1.50 

l A  l OA 2 5 A  1 .5A 6A 35A 
.40 . 70 1 .30 .40 .50 1 .20 
.70 1 .1 0  1 .7 5  .60 .70 1 .60 

Torms: FOB Camb�dgo, Mass. ,�, SOLI D STATE SALES WESHIP OVER 95% i:,".��d�h�orM':1�f�.:•· 
P.O. BOX 748 OF OUR ORDERS THE , 

Onlor$5.00,�'SS20.00 SOMERVILLE, MASS. 02143 TEL. (617) 547·4005 DAY WE RECEIVE tHEM 
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• Accuracy: !.0.05% of Reading .±.1 Count 
• Two Voltage Ranges: 1 .999 V and 199.9 mV 
• Up to 25 Conversioru/s 
• Z{n > lOOO M ohm 
• Auto-Polarity and Auto-Zero 
• Single Positi�e Voltage Reference 
• Standard B·Serles CMOS Outputs-Drives One Low Power 

Schonky Load 
• Uses On-Chip System Clock, or External Clock 
• Low PoWer Consumption: 8.0 mW typical @ .!5.0 V 
• Wide Supply Range: e.g .. ±4.5 V to .±.8.0 V 

MCI 4433 S INGLE CHIP 3> DIGIT A/D 
Single chip combines l inear and CMOS digital to bring you 
the simplest yet DVM approach . Requiring only 4 external 
passive ports, this subsystem gives you: Auto polarity, auto 
zero, single voltage reference, 8 mW operation, overronge, 
underronge signals, 25 conversions per second and , 05% ± 
1 count accuracy ! 1 00 uV resolution. 24 Pin D I P .  
MCI 4433P • • . • • • • • • • •  with specs • . . . • • . • . • • . • . • •  $1 9 .55 

. MCI4412 UNIV ERSAL MODEM C H I P  
MC14412 contains a complete F S K  modulator and de-mod
ulator compatib le  with foreign and USA communications. 
(0-600 BPS) 

. 

FEATU RES, 
. On chip crystal osci l lator 
. Echo suppressor disab l e  tone generator 
. Originate and answer modes 
• Simplex, half-duplex, and full duplex operation 
. On chip sine wave 
• tv\cdem se If test mode 
• Selectable data rates: 0-200 

0-300 
0-600 

. Single supply 
VDD=4.75 to 1 5VDC - FL suffix 
VDD=4.75 Ia 6 VDC - VL suffix 

TYPICAL APPLICATIONS: 
.Stand alone - low speed modems 
.Bui lt  - in low speed modems 
. Remote terminals, accoustic couplers 

MCI4412FL • • • • . • . . • • • . • • • • • • • • • • • • • • • • • • • • •  $28.99 
MCI4412VL • . . . • • . • • • • . • • • • • . . • • • • • • • • • • • • • •  $21 .74 

6 pages of data . ,  • •  , , . , ,  • . • • • • • . • • • . •  , ,  .60 
Crystal for the above, . • .  , , $4 . 95 

MCI 441 1· BIT RATE G EN ERATOR.  
Single chip  for generating selectable frequencies for equip
ment in data communications such as TTY, printers, CRT s 
or microprocessors . Generates 14 different standard bit  
rates which ore multipl ied under external control to I X, 
BX, 16X or 64X initial va l ue .  Operates from single +5 
volt supply. MCI441 1 .  . . . • • • • • • • • • • • . • • • • . • . .  $1 1 .98 

· 4 pages of data .. , . , , . , . , . . . . . . . . . . . . . . . . . . . . . . . .  .40 
Crystal fa; the above. , • • •  , . ,  . • . . • • • • •  , . ,  • • . • . . •  $4-.95 

C... . 

ffi�[? [fillJO\J 
f;ayg 

IF YOUR PROJECT TIME AND MON EY  A RE BE ING 
BLOWN AWAY BY D ELAYS AND H I G H  PRIC ES--
. . . ... MARCH ON DOWN TO TRI-TEK!  ,,,, . ... 

-

OK MACHINE 
AND 

TOOL COni•ORATION 

HOBBY-WRAP TOOL 
HOBBY-WRAP TOOL 
Battery operated with built-in 30 go bit  and sleeve, 
Uses standard C batteries (not included). light weight 
only 11 oz . Wraps standard D l  P sockets , Has bui It  in 
device to prevent overwropping . Pistol grip, positive 
indexing . Quality construction assures exceptional 
performance. BW-630 . •  , • •  , • .  , . . . • . • •  , ,  . •  $34,95 
FREE, a 50' roll of wire wrap wire with each tool ! I !  

HOBBY-WRAP-30 Handy l i tt le tool to strip, 
TL430CLP PROGRAMMABLE ZENER wrap and unwrap 30 gouge wice • . • • • •  $5 . 95 
Brand new device type a l l ows you to make your own z.ener ., ____________________ _ 
by external programming. Turn those cheap fixed voltage 
regulators into rock solid adjustable by adding this l i ttle 
fel ler, 1 resistor and a pot. Use for min/max indi cators, 
settob le crowbar, shunt regulator, clamp. 
Be the first one on your block to use this new and interest 
ing part. 
TL430CLP . • • • . • • • • • • . • . • . • • • • • . . • • • • • • • • • • . • • • . . •  $1 .00 
Specs and applications . . . . . . . . . . . . . . . . . . . . .  , . , , , , .  :30<;: 

93S41 SUPER FAST 4-BIT ALU 
A l l  16 possible logic operations on two variables plus arith
metic. Shottky diodes on input for high speed , Same as 
74S I 8 1 . SNAP CL IPL ITE 

COMBINATION LENS A N O  

MOUNTING DEVICE F O R  

T 1 3/4 L E D  

REQUIRES 
NO TOOLS 

REMOTE CO NT RO L TRANSMITTER. MC 1 4422P is a 22 •• 93
ii

S
ii

4
1
1 •. ···i· •. ···i· ii' ···i· ···i· •. ···i· •. ···i· �- ···i· ···i· �SI···981'1111i4/�S6·. �OO··· channel u l tra-sonic remote control transmitter l , C ,  CMOS 0t �  uses little power and only a few external passive compon

ents. Appli cations include TV receivers, security controls, 
toys, industrial controls and locks. 16 pin D I P  plastic pkg. 
MCI4422P . • . . • . • • . . . .  with specs • • . • . . . . . . . • . . . • .  $1 1 . 1 0  

� 
MC6525 REMOTE CONTROL RECEIVER 
The MC6525 is o 22-chonnel remote control receiver circuit 
designed for us� in television receivers, industrial remote 
controls ,  remote security contrdls, radio receivers, e l ectron
ic games and similar applications, The circuit i s, intended for 
use with the MC1 4422 remote control transmitter. Comes in 
28 pin D I P  plastic package. 
MC6525P • .  , , , , , ,with 6 pages of specs • . • . . • . • . • •  $1 8.38 

3 D ECADE (BCD) cotft\ji"ER C H I P  
MC14553BCP consists ot"'3 negative edge triggered 
synchronous counters, 3 quod latches and se l f  scan 
multiplexed , TTL compotiP l e  outputs. 
MCI4553BCP . . . . . . . • • . . .  : • . . . • • . • • • • • • • • •  $8.72 
Spec sheets . ,  . . . . . . . , . . . . . . . . . . . • . •  , , , . , , . $.60 

, LM1 8B9 TV VIDEO MODULATOR 
The LM1889 i s  designed to i nterface audio, color &fference, 
and l uminance signals to the antenna terminals  of a TV rE!
ceiver. It cOnsists of a sound subcarrier osci l l ator, chrOmo 
subcorrier osci l l ator, quadrature chromo modulators, and' R . F  
osci l lators and modulators for two low-VHF channels.  
The LM1 889 al lows video information from VTR's, games, 
test equipment, or similar sources to be displayed on block 
and white or color TV receivers. 
LMI 889 with 16 pages of data $9.95, data only, $ 1 .00 

DI GITA L .  Covers TTL, DTL; Tri-State, etc . . . . . . .  $3 . 95 
L I N EAR, Covers amplifiers, pre-amps, op-omps • . •  $4.25 
L I N EAR APPLICATIONS VOLUME I .  Do,ens of 
appli cation notes and technical briefs covering the 
use of op-amps, regulators, phase locked loops and 
audio amps • . • • • . . •  , . , . , . , , , , . , , , , . , . , , . , , ,  • . • .  $3.25 
L I N EAR APPLICATIONS VOLUME IL Tokes up where 
Volume I left you--Al l  the lOl�st l i near devices. 
A long with Vol I you have a great �puree of app
l ication data on the most widety Used devices as wel l  
a s  new types just oppeoring , • • •  r. . . . . . .  f . . . . . . . . .  $3.25 
CMOS Gates, Flip Flops, ' re�iste�� , · etc . • • • . • •  , $3 , 00 
VOLTAGE REGULATORS. A nlu!t for anyone making 
a power supp l y .  Complete theRty' ipbl�?ing transform
ers, fi lters, heat sinks, reglilotor� e!E : • • : • · · · · · ·  $3.00 
MEMORY. Info on MOS and 'Bipolar memories, RAMS 
ROMS. PROMS and decoder/encoders, • • •  , , . , , , ,  $3.95 
I N T ERFACE. Covers peripheral drivers, level trans
lators, l ine driver/receivers, memory and clock drivers, 
sense amps, display driver and opto-couplers, • • . •  $3 . 95 
SPECIAL FUNCTIONS DATA BOO K .  Contains de
tailed information for specifying and applying special 
amplifiers, buffers, clock drivers, analog switches and 
D/A-A/0 converter products • • •  , , , , , ,  • •  , • . • • •  , ,  $3.25 
AUDIO HANDBOOK Contains detailed discussions, 
including complete design particulars, covering many 
areas of audio with real world design examples . • .  $3.25 
-------------------SPECIAL---------------------
DATA BOOKSHELF. Buy o i l  ten of the Notional Data 
books at one time and save $5 . 1 0 ! ! ! . . • . • • • • • •  $30.00 
(A l l  books shipped ppd in US onl y .  Foreign orders 
p l ease odd shipping for 1 . 5 lbs per book) 

J INSER T  L ED 
AVAILABLE IN TRANSPARENT RED · GREEN . AMBER . CLEAR & ' YELLOW 

\:LIPLITE 
Combination lens and mounting device for T 1 -3/4 LED. 
The CLIPLITE combines the benefits of the present LED 
display panel  mounting methods and el imi nates their def
iciencies. Requires no special tools and insta l l s  in 6 seconds 
in . 250" hole.  Simple two-step insta l lation. Just snap 
CLIPLITE, insert L ED .  Avai lable in  transparent red, green, 
amber, clear and ye l l ow, Specify colors, any mix. 
5/$1 .00, 1 0/$1 .90, 20/$3 .50, 50/$7 .50, 1 00/$ 1 3 . 50. 

78HI 2 HIGH CURRENT REGULATOR 
Now, a 1 2V, 5A regulator i n  o single T0-3 package ! !  
Internal short circuit l i mit and thermal overload prOtection. 
Some ease of application as the popular 309K 
78HI 2 . • • • • . . • • . • • • • • •  with specs . . • • • • • • • • • • • .  $1 4.25 

SN75450 DUAL PERIP HERAL DRIVER 
Two identical NAND g�tes and two 30V, 300mA unconnec-
ted NPN transistors in  a 14 pin DIP package. Use for 
lamp and LED drivers, cable drivers, relays------etc. 
SN7�450N . • . . . • . . . . . • • . • • . • • . . • . • •  45�, 1 0/$3 .90 

5V, 3Amp 0. E.M. Power Supp l y .  Adjustab le current 
l im i t .  Super good specs . . . . . . . . . . . . . . . . . . . . . . . . .  $29.95 . 

F IXED VOLTA G E  I AMP REGULATORS 
+5V in  T0-3 • . • . . • . . . . • . • • • . • . • . . • • . • • . • . • • • • . • •  98� 
+5V in T0-220 Power Tab . ,  . . . . . . . . . . . . . . . . . , • . •  ,95c;; 
+12V in T0-3 • . • • . • . . . . . . • . . • . • • • • • • • • • • • . • • • • .  $1 . 1 9  
+12V i n  T0-220 Power, Tab • . . • • • • • • • • • • • • • • • • • • .  $1 .09 
+15 i n  T0-3 • . . . . • • . . . • • • • • • • . • . . • • . . • . • . . . . . • •  $1 . 1 9  
+ 1 5V i n  T0-220 Power Tab . . . • • • • . • • . • . • • • . • . • • •  $1 .09 

t R I - t€k ,  I nC. We pay surface shipping on al l  orders over $1 0 US,  $ 1 5  foreign i n  US funds. 
Please add extra for firs� c lass or air moi l .  Excess w i l l  be refunded. Orders 
under $ 1 0, odd $1 handling. Please odd SOc; insurance. Moster charge and 
Bonk America cords welcome, ( $20 minimum). Telephone orders may be placed 
l OAM to 5:30PM daily, tv\on thru Fri . Ca l l  602-931 -4528. Check reader 
service cord or send stamp for our latest flyers pocked with new and surplus 
electronic components. 

6522 m>Rt;h 43RO avenue. 
qlenOal.e. aRizona S53ot 

phone 602 - 931·6949 



* Reader service i nquiries not solicited. 
Correspond directly with company. 

To get further information on the products advertised in BYTE, fi l l  out the reader 
service card with your name and address. Then circle the appropriate n umbers for the 
advertisers you select from this l ist. Add a 9 cent stamp to the card, then drop it in the 
ma i l .  Not only do you gain information, but our advertisers are encouraged to use the 
marketplace provided by BYTE. This hel ps us bring you a bigger BYTE. 
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64 Ol iver Audio Engineering 1 39 
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Polymorphic Systems 25 

2 1 3  Prime R adix 1 27 
24 Processor Technology 5, 6, 7, 8, 9, 63 
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Scientif ic R esearch 65 

27 SO Sales 1 57 
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2 1 2  University o f  Texas 1 43 
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1 54 Worldwide Electronics 9 1  

BOMB's  Best L i ked for  December : 
Cybernetic Crayon, Weather Predicti ng 

Thomas A Dwyer and Leon Sweer of the 
Solowor ks Lab at the Un ivers i ty of Pitts
burgh w i l l  share the $ 1 00 bonus for the 
readers ' most favored arti c le  in  December 
1 976 BYTE, "The Cybernetic Crayon." 
Michael R F i rth takes a $ 50 p rize for "Do 
I t  Yourself Weather Pred ict ions," the run
neru p. December's contest was the l ast of 
the "o l d  fash ioned" BOMBs, with voting  
done by photocopying or tear ing out part of 
the last page . Now you can vote for yout 
favor ite arti c les by usi ng the BOM B card 
i ns ide th is BYTE; just get it i n  before Apri l 
1 0  1 977 ,  the dead l i n e  for March entries.• 
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Key Into Maxi-POwer @ lVficro-Prlce 
Micromind is an incredibly flexible, 

complete and expandable, hardware/ 
software, general purpose computer 
system. You won't outgrow it. 

Hardware includes an 80 key, software
definable keyboard, 1/0 interface board, 
6500A-series microprocessor (powerful 
enough for advanced computing), a high
detail graphics and character display 
processor, power supply, rf modulator, 
and connections for up to 4 tape recorders 

ts TV or monitor. An interconnect bus 

permits 15 additional microprocessors, 
parallel processing and vastly increased 
computing power. 

System software- including ECD's own 
notsoBASIC high level language, on 
advanced error-correcting tape cassettes 
- provides a word processing editor, a 

powerful assembler, a debugger, a file 
system, graphic routines, and peripheral 
handlers. We also include dynamic graphic 
games: Animated Spacewar and Life. 

ECD's standard Micromind �-tM-65 
supplies 8K bytes of memory. Additional 

32K byte expansion boards and a mapping 
option give Micromind expandable access 
to 64 Megabytes. Utilizing software
controlled 1/0 channels, Micromind's 
advanced encoding techniques load data 
from ordinary tape recorders at 3200 
bits per second. 

Micromind comes to you ready-to-use, 
factory assembled and fully tested. Among 
microcomputers, it has the largest memory 
capacity and the fastest storage. You're 
looking at the work of the finest display 
processor on the market. You won't find a 
microcomputer with a more powerful CPU. 

You won't find a computer with a 
more flexible keyboard. You won't 

find anything to 
touch it at 

$987.54. 

So, quit the kluge scene and key into 
Micromind. You'll be a main frame per
former, with all the comforts of home. 
We're not fooling . . .  this � the eat's �-t! 

ECD CORP. 
1 96 Broadway, Cambridge, Mass. 02139 
(617) 661 -4400 ECl> r - - - - - - - - - - - - - - - - - - - - - - - 1 

I Name I I 1 Address __________________________________ ___ 
I I I 
I 

: City/State __________ Zip ____ _ 

I I 
I 

0 Fantastic! Check enclosed:  $987.54. Shipping paid by ECD 1 
0 BankAmericard 0 Master Charge Mass. Resident add 5% Sales Tax 1 

1 # ------------------ Expiration Date ______ __ 
I I I Signature I I

L 0 Send me your brochure. b 
I 

- - - - - - - - - - - � - - - - - - - - - - - J 
Actual unretouched photographs. 



Now you can buy an 
Altairssoob or an Altair 
680b computer right off 
the shelf. Altair plug-in 

boards, peripherals, 
software and manuals 

are also available. 
Check the list below 

for the MITS · 
dealer in your area. 

A LTA I R  C O M P U T E R  C E N T E R  
8 1 0 5  SW N i m b u s  Ave. 
BEAVERTON, OR 9 7 0 0 5  

C O M P U T E R  K ITS I S .  F. area) 
1 044 University Ave. 
B E R K E LEY, CA, 9 4 7 1 0  
(41 5 )-B 4 5 - 5 3 0 0  

T H E  C O M P U T E R  STO R E  
( A rrowhead Computer Co. ) 
8 2 0' Broadway 
SANTA M O N ICA, CA 90401 
1 2 1 3 1- 4 5 1 -07 1 3  

GATEWAY ELECTR O N I CS, I N C .  
O F  COLORADO 
2 B 3 9  W 44th Ave. 
D E N V E R, CO 802 1 1 ·  
( 3 0 3 )-45B�.5444 . 

C O M P&r E R  S H A C K  
3 1 2 0  s A n  Mateo N . E .  
ALBUbU E R O U E, N M  8 71 1 0  
( 5 0 5 J-B B 3 - B 2 B 2 ;  B B 3-B 2 B 3  

ALTA I R  C O M P UT E R  C E N T E R  
4941 East 2 9th St-. 
TUCSON, AZ 8 5 7 1 1  
( 6 0 2  )-74B-7 3 6 3  

A LTA I R  COM PUTER CENTER 
6 1 1  N .  2 7 th St.  Suite 9 
LINCOLN, NB 6 8 5 0 3  
(40 2 )  474-2B.OO 

C O M P U T E R  P R O DUCTS U N L I M I T E D  

� .. �.�L�r��;K;
Y 

AR 7 2 2 0 6  
( 5 01 )-3 7 1 -0449 

A LTA I R  C O M P UT E R  C E N T E R  
1 1 0  T h e  Annex 
5345 East Forty First St. 
TULSA, O K  741 3 5  
( 9 1 8 1:6 6'4-4 5 64 

A LTA I R  C O M P U T E R  C E N T E R  
5 7 5 0  Bfntliff Drive 
H O USTON, TX 7 7 0 3 6  

' ·P 1 3 J- 7 B O - B 9 B 1  

COMPUTE RS-TO-GO 
4 5 0 3  West Broad St. 
R I C H MO N D ,  VA 2 3 2 3 0  
I B04 )- 3 3 5 - 5 7. 7 3  

M I C R OS Y S T E M S  (Washington, D . C . )  - 6605A ·aacklick R d .  
S P R I N G F I ELD, V A  2 2 1 5 0  
( 7 0 3 )-5 6 9-1 1 1 0  

T H E  C O M P U T E R  STORE 
Suite 5 
M u n icipal Parking Building 
C H A R L E STON, W. VA. 2 5 301 
( 3 0 4 ) - 3 4 5 -1 3 6 0  

T H E  C O M P U T E R  R O O M  
3938 B e a u  D ' A u e  Drive 
EAGAN, MN 5 5 1 2 2  
( 6 1 2 )-4 5 2 - 2 5 6 7  

T H E  C O M P U T E R  STOR E  
O F  A N N  A R B O R  
3 1 0  East Washington Street 
A N N  A R BO R ,  Ml 4 8 1 0 4  
( 3 1 3 )- 9 9 5 -7 6 1 6  

T H E  C O M P U T E R  STORE, I N C .  
( H a rtford area) 
6 3 South Main Street 
W I N D S O R  LOCKS, CT 0'6 0 9 6  
( 2 0 3 )- 6 2 7-01 B B  

C H ICAGO C O M P U T E R  S T O R E  
517 TBicott Rd. 
PARK RIDGE, I L  60066 
(31 2 )- B 2 3 - 2 3 B B  

GATEWAY E L E C T R O N ICS, I N C .  
B1 2 3 - 2 5  Page Blvd. 
ST. L O U I S, M O  6 3 1 3 0  
( 3 1 4 )- 4 2 7-61 1 6  

BYTE'TRONICS 
Suite 103 
1 6 00 Hayes St.  
N A S H V I LLE, T N  3 7 20 3  
( 61 5 )- 3 2 9-1 9 7 9  

T H E  C O M P U T E R  STOR E ,  I N C .  
1 20 Cambridge St. 
B U R L I N GTON, MA 0 1 8 0 3  
( 6 1 .7 )- 2 7 2 - B 7 7 0  

A LTA I R  C O M P U T E R  C E N T E R  
2 6 9 Osborne Road 
ALBANY, NY 1 2 211 
(51 B 1-45 9-6140 

T H E  C O M P U T E R  STO R E  
O F  N E W  Y O R K  
5 5  West 3 9 t h  St. 
NEW Y O R K, NY '10018 
( 2 1 2 )- 2 2 1 -1 404 

THE C O M P U T E R  S Y S T E M C E N T E R  
3330 Piedmont Road 
ATLANTA, G A  3 0 3 0 5  
(404)- 2 3 1 -1 6 9 1  

M A R S H  DATA S Y S T E M S  
5 4 0 5  8 Southern Comfort Blvd. 
TA M PA, FL 3 3 61 4  
IB1 3 )- B B 6 - 9 B 9 0  
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